ISSN : 0031-9341

JOURNAL OF THE PHYSIOLOGICAL SOCIETY OF JAPAN

The 58th Annual Meeting of the
Physiological Society of Japan
April 1 -3, 1981
University of TOKUSHIMA - TOKUSHIMA

& #

AT HE D o v RS A PSR
B B A
1980 World Directory of Physiologists

[EIK&EIE

J. Physiol. Soc. Japan




/" NASADHEGA L 7KRND T 0 — A — 5 —Big /

<D NARCOMATIC & ¥ Il & ;

NARCO

REF LD - NAF S RTFLIHART00 28 3 &)
ERFELAFINATFVIRT-E001EZNETOE - b .

h A o - — “ . = LDOZ
BERS ERMATLO AR T, FAWE N, L o7 /7 PRSI ERLLORNGE
A S BRRDES A, A—bYTF VT @O T sy

AsloY =31y’ =3 O —7 ANE UL N p e s e o .
fzgﬁﬁgzg‘ ;“}ff‘%gﬁigigﬁg R TT A b EERE & L TRETT,
> e SRALE B/t b THLBUICERNTY,

= ST
ENTEET. B 70— 73T ~CRIEE A CRER A SFRA £
¥H YO rEOMBERIIALERTFE~ TEEFICHEIhTWET,

\_ /

B A#AIRE
HE"E?ﬁEi[!ﬂ TI01 EEETFRERAME-2-122 Y5 )L 22(03)254-005240
FLIR:(011)752-0176 Hthi:(0764)78-5652 F& /R :(052)524-5408

TOKAI IRIKA CO., LTD, <FR:(06) 787-0544 [iE5:(0822)93-2163 #& FA:(092)472-3800

KEMIDGARD#E 5!
B HN S 0 —
Bz T 5 =
Miniature
FM Transmitter
Model MXM-100

AREBIBEEGH LIy B E TOARES L ERTES LN TEZFL X—5TT,

v bEBRLE T

EFIL MXM-100 1=
— I REEI -5
YADBWHINER & 4

TRANSMmEDH-uw-—+ J\»-W WWM}‘WWW

2000, 20mv [, 2oom

IERTEBI LT , O e e : Biia =

HARAIEE

ﬁﬂﬁﬁgi&ﬁ 10l EREFABEAMES2-122 Y15 L)L 22(03)254-005260)
=1t FLBR:(011)752-0176 dkPE:(0764)78-5652 &= :(052)524-5408
TOKA! IRIKA C€O., LYD, <[:(06). 787-0544 [xE5:(0822)93-2163 #& F:(092)472-3800




AR ERERFERO B EV

A R PR ANALAE (1966) X » B ARSI S TR E Lichs, RIECHHOH
Ha e T AR OMBEREEL > TR ET.

COMBIBIL TR HARER43%E 5 B (198]) WiRERASR L L TOEEFHERSERAD
FHERREIFTORLEEE L. TORERETHOEDOEREIGET S L OB 2T
Brx@m{LE LR

CCEHD TERAEBREEELOFEHUEL BBETHRETT. FRAEREHEL, 7T
CHAERROBAEESERETCHE LTV E, TTRBIREIVEROEL T L ABE
REEERRE R Tn SRR OB A BV LB E T

W56 8 A 1H
H A £ B % &
ERFEBERREERS

B

Efswv)a ; BFSTEEG B 1 H

%D b ARAERSEMPRERREELRS
F 113 HRUERSCR KA 3-30-10  Afij v P

MR ECTORME S - T, BALESEREE AL LT, BO0RREOREELD
X5 EMTHTETT.



1,

2.

9.
10,

11,

12,
13,

14,

15,

16.

17,

EEEALEBEYS XS EH %

R = N o e N P R PP RUPPROPRUPOTORt 259
2 N i Ny P A g (T - F TP PP PPR TP 260
THE 58th ANNUAL MEETING OF THE PHYSIOLOGICAL SOCIETY OF JAPAN -coeeveren 261
AUTHOR'S INDEX ++tettetttrmummmmummummmiieienesteteremtttrttmetiemtesmmmmmenensmianaaaeaeaeaasesseeeene 443

1. HisAE (1)

FRERS T CEER) 20T o8k BAH) REOMEEMN. BAEL, ¥ RE,
{%ZKHE?E, ':|:'¢%“‘E|3, FADEER* ([ijj:, B, %“ﬁiﬁ‘jﬁgﬁﬁﬁ&ﬁiﬂ*) .................................... 265

2. HF&ER (2—8)
Hill EHOT v AT Y , 758 X557, B oL, AR, A% (LI,

TFFAETE o FURTBRA, AETHH) ceeetmmiii e e 266
A7 e MLadfofrnReRETHE B O, MEER, B8 8 @EX B,

%‘:EEE) ........................................................................................................................... 266
#7173 v4Fo MOLECULAR AGING, #F: ¥, #RE—, EFER, 8%%

B (BB, &, e =% ) B N 266
FIZEERIRAR 7 FAR X BIMET A 7 3 VIESEB IS 5 RS Lo

BHRE—, kP ERGH 88EE AE B (KB B, 48 . HHEEX,

Bt = ) T PN 267
~ESREVEETS COy LA 4 v # Y FOBRSINEAS M. B, 44

FE, FE—EE BRK, BE, F—HBH) i e 267
FLV7 5 € vEBER (Quasi D-7 s ) BEMEEER) ofil: tolE. B8 &, —§

RE, WHEARY, B, B 5L, LSRR (R . EEK, Skt .

BRI, BE, ZEALHH) e e e e e e e e e e e e e e aeaeaees 267
BB R DREYPyke OB LA R OBIR. AR E— CEFEHEZAGBT, S—MRAET) v 268
3. MRR4ET (934

BEORIEA X5 MIMEEEN ORI £AKTER GIEA, B, B—hH) o 269
7 =7 4 VEENES SOCNHEOBSMMEE 001~500MHz RCoFEMIT. BEMF,

ANNIERE, ABE FHBER, SoAETE) s 269
HERRRTE X 5 AIEMEMEOMREMI~OE B . INVIER, AZLBE,

Ailla—*, HoHEE* (BaEL, BRI o BE TR s 269
Y FKAEREOBMEREMCOWC. FIBHAT, Kbt @BFRKA, B, FEoIHE) o 270
Lfnfa ol B i 5 ATP K¥E L ESFHEARICOWT (2). KEIRES, U1

BT, BIMHE, REME, IWOARE B Ha* AKX, B, F—bB e« BT o 270
WREE S » PRI DNA ARoHE (VD). B4, KW5EE, e '
(27 - 2 ) R PP RTRROPPOPOR 270
~ U AR BB « A MR OPNREEE. BYEE, HREE GRBER, ) o 271
Friia L P73 5 IR MR R Fre o . WBFET81, fEmmen, B

M, M OFHE, B BY. RS EE OB Bk, B, S48 . FEL,
B ) ettt a e s e e e e et e e e s et et e etae et et b n et e aasaeeeeraeeerrae 271
7 7% v o FPEELRROKLINE. RS, RS, AWETN, AEHET,



BHEY GIFE S A 754 = VAP « Bk, B, PUPIY) orrerrerererrmeimiiiiint i 271
18. ¥EWAT Endoplasmic Reticulum i3 % MR BERE. EARET, ki

T e B o PO PP PRI 272
19. pulse laser = X » Raman line OYE. SRBER, FHWF, FEIAT, KW &

165 5513 St 2 ) PO SO O PP PP PPPRIO 272
20, M. —7 Y veRFBF e v vOSKREE FHNT, SRR, FHELT, KW A

IR B T (FEREA, BT KFELTFKL, FK, HJ®) ceeennne e 272
21, 7 3 7 BROEIIER & =D, Hriz Vasopressin O#édE & Z DRI\ T. .

RIE A, SRBER, LR Bk, SORT, S)IREER, LT, LBmMETH

(ﬁﬁ@j(’ %:éﬂ.*;ﬁﬁ%j{’ %(7&’ ét.%*) ..................................................................... 273
22. BT v — 2 —OBWKHMREER KT 20, BA B, EaKEA,

& M WG, U W (BEK, o, nlEkE .- ERmPesE, vy,

75 /z*) ........................................................................................................................... 273
23. V'V AvOfFERE LT RCAERF O EAN IR B EfRORE. REIERE,

RFA& B, HEPfERES B Y (R, B, A « APRHEF) 273
24, FUEHMRTGORBHR L in vivo 5 0%KE A H, ARET, Ik # BERER, ,

ﬁﬁﬁ“:&’ *Tgi@ (ﬁml—-ﬁj{’ E:, %:EE) ........................................................................ 274
25. FRMFROKSEERCBIT AR BILKL, £ fik M BT, TEBK W 9,

RTEE (KIRHR, B, HrAETE) oottt sttt s 274
26. SAHWIRREMRC ST LR, KOSMEBE. EARAM, PEETF, AR =

o, HEEE, SIS, EREERY (KREX, %—‘ﬁi@'ﬂfﬁﬂ*) .................................... 274

27. Syrian hamster PIRFAIMOMWA WS LOBRIOMHE. $A%S, Wik, £
Ezr, EEMTT (WK, B, B4 - ok, B, RS ulEX,

BETIPIBIFF) et 275
28, 7, FHIRBAE OB HER E BT EEREER. FHER, EEIE, WIS
T o 3 T P P PP PP 275
20, BERED I b2V F) TRBIETHR BRIEZ, A B FHILEKX, F—EE) e 275
30. ZHt neuron % XU glia AR OEALSEA~D Y YEMEOI. KEIEA, HNER,
31, RERMEMIR T % BCL & DAZCOWT. ARESR, SRmE, "RAF R, ’
K R, SEEER (B, B, FETE) e 276
32. kw7 v — L ShCERMERIROEEDEILEY. MENE, RERE
(SEEILBUAEBI, BYAERAEEE) et 276
33 BRI T B4 & ) RMMEBA LKA 4 v, WEEET, BEEOE, SKRAF
Qe N T o R PP PP e 277
34. bt OEREEENTMOBESAMLE. FEESE (BARER, T i 277
4. pEEMGE (35—52)
35. B3 MA@ EIIGS & K channel OFE. REHLE, FMEKH (K, B, £E) oo 278
36. BEEAIRB)CHE S5 Lifihapry Cl 1+ viEROKE). bEE=, MEFEH (KK, B,
R o5 T P P P TN 278
37. Hela MRAP¥E D 1 4 vHARZEL E LR A 4 ViRt R, WmiHgE, 548
GEEEAC, BB, S TR )evrerrateomere sttt ittt st bbb bbbt 278

38, MRIPMEIEA Ca 1 A vHUNBBOBR. NERE, RERZ=, EHEE, Bk 5F



(KBREE K, ST ) oo eeemntrere ettt
39, $ra VYT =Y s ARKTS Calt FEAEE & Ca?t BiREHIAR 2 &,

HIESE, FERHERRY, RS, RIFFHEY, J ZREEY, Al BV (BIEX, & .

(R, BE, $E—ATE o B IBR R ) orerer it
40, EREB X Dy =40 Na BEEIERIIVHRE S L. GHER, Kk F4d FEEX,

%:QE}E) ...........................................................................................................................

41, HEHERFEEL X5 Nat, K'-ATPase o G#k ERMZE, fIEDL Gk, &,
%:’:—tﬂi) ...................................................................................................................... eess
42. i Na-K /Naogiz(b. b8 %, NUK—, TR, Akl @EREKR, FEH) o

43, Na*, K*-ATPase {E#E:d Vanadine fific X 2595 : PMS+ETHE W X 512405

TR — GRS, BB, HETUETH) ceoeorereerermmtene ettt ettt
44, TR = 2 v F — R0 L ABEAR NMR @ X a50E. HISRS, R,

ZRATF] (BUREE A, S ETE) roreereeereermmmtre et te ettt ettt
45, MEZEEIL D proton electrogenic pump, B f, EWEIEH*, EHE*

(Fehnzepe, WEEA « 8, BE* GREEA, B, ETAETTY c
46, Glucose uptake 3 Xi¥3 Na  insulin 0B, SR, 0B %, HLUA—,

RN, S WEBEX, B4 « BV EEREL, WIREF) o
47, 4 RETROSWE LOERCE LS THRTE PR NLEBE, & 2, X% =

T T, A REEE, SHHER (KIRBEA, S—ETL) oo
48. YKy ¥ OBk B K (REH Clm @3t REER (REA, BB BIPEREE) e
9. =iz, NBTO Gly-Leu i Gly-Gly Mztfislf. HAE® SLUEDT,

B OB (B, BB, HETUETE) ceeereeenine
50. Na* {RfFdE Ik MEREBIIRRG I £F » MRl = v & 7 2 v 2Zefb. WIESERE, SILE=Y,

B2 B (K, B, HoAT « BFL, T, BHRIIEET) o
51, 7 = ABRALE X OBMALRME 1 4 VIR OBEILE T w7 4 — N BER S, NFIRE,

RGBS, RFERS, FARESE, BN B, BT KEEK, B e
52. Bl MDCK o Na $EBiicouC. AESCR, INRFF*, (EREE"

(EEA, B, PIBF e BIEHA, 8, BoFTH) e

5. HEEMRE (53-81)
53, <& AMMRIEMIAFED Na 35108 Ca 231 2 et 5 8@ n F4 v s ==&

(GETC, T, ) eereresernerersosnsesctsteses ettt s
54, MR OEBEACE Ths Ca i, BRIUAD, GYEESCHE, BIETT
(B4, T, BT ) eeereeeeeseertet ettt

55. WABALICKIE Licy v =14 V¥ vF o 7BROMER. BEAZ, R #* GiEX,
HI\ZIE?: *ﬂaﬁ'ﬂ:?-ﬁ, %—[—‘Eﬂ*) .............................................................................................
56. 1 HWERMERK F & X A OFEML-REELEKF v 2L A1 7584 bk B

(FEEL T, BE, UBEEHM) - errererrmees e m ettt
57, WRE|EBILC & 5 H— eI PIEDR & 2 ME3 0 4 V. ARbitd, MUK, B B

(BB, BE, B BRI ) eevresreoee oot oot s
58. Na RNEHEER BT 2IEHERERE. HUA—, b8 E, BERRS, AhR#

(REIBEE R, B ET ) e eererrenrem oottt

59, FEEM S v — <L X541 AERMEOBEREREOMY. WL—E BEX, B,
B HETE) «overeersestareneaenee st s



60.
61.
62.
63.
64.

65.

66.

67.

68.

69.

70.
71,

72.

73.

74.

75.

76.

77.
78.

79.

80.

8l1.

82.

83.
84.

B— Na & ¢ VI AVEROEF LRABIOWT. BEREK X, B, WU, FHEER) oo
A D EEEEOM A+ VEEERTE. F)I] ff GBS, BSEEIRBE) e
BEEMZ L e > BEAREIL. WU B, EHERY EEER - KERA, B, £EF) e
MAEA Ca w X BEHEOBL LIKNERE. (LR —, HRBEER (EEEW, AEE) e
TRMESMRED Ca kEFHK—F + 2 v 0 2 {51 A vigRiks L OEBRLAOMHE.

BEELRE, REAR—, ZUBET] ((EEEEA, M) oo
U= VRSO gk s ATP offf. FHEZF, FE 8, BEE=

(BRI, BEE » ZUBHK, B, ST orereerrnrnrenneenrincet et
B = VEREMRO ®Na-eflux w3447 3 vOfEA [ . PERE,

WA=, AR & PIRED, BEaT, ¥R B LHEGKA, EREE, DNEEREK

(LK, B, BOTAEE* « KKK, BB, FTAETR) oo
v v = VLB 5 electrogenic Nat K v 7 DB EEEICOWT. ER 1E,

BT (AR, T, BETUETH) cvrverrerironeniioiiiniitesesisesae e e s e s asee g se e n e es et
HEAKMEE = 2 —r vOBRBHEMEEA TR JIET C¥ o #%# |TF, FE K,

A %—, BIRBER GFEEA, SoAETE) oottt e

Al ; MC3T3-AL 04, KR, NERD, SEBER, B GeEA,

/__EE) .................................................................................................................................
SRMEMIOMEPRR. TIHN, MRBCC (BIRHA, B, H—H) s
% v 5 ) FHERIN bursting activity L AIRPZEE. RIH—, HEE, INEHE,

HAK—, FRERY, FEEY* (MFUIEK, A8 HHA, B, FoET )
o ABOBRBERINC S0 HEBBMORE LR, IIGTEE, MBEY, ERAS,

IUASHE GEEK, BE, AET) oot
TSR BSVT HEMLOIRN Y. FREERKE, MEEiER, £TFHEI (BK B, £

o ) T PP PP
NAAZ—PIDZREERM. FHEER, BEL— (HBREKX, F—4T)
¥ o = RO, I 5, SRS, BHER (BBUK, B, F—EE) e
HEEOIREAR & RFREAOHE. [LEET, FTmis, RmER (BEK, B,

%.—iﬂ) ...........................................................................................................................
BEREZHRK X 5 HEEHERE L EHREE. FHERZE (BAEA, ) e,
Sea pansy St} 5 —BtEs M E KY B oM. &EAER, HHXEY, 0 %

(UCLA, BB, 4HH « BAEA, S AETE*) oottt st
BEEMEEEC L EERER =2 v £ 7 2 v AOWIE. BpER, ATEBE FRk, B,

5 O OO OO PO TSRO PR PR PRPRROO
BREr -7 BRO—BH FH b, REESE, & BT, b %—, EESEY,

BEEEY GHEER, £EE T « ATE—F) i
AV T7VEF =0 —w vk} s L-glutamate (L-glu) KIEOREEMHB. mEEE,

K B, FUBHRR* (uk, B, F—4 o 38K, HMPF) s

6. LF7Z - #ig (82—100)

T I/ {bEYR L A TRHREOHES YOI OB, BAE—, REES,
FIEF B (BAREEK, HEBE) wreerrerrreorrmriareniseniieia sttt e e e e et b ettt
TR v S A, EHBEE, REEM, SKBEF (@RKA, AT, ZH) o,
Sa—RYOENY Y ABGECHTEA Vv 0MHSE K BE, BFeTT
T it N et 2% - T O O



85. Aplysia BNRFHRICK T 5 i E SR, REEE, WH B BEEL, £E) oo 295
86, f&x o ACh-receptors =%3 % Barbiturates DIIH DI & 3 LV E — FDI#L.

YobgEsh, e AR, BANME, AEBEN, (K B (EFER, HEl) o 295
87, 4 V7V =S IEHRE TS e Ax I vOBRSREER L ATP REROME. ®EE 7,

W%ﬁ%’:}‘» %%{ﬁ%, %HEEK (E')a.%j(, &, ﬂiﬂ) ............................................................... 295
88, 2MHDEAMBEMICH TSNy h 7« 7T Ah v VO < HEER. M R,

E*Hﬁ%* (&ch! E, %—'EEE‘ R, B, o, %ﬁgﬁi,ﬂ:*) ............................................. 296
89. ¥ Y ABFHEAMNE = = — ¢ VHEHOREN » 7 7 AERICOVC. ARMER, BEES

(BB, BE, BB )ereorrorsessootr ittt e 296
90. BB ORLM > 7 AGEYE—EYHROBEMHE oW T filiik—, BRAEGK,

INEREPE (FE, BB, 5 ETE) crervrroreeene it 206
Ol A-<q 2 IERAMRBIEMRIC & 5 BB HRED OME. BMHE—, ABEE Lk, B, Bp) - 297
92, BARFOBHREGEEWERB TS Co*r & La* o BR B, WWEAH

(SEALBE A BNSETE, BRI o oerererreree et e 297
93. %355 o b ARSI ORME . Kt —, HRER GEAK, B, F—EE) e 297
94, Fo 3 vy FRRMREM R C T EoFMoZA e on T HEET,

ANRERRE, BURES, EENET GEREER, S—ETH) oo 298
95, W BEMAMET S5 T eF 2 ) vOEE. i 8", firench-Mullen, J., Carpenter,

D. 0. (Juk, &, ¥EB*« NY State Department of Health) weeeeeerserenrineiiinniniii 298
96. EIBBE 7 v ~7 4 vHIROBER TS 7 242 ) vOrER. NREE, Ekg—,

WAT BB (HREXR, 4 « —4:3* « The Salk InStitute™H ) eeeererenreeriiinnniiin. 208
97, Fiic kT B v 7 ABECH T HRIREAOEH. AF2PE, HEZEY, BEEM

(FCBRTHTC, BE, ST )eeessroeoessetes ettt 209
98. U = MEMEABOEEWE. MH B, MNFEMATF, NRLT (EREX, &,

B HE ) eveeeneene et 299
99, MHEAFEEAS « Wiv o T ABAD LG + v ot T 57 b e F & v vORR

BAETF, BIET (BRI, B, F—TE) oo s 299
100. Ca** DRIREA A+ vEEECRTHEHRF. ASRR, MTET (EREX, &3

Ak, B, BB BLHIEH Y eeereenennren e 300

1. B - KHE#E (101—110)
101, RSB X % BE 0 KM o I c B3 5 i LT oW JIFEHEER, HBEdD

(BEE B, FUJBEZETE ) eeeverneeseres ettt e 301
102, ¥ » F OFMBKECoWC, THRILHE GRIK, ZEREZR) oo 301
103. 7 o MUHERC ST 2 BROGEL & L OEMERERoRENEL. WA B, EERE

(BB 2 7 o= — FEERETERE, ARIH) oo 301
104, GABA Z&EficHT 5=V v G OER. FRn0s%, B LR, BEEPHA

(7\@**’ E, %—'ﬁiﬂ) ....................................................................... LR RTITETR 302
105. TEENRAEOEOEREORIEE. MEE—, SHXE WEKX, B, F—EE) oremnens 302
106. % = OEEIOBTASARA~ O LA R, S oS - HRP % (88 28). ZHLE,

BARE, EILEY, REE— (BEE K, B, S—ETH) oo 302
107, BEHHERC X 5 ERSHEB O ARZES, fEFER, K #= (FIEKX, B, £E) oo 303
108, TEBAEE OB X 2 HTHROREB RS OB, Lok GREX, ERBEER) oo 303

109. MMM = o — v VST B [ B0 D OTIHBE O, AMFIE, E. Jankowska,



j(ﬁ%\k&: %,&7’—\‘&}&, LUT%%: _T*:I:H‘] g: (ﬁ&j:, g%%i}\‘) .............................................
110. EBRRREEET5r L OFMOBEE. KXILTE, $HRE, WS, Fiek,
iE@EE, ﬁﬁﬂﬂ%; %‘ﬂfﬂ%{:ﬂ:‘ﬁ, )”%Eﬁﬁ (ﬁ%j{, =, Mﬁi&ﬂﬂ) .......................................

8. MxE - FER4 (111—139)

111, HFEE—ETHRRHOBE BH £ (SR, &, DEEEE) s
112. FEAREEES L0 7 » P EBEEREERFCRT 8. REERE, K ZEIE,

%:#EEEB (EEE*) %:C_EE) ..........................................................................................
113. =X iE—FE RS RS OB, Hd T, BESIL, ANEE EEX B,

=St 5. O OO PP OPUPRPTRN
114, NIFHHEEOROEMEOME. HFABL, B 25, iuEsit, FREZE (RX,

ﬁ] D,E“Eétﬂ) .....................................................................................................................
115, ZXHEER) = o — v Vs B RMBIEEIR. HE—1%, Bk, KHEE

(ij:’ ﬁ, D;E«::/j{iﬂ) ............................................................................................................
116, ZXAFEAEER = = — ¢ vOAHRNIBR L coRE. AFE_, K BF* B 1.

Sessle*™* (HETEMA, My, FAPMERE « OfE4R* - b e v bk (I F X)), DL o,
117, SXFHEER = =« — v VIC3 T 2 EEREGOHMESS. MBEES, BAMSE, TR,

PHESR EREER, B, TPFHETE) oo e en
118. BAFEH T ARKTHIMUT R X OMEMNET = « — = vOIER. NFRE, FEERE,

ﬁ’l**ﬂ%, EE]IE{S, Hx@_ﬁﬁ (E”—l%%k: E’ %:EE) ................................................
19, vA-FLEATH T VEREER = = — = Vi BE R, DNEFRE, faXRfE,

?EEEIE/%: ;H-;kg_.ﬂlg (gm@%k’ E’ %ZEEE) ..................................................................
120. SEMRED ST HRER A A~ A b« =2 — v vOEBEES & AN kek#i—,

%& ‘ﬁgl: (ij(, E’ ﬂ&ﬁéﬁﬂ) .............................................................................................
121. HRP fEANEAR X % B— Rk i o B ORI, BHZE—, MmE—*,

:EE&[\* (iﬁ@ﬁ*, E' %_Eﬁ'ﬁj_\‘: E’ B&B}é&ﬂ*) ...................................................
122. TEHESH = = — ¢ VB2 HET 20K « BMERT S v E— %~ 2a—n v,

FRAS, HAEX (BEK, B, H AT e sre et ses e sa s
123, BUEERHERE L ) FHREEA~ORFhcoOWT. JIg E, FE &K (BUEEL, &,

;’g_.étﬂ) ..... LT IE PRI TERPE
124, JERE AL = = — = VBB HE FA, FHEEES, EEBE, WRSHE*, I LER*

(BHEK, E—ET « BIRTTA, B, S ETR) st see st er e st s e eaeesasneens
125. WELBEHESW = = — ¢ VI T2 BBRRZAESRHLOMWREAS. WE ¥,

PREREY EEEKX, F—4H s a2 MIRFY VAT b AT DAY R =)
126. ADH 5 fHES WM @ REERBE D v+ 7 A AN, BERASF, AKKE (BBELX,

%:EE) ...........................................................................................................................
127, AR E¥ (SCH) B IUHETHMELDR (BMH) = . —r vREHEF OV X ARDWT.

%&ﬁﬁﬁ, HE ?;)\’ q:@i%;e, %Eﬂfﬁ: ﬁ}i%% (%iﬂ%jf; %_{_—EE) .................................
128, R MET IS ATHIRG T3 5 R E TR R OBHEOREHER. FRE—8 (EHEX,

gg_.étﬂ) ...........................................................................................................................
129. K VBB = o — » viIcH T 5 REMRENMOFE. HIIHE, KAFF, MEAH,

HEsEE, Ak B LB, 87, 4 o BT, FHRAETIF) s
130. HAfTHRE (MLR) & stage-setting (SS) MEkEoifpervisis. & 5%, WERI—,

PWANMAE, B GBJIEA, B o FARMEEIY) oo seeennes )

309



131.

132,

133.

134,

135.

136.

137.

138.
139,

140,

141,

142,

143.

144,

145,

146.

147,

148,

149,

150.

WER MR RS 3 2 il o8, Bk, BREET, BREZ (BX, B,

B HETHD)  eeeennee e 311
BRSO WS JETROBAIOFE WIT 1§ W & RKEK

INREAEY (BEELA, F—4E . o —2—gTKE T VAT = P2 F 4 ARV E ) e 312
B ALEER = - — 8 VAORIEEAT. BEHE, KEFHE, BEE—, IEEE (tX,

B, BEHETHD) ereeereremnnnen ettt L 312
BESAERSCHRT 2 EENH. UnkE=, REFMMEER, $EE, JIREM, TR

(BRK, BREE o MK «oeeoorme ottt 312
g GHREE, = ex) RERIIMEROPRET. KBOHE, MEERE BTEE,

Kﬁ%ﬁ: iﬁi:“—{;& (BE%[U(, |Zg, %.—E]ﬁ) ........................................................................... 313
SE GHREE, =aeR) cBSTANER JOFHO TR E TR, G,

BA B, RETE BRIK, B, B I) - 313
BWEBOC & 5 SRMEA R R LA K 1 4 VIETE. Ko B, EREEZ

(B ANEEREIC, B, TR ) eeeoreee e et 313
EHEAREETEEOREST S = - — v V. BEERE, MMUie> @EEX, H—EH) e 314
F 2 R = - — v v OSSN RENEC X 5 KIS ERR. LR, HRER,

FiFh—, AL 5 (FHA, FHE, BEEATE) 314

. N B4 (140—150)

* N BB BRI T 5 T ) — THoRE. THBELE, MEkE,

B HEBA (ﬁj;, &, gg—@:‘_ﬁ.%@@i*) .............................................................................. 315
NSETEM . & 5 MRS, I IERE, D. J. Reis* (EVERER v & —PRAFTER

FREMAET « Neurology, Cornell University Medical College) s st eresesmrsrisuimsiisiininsissiinninscenes 315
A%, MM S taurine OMEIERIC VT, EH &, EEAE— GHEEX,

BRFH) coreererrenenenne 315
N X B RSB OB, WRET, AEER—Y, I nREEY (BREX, B4 .

ﬁj(, B, %_‘ﬂiﬁ*) ............................................................................................................ 316
% 2 O/NMBERE S = 2 — » ViesF AN R oBiR oA, D=8, EHEE,

NHES, EEEER GUA, B, BEHREPE, ) i 316
ViEBhc ST 5NN S v a0 R oW EFfi—, &R FE*

(EECESERTT, MR « Bk, BB, BYRMEIFEP) o 316
ABEHZEENLORLEC X 5RIEY X 2HSER. AN £, HEEH, filld=

(EFEEE T, BB BETH ) eerereretes st bbb . 317
INMEFEDEBEREE & T OWEK. (FBEIES, BGFERS, P. Tongroach (X, &, 5

U ZETHI) eeseerenee et 317
BT ONEIGE LN R = - — » vOIRE. BIE=, BEHKT, FEER RXK,

BERETT, ZEMTSE) wereeeeresemsese ot oL 317
G AP ET L F v o fEANORBAN-BSECST. BROER, THERY X,

P, BATHEALEE « UCLA-BRIZUSAK) «ortrtiimstiniiinieiitet ittt e 318
ANBEE S A v = HIEANORBMEA T, BTER, KR KR, B, B—EE) o 318

10. #& f (151—167)

151,

Bk oM il 1) % long-lasting inhibition. FAHERE, ILARZE (&RX, E,
BT A TE) ereeeneesen e s 319



152, o FRRFH ST 5 MHMENE= = —r v, EEEE, & FFY BRE

m*ﬁgﬁ'l* (ﬁj{, ", ﬁ}% ﬁj{', E, EE*) ........................................................................
153. 7y PARBMEEKRK = = — » v OIEFE LORERIIEH. A B, N,

%m@ﬂ.* (ﬁj( * D}F‘Eiﬂ ﬁ’;rJ”ﬁjC: DK’EQ&E*) .........................................................
154, o4 ¥R (AON) =2 —r v o> 7 ABMOEN. BRE— & %fF SAEK

(ﬁ%j\-, E, %:{-_EE) .........................................................................................................
155, * = B—GAHREF T 5 nENAS RS & EEE E 2, BAERE, EE E,

%* I{é (%—%&E* ﬁ J:_ﬂ) .............................................................................................
156. v A GHREEOBE =5 4. BERER, HhREH, ZHRAS, EATR XL, &,

gg_.g;_ﬂ) ...........................................................................................................................
157. B Eéﬁ@z;—n/@om&mmCW&K%?éﬁm.ﬂﬁ%i,ﬁ&*t%tik,

E’ %E}iﬂ) .....................................................................................................................
158. EEY - HREDFOHGRMAKRON - F - BEIES T HEE. B E BE B

(FEK, BB, T ) eee et et e e et e e e e e e e arbannes
159, RSP XA LEBHE = 2 — v vOREL. THEMR, KSH— GHREMEN, i

FIERARTH) evertet et e reera e et e e s e s s e eanans
160. 2DG i X 2MEEHERTHORABEBHTL ORE. BEH#F— 2 H* ALES

(BK, BRI, FHEETE « A {E55) ettt ettt a ettt v et
161 S ARIHAMBERE = = — v vORICHIE. B IEX, SAFER GATA, B, FAE) oo
162. WHEEAHREC ST 2 AHENEMUIRO = o« — v VIES). MAKEE, AREHE

(BBK, BT, AMTE 1A, BED, BHRETY) e

163. EFEH: & REMBEEBICETT D AMEEBLOMEELR. 4 kfik, KEIE,

FEENET IR, BE, BRIFAETH) oottt e e et e s s ee s bt e e e arbaa e eee
164. BRRAFE (Clare-Bishoplf) HMMREMEOZATRM OV ¥l &, HEMNE

ERFEY (e x, &, K&, 4. O BETREAE) e e
165. ROKSAHHLHET 5 AMRRES FMICOWT BOERE, 0 BKY KBS,

BT #**, FEMRE* (UREKX, £ - Rk, BT o ESTABRIFF) oo,
166. * = REHOHYF OBRELOWE. NEER, FEEL, NIEH EEX, E,

%—-/_:Eﬂ) ...........................................................................................................................
167. F 2 SHAUBRE X 3 X OY s DR KEEME MR~ O REES. B

(N H KRBT ) oo e vreeerensmue sttt et s bt s ta e st eaaaan e e st esanestneannesensesassenessssssnnnsns

11. §5EShe ZofE (168—176)

168. © riwsi) % Stumbling Corrective Reaction (v % 4 X BERK) B0 T A5 ED

COWT, BAFER, WL, BEEC, ABSEY &k, B, 48 . 82X,

BEBI* « TEEK, B, ZETEHF) oottt ettt ettt e et te e s tae e s bee s eate e e s eeee e seteesaeeeeeseneeesaneas
169. BRI E LETRBRIH LB OPE. WL B, SUEE, BERE, HBMESY

XUEH%%EB* (%jtj(, ﬁ’ %_—:ﬁﬁ.gﬁﬂ*) ...........................................................................
170. BEC X 5 RENHEHOET LB, BAEMH, BI%Y, 8AEA, Wl #&,

ANUTEE, IAHRE, FE %, BEEE GERZER, EoAEE) e
171 BEBEBBEOBIARIC S0 535 kD REC D\ C. ERRE GRREET, FRREEATE) -
172, ZBIRSEBIC 351 5 BN SRCAER & DHIOMEE, REAKIE (RK, BB oo

173, % L AR 20 Catt uptake Yo LIFTHBOWT. BA B
(NIRRT, JEBIETH ) e ererrrer ottt e ee et s e e ettt e e e e e st e eeeneraa e ees



174.
175,

176.

TEBEROFHITAMEOREE. FEH (ELMHER, FF, EB) oo 327
LEFIEROTHRBGER & v 7 2 HoHE. WEH £, BiFNY, BAEME HAREA,

ANLTER, LA, B GUERIEA, FoAEE) e e 327
R X 0 AR ARE. ARG, REMRR, KAFE (EREX, FF, £H) oo 327

12. Bk - 3B (177—181)

177.
178,

179,

180.

181,

REOFRESHG s LiETHE. REEL, ABEL, F8 5L GEEX, EITAR) oo 328

ERIBCR I 5 FERIBC OV T RASHERR, ZABE CREEWA, #,

BT HIRHILAEDE) ceerrerre et 328
HRRBCS T 2R E UCoEHRRIELE) (CNV) [RENER. #HRIE, THPR

(B, ATSIEIEE, FTBIAETE) oo orrrrree ettt s 328
HFHWC X VFRShLRREAAT OLBNE. BAHBT, RERT, #oKitgT,

FRIGRAT, 12 KBRS, ZTHBEE GLATK, B, B4 o F—PaRl « AR o 329
NRE B B BERFAREAL &R OBIEMC OV T NBBOE, SRR, BREVIE,

BIFAE CRILA, ZHBEOE* « Tk, RS AT ) oo eeeemne e 329

13. {58y - =3| (182—205)

182.
183,

184,

185.
186.

187.

188.

189.

190.
191.

192,
193.

194,

195.

196.
197,

HaEoy—27 4 7V e VAL MBS, REZA, BHMgEE WRELX, B—4E) o 330
P—AF 4 T VYRAELBEYA 70, BAFE, Jirgen Aschoff (vy 7 AFFv 7

FFRHHETEIF) «oveerverorsreremstot et 330
XHUNERIES » P OB L TRBERE . WREET, WEES, SEEX @k

2\ = = FEEREEERE, ARBE) cooeeerreeeee e 330
REM [RIEMIHMER OEAR S, ILPERKE, HEEN, BAER @S, B, FoEH) e 331
HEAFIFEECK LIETREF LY 77 > vEFROME BNEE, KIER, xH 8

(G BT TS, BE, AT oreoro oottt 331
a4 ORRRPHEABEROLEEE. HFEXE, BAAR, Bk ¥, & &k &KX

BREETE, MRZEEEEEARTE) cooerrerneritt et e 331
kA B OB EF B HHEY LRI RSB Z (k. ATE &Y, Daniel L. Alkon

(NIH, NINCDS, A#¥T o« HIAEK, E-—EETEH*) oot 332
@GR & skinner box TDF o b OEABATE ) X 4. KREH, I &

(SEELBUE ARIEDE, ATROH o PARHRARTE®) oo 332
FHE MBI X 5 MR ABRIE RIFBRR 0BT, LoE, EREE (Em¥X, d, EH) oo 332
TR G 5 iR OIS T, ANEFE—, BEEA, B 5, BRAR

(B, FERET, HeJTf) e eereseereeonrenes it ett ettt bbb 333
ZEE'H}ZEJT}F@:F@% ﬁﬂl@%, JIE b * (Elj(, T . Hzliﬁ‘%j(*) .......................................... 333
VISR A BRHBER. K, kR, ¥, LERE GRX, K,

TEETE, AETE) corvorertetetn i 333
Fy b OREIR-S F — Vicks LIS TIRIRIGEDEORE. AL, MHEERY, H EARE

(ﬁﬁﬁ%k’ Emﬁ’ ﬁiﬂfﬁ] - QEEEH_-E*) ................................................................................. 334
WEEE SPS & X p ¥R OMMIEA L EESBER ORMIER. REHEN,

IMEZRKY, WEHTM GREEAD, A2« WRERK, EMD, SEREET .

IETZEEEEP‘*) ..................................................................................................................... 334
kindling % =ic#/} % REM [BE. BAET, MAEL RIEE (BIUK, B, HEm 334

51ATA (Heliox, N,-trimix, Ar-trimix) &26ATA (Nitrox) jnE# i} %+ = d REM



10

CEROFEFCOWT. B, Il (R £ v 8 —HEAETE) e 335
198, 1 v 7V v T 4 v 7 ORI MO RGN SR B FEE=S X B, £F) e 335
199. BAEME 7 = =17 5 = VIIE L TB ORI oWC. BARK R, £nss, FHEER, F

BFEE) (IR, BB, SETETH) +ooererrermemmmrrte ittt e 335
200. EOG bR icRMREER R oG EEN. SWIFL, HARER, BBHAR FKEX, #,
201 BEMA b LVATRET 5ME EoZl. BHEY, ZEE=, BIEFZ S3HER)FRPE) e 336
202. EIREFOEHBIRMIT. WH o, RANFEE, hEEY, HEFKR* EEEX, H—4E£H.

B R R B EE & U/ & — ) e ee et 336
203, RERER R JIFTEROEE. KIFEPE, £XME uk, B, KQEREBH o 337
204, HK VPL BZoBIRE L 2 HERIE. EFET, AIRE, RARR #EX, E,

St o5 ) JE PP O g P PP 337
205. vA-—WLEATE TO7 5 ¥ ¥ARENE = - — = ViGE). AN %, RhEEFTY,

JFEHE®, S. K. Sikdar*, (GDR*, EFHRSEY, FECHE, MFRES, ok
B, BEER™ AR K, B, H—EB* « BIUEEK, [, HomI) e 337

14, MR (206—214)

206.

207.

208,

209.

210.

211,

212,
213.

214,

7y VBB RT D =27 viET7TeF 12 Y vERKEOEL. BEREE (BEX, B,

Y ) T T O PO 338
Vw4 v ks i =) vERAOAROEER OWT. HNE—, WIEST,

JERIBE, B8R B GEEER, E—ET) v 338
BHEE 7 » MEickT 2 LR RERBEMREEOMST . KBEL (BEX, E,

S ) PP PP P PP OTOPI 338
F v PREBMETS =) YEHER LU CNPase {E#:~0 Cytosine arabinoside #¥5

OFE. HABE, FFE—, XHEET, REXEL GHEREL, B, BE, FZER) e 339
Dilute-Lethal RRE R~ 2 (d) OWRIFHHE. HHEH, Hogkd, FEE= ‘
(BER, BE, AT )eeeoreemmmeee ettt ettt et et b e s 339
elERYETIARMEBEDRF O cyclic AMP VAR T2 704 3 VEROZHEGE.

IREFERE, RREH=, LITWRT, WEET, KEE, B T @R, B, E—4E) e 339
FABRY T A5 Y APTECRER. B, KB W GUK, BEDF, £ o 340
HFREERI BT 5 GABA ORG—L oMt 0EE. FHEKE (HIEREN,

FHERAE L) eveeeerornrreemnaiteneeenintte et r e et e e s e b st be e e e e nan e e e eannbneesenarneeeennnnee 340
T 27 7 Y OMEOMRIC X DEIRNRROLE L. ML, KE B GUREHHEGHT,

FHERAETR) eeeeeeeiitteeteii et e e e e st a e e e s et e s e s beee s eeanbeessenbbaeeeeaerreneessnenee 340

15. 38 % (215—256)

215,
216.

217,

218,

219,

7 A Y I < X PR R ORE. MEEE EEREYT, REBRAE) e 341
FROEERE RS> BER ERG ZBREROKEBF. BIEFHE, FRER, Boap* -
(ALK, JEIET « IR, B, S BEIY) oot sinannens STOTIPRN 341
RELEN OB OMHHROEER & BB OGEH L OB BHEE, K 15, EERZ

(FEAETC, BE, ETH)errerrerserserenrartast et etintete bt sttt en st e e et sttt 341
77 b7 = ORMELCK T 5 R OMEDORE. HBEE, Kaplan, E*, Barlow, R. B¥*

(B2~ V 7 vFEX, 4HE « Rockefeller Univ., Physiol ** « Syracuse Univ., Physiol¥*)-.cooeeeeeeninis 342
BRI L =R K 4, RILGK, FBRD (GRAk, B, SR o 942



220.
221,

222.

223,
224,
225,
226.
221,

228.

229,
230.

231,

232,
233.
234.
235.
236.
237.

238,
239,
240.
241,
242,

243.
244,

245,

246.
247.

248,

249,

WERE EH T2 —A7 3 VHEAIREE. BERER (@R, B, HEBBRPHRE) 342
2 I on HLEIUEMINC X5 GABA o, FHIEMS, EIE—, WNExiE

(#HK, B, HTE* o BE, BE, AT cevereerenerii 343
BRSO T 57 7 ) vEA LY = vORRE. FEHR :
(N ELEK EEREIF) cvvveresenreseserersssnsentossses st st et ettt 343
m@g&%mg@p\] Ca, %?Fﬁ ’?‘, y[ﬁ ;’é@q, %-q:;ﬁkjc (ﬁﬁfﬁ‘j@ %) ﬁ:_ﬂ) ................................. 343
KFAWBEMD static phase ORERTYE. HHBFE =, BHERE KREEKX, HAE) e 344
B A FEISEMRE & AR DRSS, KIFEETR (TR oo 344
7 2 Y hF < EESBRB O o 7 AR, WHIET EEBEPE) oo, 344
HRP #AKEHIG & eAia & oK. BARF 7 7, BAET* GERRLEX, F4aH.

ﬁg—‘ﬁiﬁ*) ........................................................................................................................... 345
KT OFEER & R BEE—, BAER, S f @&~y 7vrEX,

SE—HETH) eeveneen e 345
MELBSNIC X 5 7 = VIEERGE 0%, BHRER, T WK, B, FEE) e 345
= 4 MK O KFHRIC 31 % E IR o BESE. B B, HiRRRE, BIR

(BERTETEC, ST ) -vvevremremrentonre ettt e 346
= 4 k) 5 SEMABEROMER. FHEERE, mE B, RERA @RX, &,

e i ST P 346
In vivo ¥ V¥ o BEAKEMROEEHE BRER, % BE, &TEE (EBF) oo 346
* VF o BIERRKTEAR O B IEGSE. SERE, $FEEY (Blik, I, BT « £8H) - 347
WBIEEE & ERG : [BEE - AdEEAC T 52, A RE GREEX, B, B o 347
H=AMEED slow PR EH Y watd v, WBEEE, HEEL X, B, H—EH) o 347
BRSO IURHEEL (BFEIEE, ISR o ettt 348
ST T A RSB OSH. e B, Eh—E GERLBEXR, #4H,

EISTEPIRE D 23z 2/ K ) eeeeereennntne ettt 348
< ZPEAREOESEE BKEE, B B (BREX, FER « EREW,

@Qﬁ‘l‘%ﬁf\éﬁﬁ&ﬂ*) ..................................................................................................................... 348
BEHREOW s SBRY & FoRELORE M E OBR. MEH B GEX, B, FER) e 349
RGO 7 7 € vaBRrs NS TIFESEOEE. BTRE KEREE KR, ) - 349
WS o FEMBAT GO & AR B R E RS AR Y X A LRSS B

W EdE (S, AKRERE GEK, B, BEER) e 349
Rk e b B R SRS MR ORBEMZAT. FHEIE (BHFK, I, BEIS) oo 350
~BIRR RO ZFIT & — VORERTEH~DOEE, SHE— (BIBKA, BEE) e 350
2 % % 7= ORREMNE & MRS = o — v vOEERR. IWTFRE, ZEIE Juk,

TH, HEAJJ) ceveeerreeeoneee e 350
EREHEe X 5 REELSEMROE. BATM, hiEL, FHZKA® #HEX,

TR IRIREK, B A TR ) et 351
B AN NER S L . FERE GRdeK, FEIEDE) coveveivmrerimmmni 351
F AR B RAAE R EOXNRYORFIEE. MEED, BOH_, ERET,

M ALT], BN — GHEEMRATE, BEREDEE) oo 351
Fe RN AT B O IRBRER KA. EAEYR, R. D. Freeman (Sch of Optometry.

Univ. of California, Berkeley, U. S, A rrteerereemreeinimmmiremiirtaiietiiiie ittt 352
EREIMEEE R T 5 EEMO LS (saccadic suppression) EIFEE, & K,

BEdE Y, MEFIES, BIFERIE* REKILEE R, $H—ET o BAFHRALBIR) oo 352



12

250. Bt v~ U A OB ET ML O M ATER & MREGEGEE. EHRML, BHEES,
EH OE, EEED Kk, B, EREETE, AT
251. LGB gaffifa o3 o IEE ORI (2o [ F/EE). RRTEL, B 2
G2 0 TR R PSS PPN
252, F o MOMUBRGIENE = 2 — = v OZRE R L BIRRAEE. xE & Kk R/E,
TREE (REEE K, ST oot e
253, WRMEEA~OREAN. P &, Rk, BEEL KK, B, SROEEE, WEEm)
254 FaBEE= - - r VRETHHNEEEREH LT ORBEL. B BEF, LR %
(BEFHEBTBIF, 34 A = 7 R )ttt et e e
255, BEBE—EEEOHEHOABIE FARHTE, BEABRE (GFRK, B, EoER) o,
256. v 7 AREENER S LR EHEOR—-MRORE ORI, ZEEW, kB &
(BEFEEK, BB, ST ) ettt et e e st e e

16. B % (257—268)

257. HRP {Ric & % 7 = AARARO BUBREOSH. KEZEE, Kl %, HANER,
e [ (GIREKA, F—ATB) i S PP

258, BE—REEEEF L MIEERGE, TEMOBER T 2 MANELC X 5. =8 &,
FHEEALR, THARNE BRA, ARIEE, fFEIET) it eneenes
259. -~ b @ neostriatum o Field L it 2 BMERBL. FAS GUBEX, B4 .

260. RME—RBEMERME (* ¥ 2) ORKER BEEN, AF2PE, FHEHX,

HRERL (KBRTTAR, BE, B EB) «orertriemitiiir st s e e e e s s tbaes
261 EERHOWEEST. AINER, FEBA, THERER BUEA, B, MEETE) o
262. 7 5 F DEEFREMCE LISTHEE 2 F VKEORE. RIET—F, HEFR*(EEAKX,

G el O . T U
263. 1%HE=a—v v ORE»DRIZFHECOWC. (FHESE, W)IEE, HEi—

(EREEA, BB, fHRAET) e
264, AF 3 X OBBKEEH, L CBTETE KB M, GERE 00K, 8 AT o
265. e ¥ A= AHERARITRMECKT 5 FREOHSiconT. kil %, ARMER,

REZER, b IE (SREKR, S ) it
266. CM 5 EIHIC % bh 5 FEFHRIEEILORE. WILTF— CRRERA, BH, MEARE) oo
267. o~ P KRBT OERKBEEERIN. FIEE GRBEKXR, EoAET) oo,
268, FEWEMOME LRPEHE. B X EREEK, BAB, HE) o,

11. Zofbom%E (269—296)

269. =ik m ¥EROBOAOBE L TORER. B ML, BRAR, BF 8 SRSk,
FEB, HETH) eeerereeemitteeiitte et bb e e a e et et e e e abta e ateaestbeeetreeenreeeaneeas
270. EEPBIC X 5 PRBREMCHT B e b R &SR OBE. ARES, FH—HK,
mﬁEﬁ,E*%ﬁ*(ﬁﬁﬁﬁk)ﬁ:iﬂ°@rﬁmﬂ .........................................................
271, 7, FEXHEFHBEE TR ST 5 8MBOBFES. SH—KE, HHIE, AKER,
E¢%%*(§ﬁ@ﬁﬁ»ﬁ:iﬁ'&:ﬁ@ﬂ ........................................................................
272. 7 PEEFROTELME S TOLERBCT T AINE. ERS, ABEE, IBEES
(BB, FUEEZETR ) ovrervsereseesessseses st et cee st et ettt b es bbbt
273. cyclic AMP-catecholamine @ a {Ef LBREZSR. TH¥SZ—, SEEEX EREL, W,
D}EE‘EEE) ...........................................................................................................................



274,

275,

276.

2717,

278,

279.

280,

281,

282,

283,

284,

285,

286.

287,

288,

289,

290.

291,

292,

293.

294,

295,
296.

13

x4 27 xR OTBHECST s BREMEEROSM. A B, HEHRN, KA=H

(BERTHETC, T ) eerreonernetenr ettt 360
7 =V R RIEGHEIRE A= = » + OBBEER. I ¥, WWTEE @EX, &,

BT THD)  eeveerneen et L 361
RO T B INE D b Ate » = L EBIRZ AR OBE. fnik/\, WTFaH*,

AT M* (BEARK, BEREREAT « B, SFAETEE) o 361
EFRFHbRAK, Ak 2BMEL. BEREE, FHE—, W5THR EIRT

(FBIHETR, AR ) coereeereee e cr et 361
» = A ER—KRME DK, Ca?* % X0t Nat wid5i6%. JLEEZ Ik, #, DHRAER) - 362
H = VREROROMRRMET R oM. EHREIE, MESEME (RIBX, #, HIE) o 362
7= VIRH = - — r v OF BRRBCS T B IEE . TERER, AT (EEEX,

B THD) eeveeernee st 362
Bk o transduction ¥k %1% Ca 14+ v, cGMP, cAMP of&#. FERE= (LXK,

BE, BEF) ceeeereereroeeree et 363
E LIS EROY » 2 ) VRS2 v B BWALT, EERER CRR#EEHERH) e 363
B AR ORE = - — ¢ v OWHE. FUEHE, NI ¥ EERK, B, HIAER) o 363
PR LM OISR SN2, MBS, SEER, NFHEE, RAREK @®EX,

BE, BETUHETE) corveesoeteonone et 364
%= R B FEE—E T RS, MR, FHEE (BRARK, RRRER) oo 364
7= VERFIBC &5 RMMERE. THREE, RBHECL BAREK, REEER) oo 364
32 OETIRE « ETIRE L TRT 5 REBML OGS, WEZV, FREA, LG &

(BERTHETA, HETE)eoeeeeorseerermre st st 365
B RS W O BAEBCOWT. BRESE, FINRTF, PRz, PR

(RERZEK, 8, AF o OREATEF) e 365
MR s B RS E N OB AR S, TERIRSOE, JhsEkt, AREE RREKX, B4 o 365
5, P ERYNEASSEHO, SoWmE. IUnkE= (B, BREREGK) -vveeeremrmrerseeeseeens e, 366
B = o — v VicHT 5 A L 2 ORE. HRIE, T ORE, FEUEEY,

l%%E*: THRIEE* (ﬁ;ﬁ@ﬁjﬂ &, ﬁw‘ﬁ, EEE*) ......................................................... 366
b} O EEEREARCOESRS oW, MEFRE, BR ¢ (RREX, H4EHE.

'Dﬂ*) ................................................................................................................................. 366
FM $EB)c x4 5 RFTEEE S = OGS, BTFRR, REXT* (TEX, B, 4H .

¥y T4 vE VR, B, iﬁ*) ................................................................................................ 367
fligRonNBSRer LigT Ca 14 Vit <1 v voRpR BRX— &R E

HIREE= (BTG, B, ARTH) +orererrerroroei e 367
50 = BRI = o — = Y OINEYE. BRUEAT GEEK, B, H—hB) oo 367
=R ~COFRIHEEEBOIE. FIBE—, Richard C. Goris (HRERK, B, H—4H) o 368

18. Fiksp (297—-315)

297.

298.

299.

EHHs? s EORERC VT £6%K, BR B* (uBsEgdEA, REFT -

*L'ﬁ:@ﬁ; %"‘é’iﬂ*) ............................................................................................................ 369
THEEGRIEO PSR ADBET 7 = —F & E-C coupling. [in#k, HEME,

eERE, BEFEY, BB EREESL, BE, £ -FEEX, HoAEY) oo 369
TSR B 5 1 + v EREYHEOLHT. BEME, HHEMNE, LRER,

E#ﬁﬂg, mnﬁ,{** (w%%*’ %_iﬁ.@%%gﬁ*, ﬁ%, g:_%*) .................................... 369



14

300, » = LM—FHc R} B E-C coupling o acrolein 7o &y X 24l BEFRIZE,

R, BEEFIE, BFFE, Wnk* GFEEX, $—48 - BREERA, #E, 49
301, #=AFE#iD E-C coupling @ inactivation. HEK &, GHEEE GLIREX, F—4EE) o
302. BRVGOBHELIO v —F—HEWIC X AEERE. IRER, BLEE, £ Kk

(FFHK, B, FERATE o S TY)
303. BRI OBEEEMEOEL. # BR, LBE=E GFRK, B, FAE) oo
304, fihkafk~o Ca®* MYAZRBTHEBEMELE K, C- ofE. BE 7, EE &

(%E'Eﬂij(, B, %_‘EE) ...................................................................................................
305. Dantrolene & X 2 BRFFEEITHBEOWA. KPHFNE, WH £ EHEHA, B, £F)woe
306. HBAETE BT LBRGORGE (). FEEIE @B, HEH) oo,
307. Skinned fiber D& RN, BEBE, EHEE (BEELX, F—4H) i,
308. 7eRxTY , COWHRRHES 7 4 T 2 v FEROE(LIZOWT. BRE—EE, AKREA

(BEAETC, BE, ST ) veereerrarernestontetarteieaseasaisas e et se e st e bees b e te e beses e be s rebe e s s en s e e er s eb s ebs bbb
309. WHEHOBRGEHBBREIERLLEDO 7 27 Y , OB, AKBEA, BE— »

(BEAEK, BE, ZEE)-eereerrereeemtnentensestestet s test e s st re st e b e s he s b e e e bbb e en s eb e s et b e bbb n e
310. BRGOEMBEL. WAL, XBHRBE, IMER* KFEX, &7 « R0k,

E’ EEK{_—EE*) .....................................................................................................................
31 B reAa=y, tel=yvCl HAhBIOrE=y CDhLsy AfEs K

jk/ﬁ‘.ty&%l/ﬁ, L[_]Eﬂﬂ]]z\‘ (j(ﬁch, EEE) .................................................................................
312. TEOREEEM & RCC E\oBIR. EIHER, BR & Wiits, MEEA (BEEX,

%:{tﬂ) ...........................................................................................................................
3. BRY s A7rEy (Mb) SEOHEREERCOWT. WX, 8 B # Fx*

EH B (REX, 5+ SREEK, SR v

3. T T—H A Ve R —BERIBHCALRT 4 — « =2 AOFERE(L. H BB,

BT % (RERIUEK, ST ittt
315, » = AERFH/ MG E XORTIEOERE. FHFE, XRIBE, RR=K, PEHE—

(ﬁﬁ*} E, /__t}g' mm;}:g) ................................................................................................

19. SEBH5 (316—327)

316. HETRHAROINENL Ca OBEE /MR Zh, NE—F, KB B, ¥ &

(*LRE*, %—-EE) ............................................................................................................
7. Erx, VIIEFRGOBBHEME ST 2 —A 7 3 vOEHE. XJIIER, ¥EIHE Lok,

E, %_EE) .....................................................................................................................
318. Image sensor ¥ A\ - :REWGEIEEET. WOER, ABHEEY TRET = @

(EBEE, BER - BMK, B, E—EE, DIRERTY e D
319. FEEAHBINE A KE R TIMES O BEE). BRERK, REEER, BIEE, BoASTH#,

ﬁ-%{gﬁ% (@gjq, E’ %—ﬂ.ﬂ) ..........................................................................................
320. Merendino FHIFT AHEZEE L LUBE 0EBIoWC. EHEE, BEEE,

BHEBK, BATH, HHREE HEKX, FE—AE) v,
321 7y MARPEEHOBERCT5 St &, IAEE, BE £ @HETA B,

BETPIRE o B THH) oo et e e s
322. 7, PFEBHRET S Nafhkic X oHEE. EREEX, HARER, &k =X, SHEHEX

(BK, B, BEIRABE « S—ATE*) oo e e
323, 7y FFEMREH TR TEAFC v E Mg X0 Mn oEEMA. INEEFHE,



324.
325.

326.

327.

MEFRE, B B (UokK, B, S—ET) 378
FREFHA 7V ) VEEOENRE. EHEE GERA, B, drdER) 378
TEA W T ORSERG o Ca B+ % Noradrenaline. R AR, =X43* (ALK,

BE, FEFHEETH o S PRTRFE) ceeemrermetne st s 379
>~ a Pt 5 activator Ca DRELBE. HAFE, AKET, LEHM=,

1 EEE (GEREUA, BB, BETRETE) e 379
ey MEBBOKHMCH TS Naf A voE 7.V —7>5<1Y, BH E,
FHBHE (R, B, H—tETH) oo 379

20. @ %5 (328—352)

328.

329,

330.

331,

332,

333.

334,

335.

336.

337.

338,

339.

340,

341,

342,

343,

344,

345,

7y FREEHTO Na £ v 7L Na-Ca ZRBIEOHEIEM. AFEA, AR EEEBZER) - 380
EHRLGRRTS Catx v 2, 30EYOHE. IWTFRE GHILK, HE, |BEXRH) e 380
DEGOBEBNARESBREN TS 7 Vv viT7eF Az ) vORSHIER. KibbEs

(ETFREEA, BE, BT oo rite ittt et 380
AL D22 & 5 A ORI © B R RERE L T oSb OB R HHEFHIRRS, .
JKEH*KE; %#%E‘;, @#ﬁﬁﬂ (;ﬁﬁ@ﬁj;, E, %:Hx‘ﬂ) ...................................................... 381
R ORI 3510 % B RRERORERFYE. IAEE, BOFERS, WAL, MEHAN

(BERE B, BB, S Tm ) ee e rre oottt 381
SRFE AR DA D DBERGIIC S JIE TR EERT, Wk #, AREE, EIREX,

Vi%%FEEK» %ﬁ%ﬁ* (;ﬂ:gg_j(, E, Vﬂﬂ"i%%ﬁ%*) .......... D TR 381
ELUEIFENHNEAEER CBENERE. & B2, A FR, RIEEX, AME—,

HIREMT (ESEEER € v & — B, DBEAETE) - 382
BBEREPBS LB LB OENHEREGS YO AT EMEERG MRS, W, _
KA A, BA BA, BEALT JHBEKR, F—ER) o 382
DSEHERCT T ARECHE. SHARL, SEF* WRX, &, &3 -

B TFIEA, DB, ANREPE) e ... 382
VRO BT A EEERERM LR, SFEEM, JIFRT, MARE CRREEX,

BETE, JETBERARTE) «reoererrrrorree et 383
DR oG X 2MEcowvwT. MERK, BILUER, BE¥EE (BEREX, B,

ST HETHL) eeveeenee e 383
4 R LEHICEF S “Rest Twitch Potentiation” EBERk, SEHE (GElLk, E,

BE U BETE) evveerneennreen it L 383
BEM D B A SR B BHEBSE. BHES, BREZ, EiE— £EET GREX,

S HET)  eeereeene e e 384
BV EFHRORE & SHW ) MREHEALOTHE THBR, EFE—M, F0E—

(HETEEETTR) «vevverreressestent et 384
1 X BEREEGHMMNERC X AEBEMLO 1+ vIBEF oK. fESE, F AR @&kX,

BE, EETUHKIE) wovereoreeronrmontennt ot ee e 384
Na RE, Ca RED» = LLBHIEBRL, BWERA~OHE (Bi). HEER, BIFEH,
WEEZE LA, BB, BETETE) et 385
WABWE— O OEBEL, 14 vERKETAEE. ARG, PIURR, ARbits,

Fiic) %;‘-& (ﬁlaz;jt’ B, %:ﬁiﬁ'ﬁ’éﬁj{, _&._}E*) .................................................................. 385
BB BEEC X B0 e OXEELSEAEAA Y, BYOER. B BE, Kihicsk,

LR, ARG (REAK, B, S < RAEA, ATEY) s 385



16

346.

347,

348,
349,

350.

351,

352.

21

353.

354,

355,

356.
357.

358,

359.

360.

361.

362.

363,

364,

365,

366.

367.

368,

Diltiazem OOGHEEw BT 5 Purkinje §la0BSABRSHHE. My 4, MEZS,

AGHEER, BA B, BAMNE, B £ (SRK, B, F—PE) - 386
JEEAL DN EL AV CORRIREITSA OB, RE #, 28BS, KEKE

B ERRT, MEFHERER* CGERE#A, HDF, BEEAET « A TF) 386
BELGHEOY 74 YRR ABEBHFKR, BERER (BX, B, SFEY) e 386
O L FROFRE A OME. ENRER, ABESK, BIHFE* (BX B, 7F4ED -

FBRIAR, B, TR ) e e 387
KamUEH R 2RHKFEERERNERECER. BREA, AEH X, FHEILEH,

S B (KGR, S AETE) o 387
BERKC X5 = AV UBHOENEM. WH 3, KE=%, BEIME, REET

(B8R, B, ST o« ABEMRBIIY) oo 387
BB O OBSKMME TS LETEREOYE. FARMM LK, B, FAEE) 383
. BEEWHEER (353—-370)

EEPABOBBHE 12 vH ek LT THE FARHE, BREET, hHIXBIY,

ﬁz_gg;&* (362%'0)7](!1‘?7{, ", ﬂi% -Eﬁfiﬁiﬁ%/\%lﬂf, E%%:ﬂiﬂ*) .................................... 389
KEA— T T T7 4 — R I DEREGEROUBHEOETE LOLOKK. K %,

FHE, HATEEE BKHKA, B, AT it 389
B0 K BERBcs iEt -7 Vv ) v SREGRIMOBRIER. R,

B2 UFEE, &Fat, FBURE (LA, B, EoATH) 389
BERRFMEEEORERSY. STAFEM, SWE, £ £ fKEX, B, H04A) e 390
6-OHDA DOXEINRMERS s XITHE BIEA, BRERS, HE 5 BH #

(BTER, BERBR SR ) erevrerrere ettt e e e 390
HHE-DBRS ST e 7 4 vORE. FHEE—, PHRILAIL, EHEBE, SEEET

(BEFER B IBTE, BB AT ) vere oottt i ettt 390
EB-EBMEH RS iR 5 B RO BB LFE. AR &, MEEE, il &

(FAILIR, BE, ST ) oeenrrennrriet ettt ettt e e e s s e s e nrenn e 391
B - BEFRESHROT - Bk J0BELEBoER s XIS THE = R,

il B (FBIUA, BE, ST AETR) oorrreor i e 391
FEBHE X v RAGRK T E g & SEIRAES AR & M. XIHIER, AKESH*
(EREEAD, E—4F « [UBRIE K, FE—AT*) 391
O « EEFOKE LOREAKNRC L 2 REEL. EREX, ERE=S GEX. &,

T e S R PN 392
* RN = - — m v OB LS AR, HH OB, EZEE (REKK B,

b ) T PP PP 392
BAY 2 FAZRBC LD ARBERIL, TOWEAWREERF. BREM, RAXT,

AKHFEE, € FE (B, B, M) e 392
AFNKEFET y VBT B I T 2—AT7 3 vEREORZHOLE. BEEW, HHER

(BB, BE, BB BT ) rrerrrrntme ittt i i bbbt e et e 393
EIE 7 v 2 BFME~D (*H) dopamine B ;AL OFSRMFIE. TR, FE B

T - S o . U 393
e VNBT v oS, ~ R OEBS BT B 0 A vy MR, JLILRE,

BARBES GEIEK, BE, JEHAETH) ooreerir ittt s 393
PR RO & T % B o WBEERER She oW T, B —T, B (KBX, &,



BT o B R ) e
369. A 2 DREE—REEBRERH OR U L BB OWE. BHIEZ, THERT (IKEX,

- ot o5 ) BT T P T P PR PRI P PP P PRI PP PP IS Y PRI TPRRIPPRRIYY
370, A = DUERLRy OIS BRI B A MREORS). MERE, SIER (IEEX,

ot T LT P O P P PPN

22. & 1§ (3711—-394)
37L ME(FEMME N T HEBIRR O KIS @ ffigeounC AR, KRk, X @2

({%J‘l‘[j(, @’ %—iﬂ’ :Dﬂjﬁf‘é‘)ﬁ) ..........................................................................................
372 7eEyVvEEC X HEMT O F— v ADKREEMA~OKE. BEAXEIL, NUERE, RRSEE*

(;”:jc’ }J-‘EEEB:I:‘ QZE " ﬁE;,{ 74)‘,( ;yxE}*) .....................................................................
373. Dual slit photometry ¢ X 2#/ MEAMTEE OWE. RAIIE, B K

(@ﬁﬁéi‘%%ﬁﬁ,{z v R ._E?’ H}]’Eﬁé‘?é—lﬁﬂ) .......................................................................................
374, ARMEBHEOMRSEEIC 310 5 PR EIEEE. B M, BIEE BRRE GEEEX,

%:%ﬂ) ................................ g P R R TR PN

375. BETHY R 5 OB RRRET o iR RIS, —EAR, ERES, MES,

SEERE (ESTiERER 2 v & —BF, OB o S SRR
376. Transposition Response—@&IMES » P O¥FE. AWBTHE, FraRiA, LHFEZ (KBX,

R, ST, BELTRIFREIPIEE crrroorrorrerr e
377, FKIBTERC X 2 LIHEHE OB, A BAR L. EREER, Bl T, PIBRE

Ik #f, BESES*, RBENEY, WEEEY LR, B, Kb AR« fFRIM) e
378, IMERSRICET 5 MEHHOE{COWT. BIU—F, FHEES, KARIET (LEX,

PR, HETH) eversvrensnsouneontnenntentttet ettt
379. ERFHBECBIIM. BEHE, 1LE—, g B JuX, ISRERRE) oo
380, (EAEAMEOMPES JOEREE % B, =KEF, LHER=, BAFE HARF

(j‘_ﬂ‘gﬁ}ﬁﬁlzgj(’ %ﬂég) ......................................................................................................
38l KE 7V 7T VAER L AHIER) JONEBRON « WM. E & BIRE, EdEk

(i’ﬁ:&ﬁ; ﬁ;ﬁf;}i’ _/:-EE) ......................................................................................................
382. Glomus cell (Xenopus laevis) O4EERIERMEOWC. A THMES, BHAE, AT

(RBESERTC, HE—HETB ) crveereermtenns ettt e
383, vy FHBIREEHOEBRERC T ARG, SR, KLER, FEEE, B £

(ﬁ;{tj;, E' %—‘Fﬂﬂ') .........................................................................................................
384, MEOERRC S LIETHECHTAIE(12)EANE LORKEW > 7 vy MERERO

MERIEBRIBAEL (bie o T REBBE, AABRTRK, REAE, XE= ELAREER,

EEE) .................................................................................................................................
385, WMEE M AR RIS 30 2 KRGS R O MEHHARE. 1A =, B B (L3EX,

B, ST « SR, BB, SETETE®) ettt
386. MEREEMEO=FAF—R#. B ¥, £HE=, K 5 (BHK B, FAERE e
387, ARmER L BEORANFNMEMEH. FAESE, Bl X, EHEREE (EIEREEE V2 -,

Hm%ﬁiﬁ) ..........................................................................................................................
388. MiEDEFEMRERBC L - (5 ¥k ShiFS 3 FHKeoWT. BEHHKE, LHAEW

HR—E*, BERRY, AEER*, DREER* B, NEGER « B, H—RR*)-
389. $hEE v ¥ OWMEMRCALh A ERE BHNETF, BK B GEBEREKX, B, £F) e

390. AREMEEMEREDORERSEIEDEE LiEZT >\ VT. BERK, FHERIL, TREXRN



18

391,

392,
393.

394,

(FHe, BE, SETPAEE) reererrererseremmeeas et et 401
=tr27Y ) vOBHROTHECK LIETHE BEAME, BiE £, WARNF,

BIAEZER, i £ (NETFSTZEEIES, PIBD oo 401
IREEV X s mEQCHE. Mt W, MogE=, WX @GR, REE, EIE) oo 402
EWGEERO v T4 7 v A LR, BIEER, KoERE, WEHEE, KBRERR,

B OEE (BN, B, S, LIRS« BIFEEL, TEEF) e, 402
2 HEBAKEH OBHREN S — AR OWT. FHF=R, FHHE HFE T FX,

BUE, FETE) weeereereeereeea e s 402

23. Mm%k - - KA (395—414)

395.

396.

397.

398.

399.
400,

401.

402,

403,

404,

405,

406.

407,

408.

409.

410,

411,

412,

413,

LMo EE O, MREEMEE « Py A RDBMFRELZROER (F—R). BBJIE, ﬁiﬂrzﬁ%

(FISEDA AL ¥ 2 —TF, ILEG) coovrereeeeronnesemeeenre e ettt et 403
ST 313 % MPGERE LRS- W & OBIFeovC ik U1, EREER, MIFARE,

KETET GRTTEA, FEEATE) coororerorttt ot e 403
M FERER S X O R OB E 7 b O AR s e T B AR, R R

KOS — (REBEEBIMBATREEPE) c-eovveoevemr e 403
ERK X 2RMBREMEDET. HbtE=, MIEE ZEFA* kX, DEF, £H -

{—tﬁiﬁ]ﬁ]*) ........................................................................................................................... 404

FMBR M4 & EERE. FTEER, AERE, B O, S8 & @EX B, F4AH) e 404
s = VEEREE W 31 5 guanine nucleotides ¢ adenylate cyclase, C-AMP, protein kinase

~OHE BE B, SHEE, AUEKE JEEKA, B, PIRD s 404
s X OB A BFU w33 Hb AAROZHR. FR £, BWEME, IERHE

(ﬁ:ﬂiﬁj@ AT . ﬁi’ v S5 4 FEK, Iﬂlﬁl’\]ﬂ'*) ..................................................................... 405
J4JR Hb Portland (Crr,) OMZETFHMR. B 8 # &% EO F R®REX,

S =5 ) JER T TR PO P PP 405
t b glycosyl b~z 27wy (Hb) OLHEE DA B TR, &£TFBTF, KHIFSE

BEH T (SR, FAETE) oottt 405
ap-macroglobulin OHEEE, FURBEMH BT P, =WHT, MuER, B &7,

BAEFR, BE  EEEZAGH, BEIRE AT - 406
BHRERTONE. SABR, SEEET @EBREA, AT -, 406
F5 A 7 — 7 oM LEALOTIR. BEHET, BEOR GHREX, o) o 406
BE - BEBFBSC XA HEERS » VORI DWT. EHE—, BT,

WALESS, T B (BAEK, E—EBE) oot e 407
Garlic oil Difi/MREEMEISHECOWT (FET#R). KE & FEEE, RIHET,

LR, ERETE (AR, BB, S ET) oot s 407
A74 7Y ) —r vEHFEOCABNERCOWT. E2KE, RER=Y @HEREHKX,

PR, ST o BERE TR ) e e e eee e 407
YRFF—ED7 4 7Y VEAMS IOREENEER ARRST, MMERK LR E,

EE A (EIGEE K, EETE) coeveereerrerieinine ettt 408
4 =41 CO, # A BRATHED Natf v, HCO 1 4 vom#EFHBEroWT (8 2H).

ISR, VIR, SIS, B, TIIFE (KEK, B, SRR o 408
BRAK LT 1V v A AT OBIR. BB, JEREKY (BEAKX, &, 4B, W4

FRBEETT, THUHEX)-r-eeveerarremreemseertenne et 408

REAFRORKROPHE L AL OWC. BhEER, FRET, RERT, AKEN



(EFEE A, FE, BT ) erereree oottt e
414, FHRATKCRT 51 2 BRMBESEORE L IROWIR. HRET, HbREK, FERT,
AKETE (EFEA, B, FTATE) oo

24, 1p W (415—429)
415, v MRKEFNEHC S5 B BRI b ORAIIER S, AMER, MRS, IR,

7](;:!_ H?.: @#ﬁ&;& (g%\@j{’ ‘5{%’:@5}&) ..............................................................................
416, Tk EMICAE O R LE S ARRSHOER. BEFRT (@RK, &5, G, £ e
417, B A AR O MSNMER I 8 XiETRE. AT, MUER LR, JEEDE, AR e
4w.w7#/XL%Wa%ﬂﬂlemo5@%@@@Ai«—xx—%vﬁ.M%T:

(%T{f%jt, E%@ﬁ*) ................................................................................................................
419, JEBAMFIR U R LTSRS S0V BRI = o — B v OREEREG.  ARCLESC, BEAF,

%ﬁ_%’ @ﬁfﬁh% (?{%ﬁlﬁj{, %:%}E) ..............................................................................

420, JEBAIRRM: = o — v v ORBAERE COWTC. B RIE, ERET, MR8, ITERE,

iftg'zf"lﬁ"‘ﬂﬁ* (%ﬁ?@j{, gg_g:_}‘g . VPFE!I'-‘*) ...........................................................................
421, % o TEEL LRI OMEEME = o — v v RHOEETEG. FR E GLBEX, B4R o
422, 5, b O Paco, WEE, WRWMREEE LB BHEE, RERT (FHEL &,

gg:ﬁiﬂ) ...........................................................................................................................
423, BIRAEEEC S LIS TIRME= — A K e T ey 7 OB BAR—, BEIFEKREE

(’?ﬁﬁj{‘, @) %“‘_&L}E) .........................................................................................................
424, HfEPwctsid 5 Haldane OEEHONE. HR A, BHA—, HEA— DABFE

(LUH‘?jT; @, %_EE}E) .........................................................................................................
425, ¥ k3 pH JEEZFD COp KFBISEERE~DIGH. WEPHE, HHA—~, EAKHE

(LTI, TR, S5 TH ) eeresrrermessotet et et
426, waRE X AERENOEOWT. BEANALRE, S5 & EEE=S, L
(BT, B, TIJEEAETE ) errreeneonr ettt et

427, FEREATINEER X AR oL IR oHEE. ARRT, FEWIR, & 308, AR,

ﬁﬂi%‘ﬁ&, j(%}iﬂﬂ% (%ﬁ*’ E, ﬁg:ﬂiﬁ) ...........................................................................
4%.@ﬁ%%%iﬁ%?ﬁm%ﬁé@%ﬁ%ﬁ@mg.§$%B,EL%R(%k,m%m,

fﬁﬁsﬁ?“%ﬂ) ...........................................................................................................................
429, BRER Y A, (ERFCTARECEDHE N v—= v 7R BRER, BEFR &KX,

TR IR A ¥/ 20 ) evereene et e

25. SH{LARUR (430—435)

430, 3 JOBHROBERMCES XETA v e 7 v/ — A OEA. REER, PITEHEE,

ﬁ%%a, %HQ%IBETS* (%Ei‘%‘ﬂ'@j@ fﬁ, D}fﬁéﬂ'ﬂiﬁ*) ...................................................
431, NBERINCE JIET e e —A—7 R Y O vOEE. SR & (BIUk, ERENEX, B o
432, BERERBCET A PIE—BNEENE ORI X piRE. FEFE—, RR=HE, KRS,

:I:m%ul%:\ (%@*’ E Egrm) ..........................................................................................
433, wHFREE R A A VE O €St 1w, WIEE, AL, ﬁEﬂ%’“%‘J,

ﬁ%:ﬁﬁﬁ, mmﬁﬁ’ Slz%ﬁkﬁ;’ ﬁ_j:l: ﬁ) %* ﬁ (Ek; E, é—tﬁ) .......................................
434, 5, } OO D-glucose HWEoVC. BIHR, HH ¥, HEFEH (REEL, £H)--
435. APV R LA EHYCRT DENSWEIEO L. RENSE, FINET, s

(dek, HAER AT ¢ ERAR K, BREE, AEBEF) cevvrrnnee e



20

26. g5yl « H£FE (436—A458)

436.

437,

438.

439.

440.

441,

442,
443,

H=AEBENSDOI T2 —AT I VUK TLEEE LM 4 VoS BEs 8L,

WHERZE, NEEET UBEA, S ) et 417
BRI 351 % B S WA OB s JIETREER, 7 v¥4 7 vy vous

HBORHEHE, FRAKKY EHEL, EoEE - FEA, B, #o Y 417
Ty M2 v FaRxTr v ) AAMHCS L 2BAOHE. ¥IERL, AMF—, K& 5

UK, BB, SE—EBH) «oorerr oottt et an e s 417
RRGAET L THRG LH 0. ZHEHEE, MIEERT, U8, WT—38 (B,

B, JETPE) +overeeeemrmmmmmmmnniaieeseeetetae et e e e e e e e e e et e e e e e s eeteerennene 418
HEBHEIE S JORBIBORT Y~ 254 7 v Y X o, EBEX, HE B, SiEEp:
(ETREBTEIBT, BEAL o DIEF) orererereeeerere ittt ettt 418
AT e FRIDERY X a8l 7 ¢ VIFEMM AR, IUMERX BEEX, F—4aH) o 418
Fre VR Y X AORMEEM. AHEP—, EZER, BE O (dk B, FE3) e 419

ATFTa—ATIVEIVTF=vV e X724 F FHURE XIET~FH5XSF FORE.
BHE—RR, HEEN*, RESZEY, AR, IR (RN, Mige kst .

oAk, B, %ﬁﬁﬁ{t%*'kﬁ’j{, He A BFE*, ﬁﬁ%ﬁjﬁ, E};ﬁﬁ:***) ....................................... 419
444. REM S » + O¥PA Neurotubulin Bk XiFT L1 e voPE, BEES, BEES,

SHEET, Biie— (BREK, ) e, 419
445, nitrophenol F#E b X 2 FIFHE ~ L& v HERE (F28). ILMFLD, BEHISA,

KB By (BBIRE K, BB, S—ET) oo e 420
446, Ca A F YHFETR KT S Na 1 4+ VREC X EIBEE ~ 1 vIRHEE. KT B,

ﬁ#f&/\’ u_l?qﬁﬁ]kta (EI/E%*, E, %—‘i—tﬁ) ..................................................................... 420
447. ADH Uk X3 B L= v -7 vFF 7 v vROBE, LnE—, WoRE*, IkE—

(BTHEK, B, ST o S ETH®) oottt et s 420
48. W7 a—ATIVOETRT I 5 —-E4WE cyclicAMPXR. HiE—, REEBT, TELTF

(FER, B, AR ) eere o et et e te e e e e 421
449, THEAM R LOHRERR & v v BMREBEIOWTC. BANGHEE, BUIREE, B)IFH—

(BEEER, P IATE, AR ) e ettt e e eeeaas 421
450. 7A VAT e v B TH e A2 I vOERIERF. HIIRE, KEDTF, BARE,

BARFET (BBK, B, B ETH) oottt e 421
451, KRB EBEEY 7 I v. BB E (BEL, pgﬁgf/);ﬂ, HRE) ceeenreeinni e e 422
452. TRH @5 » P FEFRBICH T HEH. EHEE—B GERLBER, BH) 422
453, VATHROERBSLCHTI=A LSO —LOBE UART (KB, B, #—E) e 422
454, MET o + DOETEINBZAEO=A b v 2 VIEESHE AT 2 —A T I R WIHEEEL,

FE B (UDK, BB, HAETH) i e 423
455, [FREMEC L > TEHIND A v A Y VRISV, RoRkE, HnE—*, EBEBTF

(FEKX, B, E—H « S ATEY) e st 423
456. WIRERERE O 7 7 A 2 AW LRI KRS, KMk, & OEML deRE=* ek,

BE, BEAETR o T, BB ) e e ee e e e e 423
457, e PRMMEBR v 22275 v 5 4 VEELCH TS 7 v a a2 s a4 FORFIKRE.

LU*E?IL, ,j\)”}lé“{:’ ﬂ#{%‘;& (%j(’ ﬁ%&m’ %:) ............................................................ 424
458,

Cortisol-Carnosine DRFTHFIC X B HiLE & AUGHE ORAE. KH PTFIHES, WIER,
FERT (HK, 8, SHETF, FEEETD) it sa bbb bbbt 424



21

21. E&h . tkH « EE (459—465)

459.

460,

461,

462.

463.

464,

465,

R &0 D BSH i D\ C—Respirometer #HWC—, BT i, = %, BEL=,

PERBEEBEE (BHIETR, KTE) veererrersrmems ot 425
EHBC oM AW B IE HME R HA N GEEX, GHER -

N ) L PP P PPN 495
EHPHEANZ P b bDRIEREGIRMEFO MU 0@ x —-v. kH & & HE

TR (IR, B, KF « FHIEKF o FF 4 AKFE) v 425
FEENETF & IRBEE D30Tkl 55T & TIMRIBR O ARG, TEM=, & 3

SR, M 0 (TEEREA, H—ETH) oo 426
FRIR MRS OEBIE RN (2. ik 91, BREEE, = ERX, \HEHE,

vy ﬁEE W&, FE)ISEHET GRIEKR, (4B « BEELK, %‘Eﬂf’fﬁﬁ@"%‘*) ................................. 426
BARFABRBR O RPEMRE B OWT JEREK, DMBRE* (AKX, FHER,

ﬁgﬁ?  BE, HETRETAEE) e S 426
RIGER) AT X 5~ v Ak L0 M OKGEOEOVC. BEES, MNIELZ,

ZE%%E: %.#%9&’ @m%%* (j(lgi;ﬁﬁj(: PREE « KRBT A, E*) .......................................... 427

28. IR¥E - TRILF—(H (466—488)

466.

467.

468.

469.

470.

471,

472,
478,

474,

475,

476.

477,

478,

EEEEU &5 LM%, BEMoZEb s BEMEORYE. K ES, HEESE, KRR

(IR, BE, T ) eoreereereeserseem et et 428
WRIED), WHORBET » + OB, WREEA, RERT, PHEENE, kX @RX,

BT, S —ETH) eeseerneeenete e s 428
EBMRTF L7 Fvy ) vEFEOBE#ER OV KREE, REAEY, EEFEE, BH5Y
(ZHBTA, B, ST ) et b eeeeetu e e erten e ereanaaaeraas 428
=7 VY OFEBHENABCE IETERE oW BEEE, REET, 2| B,

WIEFFE, MEEAER, B (UBFREER, A - BIEKR, £« MilX,

BE, S HETERE) orretetiteten et 429

~Y Y ABERETOL rOBRRBRKRAEVEI T 2— T I VvOEE. HRITA,
RISIEAES, RKEER, NIEC, WAEBSL, BIHER, FIL3EE*, HHAE (BX,

TRIEIETE, 552 o BITEBFEEMTAL 1/ & — ) e 429
B« EMEATE X5 0MBEEL. F Bk, WME % Bk ¥ BARH,

TFHTEE (o, BBIEIRBE, HID) corveereoermrnriro i 429
v REIROMSIIERE. PHEL, BAES, BABT, EBRRT GREX, £H) oo 430
Hypodynamic JREE DA MIc S 2 2B OWE. ZKEY, PHRESE, WHMM, A X

(ZEFEIR TG, FEBEEETIT ) eovrrersersssesnentros ittt e 430
RE) 85 1T BIROBE B L OERBROBF COWT. REFE), EERNR,

FRENE, T OTRIS (ST, B, H— ) ot 430
BT A 7 1 ADBFRERCOWVT. JAEL, BIAkER®, RS, AR,

B@DT&:’Z:*, J”)EEEH%;*: ﬂz# %* (Bﬁiﬂ]j{', E, %:@‘nﬁ'if{%ﬁ: GEE*) .............................. 431
AVTRTFVI=ANET » + OB TRMBRERE L0737 — ¥R 2T FHF %,

BB, SEEETIES, ANVHEF, ALY GRREER, M« BRR, BB, BTEEY) o 431
Bk~ v ARBEEMED 7V = 7 vE L ilaoX & S oFHEE— i EHEMLENRE.

BIdE B GEJIBEA, SETMB) oreeerreoesoem e 431

STATE ARG X B 1TH BB Y X » PRI ERRF oM. AREEA, 1LEEIR,



22

Ve a KB (REAK, FRIEEEEERE, AETE) orerererremnrotene sttt
479. yPRE - AL (F8A) MloBfc XaKKEEME. R, B B2, SRART (REX,

FREETRTE, HETH) coovreeroseersoinretesetates s et et st et e bt b e s E ek d e e s
480. EEBIb 1) 5 PG WAEEE. LEKE, KIFHEES RERM (WIEX, H—42.

jtﬁﬁﬂﬁk, ﬁé%ﬁzﬂ*) ......................................................................................................

48l. 5, F OBHATHEASENOEBRREZORME. FWWELR, KRES @HEMKA, B,

%:f—liﬂ) ...........................................................................................................................
482, BEH b X aBalEday 52— 7 1 v BSREOEL. EER, BEEN

(j@}”%j(, %—EE) ............................................................................................................
483, HABRBR XI5~y ARAENHEO L.P.L GitoRH L EXKEEC L 5EE.

/j\ﬁ(ﬁ%{;, ﬁ}'F i’, ﬂhﬁjﬁ%* (ﬂ]%lllﬁj(; %:ﬁiﬂ'%’b y;.._*) .......................................
484, R MEYR o2 v ¥ - 2@, LEAEWNE, AL F, BESAE BEHK, EEER) o
485, BWES ICERBE Tkt 588 AR OAGABE. SRR, HHESE, )21

(BETHBRE R, BEEEARADIR ) veerreerrornererers ot e
486. =z / —ABIVTORBEY, 7t 7AFe FOBEIR AR JIETEE B BT,

INARERR, PR, BILET, BH %, EUER (MRIEK, DJEEE) o,
187, WADORAT 3 /7 BUHERICOWC B #8—, MEEEE, H LR (X, B, SE4EH) -
488. SyRM: height ratio 0EBABRCHTHFE. MoAB, FLEERT (PHEEX,

ﬁ%%%) ...........................................................................................................................

29. {hiEEEER - ST (489—505)

489. EFMEBZROFOEGMERIG. ME B, SOFEHES, | BE, Pig—8* (REEX,

%*ﬁiﬂ . E}ﬁ@*, ﬁé*) ...................................................................................................
490. YR LBAOGRAHEOLE. A £, THM=* BEEEY B HE* @FX,

B « IR K, B TB¥ ) et
491 7 o MERTEHORPIHRERNER BT %0 metabolic mapping. FHAMEAL, REHT,

EEBEZ, FE B (U0, B, ST ettt
492, FEARIB OB X 5 EFRIGOHRCOWC. BIUTEE, EBEE, S, JJiHEE

(BHEIBE S, ST ) oeeerereeseseses ettt ettt
493. ESRFIEESBRETMED = 2 7 vREHE oW FR #, fgEs ek, #, AE) o
494, FATEREFOGEEM. AIERE, BILEE, SUBH, TREE @EHBEKX, FTEHE) e
495 BEOBHGC X 2 MR OFFE. BRE&E, BF o, FIES, JIIEESS, &0 o8
(EREEA, BERBEHTE, S« ZEEL, BEHE®) e
496. BRFIFRERZE = - — = VIR T HEAAES LOSREREOPE. B B,
HEH—, KEH, SHBE, AR (EEEK, EtEB) e

497. QURAIEHRERBICH 3 2 HAPH « BEPIR = 2 — = vOIRE. ILAED, AL,

FNEERE, SHETF @A, B, SETUETE) croerererreirinenestsiren sttt sttt sttt
498. FRTHRERZY = » — » viEEE JOGRRSHTEICK 35 KKK EEREIH OZR.

SEHEE, B OB, BEE—, RERE EEEA, ST e,
499. Z# - SRIRIL Y - ¥ ORK TG L RFMMEOBIGR. KW 4, FrFEE, MIES

(BIA, ZAETT, S BRI ) rerrrrerenreersenreeremrteses e e e e st te s st et et e ae s re e ae et s e eanes
500. #~7 v MIBHHEFERMEIC ST 22LOBE. WA 2%, AKER* GRREZAM,

e LI Y. . P O O O SOOI
50L 7y bEO S KEREMBR—EREH SRERL. LRBE (REX, 2ER, BE



502.

503.

504.
505.

FEBEHET) eoveereeronesresie it 440
BFER 0 LER & RAROMENERE RERA, MIEY, FEE—

(BT ARfAE, B « FRIA, B, DIRETAY) o 440
Uphill & Downhill SEBH 0 RIBEERMER O FHe. AEIA, ILEE, SRS

(BT, B, BRI ) veereernemnee ettt 440
BRERE QATA) w5 RHG. SHER, ONES, HIHRT EEEL, HAER) - 41

4 SEHe-0, B 1 28N, AREZ, SEES, HIIFRT, P, REEFEET
(FEEREK, Ho AT « JFEERIERER £ v/ & —*%) oo 441



4

1981.

LR

<



260

58 HE B A HEEP

SREEZEBHT

58 A AL EY Sk A
HERS RABER-HFEEE-EH R

58 F AL B E AR XIIBRIS6E 4 H 1 B (4K),
2H(K), 3B (%) ©3\aH, fMEHEEmHER
ML M TR IR, Fhickyr-T3 B31HK
HERES, £6F B0 EEASEYRCHIn T
L7ehs, THITHIE (BRISS4, HITEAL) Bl
EREDR o VARDE RN TETHEL B TL
7.

HiBER S 4358, H A & — BIR725E, =F50588C
Lz (M3, #RA5 -BRORHIELEBO B E K
U, PEROR SRS, FHE Lk 1 5476
). Th e WS X s EESEN» LR & (B
L, BRED « B« BERRE « iR OFB% £ Df o
WWANT), 20fEEL BT Mfa B, BRI, RME o 1S
4, TEIRE, 3, rooRy, Of, B8,
We o B o RIRFHES, PSS < EFE, BEE . =¥ —
RWTHY, 10U TRFETE, 5FEE, 58
KIGHIE, WEB) & TR, B - BREL, MR
b5, WAL, EB) « k) « J% T L.

SIMERBIIML6004, BHS (RBIIHEEELSE
SR HEER 0L ThH Y, FES] X
TEHEYHE, BEANOMER » 2 E4EoRE
DTREBTH Y % L, 2EHE 0SB IIAEL
Kol tBuwEd,

EEBRFEOTEE LT, —Y0Miv %5 LTEE -
BIEEE L, #2EEOEYHTD L 5 wREDOS
NaeTH LR LE LAY, AERETLELHD,
¥kOBE LI EHE LTI LEF &,

*AFENS U3%7%) Wl

L FHOEMABRFSCEINI—HEIRE LEDT,
TRERRDAGHRIIRELELE L. 0z
L ko THFOFHEN AR, E BB
W ion ¥ L.

2. RSPhENCRD, HOoRLEC LE L.
RO b 2% 1,000 B {EERFLE L
By, W ORI B B B EIA~ DI BE w8
EI2L, BR, BECL > CHEBENTD
b, L8 KRS SHeTCENED bhis
1D BHLW A THFHEE »fe & B
x. '

3. PERHDEME & 4 = — TFF » Tefo DI AT
R rh, ABEIERShE L.

4. TEEHES) LHT-TEA 0 BBk,
BRKROB L e b TR EC LTHEE L
TEHFREC LY, Ay v o —LOBFRE, &
BEFEE Y VRO Y A LABCEN SR
Dol DB D T

S. RAZ—RR, ETAMBECIRBOH LS
EUTHIENTEE LD, S0k 3EE
RO EHIC & B B & ofcix 4 BE 2% 7e
< —MORBERFBOSH o LEREL
TET

6. FLERFEXFEINALTNL I8 £ T L.
SENE, 29 —FEHr L¥ L.

Dk BOBEROMEIR 2 RE o LT



THE 58th ANNUAL MEETING
OF
THE PHYSIOLOGICAL SOCIETY OF JAPAN

Titles and Authors

April 1—3, 1981

University of Tokushima, Tokushima



Methodology (1 ) .................................................................................................................. 265

1
2. Molecular PhySiology (2 — 8) «eseeeeesteseetrmratastrt ittt sttt s st 266
3. Cellular Physiology (9 —B34) «oeeesersermettitiimtmmiitiit ittt 269
4, ACHIVE TIANSPOTE {B5-52) «+reesereersremnermetttrititnsteter ettt b et e bt bbbt 278
5. Excitable Membrame (53—81) «errereesressesstotiriintmteitiimtir ettt bbb 284
6. Synapse and End-plate (82—100): +«setrserrsruesrmmuinimiimiiintisiitiiiaieies s s 294
7. Spinal Cord and Peripheral Nerve (101-—110) eerereerrrrerrermsmnimmimsstetstt sttt 301
8. Brain Stem and Diencephalon (111m—139) «reereesrersrortiiiimimiiinit ittt 305
0. CerebELlUmm (140—150) »++eesrereerrerresmenrmnmetitt ittt bttt eh bbb 315
10, Telencephalon (151—167)«r«eseeserrertmtesertitiimitntiiittnt ettt 319
11, Muscle Movement and Its Control (168—176) «+«esreesrresrriiumrueiirmetinisiitetiiiantrss e 325
12. EEG and Evoked Potential(177—181 )«  ssttertrsrestrmtmmtmntiiinittiitsittiiiiitsis ettt 328
13, BEhavior (182—205) +eveeesererestsseuestmmmntnrentet et ettt 330
14, NeuroChemistry (206—214) «esereessetemenretetrtetis ettt et 338
15, VESIOM (215-25B) +rreeesrersereensennennettitinttimsitset et et e s e b 341
16, AUIHION (257—268) +verrereenrresenstrnenmtnrenrtnr ettt bt e e e s oL s e b 355
17. Other Sensations (260——206) «-re-serrerrerserrtiimimmiittit ittt 359
18, Skeletal MUSCIE (207——315) «-eerverrtrterrsttmtotiiimiintetst ettt e bbbttt 369
19, SIOOth MUSCLE (B16-—327) +eeeereersnernemrurensimtiatititt ittt e b ettt 376
20, Cardiac MUSCLE (328—352) +e-sesereersensrnesemtenremiimitiittste it ea et b s e s e b s et s st 380
21, Autonomic Nervous SYstem (353—370) «rercerrerrorestrmiitiieniitinr ittt 389
22, CIrctlation (871-—304) «evereertrremtertmtmtitiri ittt 395
23. Blood, Kidney and Body Fluid (395_414j ................................................................................. 403
24, RESPIrAtion (A15—420) +ereeserseeserstrstrttentnst et ettt e eL et 410
25. Digestion and Absorption (430—435) «weeveeerersremvrseiseiinns e et ettt er et et 415
26. Internal Secretion (436—458) «verrervurerurnienians et e — et h et bRt b et r e 417
27. Exercise, Physical Fitness and Fatigue (459—465 )« ++srseessetsrsieinnsmesiiniimiiniiisisssssses 425
28, Environment and Metabolism (466—488) ««vtererrerutrmmmrmrusiienteniitiitiittits i 428
29. Body Temperature and Sweating (489—B05 )« -«rrrrerrurirstssssrstitaretsstitsriitiis et 436



METHODOLOGY J. Physiol. Soc. Japan 43,1981 265

1

MEASUREMENT OF THE REACTION PARAMETERS IN PROTEIN SYSTEM WITH A DIALYSIS REACTOR
HASHIMOTO, M., HIGASHI, T., ISOMOTO, A. AND TYUMA, I. The Ist Dept. Physiol., Sch. Med.
Univ. Osaka, UOZUMI, M. Div. Env. Health Res., Osaka Pref. Inst. Pub. Health.

A semi-permeable membrane dependent reactor was constructed. This reactor comprised
two parallel planar semi-permeable membranes that separated three compartments, i.e.,
the compartment between the two membranes that contained an enzyme (protein) solution,
the two outside compartments that contained the constantly flowing substrate (1igand).
In this continuous and stationary flowsystem, the substrate (1igand) reacted with the
enzyme (protein) through the membranes and flowed out of the reactor, then the concen-
tration change of the effluent substrate (ligand) was followed with a spectrophoto-
metric flow monitor. The behavior of this reactor, which coupled the flow and diffusion
with chemical transformations, was described by fairly complex partial differential
equations. We deduced an approximate solution with suitable boundary conditions. The
experiments were carried in use of xanthine oxidase and xanthine as an enzyme and its
substrate (albumin and sulfanilamide as a protein and its ligand). These data were
fitted to the solution and Michaelis constant of xanthine oxidase system (the binding
constant of albumin and sulfanilamide) was determined. Studies on the application of
this method to the biological systems are now in progress.



266 J. Physiol. Soc. Japan 43,1981 MOLECULAR PHYSIOLOGY

2
*
RELATION BETWEEN HILL CONSTANT AND ALLOSTERIC CONSTANTS. H. WATARI, Y. ISOGAI and

*
H. NISHIKAWA Department of Molecular Physiology, Institute for Physiological Sciences,
*
Okazaki. Department of Physiology, Kyoto Prefectural University of Medicine, Kyoto.

Hill constant was derived algebraically as a function of allosteric comnstants c and um
or Bm (=cam), and the relation between L, c, and am or Bm, was also obtained, where
L=To/Ro, c=Kgz/K;, am=Fm/KR, Bm=Fm/KT, Ro and Tg are concentrations of unligated R and T
states rgspenctively, Kz and K are microscopic dissociation constants, and Fm is the
ligand concentration at the maximum slope of the Hill plot. Nomographs which enable
easier estimation of allosteric constants, L and ¢, were constructed from the two given
values, the maximum slope of the plot, n, and o or Bm’ in the cases where the maximum
number of ligands, N, was 2, 4, 6 and 8. In the nomograph, log c is plotted against log
L%V keeping the value of the maximum slope of the plot and that of o or Bm constant.

These nomographs show that the representation is symmetrical with respect to 12N = 1.

3

EFFECT OF STEROID DERIVATIVE ON RED CELL FUNCTIONS. KON,K., MAEDA,N. and SHIGA,T.
Dept. of physiol., Sch. of Med., Ehime Univ., Ehime.

The effect of DHS (dehydroepiandrosterone sulfate, one of steroid derivatives in
plasma) on the rheological and transporting functions of human erythrocytes was
investigated. DHS was rapidly incorporated (mainly) into erythrocyte membrane by
specific binding to membrane protein (band 3) and by partitioning to lipid bilayer.

The following dysfunctions of erythrocyte were observed by the incorporation
of DHS. (1) Inhibition of anion transport, proved by inhibition of sulfate self-
exchange rate. The incorporation of DHS was partly reduced in the presence of DIDS
( a specific anion transport inhibitor). (2) Increased cell suspension viscocity
(measured by a cone-plate viscometer), probably due to the echinocytic transformation
by DHS. (3) Retardation of deoxygenation rate (measured by rapid mixing with
hydrosulfite). (4) Alteration of membrane fluidity (detected by the spin label method);
the molecular motion of acyl chain decreased in superficical region, but increased
in middle portion. In conclusion, it was assumed that the various dysfunctions of
erythrocytes by DHS was introduced not only by the medification of membrane lipid
organization, but also by the specific binding of DHS to band 3 protein.

4

INTRAMOLECULAR SULFHYDRYL-DISULFIDE EXCHANGE REACTION OF BOVINE PLASMA ALBUMIN — N-A
ISOMERIZATION. INOUYE, H., NAGAOKA, S., ERA, S., AND SOGAMI, M., Dept. of Physiology,
Sch. of Med., Gifu Univ., Gifu

Bovine mercaptalbumin (N), when incubated at low jonic strength and alkaline pH,
isomerizes to a new component (A), having a more positive electrophoretic mobility than
N near pH 5. The reaction is sulfhydryl (CYS-34) catalyzed and reversible (Sogami et al
(1969) and Nikkel et al (1971)). A moving-boundary electrophoresis method was employed
which separates A from N in a pH 4.82 buffer system. By this method, apparent equili-
brium constant of this reaction was nearly equal to 1 at both 3° and 25°. The result
suggests A and N to be the same energy level at low ionic strength. However, the reac-
tion rate was greatly increased with an increase in temperature. The difference TRP-
fluorescence spectra (>\EXC = 300 nm) between N and aged albumin (reaction mixture of
N and A) at pH 5.8 in 0.10 M KC1 were not linear to A content, obtained by electropho-
resis method. Furthermore, a difference in electrophoretic mobility between N and A
increased as A content increases. These results strongly suggest that N-A isomeriza-
tion is not a reversible first-order reaction (two-state) but a multi-state reaction.
It might be worthwhile to note that the N-A isomerization of bovine mercaptalbumin is
completely suppressed in the presence of 20 mM caprylate and/or 40 mM N-acetyltrypto-
phanate at 25°.
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5

CD-RESOLVED SECONDARY STRUCTURES OF BOVINE PLASMA ALBUMIN IN ACIDIC REGION. ERA, S.,
NAGAOKA, S., ASHIDA*, H., INOUYE, H. AND SOGAMI, M. Dept. of Physiology, Sch. of Med.,
Gifu Univ., Gifu, and *Dept. of Physiology, Defense Med. Col., Tokorozawa

Fractions of ol-helix (fx), @-form (fe) and disordered form (fy) were estimated
using Chen's method with two constraints : =f;, = 1 and 1 2 fy 20. Computed CD spectra
({9]1, [8]g and [e]r at any wavelength) were determined from CD spectra of 5 proteins
of known structure using program for multicomponent spectrum analysis (Anal. Chem. 37,
1000 (1965)). Using [@lo22 or [9logpg, two transitions of bovine plasma albumin were
seen, one corresponding to the N-F transition and the other to the acid-expansion (N-F:
pH 4.1-3.4, EXPANSION : pH 2.9-2.0 in 0.02 M NaC]O4). Values of fx, fg and fy of the
N-Form in 0.02 M NaC104 at pH 5.65 were 0.73, 0.15 and 0.12, respectively and were com-
parable to 0.68, 0.18 and 0.14 obtained by Reed et al (1975). Changes in secondary
structures from the N-to F-forms and from the F-form to the acid-expanded (E) form in
0.02 M NaC104 were as follows : (NsF), afx = -0.10, afg = 0.06, afy = 0.04 ; (F>E).
afy = -0.05, afg = 0.00 and afp = 0.05. Changes in secondary structures in 0.10 M KC1
were as follows : (N»F), afg = -0.12, afg = 0.07, afy = 0.05 ; (FE), afx = -0.10,
afg = 0.01, afg = 0.09. Major increase in the @-form was correlated with the N-F
transition.

6
ANALYSIS OF OXYGEN-LINKED COMPETITIVE BINDING OF CARBON DIOXIDE AND
ANIONIC LIGANDS TO HEMOGLOBIN. IMATI, K., IMAIZUMI, K. AND TYUMA, I.
Dept. of Physicochem. Physiol., Med. Sch., Osaka Univ., Osaka 530

Carbon dioxide and anionic non-heme ligands such as Cl7, 2,3-diphospho-
glycerate and inositol hexaphosphate participate in the regulation of
oxygen affinity of hemoglobin by binding competitively to specific sites
including the a-amino termini of the o and B chains. To express the
oxygen-linked and competitive ligand binding we introduced some models
and derived linkage equations from binding polynomials. These equations
expressed the observed dependences of overall oxygen affinity upon COjp
and Cl- concentrations very well. It was found to be important to assume
that the bicarbonate ions, which are introduced to the hemoglobin samples
in proportion to COj concentration, exert an effect equivalent to that of
Cl-. The competitive binding between CO, and the organic phosphates
could not satisfactorily be interpreted by the present models. More
detailed information regarding the binding sites and the interactions
between them is needed to get satisfactory models.

7

Purification and properties of quasi D-amino acid oxidase from hog kidney.

K. SHIGA, Y. NISHINA, K. HORIIKE*, H. TOJO**, H. WATARI, AND T. YAMANO**, National
Institute for physiological Sciences, Okazaki, #*Dept. of Biochemistry, Shiga Univ.
of Medical Sci., Ohtsu, **Dept. of Biochemistry, Osaka Univ. Medical School, Osaka

A new material for the flavoprotein research, quasi D-amino acid oxidase(Q D-A0),
was discovered from hog kidney.

It was a different molecular species from D-amino acid oxidase(D-AO), although
spectral and functional properties were quite similar between their two enzymes.
Further, their amino acid compositions were also similar to each other, but the small
differences did exist. For example, while 4 moles of methionine and 20 moles of
proline per mole subunit were observed in Q D-AO, 5 moles of methionine and 22 moles
of proline per mole subunit were present in the case of D-AO.

N-terminal anino acid was methionine and C-terminal amino acid was leucine in
the both cases.
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8

THE RELATIONSHIP BETWEEN THE BILIARY EXCRETION OF BILE SALTS AND FORMATION OF BILE
K.KITANT First Laboratory of Clinical Physiology Tokyo Metropolitan Inst. Gerontol.

Currently, the formation of bile-salt-dependent bile is explained on the basis of the

The formation of bile-salt-dependent bile is currently explained on the basis of the
osmotic driving force generated by the biliary excretion of bile salts.This mechanism
was reevaluated by three different experiments on Nembutal -anesthetized male rats.

1) The linear regressions between bile flow(F) and bile salt excretion rate(X) for de-
hydrocholate, taurocholate(TC) and tauroursodeoxycholate(TU)yielded slope values (ul per
umol)of 18.0, 9.0 and 5.3 for these bile salts. The difference in slope values between
TC and TU can not be explained by the difference in osmotic efficiency of these bile
salts. 2) TC infusion in rats with low bile salt concentration(C) in the bile produced
by an external bile fistula yielded a non-linear relation between F and X with a 4 times
higher slope value in the range of C below 20mM, while the relation between F and C was
kept linear in the wide range of C. 3) One hr after the start of infusion of free urso-
deoxycholate, X dropped sharply whileF continued to increase ( a complete dissociation
of F and X ).These results suggest that a fraction of bile can be formed by the presence
of bile salts inside hepatocytes rather than the excretion. The hypothesised secretory
action of bile salts may differ between TC and TU and the effect may be positively cor-
related with the intracellular concentration of bile salts, which can explain all data
obtained in these three experiments.
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9

ANALYSIS OF BLOCKING OF INTERCELLULAR COMMUNICATION WITH FLUORESCENT DfE INJECTION.
KAZUO SUZUKI. Department of Physiology, Tokai University, School of Medicine, Bohseidai,
Isehara, 259-11.

Intercellular communication is known to be blocked easily by alteration of various

cellular environmental conditions. Loewenstein et al. (1967) postulated that intra-
cellular Ca'  plays an essential role for maintenance of communication process. Our
preceding study (Suzuki et al. 1978, Cell Struct. Funct. 3: 161) indicated, however,
that the electrical decoupling between salivary gland cells of Chironomus plumosus,
brought about by application of various drugs or enzymes such as corticosteroid or
trypsin, were consistent with two opposite states of gland stiffness. Thus, the present
experiment aimed to know the configuration of cell surface by injection of fluorescent
dye when electrical communication was blocked by various agents, mentioned above.
The different configurational changes of cell surface, being consistent with alteration
of gland stiffness, have been found: corticosteroid or procaine brought about the increase
of stiffness and smooth cell surface, and, Ca—chelate (EGTA) or Ca~ionophore brought about
the decrease of stiffness and rough cell surface. It is suggested that the blocking of
intercellular communication induced by corticosteroid may be due to a different mecha-
nism apart from intracellular Ca-ion.

10
PASSIVE ELECTRICAL PROPERTIES OF ISOLATED CHROMAFFIN GRANULES
ASAMI K., OGAWA ,M. & IRIMAJIRI,A.
Dept. of Physiology, Kochi Medical School, Nankoku, Kochi

We have used a rapid dielectric-dispersion technique to characterize
the passive electrical properties of chromaffin granules isolated from
bovine adrenal medullae. The accuracy of the whole analysis was much
improved by paying particular attention to the following points: (1)The
granule preparations were highly purified through "Ficoll-sucrose-D,0"
density gradient. (2)The average diameter of granules under the specified
condition was estimated from electron microscopy combined with stereo-
logical analysis. (3)Dielectric measurements were performed by the use of
a computer-controlled analyzer system scanning over a frequency range of
0.01-500MHz within 90 sec. (4)The numerical analysis was carried out on
. the basis of Hanai-Wagner's theory developed for a concentrated suspen-
sion system. The results obtained are:(a)the membrane capacity of isolat-
ed chromaffin granules = 1uF/cm?;(b)the relative permittivity of the
intragranular space = 30~40 irrespective of the external NaCl concentra-
tion;and(C)the intragranular conductivity changed depending on the
external salt concentration or on the external osmolality.

1

NGF(NERVE GROWTH FACTOR)-INDUCED FORMATION OF FUNCTIONAL SYNAPSES
BETWEEN DISSOCIATED RAT ADRENAIL CHROMAFFIN CELLS IN CULTURE

OGAWA,M., IRIMAJIRI,A., ISHIKAWA,T* & SEGUCHI H* Dept. of Physiol. and
Dept. of Anat*, Kochi Medical School, Nankoku, Kochi

Chromaffin cells dissociated from 10 day-old rats survived in culture
with NGF extending fiber-like processes. Many outgrowing processes reach-
ed their neighboring chromaffin cells or clustered cells to make network
when the cells were cultured over 3 weeks. Every chromaffin cell generat-
ed action potentials in response to current pulses delivered through the
recording microelectrode even in the presence of TTX. The action poten-
tials and passive electrical properties were generally similar to those
reported for the cultured sympathetic neurons. The processes conducted
spikes, which was blocked by TTX. Spontaneously occurring excitatory post-
synaptic potentials(epsp) were detected in the networked chromaffin cells
and the largest epsp triggered action potentials. In an attempt to estab-
lish the functional synapses, we impaled two cells simultaneously each of
which were presumedly interconnected with a common process. A few msec
after the peak of an action potential in one cell, a potential change re-
sembling spontaneous epsp's was recorded from the other cell. Pharmacolog-
icalexaminationsuggeststhatthenewlyformedsynapseswerechemica]hnmnuma
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12

MEMBRANE POTENTIAL OF RABBIT CRYSTALLINE LENS FIBER. OKAJIMA, Y. AND AKAIKE, N.
Dept. of Pharm., Kumamoto Univ. Med. Sch., Kumamoto 860, Japan.

The membrane potential of rabbit crystalline lens fibers was measured at the depth
of 200 ym in the anterior and posterior surfaces under in vitro and in vivo conditionms
by using conventional micro-electrode techniques. The measured intracellular fiber
potentials were quite similar at both sides. Ouabain at a concentration of 10~5 M de-
polarized the membrane potential of anterior lens fibers, but the posterior fibers
were not affected. At 10~4 M ouabain, however, the posterior fibers were also depo-
larized. The results suggest that the ouabain-sensitive Na-K ATPase activities are
greater in the anterior side. In 90 mM~Cs external solution, the posterior fibers de-
polarized faster than in the anterior ones. The result shows that a layer of epithe-
lial cells at the anterior side may wark as a diffusional barrier of Cst from the lens
anterior to the interior.

13

ON THE ASPECTS OF INTRACELLULAR ATP LEVEL AND MACROMOLECULAR SYNTHESES IN THE CELL
CYCLE OF L CELLS. (2) YONEZU,T., HOSOKAWA,K., TANABE,S., OOSAKA,N., YAMAGUCHI,H. AND
OKA,Y. Dept. of Physiol., Sch. of Med., Univ. of Tokushima, Kuramoto-cho, Tokushima

The aspects of cellular ATP level and macromolecular syntheses in the cell cycle were
studied in populations of synchronized L cells by selective detachment of mitotic cells.
These L cells were treated with the inhibitor of cellular ATP generation, such as 2-
deoxy-D-glucose(2-DG), carbonylcyanide chlorophenylhydrazone(CCCP) and iodoacetate(IAA).
When these inhibitors were combined, such as 2-DG plus IAA, 2-DG plus CCCP or IAA plus
CCCP, cellular ATP content decreased rapidly and within two hours had fallen to 3 to
20% of the control level in G] phase cells, to 6 to 19% in early S phase cells, and to
5 to 30% in middle S phase cells, individually. In this condition, the inhibition of
the incorporation of JH-thymidine in G] phase cells was related to the decrease of
cellular ATP content, but the inhibition of 3H-uridine was related to the inhibition of
cellular lactate production rather than the decrease of cellular ATP content. And also,
th inhibitions of the incorporation of JH-uridine and amino acid mixture in early §
phase cells were leniently in spite of the severe decrease of cellular ATP content.

In contrast, the incorporation of 3H-amino acid mixture in middle S phase cells was not
related significantly to cellular ATP content.

14
INDUCTION OF DNA SYNTHESIS IN PRIMARY MONOLAYER CULTURE OF ADULT RAT HEPATOCYTES (VI).
HASEGAWA, K., OHTAKE, H. AND KOGA, M. Dept. of Physiol., Dokkyo Univ. Sch. of Med.,
Mibu, Tochigi 321-02.

Effect of culture medium components on survival and DNA synthesis in primary culture
of adult rat hepatocytes was examined. When hepatocytes were cultured in a medium sup-
plemented with fetal bovine serum (FBS), glucagon and insulin, DNA synthesis was in-
duced regardless of pyruvate concentration in the culture medium. In a serum-free
medium, hepatocytes survived and DNA synthesis was induced only when pyruvate was pres-
ent at concentrations higher than 5 mM. Supplementation of glucose or fructose (20 mM
each) in low pyruvate medium (1 mM) did not prevent hepatocytes from degeneration.
Omission of proline from the culture medium completely inhibited the increase in DNA
synthesis. FBS added to proline deficient medium did not recover DNA synthesis,
Aphidicolin (0.03 mM), hydroxyurea (5 mM) and cytosine arabinoside (0.05 mM) inhibited
the incorporation of [3H]thymidine by 95 to 99%, indicating that increase in [3H]thy—
midine incorporation was due to DNA replication. An autoradiographic analysis showed
that about 40 to 50% of nuclei were labeled with [3H]thymidine. These results suggest
that pyruvate and proline are essential for the induction of DNA synthesis.
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15
PRIMARY CULTURE OF NORMAL AND NEOPLASTIC MAMMARY EPITHELIAL CELLS OF THE MOUSE. ENAMI,
J. AND KOGA, M. Dept. of Physiol., Dokkyo Univ. Sch. of Med., Mibu, Tochigi 321-02,

We examined the conditions for growth of normal and neoplastic mouse mammary epi-
thelial cells in primary monolayer culture. Conditioned medium from an established
cell line of mammary fibroblasts stimulated the growth of. epithelial cells, suggesting
that mammary fibroblasts produce a growth-promoting factor(s) for mammary epithelial
cells. Long-term cultivation of epithelial cells, however, has not been possible by
this culture method. In contrast, long-term sustained growth of epithelial cells was
observed when the cells were cocultured with an established cell line of preadipocytes.
Even repeated passages have been successfully done by this culture system.

16
ENDOGENOUS CELL GROWTH INHIBITORY FACTORS IN RAT LIVER SUPERNATANT.
Matui,H.** Tokuda,M.** Kurosaki,T.** Hori,Y.** Doi,A.* Hatase,0.*

Nigida, I.* *Dept. of Physiol., Kagawa Med. School; **Dept. of Physiol.
Okayama Univ. Med. School

Regenerating rat livers are good models for the investigation of the
regulating mechanism of cell ploliferation in vivo. In this model,
humoral regulators in sera were reported, but endogenous hepatic
regulating mechanism is still under discussion. In this communication,
we report the presence of endogenous cell growth inhibitory factors
in rat liver cytosol, and their properties. Rat liver supernatant
was prepared from normal and partially hepatectomized rat livers.

Tt was fractionated by DEAE-cellulose chromatography and gel filtration.
Inhibitory effects of each fraction on DNA, RNA, and protein synthesis
in semi-synchronized L-cells were assayed. Two fractions showed strong
inhibitory activities at low concentration (0.5-1.0 O.D.unit;260nm)

in assay media. One was a nucleotide rich fraction. The other revealed
a specfic UV pattern and its content was lower in regenerating livers
than that in normal ones,

17

OPTICAL MONITORING OF ANOXIC LIVER DEGRADATION,

NAKASE, Y., KOBAYASHI, S., SUZAKI, T., YAONO, S. and OGATA, E.*
Tateisi Inst. of Life Sci., Kyoto, *Dept. of Intern. Med., Sch, Med.,
Univ. of Tokyo, Tokyo

Continuous monitoring of normoxic and anoxic liver function was per-
formed by using scanning spectrophotometry and fluorometry which were
favourable as nondestractive methods to monitor intact organs(1977).

Rat liver was perfused with Krebs-Henseleit-bicarbonate buffer solu-
tion saturated with gas mixture of 95% 05-5% COp or 95% Np-5% COp at 32
C. Lactate + pyruvate(10:1), octanoate, norepinephrine, ethanol and
succinate were introduced into perfused liver, and the liver responces
were measured by means of oxidoreduction of the respiratory chain, res-
piratory rate and glucose out put.

Most reactions of perfused liver were decreased with anoxia, In
those, the strongly diminished reactivity to norepinephrine and the in-
creased cellular permeability for succinate suggested that anoxia caused
the damage of plasma membrane.
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18

REDOX STATE OF PYRIDINE NUCLEOTIDE ASSOCIATED WITH MIXED-FUNCTION ‘
OXIDaTION OF DRUGS IN PERFUSED RAT-LIVER. T. SUZAKI and S. KOBAYASHI.
Tateisi Inst. Life Sci., Kyoto

Redox states of intracellular pyridine nucleotide(PN) and oxygen(02)
uptake associated with mixed-function oxidation of hexobarbital and
aminopyrine in perfused rat-livers were studied using an organ fluoro-
meter and a Clark-type 02 electrode, respectively. In perfused livers
from fed, phenobarbital-treated rats("PB"), oxidation of the PN and a
rise in the Op uptake were observed to correlate well with increase in
the hexobarbital concentration({ 100uM). Addition of aminopyrine caused
increase in the 02 uptake and reduction of the PN, In perfused livers
from fasted "PB", hexobarbital{10QuM) served as substrate caused
approximately twice the oxidation of the PN in comparison to the
livers from fed "PB", while the O uptake being smaller by half or by
one third(0.28+0.03 moles/min/g liver). Sorbitol(4mM) stimulated the
0o uptake(0.86+0.09 moles/min/g liver) and oxidized the PN to a smaller
extent. These results suggest that, in perfused livers from fasted
"PB", the ability of NAD(P)H supply regulates the mixed-function oxi-
dation. (In collaboration with Dr. T. Iyanagi, Tsukuba Univ.)

19

MEASUREMENT OF RAMAN LINE BY ONE PULSE LASER AIZAWA,K. SAKAI,S. SAITO,H
and 0'HATA,S Dept. of Physiol. Tokyo Medical College Shinjuku-ku Tokyo,
160.

The measuring system of Raman line by one pulse Taser (10 nano second)
consist of N, pulse laser (Jobin Yvon), dye monochromator (Jobin Yvon), a
microscope system, DL-203 spectrometor (Jobin Yvon), OMA II detector (Pri
nceton) and a stimulative pulse regulation system. Non delayed one pulse
from a stimulator make a sudden display a pulse laser, which have a wave
lTength at 337 nm, a harf pulse width at 10 nano second and 4 milli joul
per pulse. The wave length of the pulse laser change into 450 nm by the
emission of cumarine 450 on the dye monochromator. The pulse laser form a
20 maicro meter on the NaNO; crystal with a collecting lense and it's
area scatter the Raman line by one pulse laser incident upon a crystal.
The Raman line through the DL-203 spectromator and enter the detactor
surface. Until Raman line enter the detector surface, it's head is closed
with a high voltage gate. The gate open for 10 micro second with a pulse
delayed 70 micro second from the stimulator, and the same time Raman line
enter the detector. Therefore, the S/N ratio is improving. We measured
Raman line of NaNO; (v:) at 1050, (vs) at 1390 and (v.,) at 720 cm™!.

20

SPECTROPHOTOMETRIC TITRATION OF TYROSINE RESIDUES IN BRAIN TUBULIN.
Sakai, S., Aizawa, K., Saito, H., O'hata, S. and Yamao, M. * Dept of
Physiol., Tokyo Medical College, Shinjuku-ku, Tokyo 160, *Dept. of Biol.
0'tsuma Women's Univ. Chiyoda-ku, Tokyo 102

The absorption peak of tyrosine shifts from 275 to 295 nm with intensi-
fication when the phenolic group is ionized into phenoxide ion by alkali.
We studied the effect of colchicine-binding to tubulin on the tyrosine
residue, measuring2A at 295 nm. Tubulin was prepared by the method of
Shelanski. From the AA value with guanidine-treated tubulin, 34 tyrosine
residues (pK=10.60) were calculated per 110000 dimer. The-number is ne-
arly close to that determined by amino acid analysis. With guanidine-
non-treated tubulin (control tubulin), 26 tyrosine residues (pk=11.10)
were calculated. These tyrosine residues were rapidly ionizable or free.
On the contrary, colchicine-binding tubulin prepared in R. buffer gave
22 tyrosine residues (pK=11.30), although 24 residues were observed
if stored at -80°C for 7 days after prepared in R. buffer, or prepared
in K* free buffer. Four or two tyrosine residues in tubulin molecules
are thus effected by colchicine binding to the protein.
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21

ON THE ARRANGEMENT AND FUNCTION OF VASOPRESSIN

0'HATA,S. AIZAWA,K. KITAHARA.M. IMAGAWA.M. SAKAI,S. YAMAQ.M. AND SAITO,H. Dept. of
Physiol., Tokyo Medical College., Shinjuku-ku Tokyo

Vasopressin is consisted of 9 amino acids as following:
Cys-Tyr-Phe-G1u(NH2)-Asp(NH2)- st -Pro-Arg-Gly(NH2) (Arginine Vasopressin)

Cys-Tyr-Phe-Glu(NH2)-Asp(NH2)-Cys-Pro-Lys-G1y(NH2) (Lysine Vasopressin).

Therefore, we get as a characteristic common to all: Cys-Tyr and GTu(NH2)-Asp(NHp)- -Cys-
Pro. If we give attention to the arrangement of amino acids Glu(NH2)-Asp(NH2)-Cys-Pro,
we get the matrix S as f01]0w1ng

(.. s.z> (G]u NH,) Asp(NH2)>=<T46 132

Sa Cys Pro 121 115/ .

Hence, 146,132,121 and 115 present the molecular weights of Glu(NH2),Asp{NH2),Cys,Pro,
respect1ve1y From the invariant of the transformation sf-coerdinatss of the matrix S,

we get the molecular weights of ATP, C-AMP, 5'-AMP, adeny]cyc]ase and proteinkinase,re-

spectively. And,these materials above ment1oned are in conjunction with the action of
vasopressin.

22
REVERSIBLE UNCOUPLING OF CULTURE CELL MEMBRANE JUNCTION BY TUMOR PROMOTER.
ENOMOTO, T., SASAKI, Y., SHIBA, Y., KANNO, Y. AND *YAMASAKI, H. Dept.

of Physiol., Hiroshima Univ. Sch. of Dent., Hiroshima. *Unit of Chemical
Carci., Internat. Agency for Res. on Cancer, Lyon, France.

Effect of tumor promoters on membrane potential, membrane resistance
and electrical cell coupling was investigated on FL cells. The cells
dissociated with 0.02% EDTA solution were contacted by gentle centrifu-
gation and cell pairs contacted were cultured on cover glass in Eagle'’s
MEM medium supplemented with 10% calf serum. Most cells(>90%) established
the electrical coupling by 3 hr after culture. 12-C-tetradecanoyl phorbol-
13-acetate (TPA) added at onset of culture inhibited the farmation of cell
coupling, but did not affect membrane potential and membrane resistance.
Other promoters, phorbol-12-13-didecanoate, ingenol dibenzoate and mezerein
also suppressed the formation of cell couollng, but phorbol and 4a-phorbol-
12-13-didecanoate which were inactive as tumor promoter did not inhibit it.
When coupled cells were treated with TPA, the percentage of coupled cells
decreased from 90% to 35% and to less than 10% 4 hr and 8 hr later, re-
spectively. When cells uncoupled by treatment with TPA was transfered
into normal MEM, cell coupling rapidly recovered to control level.

23

ROLE OF MEMBRANE ON THE CIRCADIAN RHYTHM OF LOCOMOTOR ACTIVITY IN PARAMECIUM
HASEGAWA, K., KATAKURA, T., TANAKADATE, A. AND ISHIKAWA, H. Dept. of Physiol., Sch. of
Med., Kitasato Univ., Sagamihara, Kanagawa 228

The roles of K and Na in external medium on the circadian rhythm of locomotor
activity (LA) in Paramecium were tested. Adding various amount of KCl and NaCl to a
strow infusion (control medium), we observed changes in the LA and compared them with
the LA-rhythm in control medium. Immediately after the onset of light, the LA decreased
rapidly in control medium (low-K), while it increased transiently in high-K medium.
Immediately after the termination of light period, the LA increased rapidly in control
medium, while the LA decreased transiently in high-K medium. These transient variations
of the LA in high-K medium were, however, countervailed with the addion of NaCl to the
medium. The transient increase of the LA immediately after the onset of light period
was offset by adding 1.0 mM of NaCl, while the transient decrease in the LA immediately
after the termination of light period was not restored until the addition of NaCl more
than 4.0 mM. The LA change in control medium was well coincident with the change in
the intracellular concentration of K which was measured by the atomic absorption
analysis. It was concluded that light may directly cause the change in the trans-
membrane permeability of K which may follow the change in the intracellular concent-
ration of K and that Na may affect to restore the intracellular K concentraion which
oscillates with a circadian period.
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24

IN VIVO ADMINISTRATION OF ISOLATED ANTIBODY HIGHLY SPECIFIC TO RAT MAST
CELLS. OKADA,T., KIMURA,S., KOBAYASHI,T., FUJISAWA,M., NAGASAWA,T. AND
KINOSHITA,Y. Dept.of Physiol.,Osaka City Univ.,Med. Sch., Abeno-ku, Osaka

Biologically intact mature rat mast cells could be purified with a mod-
ified coil planet centrifuge for this system enabled quite effective cell
separation without viscous high density media which may impair the cell
membrane or change its antigenicity. Anti-rat-mast-cell-antiserum was
prepared from rabbits immunized with purified mast cells(over 97 % in
purity). This antiserum was highly specific to rat mast cells and could
liberate histamine completely at a 1:30 dilution. Only mast cells were
stained with FITC in indirect immunofluorescence technique, performed
with peritoneal cells or with frozen sections of rat skin tissues. Hist-
amine releasing activity of the antiserum was not decreased after absorp-
tion with non-adherent cells of various lymphoid or hematopoietic organs
origin. The f-globulin fraction containing the antibody was isolated by
DEAE-cellulose column chromatography following ammonium sulphate precipi-
tation. Mast cells were nearly completely destroyed after incubation
with complement and the antibody fraction at a concentration of 6Mug/ml.

Results of in vivo administration of antibody will be discussed.

25

STUDIES ON WATER CONTENT OF RED CELLS IN VERIOUS CONDITIONS
KAGEYAMA, K., YAMATO, K., OKA, H., WADA, S., SARASHI, A. AND KINOSHITA,
Y. Dept. of Physiol., Osaka City Univ., Med. Sch., Osaka.

Effects of osmotic pressure, pH, incubation and reagents i.e. lead
chloride, mercuric chloride, oleic acid and lysolecithin etc. on water
content of human red cells were investigated. The water content was
measured by a new method based on gas-liguid chromatography and isotop-
ic technique using3H-sucrose to correct intercellular water content.
Maximum and minimum water content of red cells were determined in condi-
tion without hemolysis. Values of 78.50 % and 54.86 % were obtained
from the red cells exposed with 180 mOsm and 800 mOsm of saline respec—
tively. Minimum value of incubated red cells was 65.87 % at 50 h of
incubation (the original value: 70.86). On the contrary, the maximum
value has been 73.9€ % at 24 h as reported previously. The minimum
values according to lead chloride (40 mg/ml) and lysolecithin (0.5 mg/ml)
were respectively 67.31 % and 68.61 %. These results revealed that
osmotic pressure effect had the highest ability to change water content
of red cells before hemolysis.

26

DISTRIBUTION OF ELEMENTS AND WATER IN THE ACINAR CELLS OF EXOCRINE GLANDS DETERMINED

BY ELECTRON PROBE X-RAY MICROANALYSIS. SASAKI, S., NAKAGAKI, I.,SHIGUMA, M., OYABU, T.,
MORI, H., MURAKAMI, M. AND IMAI, Y. Dept. of Physiol., Osaka Med. Coll., Takatsuki,
Osaka 569, Japan -

Electron probe X-ray microanalysis using freshly frozen hydrated and dried thin sec-
tions of canine submandibular gland and pancreas was performed to determine the distri-
bution of elements and water in the exocrine acinar cells of resting and stimulating
states. The X-ray spectra obtained from the cytoplasm showed high peaks for K and P,
and the spectra from the secretory granules showed high peaks for Na, S, C1, K and Ca
in the resting state of submandibular gland. On pilocarpine stimulation, there rose the
peaks for Na, Cl and Ca in the spectra obtained from the cytoplasm and the peaks for
Na and C1 in the spectra from the secretory granules. Similar data were obtained in
pancreatic acinar cells. The local dry-mass fractions of acinar cells which were esti-
mated by comparing the continuum radiation of spectrum from the frozen hydrated
sections (-130°C) with that from the frozen dehydrated sections, were about 20% and 30%
in the cytoplasm and the secretory granules of resting acinar cells, respectively.

Each value was not significantly altered in the stimulating state having a tendency to
decrease slightly. The quantitative X-ray microanalysis was also performed using fro-
zen dried sections of the glands and the standard curves for elemental concn-P/B ratio.
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27

SECRETORY AND ELECTRICAL PROPERTIES OF SYRIAN HAMSTER PANCREAS (MESOCRICETUS AURATUS)
Y. SUZUKI, S. ITAGAKI, N. IWATSUKI* AND N. UEDA** Dept. of Physiol., Yamagata Univ.
Sch. of Med., Yamagata, 990-23 *Dept. of Appl. Physiol., Tohoku Univ. Sch. Med., Sen-
dai, **Dept. of 3rd Int. Med., Asahikawa Med. Coll., Asahikawa

In the anaesthetized hamster the resting flow rate of pancreatic juice was 0.5uf/min
+0.08, and the amylase output 5.8u./min *0.8. Infusion of caerulein (l6ng/hamster) did
not cause a detectable increase in flow rate. Infusion of a mixture of caerulein and
secretion caused a tenfold increase in flow rate accompanied by a marked increase in
amylase output. The resting membrane potential of acinar cells was -61.7mV*0.7 under
superfusion with standard Krebs-Henseleit solution. Increasing [Kle from 4.7 to 47mM
decreased the membrane potential by 40mV. Current-voltage relations were almost linear
between -5 and -80mV. The input resistance was 28.6M(*1.6 and the time constant 18msec.
Electrical coupling between two neighbouring cells could be detected only at less
distances than 50um. A specific resistance of 8.3KQ cm? and a specific capacitance of
2.luF/cm2 were obtained from assuming that the electrical unit in the acinar tissue is
a sphere with a diameter of 50um, that acinar cells take up 83 9 of the pancreatic
volume, and that the average volume of an acinar cell is 1,06Oum3. Application of ACh,
caerulein or bombesin caused membrane depolarization accompanied by a reduction in
input resistance and time constant. The ACh equilibrium potential was -4mv+l.2.

28
ELECTRON CARRIERS AND STIMULUS-SECRETION COUPLING IN THE PANCREATIC ACINAR CELL OF RAT.
KANNO, T., HABARA, Y. & IKEI,N. Dept. of Physiol., Hokkaido Univ. Fac. Vet. Med. Kita-
ku, Sapporo 060

Development of an organ scanning spectrophotometer (Tateishi Institute of Life
Science, Kyoto) enable us to record changes in absorption spectra of the electron
carriers, while effluent of the pancreatic duct was continuously collected from the
isolated perfused rat pancreas. Detectable reductions of cytochromes, c + cq. b, and
a(a3) were recorded in the mean absorption spectrum obtained between the 46th and the
9%ed sec after the initiation of continuous stimulation with 2 mU/ml CCK. Thereductions
were gradually enhanced as the stimulation was continued, and reached to their peak
levels about 10 min after the initiation of stimulus. In the same preparations, the
secretory response was detected about 10 min, and reached the maximum level about 20 min
after initiation of the continuous stimulus. When the concentration of CCK was
increased to 50 mU/ml, the degree of reductions in the electron carriers and the
secretory response were both enhanced, and the time lapse between the onset of
reduction of electron carriers and the secretory response was shortened.

The present experiments show that the reduction of electron carriers precedes the
secretory response of the acinar cell.

29

EFFECTS OF CROSS~-LINKING REAGENT ON MITOCHONDRIA. N. KUMAZAWA and T. TSUJIMOTO.
Dept. of Physiol., Wakayama Medical College, Wakayama 640.

Effects of glutaraldehyde ( abbr. as GA ), a cross-linking reagent, on the chemical
and functional modifications of mitochondria were studied correlatively with changes
in microenviromment. Mitochondria were treated with GA during centrifugation through
"sucrose density gradient layer". Spin probes were labelled after the fixation. Two
kinds of probes, NO-maleimide or NO-stearate, were used in search of protein or lipid
domain. Progressive losses of primary amino groups were shown in mitochondria treat-
ed with increasing concentrations of GA. On the other hand, the cross-linking effect
became apparent with GA higher than 30 mM. Sensitivity toward hypotonicity increased
with GA lower than 30 mM, and decreased with GA higher than 30 mM. Concomitant with
the above effects, increase of the weakly immobilized signals of maleimide probe were
detected with samples treated with GA lower than 30 yM. While, the treatment with GA
higher than 30 mM decreased the weakly immobilized signals and the mobility of probe.
Significant increase of the weakly immobilized signals were shown on standing at room
temperature in samples treated with GA, and the changes were larger than the samples
treated with lower concentrations of GA. Significance of the stability of signal was
discussed with regard to the conformational state of mitochondrial sample.
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PROTEIN PHOSPHORYLATION BY CYCLIC NUCLEOTIDES AND Ca2* IN NEURONAL AND GLIAL CELL FRAC-
TIONS SEPARATED FROM RAT CEREBRAL CORTEX

ANDO, M., NANBA, T. and NAGATA, Y., Dept. of Physiol., School of Med., Fujita-Gakuen U.
Toyoake, Aichi 470-11

Phosphorylation patterns of separated protein fractions in neuronal and glial cell
fractions from rat cerebral cortex by the addition of cyclic nucleotides (cAMP, cGMP)
and Ca2* were comparatively studied. . Lo . .
1), Both cAMP and cGMP-dependent protein kinase activities were found rather higher in

glial than in neuronal fractions.

2), Some different patterns of protein profiles in between neuronal and glial cells
were shown in SDS-polyacrylamide gel electrophoretic (SDS-PAGE) analysis. But, endo-
genous phosphorylation patterns from [32P]JATP into protein fractions of both brain
cells were not always coincident with the protein profiles in SDS-PAGE analysis.

3), Addition of Ca®* to the medium during 2 min incubation strongly accelerated [*2P]-
incorporation into some proteins with various molecular weights (52,000, 68,000,
73,000, 80,000 and 86,000 daltons) rather in neuronal than glial cell fractions.

4), Although cAMP or cGMP did not significantly stimulated the [32P]-incorporation into
the proteins from neuronal and glial cell fractions, co-addition of Ca2* in the
medium increased the protein phosphorylation rather in neuronal than glial cells.

31
The uptake of 36C1 into cultured neuronal cells
ASQOU,H. ,KANAMATU,T. ,TAKAGI,Y. ,TURUMIZU,T. ,and HIRANO,S. Dept.of Physiol. Toho Univ.

The uptake of C1~ were studied in neuronal cultured cells(N-18 neuroblastoma, C-6 glioma
TH-RG, Primary cultured cells) using®*Cl as a tracer.

In cultured astrocytoma cells and primary astrocytes, the net uptake of *C1 were enhanc-
ed in the presence of 54 mM K” in the medium. N-18 neuroblastoma cells were cultured

and incubated under the same conditions failed to exhibit any K*-dependent uptake of
%C1. The uptake of3'§1 by the glioma cells and primary astrocytes were significantly
affected by added HCO3 in the incubation media. None of these charcteristics were
observed with neuroblastoma cultures studied under similar conditions.

The observations have been discussed that the K*-dependent HCO3-stimulated C1 uptake
were associated with astroglial intracellular compartment.

‘32
TRANSMITTER RESPONSES IN TWO NEWLY ISOLATED CLONES OF NEUROBLASTOMA X GLIOMA HYBRID.
OGURA, A. AND AMANO, T. Lab. Neurochem., Mitsubishi-Kasei Inst. Life Sci., Tokyo, 194

Two of the hybrid clones, obtained by cell fusion between a mouse neuroblastoma N115
TG-2 and a rat glioma C6BU-1, were characterized electrophysiologically and biochemi-
cally from the viewpoint of transmitter responsiveness.

A hybrid clone, designated NG115-301, was of spindle shape with a few straight fibers.
Most of the clone cells were electrically unexcitable, but a Co-sensitive TTX-resistant
action potential was observed in some cells differentiated by a prolonged exposure to
dibutyryl cAMP. Iontophoretically applied serotonin (5HT), dopamine (DA) and norepine-
phrine (NE) caused a membrane hyperpolarization with a considerable delay accompanied
by a significant desensitization. Among them, the SHT-evokedAresponse was found K-
dependent and blocked by submicromolar methysergide and spiroperidol. NE, DA and 5HT
were also shown to induce an increase in intracellular cAMP concentration.

Another hybrid clone, NG115-401, was of polygonal shape with or without short fibers,
and was electrically active to elicit a Co-sensitive Na-independent action potential
followed by a TEA-sensitive rectification. The cell responded to DA and NE with a
rapid depolarization coupled by a membrane resistance decrease. The PGEj-induced cAMP
increase in this clone was inhibited by simultaneously applied DA, NE or 5HT.

These clones may serve for a study of the iono- and metabotropic receptor responses.



CELLULAR PHYSIOLOGY J. Physiol. Soc. Japan 43,1981 277

33

THE NEWT RED CELL MEMBRANE POTENTIAL AND K AT LOW TEMPERATURE. KAWANO, K., FUKUSHIMA,
M. AND IBUKI, C. Ist Dept. of Physiol., Nippon Medical School, Bunkyo-ku, Tokyo

At low temperature the newt red cell membrane exhibits a fairly large membrane poten-
tial, as recorded with the microelectrode (-23.0 mV at 0°C, cf. -16.2 mV at 18°C).

To ask for its cause;

1) The effect of the oxygenation : At lower temperature hemoglobin takes oxygen more
tightly and higher oxygenation makes hyperpolarization of the membrane. Then, using
completely oxygenated and completely deoxygenated red cells, the relation of the mem-
brane potential to temperature was investigated. It was revealed that each regression
line was parallel to that in the general air (0°C : oxy. -25.1 mV, deoxy. -21.6 mV).

2) The effects of ions : The effects of the concentration of external ions at 0°C
were compared with those observed at room temperature. An increase in external K-ions
decreased the membrane potential to a more promounced degree whereas a change in CL~
affected the potential to a less degree, as compared with the findings observed at room
temperature. Considering these, the hyperpolarization at low temperature is probably
due to K ion. Permeability ratio, Px/Pc], would become larger at low temperature.

To make this point clearer, the relation of membrane current to a pre-set voltage was
studied using a suction electrode and internal perfusion. Kt current was then recog-
nized at low temperature.

34

Electric Property in the Low Resistance Position of the Human Skin

SAITO, T. Dept. of Physiol. Nippon Dental Univ., Tokyo.

The resistance and capacitance of the human skin were measured from olden time.
And those values were decided already. But on the other hand it was well known that
there was the position where the resistance was low, especial in the acupuncture.

The auther measured the resistance and capacitance in three kind of position those
values were nemarkably different, high resistance, low resistance, and middle class.
The values of resistance r and capacitance c par cm? by Ag-AgCl 0.2 mm diameter
electrodes were shown as follows.

1. r=416kf c=1.08uF 2. r=29.6kQ c=0.044,F 3. r=1.78k® c=unmeasurable

There were represented the resitant diagram of the human skin with 1 cm?® squar
section electrode.

Now he measured 4 mm? square area at 25 points which were cross points in 1 mm
distance and 16 points which were center points in 1 mm squares with 0.2 mm diameter
round electrode and made equivalent resistance diagram at 1MQ , 5M&£, 10MQ and 20M@,
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GENERATION MECHANISM FOR HYPERPOLARIZING RESPONSES AND MEMBRANE POTENTIAL OSCILLATION
IN CULTURED EPITHELIAL CELLS (INTESTINE 407). YADA, T. AND OKADA, Y. Dept. of
Physiol., Fac. of Med., Kyoto Univ., Kyoto

Cultured epithelial cells (Intestine 407), which had a resting potential of about -13
mV, responded with a hyperpolarizing response (HR) of about -70 mV to the penetration
of a microelectrode, a mechanical stimulation on the cell surface or an electrical
stimulation of the cell membrane. Oscillation of membrane potential was observed after
the HR. TEA and nonyltriethylammonium (C9), kKt channel blockers, suppressed both HR
and the oscillation. Inhibitors for Ca?t-activated K¥ conductance (quinine and qui-
nidine) also inhibited them. The intracellular Ca2+ injection induced a sustained
hyperpolarization. These results indicate that these hyperpolarizations are due to a
stimulation of Caz+—activat§£ K channel. Since HR was inhibited by the application of
verapamil, nifedipine or Co” ', it can be conceived that HR is elicited by a caZt inflow
through Ca * channel upon the stimulation. Energy depletion with metabolic inhibitors
induced a sustained hyperpolarization. Oxalate and dantrolene sodium inhibited the
oscillation but not HR. Caffeine induced a significant hyperpolarization of the resting
potential without affecting HR. These observations suggest that the energy-dependent
microsomal CaZ¥ uptake mechanism is closely associated with the generation of membrane
potential oscillation.

36

OSCILLATORY CHANGES IN INTRACELLULAR Cl~ ACTIVITY DURING MEM%RANE POTENTIAL OSCILLATION
IN L CELLS. *UEDA, S. AND OKADA, Y. Dept. of Physiol. and "Dept. of Intern. Med., Fac.
of Med., Kyoto Univ., Kyoto

Fibroblastic L cells show spontaneous oscillation of membrane potential (Vp) composed
of repeated hyperpolarizing responses. Such hyperpolarizations are known to be caused
by a K* conductance increase. When a Cl -selective liquid ion-exchanger microelectrode
and a standard microelectrode were simultaneously impaled in an L cell, a synchronous
oscillation of the intracellular C1™ activity (aClj) was observed during a Vi oscilla-
tion. A decrease in the aCl; value was associated with the spontaneous hyperpolariza-
tion. The depolarization produced by the current injection through a standard micro-
electrode resulted in an increase in aClj. Reduction of extracellular Cl1~ concentra~
tion induced a significant decrease in aCl; with little changes in V. The chloride
equilibrium potential (Ecj) always changed in parallel to the Vp changes, under these
experimental conditions. Based on these observations, it was concluded that the mem-
brane permeability to Cl~ is significantly high and the C1” redistribution is rapidly
attained during the Vp oscillation in L cell. The high Cl™-permeability might explain
the difference between the peak level of hyperpolarizing response and the value of po-
tassium equilibrium potential (Eg).

37

MEMBRANE TRANSPORT OF MONOVALENT CATIONS IN RELATION TO CHANGES IN IN-
TRACELLULAR CATION COMPOSITION IN Hela CELLS

IKEHARA, T., SAKAI, T. AND MIYAMOTO, H. Dept. Physiol., Kinki Univ.
Sch. Med.

A kinetic study has been made on Rb™ transport, especially with respect
to the activity of Na+,K+-pump in HeLa cells. The pumping activity was
strongly stimulated when cells were chilled and cell Na‘t increased and
cell K* decreased. The increase in active Rb' influx seemed to be main-
ly due to an increase in the maximal rate of influx rather than changes
in the affinity of Rb* to the pump. However, precise experiments at low
extracellular concentrations of Rb* and Na’ showed that a change in the
dissociation constants of RbT seemed to be induced upon cell chilling.
This was confirmed from an analysis of the Michelis-Menten like equa-
tions. Also, competition between extracellular Rb* and Nat to the
cation binding sites of the pump affected the change. The competition
of Na¥t against Rb¥and the stimulation of pumping activity as cell Na
was increased would affect the Nat/Ktcoupling ratio in the active trans—
port. Because, the coupling ratio varied from about 1 to about 1.5 as
cell Nat was increased from the normal level to a higher level.
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38
THE MEASUREMENT OF INTRACELLULAR Ca ION ACTIVITY WITH DOUBLE-BARRELED Ca ION SELECTIVE
MICROELECTRODES. KOTERA,K., KAJINO,K., KUBOTA,T. AND FUJIMOTO,M. Dept. of Physiol.,
Osaka Medical College. Takatsuki, Osaka.

To measure intracellular free Ca ion, (Ca)i, we constructed a Ca-selective microelec-
trode using liquid ion exchanger (WPI). Electrodes were calibrated with solutions
containing 10-5M - 10-3M CaCl,, 100 mM XCl and lmM MgCl,. At (Ca) > 10-5M, the poten-
tial changes in ionic barrel were linear with a slope constant (o) of about 28 mV for
a 10-fold change in (Ca). At (Ca) < 10-5M, a varied from 3 to 20 mV. The (Ca)i of
bullfrog sartorius muscle was 3.6 * 0.5 X 10—6M, whereas that of renal proximal tubule
was 2.9 + 0.2 X 10-°M. 1In perfusion experiment, when 5 uM A23187 was added to the
peritubular perfusate, the proximal tubular (Ca)i increased 2 times in association with
a depolarization of peritubular membrane potential (E_ ). When Na in the perfusate was
lowered, a marked increase of (Ca)i and moderate depo%arization were produced with a
rise of (Na)i and a fall of (K)i. It is considered, therefore, that the increased
(Ca)i not only increases the membrane permeability to Na more markedly than to K, but
also depresses Na-K pump, and that an Na-Ca exchange mechanism, which exists in the
peritubular membrane, might play an important role in maintaining low (Ca)i to continue
the net transport of Na and K across the proximal tubule.

39
PARTIAL PURIFICATION OF Ca2+-BINDING PROTEIN (S) AND DYNAMIC Ca
REGULATING SYSTEM IN MITOCHONDRIAL MATRIX
TOKUDA,M.** KUROSAKI,T.** MATSUI,H.** HORI,Y.** pDOI,A.* HATASE,O.*,
Nisida, 1., * Dept. of Physiol. Kagawa Med. School; ** Dept. of Physiol.,
Okayama Univ. Med. School

2+

We communicate the partial purification and properties of Ca2+-binding
protein(s) in mitochondrial matrix of rat livers. The results are as
follows: on
1) The Ca“’ -binding activity was lost by boiling for 1 min., but the
binding activity was resistant to trypsin treatment.(37°C, 30 min.

2) Scatchard plotting showed the high affinity binding. (Kd=1.3x107°M)

3) Mg2+ and Mn2+ had low inhibitory (or competitive) effects on Ca +
binding.

4) This protein(s) might consist of plural subunits and be larger than
1x105 D in molecular weight.

The functions of this protein(s) are still anbiguous, but it might be
possible to regulate the concentration of free Ca2*t in the matrix space
and the activities of matrix enzymes, and modulate the configuration of
mitochondria.

40
DOES THE ACTIVE Na TRANSPORT CHANGE WITH A DIFFERENT SETUP OF BULLFROG

SKIN?
TAKADA, M. AND HAYASHI, H. Dept. of Physiol., Saitama Med. Sch.,

Moroyama, Iruma-gun, Saitama.

Three kinds of experimental setups were used. The first type of this
experiment was made using the cannula whose inside facing to the dermis.
The second type was done by the cannula whose inside facing to the epi-
dermis. The third type was carried out by using the Ussing type chamber
with or without gasket. Short circuit current (SCC) of type I was sig-
nificantly larger than that of type II . Membrane resistance (Ry) was
much less than that of type II . Type IT is intermediate. These changes
in SCC and Ry with different setups seem to be explained in terms of
ENa, Rygr @nd Ry. The differences in setups may correnspond to the dif-
ferent actions of various chemicals such as calcium, cadmium (Cd), and
amiloride (Am). Cd of 10 mM increased the SCC in % in the order of tyge
I>II>I, and decreased the Ry in % in the order of Il >II>I. Am of 107> M
decreased the SCC in % in the order of I>IM>M , and increased the Ry in
$ in the order of I >II>T.
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MICROCALORIMETRIC STUDY ON STEADY-STATE REACTION OF Nat, Kt-ATPase.
UYESAKA, N. AND SHINAGAWA, Y. Dept. of Physiol., Fac. of Med., Kyoto Univ., Kyoto

Steady-state microcalorimetric measurements were carried out by flow microcalorimeter
(LKB, 2107-020) at high sensitive and stable condition, namely, the value of heat ef-
fect could be recorded at full scale deflection of 5-10 uV, equivalent to 86-172 W,
within maximum baseline drift of 0.2 UV/24 hours. We found remarkable heat change ac-
companing by the reaction of membrane ATPase in.synaptosomes and brain microsomes.
Many calorimetric measurements were carried out to clarify the specificity of the heat
change, because the heat effect in biological membrane was associated with different
reaction in it. Using Nat, K'-ATPase obtained by Nal treatment from pig brain cortex,
we found exothermic heat production specific to the overall reaction of this enzyme.
That is, the specificity of substrate (ATP, CTP, etc.), the effect of cations (Na¥, K+,
Mg<', etc.), and the effect of inhibitors (ouabain, oligomicin, etc.) were examined,
and the calorimetric response was in good agreement with Na” -ATPase activity investi-
gated by Pi liberation. Especially, the enhancement of enzyme activity due to the
concentration of Nat or XK' was observed clearly as an increase in heat change. De-
pendence of ATPase activity in the steady state upon the concentration of ATP or Mg2+
was studied by microcalorimetry, and the apparent kinetic parameters obtained were in
reasonable agreement with those done by other method.

42

CHANGES IN THE INTENSITY OF THE INTRINSIC FLUORESCENCE OF MEMBRANE VESI-
CLES PREPARED FROM FROG MUSCLE. KITASATO,H.,MURAYAMA,K.,NISHIO,K. AND
MARUNAKA,Y. Dept.Physiol., Shiga Univ.of Med.Sci., Ohtsu,Shiga 520-21

To get an information of the time course of the change in conformation
from the state of high affinity for intracellular K ions to that of high
affinity for intracellular Na ions, we tried to measure the fluorescence
of membrane vesicles having Na-K dependent ATPase activity. The mem-
brane vesicles were prepared from frog muscle. The fraction of vesicles
capable of taking up Ca ions were eliminated by centrifugating micro-
somes incubated in Ca-loading solution in a sucrose density gradients.
The fluorescence of the vesicles having Na-K dependent ATPase activity
was increased by elevating the concentration of K ions in the
suspension. Similarly, ATP induced an increase in the intrinsic fluo-
rescence. Against our expectation, ADP also increased the fluorescence
of the membrane suspension.

43

REGULATION OF NA+ ,K+-ATPASE ACTIVITY BY VANADATE: STIMULATION BY PMS + REDUCING AGENTS.
KANIIKE, K. Dept. of Physiol., Kinki Univ. Sch. Med., Sayama, Osaka.

The stimulation of Na -dependent active transport of amino acid by Phenazine
methosulfate (PMS) + ascorbic acid (VC) and PMS + NADH in Ehrlich ascites+by
Christensen et al (1977) and Yamamoto et al (1977). The stimulation of Rb active
transport by PMS in the presence of endogenous NADH in Hela cells has been reported
by Miyamoto et al (1980). The increase of active Rb transport was assumed to be
caused by the reactivation of resting pump or the accerelation of the pumping rate.

The effects of PMS + VC and PMS + NADH were examined on Na ,K -ATPase in the
membrane preparation obtained from guinea pig kidney. The stimulation of Na ,K -ATPase
activity by PMS + VC and PMS + NADH was observed in the presence of vanadate. Vanadate
is known to inhibit Na ,K -ATPase activity reversibly at low concentration (several
hundred nM) and to present at thes$ cgncentrations in various tissues of mammalian.
The apparent Ki of vanadate for Na ,K -ATPase was increased 10 - 100 times by PMS +
VC or PMS + NADH. Vanadate (+5 oxidation state) can be reduced to non inhibitables
(+4 oxidation state) by PMS + VC or PMS + NADH. The stimulation of the enzyme activity
by PMS + NADH in ihe presence of vanadate may explain the mechanism for the
stimulation of Rb active uptake in Hela cells. It may be further suggested that
sodium pumps may be regulated by redox state via vanadate inhibition in mammalian
cells.
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44
INTRACELLULAR ENERGY TRANSPORT IN MUSCLE STUDIED BY 3!P-PULSED FIELD
GRADIENT NMR. YOSHIZAKI, K., SEO, Y., AND MORIMOTO, T. Dept. of
Physiol., Kyoto Pref. Univ. Med., Kamigyo-ku, Kyoto

Creatine phosphate exists in muscle, heart, and brain. The distribu-
tion of creatine kinase has been elucidated to be in mitochondria, myo-
fibrils, sarcoplasmic reticulum, nucleus, and cell membrane. A hyo-
thesis that creatine phosphate and creatine kinase provide a mechanism
for intracellular energy transport of 'energy-rich' phosphate from
energy-production system (mitochondria) to energy-consumption system (
e.g., myofibrils) has been proposed. However, the efficiency of the
energy transport has not been clarified. In this study, the diffusion
coefficients of phosphorus metabolites in frog muscle were measured by
3lp-pulsed field gradient NMR to elucidate the efficiency. The values
of ATP, creatine phosphate, inorganic phosphate were 2.0, 2.8, 3.3 x
10~-% cm?/sec in intact muscle, respectively. The values were reduced
by a factor of about 2 from those in solution. The diffusion rate of
creatine phosphate was 1.4 times larger than that of ATP in muscle
cells. Thus, the role of creatine phosphate not only as an energy
reservoir but also as an energy carrier in muscle cells is suggested.

45
ELECTROGENIC PROTON PUMP IN THE PLASMODIAL MEMBRANE OF PHYSARUM PQLYCEPHALUM.
KURODA, R.l, KURODA, H.Z AND SAKAI, T.> IDent. Hygien. Sch. and ZDept. Physiol., Sch.
Dent., Aichi-Gakuin Univ., Nagoya, and 3Dept. Physiol., Kinki Univ. Sch. Med., Oosaka.

We previously suggested the existence of an electrogenic ion pump in the plasma
membrane of Physarum plasmodium. Here, we examined the relation between membrane
potential (Vm), internal ATP concentration ([ATP]i) and external pH's (pHo).

Both metabolic inhibitors (KCN and NaN3) and inhibitors of membrane ATPase (diethyl-
stilbestrol (DES) and orthovanadate) brought about a quick and large depolarization.
The [ATP]i was sharply decreased by KCN and NaN3 in good correlation with the decline
of Vm, and attained the minimal level about 1 min after application of these
inhibitors. Plotting of Vm versus [ATP]j for the first minute of KCN inhibition
yielded the saturation curve which was readily fitted by a Michaelis equation. From
such fits, a voltage asymptote of about -100 mV and Km for ATP of about 1 mM were
obtained. DES, by contrast, affected the [ATP]i only slightly, suggesting that this
inhibitor has an effect directly on the electrogenic ATPase. Efflux of HY ions was
estimated from changes of the pHy produced by suspensions of liquid-cultured micro-
plasmodia in a calibrated buffer solution. Inhibition by KCN or DES gave roughly
proportional changes in Vm and net efflux of Ht ions. The data, thus, indicate that
the pump is the proton-ejecting pump fueled by ATP.

46
EFFECTS OF NA AND INSULIN ON 3-0-METHYL-D-GLUCOSE TRANSPORT ‘
MARUNAKA, Y., KITASATO, H., MURAYAMA, K., NISHIO, K. AND *SATO, S. Dep. of Physiol.,
Shiga Univ. of Med. Sci., Ohtsu, *Dep. of Urol., National Hosp. of Maizuru, Maizuru

It is well known that insulin stimulates glucose uptake in skeletal muscles. We
studied effects of Na and insulin on glucose transport. We used sartorius muscles of
Rana catesbeiana. Since glucose is metabolized in muscles, we used 14C-3-0-Methyl-D-
Glucose which was not metabolized in muscles. By using the back-add and extrapolating
method, we calculated the amount of intracellular 3-0-Methyl-D-Glucose(3-0-MG). We
obtained the following findings. 1) 3-0-MG uptake in Na-free Tris-Ringer was Tess
than in Na-Ringer. 2) Muscles with high [Nal; took up more 3-0-MG than with low [Nalj.
3) Insulin stimulated 3-0-MG uptake in Na-Ringer, but did not stimulate the uptake in
Na-free Tris-Ringer and Na-free Li-Ringer. 4) Furthermore, insulin stimulated the
efflux of 3-0-MG from muscles. 5) In the presence of insulin, the efflux of 3-0-MG
from muscles into Na-free Tris-Ringer was larger than into Na-Ringer, even though, in
the absence of insulin, there was no difference between 3-0-MG efflux into Na-free
and Na containing solutions.
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47
EFFECT OF CONSTANT BLOOD FLOW ON SECRETION AND HEAT PRODUCTION OF DOG
SUBMANDIBULAR GLAND. MURAKAMI,M.,MORI,H.,OYABU,S.,NAKAGAKI,I.,SASAKI,S.
AND IMAI,Y. Dept.of Physiol.,Osaka Medical College,Takatsuki,Osaka 569

Under normal circulation of dog submandibular gland, the electrical sti-
mulation of chorda tympani induced a massive salivary secretion(0.4-0.8
ml.min!g' gland weight) and an increase in glandular temperature(0.1-0.8
°C) and an increase in glandular blood flow rate(5-8 times higher than
the resting flow rate). Under constant blood flow in the glandular cir-
culation, the secretory process was divided clearly into 2 phases of
early peak and later plateau. In the secretory peak phase,both secretion
and heat production were independent of the rate of blood flow. In the
secretory plateau phase,both secretion and heat production depended on
the rate of blood flow. These results suggests that the secretion in
the plateau phase was supplied with energy stuff and secretory materials
by the arterial blood and that the secretion in the early peak phase was
performed by using the stored materials and energy in the gland.

48

POTASSIUM-DEPENDENT CHLORIDE TRANSPORT IN THE SEAWATER EEL INTESTINE ANDO, M.
Lab. of Physiol., Fac. of Integrated Arts & Sci., Hiroshima Univ., Hiroshima 730

When mucosal Na was replaced with K while serosa was bathed with normal Ringer so-
lution, the net Cl flux was not reduced. Replacement of serosal Na with K redeced the
net Cl flux, which became zero after bathing both mucosal and serosal sides with KC1
Ringer solution. When serosal Na*was replaced with choline’ while mucosa was bathed
with KC1 Ringer solution, the net C1 flux was reduced sllghtly, 76 7% of it was still
remained. After treatment with ouabain under mucosal K'and serosal Na' condition, the
net Cl flux was reduced to almost zero. Applying ouabain under various mucosal Na’ con-
centration made by mixing normal Ringer with KC1l Ringer solution, ouabain sensitive Nat
and Kffluxes were estimated, both of which follow saturation kinetics. Serosa-to-
mucosa Na' flux was explained by simple diffusion. When serosal K’ concentration was in-
creased progressively, Cl flux increased progressively until [K]s 20 mM, and was in-
hibited above [K]S 50 mM. Coupling ratio between active Na’and Cc1° fluxes was 3 : 4.
Serosa-to-mucosa K*flux was explained by simple diffusion (Pg = 0.053 cm/h). When
mucosal K*concentration was reduced progressively by mixing KC1 Ringer with chollne clL
Ringer solution, Cl flux decreased progressively. Coupling ratio between active K" and
Cl fluxes was almost unity. Serosa-to-mucosa Na flux follows simple diffusion (Pys =
0.045 cm/h). From these results, a possible model for Cl transport was proposed.

49
THE MECHANISM OF INHIBITION OF GLY-GLY TRANSPORT BY GLY-LEU IN GUINEA PIG SMALL
INTESTINE
Himukai, M., Kameyama, A., and Hoshi, T. Dept. of Physiol., Fac. of Med., Univ. of
Tokyo, Bunkyo-ku, Tokyo

Previously, we (Himukai and Hoshi 1979) reported that inhibition of Gly-Gly influx
by Gly-Leu was not competetive but mixed type kinetically. Further analyses of Gly-
Gly influxes measured in the presence of Gly-Leu at various concentrations showed that
the Dixon plot of 1/JGly-Gly vs. (Gly-Leu) was linear. The results suggest that Gly-
Gly and Gly-Leu are transported by separate systems and another binding site for Gly-
Leu (Km: 0.4mM) is involved in Gly-Gly transport system. This binding site for Gly-
Leu is not related to Gly-Leu transport (dead end). Another series of experiments were
carried out in order to know whether this binding site was related to Gly-Leu hydro-
lysis or not. Kinetic analysis of Gly-Leu hydrolysis by brush border membrane prepa-
rations showed that there were two hydrolytic systems; one having a higher affinity
(Km: 0.3mM) and the other a lower affinity (Km: 2.7mM). The strong inhibition of Gly-
Gly transport by Gly-Leu may be attributed to binding site which has a Gly-Leu hydro-
lyzing activity and consequent interaction with Gly-Gly transport.
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50

MEMBRANE CONDUCTANCE CHANGES ASSOCIATED WITH Na*-DEPENDENT SECONDARY ACTIVE TRANSPORT
Kawahara, K., Yokoyama,* R., and Hoshi, T. Dept. of Physiol., Faculty of Med., Univ.
of Tokyo, Tokyo, and *Dept. of Information Sci., Iwate Univ. Morioka

In order to evaluate the membrane conductance changes induced by Na*-dependent active
transport of sugar and amino acids, a new electrophysiological method has been developed.
We injected current (as rectangular waves) into the tubular lumen and recorded resulting
changes of transepithelial (V1) and cell membrane potential (V¢) at various distances
from the source. To analyze the intraluminal and intramural spreads of electrotonic
potential, we used the electrical equivalent circuit for the proximal tubule. Thus we
found that Vi(x) and V.(x) were composite exponential functions.

We compared the theoretical value with the experimental one and determined membrane re-
sistances both in the absence and presence of 20 mM alanine in the lumen. Under control
conditions the resistances of luminal membrane (ra), peritubular membrane (rb), and
paracellular shunt pathway (rg) were 4.3 X 104, 4.4 X 104, 5.3 X 103.1.cm, respectively.
The corresponding specific resistances were Ra = 1350, Rp = 2100, Rg = 166.02-cm*.
Alanine injection reduced Ry to 8004L.cm? and increased Rp to 420042.cm2. - Rg was almost
constant. The decrease of Ry can be ascribed to a conductive property of Na*/alanine
cotransport, while the increase of Rp may be due to the cotransport-associated depolari-
zation which probably reduces K* conductance of the peritubular membrane.

51
ELECTROCHEMICAL PROFILE FOR ION TRANSPORT ACROSS THE PROXIMAL AND DISTAL TUBULES OF
BULLFROG KIDNEY. FUJIMOTO,M., KOTERA,K., KUBOTA,T., KAJINO,K., AOKI,S., MATSUMURA,Y.
and SATAKE,N. Dept. of Physiol., Osaka Medical College, Takatsuki, Osaka.

Ionic activities of K+, Cl-, and H+ were directly measured with ion-selective micro-
electrodes in the lumen and cell of bullfrog nephron under normal conditions. The
luminal and cellular fluids in the proximal tubule contained 2.92 and 67.4 mM for K ,
respectively, and 71.7 and 9.9 mM for Ccl” activities with pH 7.39 and 7.34, and the
PDs were -8.0 and -68.4 mV with respect to the interstitial fluid containing 2.64 mM
K, 72.5 mM Cl , pH 7.55. ,On the other hand, the distal luminal and cellular fluids
had 3.52 and 39.7 mM for K , 114.8 and 6.4 mM for Cl1 , 7.23 and 7.24 for pH, and +8.5
and -64.7 mV for PDs. The electrochemical potential gradients calculated from the
above data indicate that the luminal membrane of pro§1mal tubule has the ability to
accumulate K and Cl into the cell and to secrete H into the lumen against energy
gradients. In contrast, the luminal membrane of distal tubule has relatively high
permeabilities to K and cl”, but a low permeability to H , suggesting that the
luminal electro-positivity in this segment might be related to an uphill movement of
H across the luminal border.

52 .
ACTIVE SODIUM TRANSPORT ACROSS THE MONOLAYER CANINE KIDNEY CELLS (MDCK)
F.MARUMO, K.OZAWA* & A.SATO*, Dept.Med.,Kitasato Univ.Sch.Med.,Sagamihara
& *Dept.Dent.Tech.,Tokyo Med.Dent.Univ.Sch.Dent., Tokyo

MDCK, an epithelial cell line derived from a normal canine kidney, was
cultured on collagen coated membrane filter in a CO2 incubater for 3-4
weeks. Ham's Fjp with 10% calf serum was used for culture medium. MDCK
cells formed monolayer membrane with tight junction on the membrane fil-
ter approximately 3 weeks after starting culture. Membrane was fixed in
Ussing type lucite chamber at 37°C with COp bubbling in Eagle's minimal
essential medium. PD was monitored by Keithley electrometer 610C, and
short-circuit current(SCC) was measured. PD was 0.75%0.11 mV(mean*SD,n=16
) and SCC was 13.3+3.85 uA. SCC was stable up to 3 hrs and showed tempra-
ture dependency between 32 to 38°C. SCC was inhibited by 5x10-5M ouabain
and restored by replacement of medium. 10~ 4M 2,4-DNP with NaF inhibited
SCC while 10~3M 2,4-DNP alone could not. 45 mU/ml arginine vasopressin
enhanced SCC.

Present data suggest that Na is actively transported across MDCK cell
monolayer membrane, and that MDCK mimics the function of medullary tubu-
lar cells. MDCK may be useful for research as a model of renal cells.
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53

EFFECTS OF DIVALENT CATIONS ON THE Na- AND Ca-CHANNELS OF MOUSE NEURO-
BLASTOMA CELLS.
Miyake, M. Faculty of Pharmaceutical Sciences, Hokkaido University

The effects of divalent cations were studied on the Na- and Ca-spikes of
mouse neuroblastoma cells, which evoked mixed Na and Ca action potentials
under appropriate tissue culture conditions. Barium ions, which passed
effectively through the Ca-channels, suppressed the maximum rate-of-rise
of Na-spikes evoked by anode-break stimulations (hyperpolarizations more
negative than -90 mV) with a half-blocking dose of about 2 mM. Other
divalent cations (Sr?" and Ca?%), to which the Ca-channels were also per-
meable, showed more or less a similar blocking effect on the Na-spike
component (Ba?*>ca?t >gr?+). Cobalt ions, a well-known blocker for Ca-
channels, also inhibited Na-spikes of N-18 cells with a half-blocking
dose of about 1 mM. This value was only 5-times larger than that of the
blocking effect of Co?* on the Ca-spike component. On the other hand,
the half-blocking dose of cd?* on the Ca-spike component (about 7 pM) was
much less than that on the Na-spike component (0.4 mM). Thus, the effect
of Ca%* as a Ca-channel blocker was more specific than that of Co2* in
mouse neuroblastoma cells.

54

CALCIUM INFLOW FOLLOWING ACTION POTENTIALS IN FROG MUSCLE SPINDLES AND
THE EFFECTS OF RUTHENIUM RED. FUJITSUKA,N., ITO,F. and KATSUTA,N.
Dept. of Physiol. Nagoya Univ. Sch. Med. Nagoya 466.

Voltage-dependent calcium inflow and the calcium control function of
mitochondria in nerve terminals of the frog muscle spindle were studied
electrophysiologically and ultrastructurally by application of ruthenium
red (r.r.). Calcium inflow following individual action potentials was
revealed as a slow depolarizing deflection after substraction of the
amplitude between full-sized spikes in normal Ringer solution and in
Ringer solution containing both 5 mM MnClz and 10 mM TEA. The slow
depolarizing camponent was increased by application of 0.5 mM r.r.,
appearing as a plateau following individual full-sized spikes or a long
lasting depolarization of up to 20 sec during stretch. Ultrastructural
profiles after the electrophysiological study showed accumulation of r.r.
granules in the sensory nerve terminals and in the mitochondria.

A hypothesis that calcium channels distribute on the encoding site and
entered calcium ions are processed by mitochondria in the frog spindle
terminals is discussed.

55

POTENTIAL-DEPENDENT EFFECT OF SEA ANEMONE TOXIN ON CRAYFISH GIANT AXON.
FUJITA,S. AND *WARASHINA, A. Dept. of Neurochem., Brain Inst., Niigata
Univ. and *Dept. of Physiol. Niigata Univ. Sch. of Med., Niigata

Effects of a purified toxin (PaTX) from the sea anemone, Parasicyonis
actinostoloides, on crayfish giant axons were studied electrophysiologi-

cally. The toxin acted on the axon to prolong the falling phase of
action potential. It also decreased the maximum rate of rise of action
potential and the resting potential with a certain delay. It was found

that the development of toxicity was reduced when the nerve membrane was
depolarized by an increase in potassium concentration in the external
medium of axon or by a current injection through the membrane, presumably
due to a suppression of the toxin association with binding sites in the
membrane under depolarization. The potential dependency in toxin action
of PaTX was determined in detail together with other toxins (ATX II and
ScVM) from the sea anemone, Anemonia sulcata, and ‘the scorpion, Leiurus
quinquestriatus. These toxins exhibited different potential depen-
dences, that is the depolarization required for the half-maximal reduc-
tion of toxicity are around 5, 37 and 18 mV for PaTX, ATX II and ScVM,
respectively. :
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56

ACTIVATION-INACTIVATION OF POTASSIUM CHANNELS AND DEVELOPMENT OF A POTASSIUM-CHANNEL
SPIKE IN INTERNALLY PERFUSED SQUID GIANT AXONS
INOUE, I., Inst. Marine Biol., Sch. Med., Univ. Tokushima, Seto-cho, Naruto City, 771-03

A spike due to calcium permeability through potassium channels was separated from the
action potential generated in squid axons internally perfused with a 30 mM NaF solution
and bathed in a 100 mM CaCl, solution by blocking sodium channels with tetrodotoxin.
Currents through potassium channels were studied under voltage clamp. The records sho-
wed a clear voltage-dependent inactivation of the currents. The inactivation was comp-
osed of at least two components; one is relatively fast having a time-constant of 20-30
ms, and the other very slow having a time-constant of 5-10 s. To generalize voltage
clamp was done under a variety of salt compositions of both the internal and external
solutions. A similar voltage-dependent inactivation having the two components could be
recognized in all the currents through potassium channels. Although the direction and
intensity of current strongly depended on the salt compositions of the solutions, the
time-course of these currents at each corresponding voltage were very similar. These
results strongly suggest that the inactivation of the currents is attributed to an esse-
ntial dynamic process of potassium channels themselves. Thus, generation of the potass-
ium-channel spike can be understood as an event which occurs under a particular condit-
ion in which the equilibrium potential across the potassium channel becomes positive.

57
INTERNAL PERFUSION OF ISOLATED NERVE CELL BODY BY SUCITON PIPETTE METHOD AND DIVALENT
CATION CURRENTS. AKAIKE, N., OYAMA, Y. AND NISHI, K. Dept. of Pharm., Kumamoto Univ.
Med. Sch., Kumamoto 860, Japan.

The experiments were done on isolated nerve cell bodies of Helix aspersa using the
suction pipette method of internal perfusion and voltage clamp. Divalent cation ef-
fects such as Batt, Srt+, catt, Mn™, Zn*+ and Cd*t on Ca channel were examined with-
out the presence of external Ca and Mg ions. Comparing maximum peak inward currents,
the average relative sizes of divalent cation currents were in the order of Sr = Ba»
Ca® Mn » Zn > Cd. The voltage peaks for divalent cation currents are shifted to more
positive potentials in the order of Zn's= Mn > Ca > Ba > Sr. The results for Mn and Zn
indicate greater binding of surface charge by these ions than by Ca ion. The present
results clearly showed that the divalent cations sometimes used to block the Ca channel
such as Mn and Zn ions can actually carry minimal amounts of current through the chan-
nel. The IMp was completely blocked by either organic or inorganic Ca-blockers. Also,
IMn was blocked by Mn, Cl, Ba, Verapamil and Diltiazem ions which were perfused inter-
nally.

58

ASYMMETRICAL CAPACITANCE CURRENT IN THE Na INACTIVATION PROCESS. MURAYAMA, K.
KITASATO, H., NISHIO, K., AND MARUNAKA, Y. Dept. of Physiol., Shiga Univ. Med. Sci.,
Ohtsu

To clarify the gating mechanism of Na channel, the relation was studied between the
inactivation of Na conductance and the asymmetrical capacitance current (Is), so called
'gating current'. I was obtained from voltage clamped crayfish giant axons internally
perfused with 188 mM TEA internal solution bathed in Tris-TTX solution by summing the
capacitance currents during depolarizing and exactly matched hyperpolarizing pulses.
To all test pulses, Is-ON at the start of the pulse was outward and showed an instan-
taneous rise and a smooth decay of two distinct phases. Is-OFF at the end of the pulse
was inward having an instantaneous fall and a single component decay. The total charge
displacement of Is, Q was obtained by the integral of Is. Q-ON increased in a S-shape
in proportion to the magnitude of the pulse (3.8 nQ/cm2 at -80 mV to 23.9 nQ/cmZ at

40 mV). We confirmed that the gating charge displacement was immobilized in two phases.
The fast immobilization was tested by calculating the ratio, Q-OFF/Q-NO for various
durations of test pulses, resulted in an exponential decay with t=1.7 ms from 1ms:0.72
to 5 ms: 0.33. Testing the slow immobilization by varying the duration of prepulse to
-100 mV showed that the immobilization of Q-ON was slowly released reaching to its
maximum at about 30 sec to 1 min(450 ms: 7.5 nQ/cm? to 30 sec: 23.1 nQ/cm?) .
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THE STRUCTURE-ACTIVITY(S-A) RELATIONSHIP OF GRAYANOTOXIN(GTX) DERIVATIVES IN
SQUID GIANT AXON AS DETERMINED BY INTERNAL PERFUSION AND VOLTAGE CLAMP METHOD.
SEYAMA, I. Dept. Physiol., School of Medicine, Hiroshima University, Hiroshima

A study of the S-A relationship of GTXs in the frog skeletal muscle (Masutani, et al.,
J. Pharmacol. exp. Therap.(in Press) 1981) has clarified that the biological activity
of GTX depends on both the stereospecificity and hydrophylicity of the GTX molecules.
Since GTX has been shown to act only from the intracellular sites, the S-A relationship
of GTX should be examined in an experimental condition where GTX is accessible directly
to receptive sites on the intracellular surface in order to eliminate passage through
the cell membrane. By using the internal perfusion method and the voltage clamp meth-
od, I, through GTX opened channel for the S-A relationship for 19 GTX analogues could
be isg?ated by clamping the membrane at -50mV with EK and EC arranged to have the same
value. It has been shown that the change in the number of 6H groups in the C and D
rings of the GTX molecules from 4 to 6 decreases the potency of the biological activity,
Kys from 11.0 to 139.7uM.  14,16-0-Diacetyl&-H,-GTX II having 3 OH groups remarkably
rfduced the biological activity. Modification? in C-3,-5,-6 and 10 moieties elimis
nated the biological action. The conclusion derived from the S-A study in the frog
skeletal muscie is in well accord with that in the squid axon, in which the optimal
number of OH groups is 4 instead of 5 in the frog skeletal muscle.

60

KINETIC PROPERTIES OF CURRENTS THROUGH A SINGLE ANOMALOUS K RECTIFIER CHANNEL AND

A SINGLE Na CHANNEL

YASUO FUKUSHIMA Lab. of Neurobiol., Inst. of Brain Res., Sch. of Med., Univ. of Tokyo,
Bunkyo-ku, Tokyo

The tunicate egg cell membrane shows Na, Ca, delayed K and anomalous K currents.
Kinetic properties of a single anomalous K rectifier channel and a single Na channel
were studied by the patch current recording technique. When the membrane potential was
hyperpolarized below -100 mV in 50 to 100 mM K solution, the inward fluctuations in the
patch current were observed. The time sequences of open-close events in the patch
current were exactly those expected from the opening and closing rate constants for
the inactivation process of the macroscopic anomalous K current.

When the membrane potential was depolarized above -65 mV in 600 mM Na and 1.5 mM Mn
solution, the pulse-like fluctuations of the current were observed with their reversal
level approximately equal to that of the macroscopic Na current. It was shown that the
time sequences of the pulse-like events were compatible with those for a single Na
channel calculated from the rate constants of the macroscopic Na current by using the
Hodgkin - Huxley model. Both unit conductances of a single anomalousK rectifier channel
in 200 mM K solution and a single Na channel in 600 =M Na solution were about 9 pS.

61

EXCITATION OF SQUID AXON MEMBRNAE UNDER MONO-IONIC CONDITIONS. TERAKAWA, S.
Lab. Cell. Physiol., Nat. Inst. Physiol. Sci., Okazaki.

Squid axon membranes were found to maintain electrical excitability when exposed
intracellularly and extracellularly to the same solution containing a single species of
slat. The use of cobalt, manganese, nickel, or barium salt was adequate for maintaining
the excitability. Application of a sustained inward current through the membrane
induced oscillatory change in the membrane potential and in the membrane conductance.

- The shape and the time course of these responses were very similar to those of
repetititvely fired action potentials. The current intensity and the concentration of
ion in the media had large effects on the response. The voltage-clamp technique
revealed a N-shaped I-V characteristic of the membrane system. The membrane emf's of
the resting and excited states were almost the same but the membrane conductance was
increased in the excited states. The oscillatory response was reversibly suppressed by
4-aminopyridine, but not by tetrodotoxin or by D-600. The experimental conditions
employed and the results obtained were very colse to those for some of the artificial
membrane models. Theories developed for these inanimate membranes may be applicable to
squid axon membranes under such mono-ionic conditions.



EXCITABLE MEMBRANE J. Physiol. Soc. Japan 43,1981 287

62
CAPACITY CHANGE OF AXONAL MEMBRANE ASSOCIATED WITH MEMBRANE POTENTIAL CHANGE.
WATANABE. A. and SAKAI, T. Nat. Inst. Physiol. Sci. and Dept. Physiol. Tokyo
Med. Dent. Univ.

The membrane current of intracellularly and extracellularly perfused squid giant
axons was examined with the use of the voltage-clamp technique. When the external
medium was 400 mM CaCl. solution and the internal medium was either 50 mM Na-phosphate
or 50 mM K-phosphate, &dpplication of a depolarizing voltage pulse produced a brief
inwardly directed transient current immediately following the capacitative surge, if
the holding potential was more negative than about -70 mV. When the membrane was under
the current-clamp conditions a brief (about 0.1 ms) current pylse proggced a grade
depolarizing response., When the external medium contained Na and Ca and the inter-
nal medium contained X , the brief inward current could still be observed in response
to a depolarizing voltage pulse from axons under the voltage-clamp with a holding
potential of -150 mV. In these axoms the depolarizing voltage pulse produced also the
sodium current, which gradually shortened its latency and engulfed the brief inward
current, as the amplitude of the voltage pulse was increased. The generation of this
brief inward current could be explained by assuming that the membrane capacity
increases on depolarization of the membrane.

63
EFFECTS OF INTRACELLULAR Ca ON MEMBRANE PROPERTIES AND ULTRASTRUCTURE IN
SQUID GIANT AXONS.

YAMAGISHI,S. AND FURUYA,K. Dept. of Cell Physiology, National Inst. for
Physiological Sciences. Myodaiji, Okazaki.

Squid giant axons intracellularly perfused with 25 to 100 mM K-glutamate
solutions produced action potentials of about 130 mV in amplitude. By
addition of 0.3 - 3 mM Ca ions, the amplitude of the spike decreased
gradually, while the duration prolonged about 4 times. Immediately after
the onset of Ca perfusion, the threshold potential lowered very close to
the resting level. In many cases, the resting membranes suddenly
produced large spikes without electrical stimulation. The valtage clamp
experiments showed that the inward current was prolonged, and the outward
current was suppressed by Ca perfusion.

According to the observation of scanning electronmicroscopy, the
axoplasm and the filamentous structure neighboring the inner surface of
the membrane considerably diminished by Ca perfusion.

64
SENSITIVITY OF Ca2+-DEPENDENT K-CHANNEL TO VARIOUS DIVALENT CATIONS AND K-CONDUCTANCE
INHIBITORS IN SYMPATHETIC GANGLION CELLS. M. NOHMI, E. KUMAMOTO & K. KUBA. Dept.
Physiol., Saga Med. Sch., Saga 840-01.

Ca2+—dependent K-conductance of the cell membrane in bullfrog sympathetic ganglia is
involved in mechanisms of the afterhyperpolarization (AHP) of an action potential (AP)
and thythmic slow hyperpolarizations (SHP). Substitution of all Ca2*+ with Sr2* (1.8 mM)
raised reversibly the amplitude and rates of rise and fall of SHP, leading to spike-like
hyperpolarizations appearing in groups, while it decreased the duration and amplitude of
AHP with a lengthened duration of the spike of AP. In Ca2+-free, Ba2+(l.8 mM) solution,
SHP was markedly and reversibly depressed in amplitude and time course, whereas_AHP was
shortened with a broadenéd spike. Replacement of all Ca2*+ with Co2*, Ni%* or Mn“* com-
pletely blocked SHP in a reversible (Mn2+) or almost irreversible (Ni2+, Co2+) manner,
and shortened drastically AHP. TEA (10 mM) reduced SHP amplitude, but prolonged a spike
without change in AHP. Cs* (10 mM) and 4-aminopyridine (4-AP; 0.05-0.1 mM) affected
hardly SHP and decreased slightly AHP amplitude with unchanged spike_duration. Since
Sr2* and Ba?* can permeate the ganglion cell membrane, the order (Caz+>Sr +>Ba2*) of the
ability to generate AHP would reflect the sensitivity of Ca2+-dependent K-conductance
and so was the order of K-inhibitors (TEA>4-AP, Cs*), while the order (Sr2+>Ca2+>Ba2*)
for SHP would mean the ability to release Ca2+, or to be released, in the cell.
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EFFECT OF ATP ON gK IN BULLFROG SYMPATHETIC GANGLION CELLS. HIRAI, K.*, AKASU, T. AND
KOKETSU, K. Tokyo Res. Lab., Kowa Co Ltd., Tokyo* & Dept. of Physiol., Kurume Univ.
Sch. Med., Kurume

ATP (1-1000 pM) depolarizes the bullfrog sympathetic ganglion cells by decreasing the
membrane conductance. The after-hyperpolarization of action potential was also de-
pressed by the action of ATP in these concentrations. These actions of ATP can also
be observed in the presence of TEA. The mechanism underlying these unique actions of
ATP were analysed by means of voltage clamp using two microelectrodes inserted into
the ganglion cell body. When a depolarizing step-command (200 msec) was applied to
the ganglion cell clamped at -60 mV in the presence of TTX (1 uM), the slow inward
current (Isi) and following time-dependent outward current (Io) were recorded. The
Isi was largely, but perhaps not exclusively, a Ca2t current. The time-dependent Io
was composed of at least two kinds of voltage-dependent Kt currents; the delayed
rectifier Kt current (Igx) and the M current (Iy) reported by Brown & Adams (1980,
Nature, 283, 637). ATP depressed both the Ix and Iy (preferentially Iy), while Isi
showed a slight decrease in its amplitude. These actions of ATP may be responsible
for the depolarization and the depression of after-hyperpolarization. Possible
purinergic action in the neural system is discussed in the connection of the present
result.

66

THE MECHANISM UNDERLYING ADRENALINE FACILITATION OF Nat-PUMP. KAIBARA, K.*, KOKETSU,
K., AKASU, T., HIRAI, K., MIYAGAWA, M., HASUO, H., YAMADA, M., NISHIMURA, T. AND
KOJIMA, M. Dept. of Chem., Fac. Sci. Kyushu Univ., Fukuoka* & Dept. of Physiol.,
Kurume Uniy. Sch. Med., Kurume

Facilitatory actions of adrenaline (Ad) on the Nat-pump in frog skeletal muscle cells
were studied by means of the 22Nat-efflux measurements. Ouabain-sensitive Nat-efflux
was potently augmented by Ad (30 uM), while the other biogenic amines were less ef-
fective (noradrenaline, dopamine) or noneffective (histamine, serotonine). Effects of
Ad on the ouabain-insensitive Nat-efflux were negligible order as compared to those on
ouabain-sensitive efflux. Ad (1 pM) induced increase in Nat-efflux was blocked by
propranolol (3 uM), but phenoxybenzamine (3 M) did not show any detectable effects.
This suggests that the Na+—pump is stimulated by B-action of Ad. Effects of Ad (30 uM)
on the Na+;pump activity were also examined under various external Kt concentrations
(0.1-15 mM). The kinetic analysis was carried out based on the Michaelis-Menten type
reaction scheme (Pump-site + K¥ I Pump-site-K - Ouabain-sensitive Nat-efflux). The
dissociation constant of pump-site-K complex and rate coefficient of final process were
estimate from the efflux data. It was concluded that Ad facilitates the Na+—pump by
increasing the affinity of Kt to pump-site and also by increasing the rate coefficient
due to the interaction with the catalitic site of Na -pump.

67

+
DEPENDENCY OF ELECTROGENIC Na PUMP ON MEMBRANE POTENTIAL IN BULLFROG ATRIAL MUSCLES.
HASUO, H. AND KOKETSU, K. Dept. of Physiol., Kurume Univ. Sch. Med., Kurume

The possibility that electrogenic Na+ pump induced by re-warming the external Ringer
solution is dependent on the membranme potential level was suggested by one of present
authors in frog skeletal muscle (J.J.P., 23, 165, 1973). The present experiment was
made for the purpose to evaluate this suggestion. Cardiac muscle preparation was used
in the present experiment, since the electrogenic Nat pump current could be recorded
at different potential levels by use of voltage clamp method in this preparation. The
electrogenic Nat pump current is defined as the membrane current which is eliminated
by the action ouabain (2 x 10-6 M), and it was induced by adding K or other alkali
cations, such as Rb, Cs, or Li, to external Kt-free solution. These alkali cations
were used in order to control the possibility that passive membrane K current might
be altered according to the changes in Kt concentration at membrane vicinity caused
by an activation of electrogenic Nat pump. Since alkali cation other than K+, par-
ticularly Lit, is less permeable to the membrane in comparison with K'Y, a contribution
of the passive membrane current of these ions to the total membrane current would be
much smaller than that of KT. The conclusion obtained from the present experiment was
that the electrogenic Nat pump current is apparently dependent on the membrane po-
tential.
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68

EFFECT OF Ca2+ ON ACTION POTENTIALS IN CULTURED CHICK CORTICAL NEURONS.
MORI, J., ASHIDA, H., MARU, E. AND TATSUNO, J.
Dept. of Physiol., Natl. Def. Med. Coll., Tokorozawa, Saitama.

The effects of tetrodotoxin(TTX) and high Ca concentration on action po-
tentials were studied in cultured cortical neurons from chick embryo. In
immature neurons(7-10 days) action potentials were still elicited in TTX
(10‘7g/m1)-c0ntaining Tyrode's solution, and such TTX-resistant action
potentials were reduced as neurons grew up. In mature neurons(25-40 days)
TTX(10-7g/ml) partially blocked action potentials, whose maximum rates
of rise were increased by the elevation of Ca concentration. In immature
neurons, on the other hand, this Ca effect was also observed under the
normal condition without TTX. Although no action potentials were genera-
ted in most neurons in the normal medium contained higher TTX(10-5> g/ml)
or in the Na*-free solution, the increase of Ca concentration in these
media effectively produced action potentials in immature neurons, but
less effectively in mature ones. These results suggest that Ca ions par-
tially contribute to the generation of action potentials particularly at
early stages and the Ca component may fade as neurons mature.

69

DIFFERENTIATION OF A MYOGENIC CELL LINE MC3T3-Al. Y. AMAGAI, H. KODAMA,
M. IIJIMA, & S. KASAI. Dept. of Physiol., Tohoku Dental Univ., Koriyama,
Fukushima

Developmental changes of membrane electrical properties in a newly es-
tablished myogenic cell line MC3T3-Al clone M13 were investigated. Cells
of this cell line proliferate as mononucleate myoblasts, once become con-
fluent, then rapidly fuse to form multinucleate myotubes. The resting
membrane potentials in myoblasts were =-22.5%1.7mV and they showed only
ohmic potential changes in response to intracellular current injections.
On the other hand, myotubes in the earliest stage showed delayed rectifi-
cations with outward currents and action potentials after inward currents.
Furthermore, in matured myotubes whose membrane potentials were -50.5%3.2
mvV overshooting (32.1%#2.5mV) action potentials were elicited by either
current directions. These action potentials had very short duration (3.5
+0.2msec at half height) and large maximum rate of rise (183:*11.5V/sec)
showing that Na and K channels had highly developed. TTX (3uM) failed to
block these action potentials and Na+-free BSS completely blocked them.
This result suggest that even in matured stage MC3T3-Al myotubes have TTX
-insensitive Na channels which are found in newborn and denervated muscle.

70
EFFECTS OF COLCHICINE ON AXOPLASMIC TRANSPORT OF TISSUE CULTURED NERVE
CELLS. HORIE, H. AND TAKENAKA, T. Dept. of Physiol.,Sch. of Med.,
Yokohama City Univ., Minamiku,Yokohama 232

Dorsal root ganglion cells dissected from 6 day old chick embryos
were cultured in Eagle's minimal essential medium supplepented with
10% horse serum and 5% chick embryo extract. After 3 days, transported
particles in the neurites were observed with Nomarski differential
interference contrast microscopy and a cultured medium was perfused
with the solution containing the antimitotic drug. When 1x10 M colchi-
cine was applied to the neurites, the number of transported particles
began to decrease after 30 min and completely disappeared after 60 min.
The concentration required to supress the axonal trangport of 50% at
60 min after drug application was approximately 1x10-7M, which co-
incides with the binding constant of colchicine to chick embryo brain
tubulin, 5x10~7M. These results suggest that microtubules play an
important role in the axoplasmic transport of tissue cultured nerve
cells.
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INTRACELLULAR CHANGES DURING BURSTING ACTIVITY IN SNAIL NEURONS. KISHII,K., ONOZUKA,M.,
FURUICHI,H., SUGAYA,E., ASQ,H.* & HIRANO,S.* Dept. of Physiology, Kanagawa Dental
College, Yokosuka & Dept. of Physiology, Sch. of Medicine, Toho University, Tokyo

During pentylenetetrazole(PTZ) induced bursting activity(BA) in snail neurons, the in-
tracellular calcium moves toward the inner surface of the cell membrane in conjunction
with structural changes of lysosome-like granules and release of Ca from them (Science
200:797 and 202:1195 & 1197, 1978) as well as intracellular protein changes. To eluci-
date the more detailed intracellular mechanism of BA, the roles of cyclic nucleotide,
PTZ, and Ca were studied using electrophysiological and neurochemical techniques.

The ganglia of the snail, Euhadra peliomphala, were used for the neurochemical study.
The identified PTZ sensitive neurons were used for the electrophysiological study.

Extracellularly applied concanavalin A inhibited PTZ induced BA. Incubation of gan-
glia in PTZ containing medium increased the cyclic AMP content. Ca was released from
the lysosomal fraction by incubation with cyclic AMP containing solution. Protein ki-
nase activity was increased by incubation with PTZ, a high Ca concentration or cyclic
AMP. Intracellular injection of cyclic AMP evoked marked BA in PTZ sensitive neurons
although the intracellular injection of PTZ did not provoke the BA.

The above findings suggest that the role of cyclic AMP is important in triggering in-
tracellular change during BA.

72

TETRODOTOXIN-SENSITIVE SPIKE POTENTIAL IN CULTURED SKELETAL MUSCLE CELLS FROM DYSTROPHIC
AND NORMAL CHICKENS. YAMAZAKI, S., KANO, M., SATOH, T., and YAMAMOTO, M.
Dept. of Physiol., Kitasato Univ. Sch. Med., Sagamihara, Kanagawa

Cultured myotubes differenciated from normal White Leghorn chick embryos are capable
of generating a TTX-sensitive spike potential in the absence of neurons, and the chick
nerve extract enhances the development of the spike generation. In this study, the
development and maintenance of the TTX-sensitive spike generation was studied in cul-
tured dystrophic and normal chicken (New Hampshire line 413 and 412, respectively)
myotubes, by means of the maximum rate of rise of TIX-sensitive spike potentials as an
index. We used 2-week-old cultured myotubes for the developmental study and both 3-
and 4-week-old myotubes for the study of the maintenance of the spike generation. From
the point of view of the neurotrophic effect, both dystrophic and normal brain extracts,
as well as both embryo extracts, had almost the same nature for the development and
maintnance of the TTX-sensitive spike generation. However, the values from dystrophic
cultured myotubes in the maximum rate of rise of the spike potential were about 80% of
those from normal myotubes at both 3 and 4 weeks in culture. The reduced spike gener-
ating capability in dystrophic cultured myotubes might not be due to a neurotrophic
defect, but due to a defect of the muscle membrane itself.
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LENGTH CONSTANT ALONG INTRACAPSULAR MYELINATED TERMINALS OF THE FROG
MUSCLE SPINDLE. ITO,F., KOMATSU,Y. and KANEKO,N. Dept. of Physiol.
Nagoya Univ. Sch. Med. Nagoya 466.

The length constant along the intracapsular course of the axon in the
frog isolated muscle spindles was measured by two methods. Electrical
pulses of 100 mV in amplitude and 50 msec duration was applied across an
air-gap made on the myelinated segment of the sensory axon just outside
the capsule. (1) The membrane potential shifts of terminal axons
induced by the antidromically spreaded currents were observed as absorp-
tion changes in light passing through the nodal membrane which was pre-
incubated by cyanine dye (NK 2495 or 2375). The electric changes, which
were tranduced by a photodiode from the absorption changes, were added
100 times on an oscilloscope screen with the trigger of the pulses.

(2) The membrane potential shifts were recorded by micro-electrodes
inserted intracellularly into the last node of the axon. The results of
the two kinds of experiments indicate that the length constant along the
intracapsular course of the axon is approximately 300 pm.
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THE FERTILIZATION POTENTIAIL IN GOLDEN HAMSTER EGGS. IGUSA,Y. and MIYAZAKI,S. Dept. of
Physiol. ,Jichi Med.Sch. ,Tochigi

We first recorded changes in the membrane potential upon fertilization (fertiliza-
tion potential) of golden hamster eggs in vitro. Before fertilization the averaged
resting potential and input membrane resistance were -30 mV and 150 M, respectively.
The current-voltage relation was linear at membrane potentials between 0 and -100 mV.

Upon fertilization a single sperm induced several hyperpolarizing-responses (HRs),
each of which reached -70~-78 mV associated with a five-fold increase in the membrane
conductance and had the duration of 14 sec in average. The first HR seemed to coin-
cide with the fusion between sperm and egg membranes. Multiple sperm entries resulted
in a continuous series of rhythmic HRs. The reversal potential of the HR was -83 mV in
standard medium, and it was shifted by 37 mV with a four-fold increase in the external
K ion concentration, being consistent with the Nernstian slope for K ions at 31°c.

The reversal potential was unaltered with the removal of Cl ions from the external
medium. The HR was blocked by the intracellular injection of EGTA. The injection of
Ca ions induced a hyperpolarization similar to HR. These results indicate that the HR
is due to an increase in K permeability caused by an increase in the intracellular Ca
concentration. The recurring hyperpolarizations upon fertilization of mammalian eggs
indicate a periodic increase in intracellular Ca ions during sperm entry.

75
ALTERED VISCOELASTICITY OF CRAYFISH NERVE FIBERS BY LOCAL ANESTHETICS
ICHIKAWA, O., MIYOSHI, M., AND HIJI, Y. Dept. Physiol., Tottori Univ.
Sch. Med., Yonago 683

A direct stretch of nerve fibers is done to know a change of their rhe-
ological properties by applying local anesthetics. A few un-myelinated
nerve fibers including four giant axons, separated out of the crayfish
abdominal nerve cord, was firstly treated with collagenase in order to

. take the surrounding connective tissues off. And then, the experiment
was done. Lidocaine and procaine anesthetized the crayfish nerve, when
they were used more concentrated than 0.4% and 1.4%. While the minimum
concentration of the anesthetics needed to block the conduction was re-
markably reduced to 0.1% and 0.2% by addition of 1% Na-benzoate to the
drugs. The action potential was hardly affected by treatment of Na-ben-
zoate alone. From the stress relaxation study it was found that the
nerve fiber became slightly softer due to anesthetics and this became
fairly by Na-benzoate application. The same effect was also observed by
Na-acetate or Na-salicylate. A probable explanation is that anesthetics
may enter into the hydrophobic portion by losening the hydrophilic one
in the phospholipid layer of the axonal membrane by above chemicals.

76

ON THE RELATION BETWEEN LIPID COMPOSITIONS AND DRUG EFFECT OF LOCAL AN-
ESTHETICS IN THE VARIOUS ANIMAL NERVE. YAMADA, H., IMOTO, T. AND HIJI,
Y., Dept. of Physiol., Tottori Univ., Sch. of Med., Yonago 683

A clear difference in the effect of some local anesthetics on the nerve
conduction has been observed in un-myelinated nerves among animal spe-
cies. Urethane (3.5%) or procaine (0.5%), for example, completely
blocked the conduction of the action potential in the vagal nerves of
rabbit or pig within a few minutes. While these drugs showed hardly any
effect on the crayfish nerve for a period of one hour or more.

In this study, lipid compositions of the nervous tissues in the above
animals were analysed to find a clue of the species difference for the
drug effect. As a result, the content of cholesterol was found to be
almost the same among the three species. On the other hand, the compo-
sition of phospholipids was characteristic. But this conclusion should
be considered to be qualitative, because this experiment was performed
on a small sample.
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About the Transient and Constant Phenomena of the Muscle by the
Finit Sine Alternating Current.
SAITO, T. Dept. of Physiol. Nippon Dental Univ., Tokyo.

The transient phenomenon by the sine alternating current had not be clear, because
the finit sine alternating current could not been made. The auther used the function
generator and counter and made the finit sine alternating current with the determined
initial phase. The current is shown as E,sin(wt+ ¢, ), where E, is the amplitude, @
the angle velocity and $o the initial phase. The electric model of the living body
is supposed the series circuit of the resistance r and the capacitance c, and the
current i is following, (R is the input resistance of the measuring apparatus)

VR e? 0 ®REoe

The term I,sin(wt + ¢o + ¢) means the constant phenomenon and i itself shows all
the codition i, and I, tan $cos(Pe + ¢) exp{—t/(R+r) c} the transient stat.

Experiment is managed in M. sartorius of bulfrog in which E, is 3 Volt and ® is
changed 10®, 2x10%, 5x10%, 10%, 2 X 10%, 5X10%, 105 rad/sec through capillary
electrodes.

i=Im{sin (wt+go+¢) —tangeos (fo+96) & —mrme }
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ANALYSIS OF THE TRANSTIENT K CURRENT IN THE SEA PANSY EGG. HAGIWARA, S., YOSHII, M.* &
YOSHIDA, S. Dept of Physiol., Sch. of Med., Univ. of California, Los Angeles, U.S.A.
and *Dept of Physiol., Nippon Med. Sch., Tokyo.

A transient (or fast-inactivating) outward K current is known to exist in the mol-
luscan ganglion cells and is called 'A current'. The egg cell membrane of the sea pan-
sy (coelenterate), Renilla koellikeri, shows a similar transient outward current as we-—
11 as a delayed outward current. We have analyzed this transient outward current and
attempted to compare it with the delayed one. The major experimental techniques emplo-
yed were voltage clamp and intracellular dialysis. The results are as follows:

(1) The actlvatlon potential of the transient current is -25 Vv -20 mV (resting po-
tential, -72t5 mV) whereas that of the delayed onme is -10 &~ 0 mV. (2) The inactiva-
tion of the transient current is rapid and is almost complete just below the activation
level while it is slow for the delayed current and incomplete within a few seconds.

(3) Both currents show similar reversal potentials which are predominantly determined
by the 'l gradlent across the membrane. (4) The sensitivities of the conductance upon
the internal K differ between the two currents, suggesting that the interaction betwe-
en the site and ions in the membrane channels differs between them. (5) Neither curre-
nt is a Ca-activated K current.
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MEASUREMENT OF THE RESTING MEMBRANE CONDUCTANCE UNDER A CONTROLLED
VOLTAGE. HIRONAKA, T. AND IKARI, Y. Department of Pharmacology, Teikyo
University School of Medicine, Tokyo 173.

Two-microelectrode voltage clamp, center-of-fiber technique was used to
determine the resting membrane conductance of frog sartorius muscle. The
membrane potential with the two microelectrodes inserted was -83 mV on
the average (n=9). The muscle fiber was voltage clamped at the resting
potential at first, and a small pulse was shortly superimposed to obtain
dI/dv relation. Then the membrane potential was displaced to hold at -95
mV (near the resting potential in situ), while the command pulse was
intermittently added to monitor the change of the membrane conductance.
After the perturbation was settled dI'/dV' relation was obtained, and the
membrane conductance at -95 mV was calculated using the equation derived
as one of the best approximation:

G = -T?%—a(dl'/dV')a/(dI/dV)

where Rji designates the specific resistance of the myoplasm in fcm and d
the diameter of the muscle fiber. The membrane conductance was 235 t 37
umho/cmZ (mean ¥ S.E.) at -95 mV for Ri = 145 Qcm at 20 °C and d = 80 um.
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GENERAL SOLUTION OF FINITE LENGTH CABLE THEORY )
“ASHIDA,H.,SATO,Y, , TATSUNO,J. ,MORI,J. ,MARU,E. ,FUJINO,K: 2nd Dept.of Physiol.,*Ist Dept.
of Physiol., National Defense Medical College, Tokorozawa, Saitama, 359.

Time dependent general solution of both side sealed finite length cable with an arbit-
rary current injection at an arbitrary position was obtained by means of Laplace in-
verse transform using complex integral. This solution is a simple infinite series which
converges absolutely and each term of which is composed of exponential term related to
time and of cosine term related to the positions of current injection and potential
measurement. |t shows that unless the positions of current injection and potential
measurement are not terminals, the potential decays according to not only one distinct
time constant, but also infinite higher components of time constant. Almost all solu-
tions already found under various conditions such as terminal injection, mid point in-
jection, semi-infinite and infinite cable, are contained in this solution as particular
cases. Especially, in the case of constant current injection and short cable, the solu-
tion given here converges more accurately and more rapidly than the solution expressed
by error function which is solved by Hodgkin and Nakajima (1972), though it can be
proved that these two solutions are mathematically equivalent. The expression given
here is advantage to the analysis of the short cable, such as Xenopus toe muscle of
about L=1.

81
THE STRUCTURE-ACTIVITY RELATIONSHIP ON THE L-GLUTAMATE RESPONSE IN THE ONCHIDIUM NEURON
KATO, M., OOMURA, Y. AND MARUHASHI, J. Dept. of Physiol., Faculty of Med., Kyushu Univ.
Fukuoka

Application of L-glutamate (L-glu) to particular neurons (G-H cells) in the Onchidium
oesophagial ganglia produced hyperpolarization, associating with an increase in Kt
permeability. On this response, the reversal potential (Erev) was -60 mV, the EDgg, an
idicator of the affinity between L-glu and its receptive site, was 5.3 mM and the Hill
coefficient n, an indicator of the cooperativity, was 2. Using these parameters as
characteristics for responses, other chemicals, structurally analogous to L-glu, were
examined on G-H cells. L-aspartate produced a response similar to L-glu in respect to
Erev, ED5g and n. However G-H cells responded differently to D-glu and kainic acid
from L-glu. The D-glu response had an Erev=-37.5 mV, ED50=29.4 mM and n=1, and that of
kainic acid had an Erev=0 mV, ED5g=1.5 mM and n=l. On the other hand L-glutamine, lack-
ing the y-COOH group, and GABA, lacking the o-COOH group, of L-glu, elicited very small
responses, amplitudes less than 10% that of the L-glu response.

‘The above results indicate that the presense of o-NHy, a-COOH and y-COOH groups are
all essential for the L-glu response and that the response characteristics may be
closely related to the relative positions of these groups.
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KINETICS OF THE ACCELERATION AND DEPRESSION BY DIAMINO COMPOUNDS OF THE NEUROMUSCULAR
TRANSMISSION.
ENOMOTO, K., SAWADA, M. AND MAENO, T. Dept. of Physiol., Shimane Med. Univ., Izumo

Presynaptic effects of some alicyclic, aromatic and heterocyclic diamines were studied
by measuring the statistical and kinetic parameters of transmitter release on the
curarized and Mg-blocked frog neuromuscular preparations with conventional microelec~
trode techniques. 4-Aminopyridine (4AP) and phenylenediamine showed tremendous facili-
tatory actions on the mean quantal content (m) and the fractional release (P) whereas
some of alicyclic amines such as streptomycin (SM) and neomycin diminished m and P.
Change in m with 4AP and SM was associated with parallel change in the available pool
(n), the probability of release (p) remained almost unaltered. To explain the antago-
nistic interaction on P between 4AP and SM, it was postulated that structurally related
diamines like 4AP and SM compete for the occupancy of specific binding site of the Ca-
dependent process X which plays the key role in the mechanism of transmitter release.
Combination of 4AP or SM with the Ca-bound X site presumably modifies allosterically
the action of Ca-X complex resulting in profound augmentation of the evoked release of
the available transmitter with the former and its depression by the latter. The
theoretically derived equations from the above competitive model agreed reasonably well
with the obtained data.
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IN VITRO SYNAPSE FORMATION BETWEEN NEURONS AND MUSCLE CELLS. Haruhiro Higashida,
Yokiichi Hayashi and Naomasa Miki. Department of Pharmacology, Cancer Research Insti-
tute, Kanazawa University, Kanazawa 920, Japan.

Neuroblastoma hybrid cells {NG108-15 and NBr10A), chick ciliary ganglion (CG) neurons,
and chick retina neurons were cocultured for 16 hr - 5 days with rat striated myotubes.
Intracellular recordings were done with micropipettes filled with 3 M KC1. Synapses
were identified as positive more than 2 miniature end-plate potentials per min were ob-
served in a gived stable recordings. The average frequency of MEPPS of NG108-15 and
NBri0A cells was 25 and 30 events/min, and that of retina neurons was about 30. CG neu-
rons showed 24 MEPPS/min in the presence of neurtte promoting factor(s) extracted from
chicken gizzard, while that in the absence was 8. The synaptic responses were inhibited
by d-tubocurarine reversibly, and in the presence high concentration (10 mM) Mg*t. Se-
rotonin evoked depolarizing synaptic responses in the hybrid cells, and thus increased
release of acetylcholine. Three peptide hormones (bradykinin, neurotensin, and angio-
tensin II) also facilitated MEPPS frequency at synapses between hybrid and muscle cells.
The findings show that these synapses are nicotinic and are regulated 1ikely as in vivo
synapses. A part of these experiments were carried out in the Laboratory of Biochemical
Genetics, NHLBI, NIH, Bethesda, MD, U.S.A. with M. Nirenberg and S. P. Wilson. (Suppor-
ted by JMESC grant577072)
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SUPPRESSIVE EFFECT OF CADMIUM ON HIGH POTASSIUM-INDUCED HYPERPOLARIZATION
IN SNAIL NEURONS. HAYASHI, H. AND YATI, H. Dept. of Physiol., Saitama
Med. Sch., Moroyama, Iruma-gun, Saitama.

Some molluscan ganglion cells were hyperpolarized by an excess of
external K, contrary to expectations by the Nernst equation. The membrane
resistance of the cells was markedly decreased with the hyperpolarization
This phenomenon was considered to represent a result Jf the summated
IPSP's elicited by the presynaptic inhibitory fibers which were primarily
depolarized by high K. We examined the effect of Cd in low pH saline on
the membrane potential of snail ganglion cells in order to analyze this
phenomenon further. Since Cd has been reported to block Ca channels, it
might prevent neurotransmitter release from the presynaptic ending. In pH
8 control saline, the excess of K(22 mM) caused significant hyperpolar-
ization and an evident decrease in membrane resistance, and these changes
were not modified so much after 1 mM Cd addition. In pH 6.5 and pH 5
saline, the high K-induced hyperpolarization was remarkably suppressed
or even changed to depolarization by 1 mM Cd. The resistance change was
also diminished in low pH Cd saline. The high K-induced hyperpolariza-
tion is ascribed to the release of inhibitory neurotransmitter.
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NEURAL CONTROL OF A MOLLUSCAN BLOOD VESSEL, THE ANTERIOR AORTA OF APLYSIA
SAWADA, M. AND MAENO, T. Dept. of Physiol., Shimane Med. Univ., Izumo

The innervation of the anterior aorta (AA) of the marine snail Aplysia californica
and Aplysia Kurodai was studied using intracellular recording from neurons in abdom-
inal ganglion and muscle fiber of the AA, recording and stimulation of the vulvar
nerve, and tension and blood pressure recording from the vessel. Three motoneurons,
one excitatory (RDapr) and two inhibitory (RDpay), were identified which directly
innervate the aorta via their axons in the vulvar nerve. The RDpp7 neurons account
for all the inhibition to the vessel, but at least one additional excitatory moto-
neuron exists. The RDpp7 hyperpolarize and relax the AA and may be cholinergic,
since the inhibitory junctional potentials are blocked by curare and mimicked by
iontophoretic and bath application of ACh. The excitatory inputs (RDppg) to the
aorta cause depolarization and contraction of AA and may be serotonergic, since the
excitatory junctional potentials are depressed by BOL-148 and mimicked by ionto-
phoretic and bath application of 5-HT. RDppT and RDAAE motoneurons do not connect
directly with another, but are influenced by interneurons. Interneuron II causes an
intense burst of RDpay7 activity but has only a weak effect on RDAAE. Interneuron I
does not connect to RDppT, but interneuron XI inhibits the inhibitory motoneuron.

86
POTENCY AND MODE OF BLOCKADE BY BARBITURATES ON VARIOUS TYPES OF ACETYL-
CHOLINE-RECEPTOR ACTIVITIES.
SOMEI, K., SASAKI, K., MATSUMOTO, M., SHOZUSHIMA, M., AND SATO, M.
Dept. Physiol., Sch. Med., Iwate Med. Univ., Iwate-Ken.

The ganglion cells of Aplysia contain three types of acetylcholine-
receptors. The activation of one type (DNa-type) produces Na*-dependent
depolarization. The other recegtors are Hg- and Hgi-types, the activa-
tion of which produces either K'-or Cl~ -dependent hyperpolarization.

The effects of pentobarbital-sodium (PB), phenobarbital-sodium (PhB), and
barbituric acid (BA) were studied on each type of receptor activities.
Acetylcholine-induced responses were evaluated by the change in membrane
conductance. PB and PhB showed different blocking potencies for each re-
ceptor type, but BA showed no potency of blockade for any type.
PB showed a following ratio of relative potency for each type;

DNa ¢ Hc1 : Hk =1 : 0.5 : 0.0Z.
The blocking potency of PhB was approximately a half of that measured
with PB, but the relative ratio for each type was similar. The mode of
blockade was studied by plotting dose-inhibition curves for each type of
receptor activities, and found to be "noncompetitive" for all types.
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CORRELATION BETWEEN ATP, CYCLIC NUCLEOTIDES AND HISTAMINE-INDUCED HYPERPOLARIZATION
IN THE ONCHIDIUM NEURON. GOTOW, T., ABE, T., ANRAKU, M., HASHIMURA, S. Dept. of
Physiol., Sch. of Med., Kagoshima Univ., Kagoshima 890, Japan

The previous study has shown that the histamine-induced hyperpolarizing response
(H2-response) in the Onchidium H2-neuron is quite selectively sensitive to metabolic
inhibitors and it is produced by some active transport mechanism. The aim of the
present experiments was to examine how histamine affects ATP, cyclic AMP (cAMP) and
cGMP levels in the H2-neuron and how their levels relate to the H2-response.

Addition of histamine (0.5 mM) to the H2-neuron resulted in a 1.5 - 2 fold in-
crease in each level of ATP, cAMP and cGMP, but the time course of the increase showed
a significant difference among their nucleotides. The increase in ATP level went
before the H2-response induced by the same histamine application, while the increase
in cAMP or cGMP was preceded by the peak of the H2-response. However, exposure to
Na-free and DNP- or cyanide-containing salines, which blocked the H2-response, pre-
vented the histamine-induced nucleotide changes. On the other hand, application of
CAMP to the H2-neuron enlarged the H2-response, and conversely cGMP inhibited it.

These results suggest that the H2-response may be mediated or regulated by ATP,
cAMP and cGMP. *
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STRUCTURE-ACTIVITY RELATIONSHIPS OF ERGOT ALKALOIDS ON TWO GIANT DOPAMINE
-SENSITIVE NEURONES. TAKEUCHI, H. AND *MIYAMOTO, M. Dept. of Physiol,,

Gifu Univ. Sch. of Med., Gifu; *Dept. of Neurochem., Inst. for Neurobiol.,
Okayama Univ. Med. Sch., Okayama.

Two giant neurones (PON, periodically oscillating neurone; and TAN,
tonically autoactive neurone) were identified in the suboesophageal
ganglia of an African giant snail (Achatina fulica Férussac). PON is
excited by dopamine (DA), while TAN is inhibited by DA.

Of the ergot alkaloids examined, ergometrine and methylergometrine had a
marked and long-lasting excitatory effect on PON, Their critical conc-
entrations necessary to produce the effect were about 5x10 6Kg/1. The
PON excitation produced by these two substances lasted for several hours.
D-lysergic acid, its amide and piperidinamide showed also an excitatory
effect on PON, however weaker than that of ergometrine.

Ergometrine and methylergometrine had a marked and long-lasting
inhibitory effect (critical concentrations: 3x10° S 10‘4Kg/1) on TAN. The
three hydrogenated ergots; 9, 10-dihydroergocristine, 9, 10-dihydro-
ergocryptine and 9, 10-dihydroergocornine had also an inhibitory effect
on TAN, however weaker than those of ergometrine and methylergometrine.
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MUTUAL SYNAPTIC EXCITATION BETWEEN THE GIANT INTERNEURONS OF THE LAMPREY SPINAIL CORD
HOMMA,S. AND UMENO,K., Dept.Physiol., Fac.Med., Toyama Med.Pharm.Univ., Toyama

The mutual excitation between the giant interneurons is monosynaptic and composite.
DL-O-aminoadipate(AAD), 3-5 mM, reversibly depressed both the chemical EPSP in normal
perfusate and the depolarizations produced by iontophoretically applied glutamate and
aspartate from double-barreled microelectrodes(glutamate and aspartate potentials) in
Ca-free perufsate. L-glutamate diethylester and L-glutamate-}-methylester also
depressed both the monosynaptic EPSP and glutamate and aspartate potentials but 10-
20 mM was necessary. The amplitude of electrical coupling potentials were relatively
little affected by the blockers. Two separate microelectrodes for passing current and
for recording were inserted in a neuron. The blockers produced slight or no
depolarizations, 242.7 mV(n=13) by 5-10 mM AAD and 2+2.2(n=18) by 10-20 mM GDEE but
little conductance increases in Ca-free perfusate. Bath application of glutamate and
aspartate produced larger depolarizations but smaller conductance increases in TTX-
perfusate(0.5 ug/ml TTX, 1 mM 4AP, Ca-free) than in normal perfusate. Conductance
increases increased steeply with iontophoretic current for amino acids and Hill
coefficient was near 2 in absence and in the presence of AAD. These results suggest
that AAD seems to be acting very probably at the postsynaptic level and that acidic
amino acids or closely related substances may be serving the mutual excitationm.
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THE AFFERENT NEUROTRANSMITTER IN THE AMPULLARY ELECTRORECEPTORS: EXAMINATION OF THE
FACILITATORY FACTORS IN PLOTOSUS BLOOD PLASMA. UMEKITA, S., MATSUMOTO, Y. AND OBARA, S.
Dept. of Physiol., Teikyo Univ., Sch. of Med., Tokyo 173.

The previous reports have shown that after repetitive stimulation of Plotosus
electroreceptors the released afferent neurotransmitter could be detected by bioassay,
and also that the activity could be recovered from thin layer chromatographic plates
(TLC) at a fluorescamine-negative region of Rf 25 - 30. The facilitatory factors
discovered in Plotosus blood plasma were tested against these properties of the neuro-
transmitter. Low M.W. (<1000) components of the plasma were obtained by ultrafiltra-
tion, and fractionated by gel filtration (G 10). Four major fractions tentatively
separated on the basis of 230 nm absorbance proved to contain the actijve factors.

Each of them were further fractionated by gel filtration and by ion exchange chromato-
graphy, using various elutes. Final active fractions thus derived were developed on
TLC with ethanol-ammonia after extraction with acetone-HC1. The activities could be
recovered at Rf 50 - 60, 0 - 10, 80 - 90 and 20 - 30, the latter two of which were
fluorescamine-negative. Since the plasma factor recovered at Rf 20 - 30 shows strong
facilitatory and reversible effects on bioassay, this may be relatgd to the released
afferent neurotransmitter.
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NON~SPIKING INTERACTION IN THE CONTROL OF MOTONEURON ACTIVITY IN CRAY-
FISH. TAKAHATA, M. AND HISADA, M., Zool. Instit., Fac. of Science,
Hokkaido Univ., 060 Sapporo.

The activity of motoneurons innervating the uropod muscles in crayfish
was shown to be controlled not only by the descending interneurons from
the brain but also by the local non-spiking neurons. Cobalt staining of
these non-spiking neurons revealed that they are anaxonal interneurons
located entirely within the terminal ganglion from which the uropod moto-
neurons originate. Each of these local non-spiking neurons (LNSNs) was
shown with current injection test to control the spike activity of each
single motoneuron respectively in most ‘cases. Some LNSNs, however, were
found to control the set of motoneurons innervating the antagonistic mus-
cle pairs. Some others could change the spike activity of several moto-
neurons innervating the same muscle. In these cases, the increase in the
intensity of the current injected into an LNSN caused the recruitment or
waning of motoneurons depending upon the polarity of the injected cur-
rent., This observation suggested that the branches of the LNSN are func-
tionally fractionated with respect to synaptic output to each motoneuron.
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EFFECTS OF Co2+ AND La3* ON THE SPONTANEOUS RELEASE OF TRANSMITTER AT INSECT MOTOR

NERVE TERMINALS. WASHIO, H. and YAMAMOTO, D. Lab. Neurophysiol., Mitsubishi-Kasei
Institute of Life Sciences, Machida, Tokyo.

The effect of the extracellular cobalt and lanthanum ions on the frequency of
miniature postsynaptic potentials (MEPSPs) was studied in cockroach leg muscle fibers
in the elevated Kt saline with particular attention to the interaction with calcium.
Co2% and La3* are more effective than Mg2+ is in suppressing evoked transmitter
release. In contrast to their inhibitory effect on evoked release, those cations have
been found to increase the spontaneous release of transmitter. However, our present
work demonstrated dual presynaptic effect of Co2+ clearly, one is inhibitory and the
other is accelerating. The inhibitory effect of Co*" was found more effective than
Mg2+. The result suggests that Co2t may prevent spontaneous transmitter release by
occupying Ca4t sites on the presynaptic membrane thereby blocking Ca2+ entry as well
as the evoked transmitter release. But at later stage Co2t may inter the nerve
terminal and activate the release mechanism. On the other hand, La3t markedly
increased the frequency of the miniature potentials. It was also found that
increasing the Ca®t concentration reduced the effectiveness of La3*, and invalidated
it in a certain extracellular environment.

93
DRUG EFFECTS IN VITRO ON THE SYMPATHETIC GANGLION CELLS IN NEW-BORN
RATS. YONEMURA, K. and TANAKA, I. Dept. of Physiol., Kumamoto Univ.
Med. Sch., Kumamoto

Using intracellular microelectrode techniques, comparison between
new-born and adult rats was made with respect to the electrical activity
of superior cervical ganglion cells in vitro in response to some drugs.
For test, the drugs dissolved in volumes of 5-100 nul were injected into
the organ-bath of 1 ml capacity. Injection of KCl (5-40 mM) produced a
dose-related depolarization (2-10 mV) in the new-born rats as well as in
the adult ones. Depolarization by acetylcholine in the new-born rats
was approximately twice as large as that in the adult rats. Hexameth-
onium at a smaller dose suppressed EPSPs in the new-born rats than that
in the adult rats. An anticholinesterase (edrophonium) prolonged decay
time-course of mMEPSPs in the new-born rats to the same extent as in the
adult rats. The minimum effective dose of tetrodotoxin to block action
potential initiation in the new-born rats was similar to that in the
adult rats. Some cases of the drug application produced scarce respo-
nses, particularly in the cells from adult rats, indicating that the
connective tissues overlaying the cells acted as a diffusion barrier.



298 J. Physiol. Soc. Japan 43,1981 SYNAPSE AND END-PLATE

94
DOPAMINE RECEPTORS MEDIATING TWO DIFFERENT SYNAPTIC ACTIONS IN THE RABBIT SYMPATHETIC
GANGLIA. SUMIKO MOCHIDA, HARUO KOBAYASHI, TSUNEQ TOSAKA & JUNKO TASAKA.

Department of Physiology, Tokyo Medical College, Shinjuku-ku, Tokyo 160.

Dopamine (DA) has been shown to have two different synaptic actions in the superior
cervical ganglion (SCG) of rabbits. Its direct hyperpolarizing (HP) action was mimicked
by norepinephrine and epinephrine, as well as by clonidine, phenylephrine, isoprotere-
nol and ADTN. The HP responses by these agents were antagonized by phentolamine, di-
hydroergotamine and yohimbine, but not by prazosin, propranolol and antagonists spe-
cific to DA receptors. The second action of DA, a Tong-term modulatory enhancing effect
on the muscarinic slow depolarizing (DP) response, was mimicked by ADTN and some other
agents and was antagonized by haloperidol and butaclamol, but not by o- and g- adren-
ergic blockers. The agents capable of producing modulatory action were also found capa-
ble of stimulating ganglionic cyclic AMP synthesis and those capable of antagonizing
modulatory action were also able to antagonize the cyclic AMP synthesis stimulated by
DA. It seems thus probable that there are two independent neuronal receptors in the
rabbit SCG which interact with DA. One is an ap type adrenoceptor which mediates HP res-
ponse and another is a specific DA receptor linked with adenyl cyclase (now refered as
D1 type), the activation of which brings about an increase in cyclic AMP and may further
produce the modulatory enhancing effect on the muscarinic slow DP response.

95
EFFECTS OF ACETYLCHOLIME ON THE PYRAMIDAL CELLS IN THE RAT PREPYRIFORM
CORTEX IN VITRO. HORI, N*., ffrench-MULLEN, J. AND CARPENTER, D. O.
NY sState Department of Health, Albany, NY 12201 and Dept. of
Pharmacology, Faculty of Dentistry, Kyushu Univ., Fukuoka*.

We have studied the responses of pyramidal neurons in brain slices of
rat prepyriform cortex to ionophoretic application of acetylcholine
(ACh), glutamate (Glu) and aspartate (Asp). Tangential slices including
the lateral olfactory tract were cut by hand, submerged and perfused
with oxygenated Krebs-Ringers at 35°C. A glass microelectrode was used to
record action potentials, while transmitters were applied to various
layers of the pyramidal cell through an independent multibarrel elec-
trode. The apical dendrites were excited by Glu and Asp but not ACh. The
basal dendrites showed a similar brief response to the amino acids but a
prolonged excitation to ACh which was blocked by atropine (5 x 10 M)
but not curare (10 “*M). Amounts of ACh subthreshold for discharge caused
potentiation of the amino acid responses. We conclude that exitatory
muscarinic receptors exist on basal but not apical dendrites while exit-
atory amino acid receptors exist on both dendrites of these neurons.

96
THE EFFECT OF ACETYLCHOLINE ON THE MEMBRANE POTENTIAL OF RAT ADRENAL
CHROMAFFIN CELLS.
S. OZAWA, S. MIYAZAKI AND Y. KIDOKORO* (Dept. of Physiol., Jichi Med.
Sch., and The Salk Institute*.)

The effect of acetylcholine (ACh) on membrane electrical properties
was studied in cultured rat adrenal chromaffin cells by continuous re-
cording of the intracellular potential. Application of 0.1 to 100 uM
ACh produced a membrane depolarization with superimposing prominent po-
tential fluctuations. The apparent reversal potential of the ACh-induced
depolarization was -24 + 4 mV (mean + S.D. n=6). We studied the ionic
mechanism of the ACh depolarization by changing external ion concentra-
tions. It is likely that Ca ions as well as Na and K ions are contrib-
uting to the ACh depolarization. A linear relation was found between
the mean amplitude of the ACh depolarizations and the variance of the
potential fluctuations in a given cell. This finding suggests that the
ACh depolarization and the superimposing potential fluctuation are due to
a stochastic summation of an elementary potential change. The mean am-
plitude of the elementary potential was estimated to be 0.23 + 0.06 mV
(n=9) at the membrane potential level of -60 mv.
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97
EFFECTS OF LIDOCAINE ON THE ISOLATED SPINAL CORD OF BULLFROG
RUNO, MIYUKI, HAYASHIDA, Y. & MATSUURA, S. Dept. of Physiol. Osaka City
Univ. Med. Sch., Abeno-ku, Osaka

Spinal reflexes are depressed by local anesthetics. This study was
aimed at clarifying the primary origin for the suppression of spinal
responses by lidocaine. All experiments were carried out on the isolated,
intra-arterially perfused spinal cord of bullfrog. When postsynaptic
component of focal potential recorded at the motoneurone pool was almost
totally depressed by lidocaine, presynaptic component was still remain-
ed almost not impaired. Intracellular recordings of motoneurones revealed
that under application of lidocaine excitatory postsynaptic potentials
elicited by stimulation of the lateral column or the dorsal root were de-
pressed or abolished long before cessation of antidromic spike generation
of the cell body. Changes in the response of ventral root to l-glutamate,
GABA and substance P were not apparent at the low concentration of
lidocaine used for depression of the synaptic transmission. From the re-
sults, mechanisms of the action of lidocaine on the synaptic transmission
in the spinal cord were discussed.

98
EXCITATORY TRANSMITTER IN THE CRAYFISH NEUROMUSCULAR JUNCTION
TAKEUCHI, A., ONODERA, K. AND KAWAGOE, R. Dept. of Physiol., Sch. of Med.,
Juntendo Univ., Hongo, Tokyo 113

It has been shown in the previous reports that L-glutamate mimics the action of
neurotransmitter at the crayfish neuromuscular junction and that the nerve stimulation
causes a significant increase in the glutamate release into the bath fluid. If
glutamate acts as the neurotransmitter, it is expected that glutamate is released in
a quantal fashion. This point was tested by increasing the frequency of spontaneous
miniature e.p.s.p. and by measuring glutamate release with a gas chromatograph-mass
spectrometer (GC-MS). Addition of black widow spider venom (BWSV) caused an enormous
increase in the miniature e.p.s.p. frequency which lasted several tens min after
washing off the venom. The release of glutamate into the bath fluid was significantly
increased by treatment with BWSV. However, the concentration of aspartate showed no
significant increase. Similarly, nerve stimulation caused a significant increase in
the glutamate release, but no significant change was observed in the aspartate re-
lease. Since the concentration of aspartate in the motor axon is higher than that of
glutamate, above results suggest that the compartment in which releasable glutamate
is stored is different from that in which aspartate is contained.

99

EFFECTS OF TETRODOTOXIN ON THE ACTION OF SOME MONOVALENT CATIONS ON THE PRESYNAPTIC
MEMBRANE OF THE NEUROMUSCULAR JUNCTION. TAKEUCHI, N. AND TAKIKAWA, Y. Dept. of
Physiol., Sch. of Med., Juntendo Univ., Bunkyo-ku, Tokyo.

Tetrodotoxin (TTX) is a highly specific and potent blocker of the potential dependent
Na-channel in excitable membranes. But no marked effect of TTX has been reported on
the transmitter release at the neuromuscular junction. In our previous work, effects
of several monovalent cations on the release of the spontaneous miniature end-plate
potentials (m.e.p.p.) has been investigated. On these effects the influence of TTX
was examined at neuromuscular junctions of the frog.

In the maintained increase in the m.e.p.p. frequency produced by 7-10 mM K or Rb,

a slight decrease in the frequency was observed during the application of TTX

(3 nM-1000 nM). When 60 % of Na in Ringer solution was replaced by Li, a gradual
rise in the frequency with an exponential time course is observed. TIX of the same
concentration range impeded the time course of the gradual increase caused by Li.
These effects were dose-dependent and tended to increase by lowering the concentra-
tion of Ca. In 1 mM Ca the half-maximum point of the effect of TTX was around 10 nM.
On the other hand TTX showed no effect on the increase in the m.e.p.p. frequency
produced by a hypertonic solution (+ 44 mM glucose) or 0.5 mM theophylline.
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THE MECHANISM OF EFFECTS OF Ca2+ ON THE ION CONDUCTANCE OF THE END-PLATE MEMBRANE N
K. KUBA & S. TAKESHITA*. Dept. Physiol. Saga Med. Sch. Saga 840-01 and Lab. Comp. Anal.
Kurume Univ. Sch. Med. Kurume 830.

Using Nomarski optics, the quantitative ionophoresis of ACh to the end-plate membrane
of frogs yielded a reliable dose-response relationship. This was compared with a thoe-
retical relationship computed by an integral equation considering the dimension of the
end-plate and the location of an ACh pipette (Dreyer § Pepper, 1975). Increasing the
Ca2* concentration ([Ca2+]o) in Ringer to 7.2 or 18 mM reduced the maximum conductance
by 20-40%, while it did not significantly affect the apparent dissociation constant and
Hill number. An increased [Caz“]o decreased the elementary conductance obtained from
the noise analysis, but unaltered the life time of the ion channel. Raising [Ca®*]o
shifted the reversal potential (Eepc) of the neurally-evoked end-plate current (EPC) to
a more negative value and unaffected its half decay time. When ACh (414 uM) was perfused
to the end-plate at a high [Ca2*],, the Egpe shifted to a more negative value with un-
changed half decay time of EPC, and the elmentary conductance unaltered or increased
slightly without a change in the life time. These results suggest that Ca2* decreases
the conductance of the single ion channel without changes in_its life time and in the
affinity and cooperativity of the receptor, and that this CaZ* action does not appear
to be related to the facilitatory effect of Ca* on the desensitization mechanism.
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101

SPINAL ASCENDING PATHWAY FOR SUPPRESSION OF THE JAW OPENING REFLEX
INDUCED BY THE CONDITIONING A-DELTA FIBER STIMULATION IN THE PERIPHERAL
NERVE OF THE RAT. K.KAWAKITA AND M.FUNAKOSHI, Dept.of Oral Physiology,
Gifu College of Dentistry, Hozumi-cho, Gifu 501-02.

In Urethane anesthetized rats, the jaw opening reflex elicited by tooth
pulp stimulation was strongly suppressed by the selective conditioing A-
delta fiber stimulation in the common peroneal nerve with triangularly
shaped stimulus pulse at 5 Hz for 15 min (P<0.001,t-test). This effect
remained after the dorsal half and ipsilateral antero gquadrant cordotomy
at Thia-3 level. Evoked potentials provoked by the selective A-delta fiber
stimulation were recorded from the contralateral anterolateral fasciculus
region, and electrical stimulation of this area with a bipolar stimulating
electrode (5 or 50 Hz, 0.1 msec, 40-80 npA) induced significant suppression
of the jaw opening reflex (P<0.00l1,t-test) with long lasting after effect
by 5 Hz, and rapid suppression was caused by 50 Hz for 10-20 sec stimu-
lation. These results suggested that the A-delta fibers are mainly
responsible for the suppression of the jaw opening reflex and their
spinal ascending pathway is the contralateral anterolateral fasciculus.

102
ON THE SPINAL REFLEX IN THE NEWBORN RAT. KUDO, N. Dept. of Physiol., Inst. of Basic
Med. Sciences, Univ. of Tsukuba, Niihari-gun, Ibaraki 305

The development of the monosynaptic reflex pathway was investigated by means of
intracellular recording from triceps surae motoneurones in 0~8 days old rats in vitro.
The isolated spinal cord with dissected muscle nerves was perfused with Krebs solution
(25~27°C) boubled with 95%05 + 5%COp. EPSPs were evoked by stimulation of a muscle
nerve and of a dorsal root with latencies of 7.2-23.6 msec and 3.2-9.4 msec, respec—
tively, depending on the age. In 0-3 days old rats, the latency of EPSPs measured
from the arrival of primary afferent volleys in the motor nucleus was 0.3-0.9 msec,
both in the case of EPSPs evoked from the muscle nerve and those from the dorsal root.
In the latter case, IPSPs were also evoked but the onset of EPSPs always preceded that
of IPSPs by 1.5-8.0 msec. These findings indicate that muscle afferent fibres are
synaptically connected with motoneurones already at this stage. Comparison of mono-
synaptic EPSPs in rats of different age showed that the rise of EPSPs became steep at
6-8 postnatal days. This coincided with the time of appearance of large (above 1.5 mV)
and fast time-coursed unitary EPSPs, or single fibre ones, as revealed by graded
electrical stimulation of muscle nerves as well as stretch of muscles. The results
are discussed in relation to morphological aspects of development of the stretch
reflex arc.

103
Developmental changes in muscular potentials and their posttetanic potentiation in the
rat gastrocnemius muscle. URAMOTO, I. AND KIYONO, S. Dept. of Physiol., Inst. Develop.
Res., Aichi Prefectural Colony, Aichi 480-03.

With urethane anesthetized rats, muscular potentials (MPs) were evoked in the gastro-
cnemius muscle. MPs were of a biphasic wave with high amplitude, and MPs recorded at
the medial head of one gastrocnemius muscle were larger in amplitude than those at the
lateral head of the same muscle. Developmental changes in MPs and their posttetanic
potentiation were investigated. Rapid changes in the course of maturation of MPs and
posttetanic potentiation were found during the first few weeks of postnatal life. A
remarkable difference in frequency histograms of times required to reach the peak of
posttetanic potentiation was noted between rats of various ages, and delayed and long-
lasting potentiation of MPs after tetanic stimulation was characteristic of younger
rats. In addition, MPs were depressed during repetitive stimulation to greater extent
in younger rats than in older enes. These findings were discussed in conjunction with
replenishing mechanisms of acetylcholine available for release by prejunctional volleys
and conspicuous alterations in the postnatal development of biochemical substances
including choline acetyltransferase.
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EFFECTS OF PENICILLIN ON THE GABA RECEPTOR OF CAT PRIMARY AFFERENT NEURONS.
INOKUCHI, H., HIGASHI, H. AND NISHI, S. Dept. of Physiol., Kurume Univ. Sch. of Med.,
Kurume

The effect of penicillin on the GABA-induced membrane current of cat dorsal root gan-
glion cells was studied by a voltage-clamp method. Penicillin (10 uM - 0.1 mM) de-
pressed the GABA current dose-dependently without affecting the dissociation constant
of GABA-GABA receptor interaction and without altering the cell membrane properties.
The equilibrium potential for the GABA current was also unaffected by penicillin.

This would indicate that penicillin at low concentrations acts specifically on the
allosteric site or the chloride ionophores of GABA receptors and blocks the GABA
current. At higher concentrations (0.1 mM - 1 mM) penicillin caused a slow depolari-
zation of a few mV in amplitude. The depolarization was associated with an increased
membrane conductance and had its equilibrium potential at approximately -50 mV. De-
privation of external sodium abolished the slow depolarization, while it was not sig-
nificantly changed by a chloride-deficient solution. The result suggests that peni-
cillin at high concentrations affects the ordinary cell membrane as well and increases
its sodium and potassium conductance. This study was supported in part by a Grant-in-
Aid for Scientific Research.

105

THE SITES OF ORIGIN OF THE EFFERENT FIBERS IN THE CAROTID SINUS NERVE
OKADA,J. and MIURA,M. Dept. of Physiol., 1lst Div., Gunma Univ. Sch. Med.,
3-39-22 Showa-machi, Maebashi 371

The existence of efferent fibers in the carotid sinus nerve (CSN)
has been suggested electrophysiologically. Recently, with HRP method,
we reexamined the sites from where these efferent fibers originate.
Applying a small amount (0.5 mg) of HRP onto central cut end of the CSN,
we found several HRP-labeled cells in the petrosal ganglion, but none in
the medulla oblongata. However, when we applied over 1 mg of HRP onto
the CSN, HRP-labeled cells appeared in the lamina VIII of the cervical
cord, and the nucleus retrofacialis (Rf) of the medulla, suggesting a
false positive finding. This result urged us to find out places where
HRP could be incorporated. When a small amount of HRP was injected into
the m. longus capitis, HRP-labeled cells were found in the lamina VIII,
The same procedure was done in the m. digastricus, and we found them in
the Rf and its surroundings. When HRP was applied to the m. constrictor
pharyngis, we found them in the nucleus ambiguus. These results
strongly suggest that the cell bodies of the efferent fibers may not
exist in the medulla, but in the course of the CSN fibers.

106

PROJECTIONS OF SUPRASPINAL NUCLEI TO THE SPINAL CARDIOREGULATORY
STRUCTURE : HRP STUDY IN THE CAT (THE SECOND REPORT) MIURA,M., ONAI,T.,
TAKAYAMA,K. and OKADA,J. Dept. of Physiol., 1st Div., Sch. of Med.,
Gunma Univ., Maebashi 371

We used double concentric glass micropipettes. The inner pipette,
filled with a saline solution, was used for stimulating neuronal
structures within T2-T3 segment of the cat. The outer pipette, filled
with a 15 % HRP solution, was used for injecting HRP by pulses of posi-
tive current ranging from 2 to 4 pA in a 3 msec-on/3 msec-off duty cycle.
By presence of positive cardiac response to stimulation, we identified
the sites of cardioregulatory structures in the intermediolateral
nucleus wherein HRP was subsequently injected. Such procedures were
repeated on 3-4 points with 1 mm intervals. After 2 days' survival
animals were perfused transcardially and brains were processed histo-
chemically. 1In a representative experiment, we found 1522 HRP-labeled
cells in the supraspinal nuclei. They were distributed in the raphe
nuclei (51%), lateral tegmental field (16%), surroundings of the
ambiguus complex (13%), hypothalamic nuclei (9%) and nucleus locus
coeruleus and subcoeruleus (6%).
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107
ANALYSIS OF CODING PROCESS IN THE STRETCH REFLEX BY PROBABILITY OF SPIKE INITIATION.
HOMMA, S., NAKAJIMA, Y. AND HAYASHI, K. Dept. of Physiol., Sch. of Med., Chiba Univ.,
Chiba

Gastrocnemius and soleus muscles were stretched with a vibrator driven by triangular
pulses with rising and falling time of 4 or 8 ms. The former is steep stretches and
the latter slow stretches. Activities of alpha-motoneurons were recorded from the
central cut end of the L7 ventral root filaments and then discharges of Ia and II
afferent fibers were recorded from the distal cut end of the L7 dorsal root filaments.
Cross-—correlations between the triangular pulses and the motoneuronal spikes showed
the prominent peak corresponding with the probability density distribution of the
motoneuronal spikes. The peak appeared around 7 ms after the triangular stretches. But
by slow triangular stretches with rising and falling time of 8 ms, an additional late
peak was obtained around 12 ms after the stretches. On the other hand, cross-
correlations between onsets of the triangular pulses and the Ia and II afferent spikes
showed the similar peakes and since cross-correlations of the II afferent spikes showed
late peak of around 10 ms, the motoneuronal spikes belonging to the late peak were
probably elicited by the II spikes generated from the spindle secondary endings during
slow stretches. The II afferent fibers may be monosynaptically connected to the alpha-
motoneurons.

108

FICTIVE STEPPING EVOKED BY ELECTRICAL STIMULATION OF THE WHITE MATTER OF THE CERVICAL
CORD IN DECEREBRATE CATS.
YAMAGUCHI, T. Inst. Basic Med. Sciences, Univ. Tsukuba, Niihari-gun, Ibaraki 305

To obtain a preparation exhibiting fictive stepping, we investigated conditions
under which repetitive stimulation of C3 white matter produced rhythmic activities in
forelimb muscle nerves, corresponding to stepping, in immobilized precollicular de-
cerebrate cats with the lower thoracic cord transected. Mapping with microstimulation
disclosed two distinct effective areas for evoking stepping rhythm, one located in
the most dorsal and the other in the central part of the lateral funiculus. After
spinal hemisection, rostral and ipsilateral to stimulation, rhythmic discharges,
though rather irregular, were also evoked, suggesting that two areas contain paths
essential to generate stepping rhythm. The generation of stepping and its frequency
could be controlled by stimulus parameters, that is, amplitude, pulse duration and
frequency of repetitive shocks. The reversible cold block of the lower thoracic cord
proved that the transection at this level facilitated the generation of stepping
rhythm. The fictive stepping as described above is producible in the immobilized
state, controllable by stimuli directly applied to the spinal cord, and hence may be
useful for detailed analysis of spinal mechanisms of stepping at the neuronal level.

109
NEURAL PATHWAYS MEDIATING DISYNAPTIC INHIBITION OF DORSAL SPINOCEREBELLAR TRACT NEURONS
FROM GROUP I MUSCLE AFFERENTS IN CATS. HONCO,T., JANKOWSKA,E., OHNO,T., SASAKI,S.,
YAMASHITA,M. AND YOSHIDA,K. Dept. of Physiol., Inst. of Basic Med. Sciences, Univ. of
Tsukuba, Niihari-gun, Ibaraki

Dorsal spinocerebellar tract neurons in Clarke's column are disynaptically inhibited

by group I (GI) muscle afferents. The disynaptic IPSPs from GI fibers were preserved
after transection of the dorsal column (DC) or the lateral and the ventral funiculi (LF
and VF) at the caudal end of L,, indicating that the inhibition is mediated by inter-
neurons located caudal to CC and sending axons through LF or VF, and also by those sit-
uated at the level of CC. The former pathway was subjected to further analysis in cats
with DC transected. Neurons excited antidromically from CC and monosynaptically from GI
afferents were found in laminae V-VI at L6— , where neurons labeled with HRP retrograde-
ly from the ipsilateral CC were predominantzy found. Conditioning stimuli to skin, joint
nerves and the red nucleus facilitated the GI IPSP in CC neurons, indicating that inter-
neurons mediating the GI IPSP receive excitatory inputs from these sources. Monosynaptic
IPSPs were evoked in motoneurons by microstimulation of CC, and in CC neurons from motor
nucleus. These findings are compatible with the hypothesis that the disynaptic IPSP is
induced by the axon collaterals of interneurons mediating the autogenic inhibition to
the spinal motoneuron.
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RHYTHMIC BURST DISCHARGES IN THE SPINAL CORD., A POSSIBLE DESCENDING TRACT MEDIATING

THE EXPERIMENTALLY PRODUCED SPONTANEOUS TREMOR IN MONKEYS, OHYE.C., IMAI,S., MIYAZAKI,
M., HIRAT,T., NAGASEKI,Y., TSUKAHARA,Y., WADA,H.,KAWASHIMA,Y, Dept. of Neurosurgery,
Gunma Univ. Sch. of Med., Maebashi, Gunma.

In awake monkey with spontaneous sustained tremor induced by a mesencephalic ventro-
medial tegmental lesion, extracellular recordings were made from the spinal cord (Ci-
C2) to determine descending tract which may mediate rhythmic burst discharges from the
higher center. In the previous study, it was shown that the rhythmic discharges that
persisted after blocking neuromuscular transmission were found in the Rexed's VII
layeripsilateral to the peripheral tremor. Further systematic trackings were made in
recent two tremor monkeys. In addition to the previous findings, it was discovered
another rhythmic burst discharges that persisted after temporal immobilization by Mio-
block (pancronium bromide), in the anterior funiculus ipsilateral to the peripheral
tremor. This could be traced rostrally up to the medullary junction, always locating
in the same restricted region of the anterior funiculus. These findings suggested a
descending tract. The pathway might be the pontine reticulospinal tract and the
rhythmic burst discharges could be transmitted to the intermediate zone of Rexed's VII
layer described previousty.
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ENHANCEMENT OF LINGUAL-HYPOGLOSSAL REFLEX DISCHARGES BY REPETITIVE STIMULI OF THE
LINGUAL NERVE. M.TAKATA, Dept. of Oral-Physiology, School of Dentistry, Tokushima
Univ., Kuramoto-cho, Tokushima

The properties of lingual-hypoglossal reflex discharges were investigated in
nembutalized cats. Reflex discharges evoked in the hypoglossal nerve innervating
retractor tongue muscles (R-fibers) by lingual nerve stimulation were built up
enormously, by a factor of 4, at the stimulus-frequency of 10 and 20 Hz. However, no
enhancement was observed on reflex discharges evoked in the hypoglossal nerve innervat-
ing protruder tongue muscles (P-fibers). Administration of strychnine enhanced reflex
discharges in R-fibers enormously, with little change of reflex discharges in P-fibers.
By studying postsynaptic potentials, it is suggested that retractor motoneurons res-
ponding with an excitatory-inhibitory postsynaptic potential (EPSP-IPSP) sequence to
lingual nerve stimulation may contribute to enhancement of reflex discharges in R-
fibers after the injection of strychnine. In the present experiment stimulation of the
lingual nerve produced an EPSP-IPSP sequence in 136 out of 200 explored retractor moto-
neurons.

112

ROLES OF THE FACIAL AND AMBIGUUS MOTONEURONS FOR THE NEURAL MECHANISM OF
ULTRASONIC VOCALIZATION IN RATS.
YAJIMA,Y.,HAYASHI,Y.AND YOSHII.N.,Dept.of Physiol.,Hyogo College of Med.

Electrolytic lesions placed in the facial nucleus severely disrupted
ultrasonic vocalization in rats. No ultrasounds were detected following
more caudal lesions extending to the nucleus ambiguus. Even unilateral
transection of the cervical vagal nerve ceased the sound emission.Single
motor units recorded from some laryngeal sound muscles began to discharge
prior to the sound onset.Electrical stimulation of the cervical vagal
nerve induced antidromic field potentials in the nucleus ambiguus with
the mean peak latency of 1%0.1 ms. Seven out of 39 ambiguus motoneurons
responded orthodromically to electrical stimulation of the dorsal part
of the central gray matter, which we reported previously as a highly
sensitive structure for ultrasound emission., The average response latency
was 1.7£0.5 ms.These results suggest that impulses originating from the
dorsal central gray matter and arriving at ambiguus motoneurons are
responsible for ultrasound emission induced at least by stimulation of
the former structure.

13

ON THE TRIGEMINO-FACIAL REFLEX PATHWAY IN THE CAT BRAIN STEM. TANAKA, T., ASAHARA, T.
AND NISHIMURA, Y. Dept. of Physiol., Sch. of Med., Mie Univ., Tsu

Evoked responses in the facial nucleus (FN) of cats were recorded with micro-
electrodes extra- and intracellularly on stimulation of the trigeminal nerve branches,
spinal trigeminal nucleus (SpN), main sensory trigeminal nucleus (VS), and ventralis
posterior medialis of the thalamus (VPM). EPSPs and EPSPs with succeeding IPSPs were
elicited in FN neurons by stimulation of the ipsilateral trigeminal primary afferents.
The latencies of the EPSPs elicited by stimulation of the infraorbital nerve ranged
from 1.6 to 2.7 msec (mean 2.l msec, N=135). Stimulation of the ophthalmic and lingual
nerves also induced EPSPs with similar range of the latencies. Considering the
latencies of the EPSPs and their variation with changes in stimulus intensity, activa-
tion of FN neurons from the primary trigeminal afferents appears to be accomplished via
disynaptic pathway. Stimulation of SpN produced EPSPs with the latency range of 0.6 to
2.0 msec, average being 1.2 msec. VS stimulation also elicited EPSPs in FN neurons.
The latencies of the EPSPs ranged from 1.0 to 1.6 msec. These findings are strongly
indicative of monosynaptic input from VS as well as SpN to FN neurons. Contralateral
VPM stimulation was capable of inducing monosynaptic EPSPs ( latency range 1.0-1.6 msec,
mean 1.3 msec, N=24) in FN neurons, which suggests that the trigemino-facial pathway
might be collaterals of the trigemino-thalamic fibers.
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PERIPHERAL BRANCHINGS OF THE SPINDLE AFFERENT OF MASTICATORY MUSELES. T. MORIMOTO,
I. SAKAN, T. KATO & Y. KAWAMURA. Dept. Oral Physiol., Osaka Univ., Dent. Sch., Osaka.

Functionally isolated single fibres were prepared from the cut central ends of the
masseter nerve of the cat. Not all the stretch-sensitive units of the nerve were alpha
motor units and some were afferent units from muscle receptors. The latter well re-
sponded to the muscle stretch even under such a deep anesthetic state that masseteric
e.m.g. activities induced by jaw opening were completely disappeared. They also re-
sponded to gentle pressing of the surface of either the masseter, temporalis or ptery-
goid muscles. Based on their responses to the ramp stretch, their ability to follow
high-frequency vibration and the susceptibility to suxamethonium, the majority of them
were identified as the primary or secondary spindle afferents. Furthermore, some of
these afferents were activated by the muscle stretch even after dissection of the main
nerve trunk of the masseter nerve close to the mandibular notch. A 'centre triggered
averaging' method revealed that these units were recorded from the branch of the parent
axon to muscle spindies in the masticatory muscles. In addition, some neurons in the
trigeminal mesencephalic nucleus responded to electrical stimulation applied both to
the masseter nerve and the temporal nerve. From these results, it is concluded that
branchings of the spindle afferent of jaw-closing muscles occur outside the spindle
capsule in the cat.

115

THE EFFECT OF CENTRAL AMYGDALOID STIMULATION ON THE TRIGEMINAL MOTONEURONS.
SASAMOTO, K., MISHIMA, K. AND OHTA, M. Dept. of Physiol., Fac. Dent., Kyushu Univ.,
Fukuoka

Repetitive stimulation of the central nucleus of amygdala of rats induced rhyth-
mical jaw movement or sustained jaw opening. To investigate the underlying mecha-
nisms, the effect of amygdaloid stimulation was examined on bilateral mylohyoid and
masseteric nerves as well as their motoneurons. About 65 % of jaw opening motoneurons
received facilitatory effect from the contralateral central amygdala, on the other
hand, about 40 % of masseter ones received inhibitory effect. In addition, EPSPs and
IPSPs were recorded from some jaw opening motoneurons and masseter ones, respectively.
The induced jaw movement was explained to be due to contralaterally dominant excita-
tion of jaw opening (mylohyoid-anterior digastric) motoneurons and this facilitationm
began at 5-6 ms after amygdaloid stimulation, reached its peak in about 10 ms and
gradually reduced to disappear in 20 - 30 ms after the stimulation.

116

INPUT-OUTPUT CHARACTERISTICS AND DISTRIBUTION OF NEURONS IN THE TRIGEMINAL SENSORY
NUCLEI. SUMINO, R., HAYASHI, H*. AND SESSLE, B. J**., Sect. Physiol., Int. Stomato-
gnathic Sci., Dept. Physiol*., Sch. Dent., Tokyo Med. Dent. Univ., Bunkyo-ku, Tokyo 113
and Dept. Oral Biol., Fac. Dent., Univ. Toronto, Toronto, Canada**.

Based on anatomical! organization, the trigeminal sensory nuclei are divided into the
main sensory nucl.{Vms), subnucl. oralis(Vo), interpolaris(Vi) and caudalis(Vc) of the
spinal nucleus. Response properties of peripheral inputs and projection sites of
neurons in these nuclei were studied in chloralose-anesthetized cats. As searching
stimuli, facial skin was stimulated mechanically and electrically. Tooth pulp and the
masseter nerve were also stimulated electrically, as other noxious inputs. In order to
test for antidromic activation of projection neurons, the contralateral VPM, the ipsi-
lateral cerebellar peduncle and the C2 cord were stimulated electrically. Of mechani-
cally activated neurons in the sensory nuclei, 65-80% were low threshold mechanorecep-
tive neurons(LTM), 14-44% were wide dynamic range neurons(WDR), and 4-15% were nocicep-
tive neurons(NS). 5-44% were also activated toothpulp and/or masseter nerve stimula-
tion. Ratio of nociceptive to non-nociceptive neurons were least in Vc. 20% of neurons
in Vms projected to the thalamus. 22% and 11% of neurons in Vi projected to the cereb-
ellum and the cervical cord,respectively. Nociceptive neurons in Vi and Vc were mainly
distributed in the marginal and deeper part of the nuclei and the adjacent RF.
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NON-RECIPROCAL MONOSYNAPTIC EXCITATION OF TRIGEMINAL MOTONEURONS EVOKED BY STIMULATION
OF THE PONTINE RETICULAR FORMATION OF THE CAT. KATOH, M., ENOMOTO, S., HIRABA, K. and
NAKAMURA, Y. Sec. Physiol., Inst. Stomatognathic Sci., Tokyo Med. Dent. Univ., Tokyo

Single shocks applied to the region of the nucleus reticularis parvocellularis in
the pontine reticular formation (PRF-pc) of cats anesthetized with A~chloralose evoked
depolarizing potentials in ipsilateral jaw closer motoneurons with.a Tatency of 0.6-1.1
msec (0.88+0.13 msec, n=35) as well as in ipsilateral jaw opener (anterior digastric)
motoneurons with a latency of 0.6-1.1 msec (0.83+0.15 msec, n=6). The depolarizing
potentials were increased and decreased in amplitude in response to intracellular hyper-
polarizing and depolarizing currents, respectively. The effects of PRF-pc stimulation
were essentially the same on both sides, although the threshold of the contralateral
stimulation for evoking the depolarizing potential was usually definitely higher (0.1
msec, 170-180 pA) than that of the ipsilateral stimulation {0.1 msec, 120-130 pA) and
often no effect was observed even at the highest intensity (0.1 msec, 300 pA) used in
the present study. The depolarizing potential appeared in contralateral jaw closer and
opener motoneurons after a latency of 0.6-1.0 msec (0.84+0.13 msec, n=8) and 0.6-1.1
msec (0.88+0.14 msec, n=8), respectively. Thus, it was demonstrated that stimulation of
PRF-pc evoked monosynaptic EPSPs non-reciprocally in trigeminal motoneurons on the same
side and occasionally also in those on the contralateral side.

118 )

UNIT ACTIVITY IN MONKEY LATERAL HYPOTHALAMUS AND PREFRONTAL CORTEX DURING BAR-PRESS
FEEDING BEHAVIOR. ONO, T., NISHINO, H., SASAKI, K., FUKUDA, M., AND MURAMOTO, X-I.
Dept. of Physiol., Toyama Med. and Pharmaceu. Univ., Sugitani, Toyama 930-01.

Unit activity in the lateral hypothalamus (LHA) and the prefrontal cortex (FC) were
recorded during monkey bar-press feeding behavior which comprised three stages: i) dis-
crimination of food ii) drive to obtain food and iii) ingestion reward. Results were:
1) Oof 199 LHA neurons 23 responded only in the discrimination stage. 2) Thirty-three
responded in the reward stage. These reward responses disappeared when either an
aversive food was given, the monkey became satiated, or glucose or morphine was in-
jected. 3) Thirteen neurons responded throughout the three stages, and 8 of these
responded selectively at the sight of food but not to non-food items. 4) Of 167 FC
neurons 28 responded in the discrimination stage. The percentage of meurons which re-
sponded selectively at the sight of food was almost the same as in the LHA (50%). 5)
Twelve of the above mentioned neurons and sixteen others responded during the bar
pressing drive stage. 6) Six neurons responded in association with reward anticipation.
7) Eleven neurons responded transiently when the second shutter opened and the animal
took the food. The results suggest that the LHA is related to food discrimination, the
drive to obtain it and reward perception; the FC is related to food discrimination, the
drive to obtain it and reward anticipation.
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UNIT RESPONSES IN MONKEY CAUDATE NUCLEUS DURING BAR-PRESS FEEDING BEHAVIOR. NISHINO,
H., ONO, T., SASAKI, K., FUKUDA, M., AND MURAMOTO, K-I. Dept. of Physiol., Toyama Med.
and Pharmaceu. Univ., Sugitani, Toyama 930-01.

Unit activity in the head of the caudate nucleus of the monkey was recorded during
bar-press feeding behavior and the relations were investigated. The feeding paradigm
consisted of three stages: i) food discrimination stage after an opaque shutter was
opened; ii) bar pressing drive stage to open a second, transparent shutter; iii)
ingestion reward stage after the second shutter opened and the animal received and ate
food. Results were: 1) Of 400 neurons recorded, 106 responded in one or more stages of
the feeding task. 2) Fifty-seven neurons (37, excitation; 20, inhibition) responded in
the discrimination stage. 3) Of 45 neurons tested for both food and non-food items, 18
responded selectively at the sight of food, with different responses depending on the
kind of food. 4) Latencies of specific responses for food were 150-250 msec, and less
than 150 msec for non-specific responses. 5) Seven neurons changed firing rate during
each bar-press movement, and 27 responded throughout all bar-press stages uncorrelated
to bar press movement. 6) Sixteen neurons responded transiently when the second shutter
opened. 7) Forty neurons responded during ingestion. The results suggest that the CD
may be important in food or reward recognition and in motivation of behavior to obtain
food.
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AXONAL PROJECTION OF AND SYNAPTIC INPUTS TO EXCITATORY BURST NEURONS RELATED TO FAST
EYE MOVEMENTS. SASAKI, S. AND SHIMAZU, H. Dept. of Neurophysiol., Inst. of Brain Res.,
Sch. of Med., Univ. of Tokyo, Bunkyo-ku, Tokyo

Spike activity of excitatory burst neurons (EBNs) related to ipsiversive quick phases
of horizontal vestibular nystagmus was recorded in the dorsomedial reticular formation
immediately rostral to the abducens nucleus in encéphale isold cats under local anes-
thesia. Postspike average of ipsilateral abducens nerve discharges triggered from
spikes of single EBNs showed facilitation of motoneuronal activity with a monosynaptic
latency, indicating that EBNs make monosynaptic excitatory connection with ipsilateral
abducens motoneurons. By antidromic microstimulation in the wide area of the caudal
brain stem, it was revealed that these EBNs sent their axon collaterals ipsilaterally
to the dorsomedial reticular formation caudal to the abducens nucleus and the medial
vestibular nucleus, where inhibitory burst neurons (IBNs) and type I and I vestibular
neurons were located. Microstimulation confined to the EBN area excited IBNs and
type I neurons monosynaptically and inhibited type I neurons. EBNs were activated in
a burst fashion by stimulation of the superior colliculus and optic and vestibular
nerves. It is likely that visual and vestibular inputs converge upon EBNs and that
this convergence provides a neural basis for a common feature of both visual- and
vestibular-induced fast eye movements by operating brain stem premotor mechanisms.

121

MORPHOLOGY OF INTRASPINAL BRANCHES OF ELECTROPHYSIOLOGICALLY IDENTIFIED RUBROSPINAL
NEURONS IN THE CAT. SHINODA, Y., YOKOTA, J¥, FUTAMI, T¥. Dept. of Physiol., Tokyo
Medical and Dental Univ., Bunkyo-ku, Tokyo, Dept. of Neurophysiol., Brain Res. Inst.,
School of Med., University of Tokyo, Bunkyo-ku, Tokyo.

Rubrospinal axons (RS axons) in the lateral column of the cervical spinal cord were
penetrated and they were identified by direct responses to stimulation of the contra-
lateral red nucleus. After electrophysiological identification of RS axons, 10% HRP
in 0.05M Tris-HCL buffer (pH=8.5) with 0.2M KCL was injected iontophretically through
a recording microelectrode. Using serial sections stained with DAB method, axonal
trajectry of a single RS axon was reconstructed three-dimensionally. Axon collaterals
from a stem axon ran medioventrally and entered the gray matter. Then, they ramified
succesively and spread rostrocaudally or caudally in a delta-like fashion. This wide
rostrocaudal extension of each axon collateral (1-5mm) is one of the characteristic
features of RS branching. These branches spread in the intermediate zone of the gray
matter (laminae IV to VII of Rexed). Terminal boutons were found not only in the
lateral but also in the medial portion of the intermediate zone. TIn one case, terminal
boutons were identified in lamina IX.
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PREMOTOR NEURONS IN THE CAT MESODIENCEPHALIC JUNCTION CONTROLLING INFE-
RIOR RECTUS MOTONEURONS DURING VERTICAL EYE MOVEMENTS. §S. NAKAO AND
Y. SHIRAISHI. Dept. of Physiol., Tottori Univ. Sch. of Med., Yonago.

Extracellular spikes of single neurons, which showed a distinct direc-—
tion sensitivity related to vertical vestibular nystagmus and spontaneous
eye movements, were recorded in the medial mesodiencephalic junction of
cats anesthetized lightly with ketamine hydrochloride. These neurons
were classified into 3 main groups according to their firing patterns
during the eye movements. Spike-triggered averaging of inferior rectus
nerve potentials demonstrated that most of the neurons controlled ipsi-
lateral or bilateral inferior rectus motoneurons presumably with their
monosynaptic excitatory or inhibitory connections. Histologically, they
were mostly located in the small area ventral to the central gray and
medial to the fasciculus retroflexus. Some of the neurons were also
found within the ventralmost central gray and on the lateral border of
the fasciculus retroflexus. This area approximately corresponds to the
rostral iMLF (Blttner-Ennever, 1977) and nucleus of the prerubral field
(Graybiel, 1977).
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PROJECTIONS FROM THE VESTIBULAR NUCLEUS TO THE CAUDAL PART OF THE DORSAL NUCLEUS OF
THE RAPHE IN CATS.

KAWASAKI, T., SATO, Y., Dept. of Physiol., Fac. of Med., Toyama Medical and Pharma-
ceutical University, Sugitani, Toyama.

Horseradish peroxidase (HRP) was iontophoresed into the cerebellar flocculus in cats.
Labeled neurons were recognized in the caudal part of the dorsal nucleus of the raphe
(DNR) bilaterally. Electrical stimulation (pulse width, 0.05 msec) of the flocculus
elicited antidromic unitary responses in the caudal part of DNR of which the latency
and the threshold current was 1.1 msec and 50 uA, respectively.

HRP was injected iontophoretically into the caudal part of DNR. Labeled neurons were
located in the medial (MVN) and the superior vestibular nucleus (SVN) bilaterally.
Electrical stimulation of MVN or SVN elicited field potentials in the caudal part of
DNR bilaterally which were characterized by a negative potential occuring at a peak
latency of 1-1.5 msec. The lowest threshold current to evoke the field potentials was
50 uA. Furthermore, electrical stimulation of the contralateral MVN or SVN elicited
orthodromical unitary responses in the caudal part of DNR. These findings strongly
suggest that the vestibular nucleus may project to the caudal part of DNR. These
projections may be involoved in eye movement control.

124
PARTICIPATION OF Al NEURONS OF THE MEDULLA OBLONGATA IN GONADOTROPIN SECRETION
KABA, H., SAITO, H. and SETO, K. Dept. of Physiology, Kochi Medical School, Nankoku
AKEMA, T. and KAWAKAMI, M. Dept. of Physiology, Yokohama City University School of
Medicine, Yokohama

There is extensive evidence that noradrenaline(NA) in the medial preoptic area (MPOA)
may regulate or modulate the release of gonadotropins during the estrous cycle in
female rat. Recently Trevor et al. demonstrated that the NA innervation of the MPOA
was derived solely from the Al and A2 cell groups of the medulla oblongata. We were
therefore designed to identify electrophysiologically the neurons of Al area which
projected to the MPOA, and furthermore to record the spontaneous discharges of their
neurons for several hours under urethane anesthesia. Neurons of Al area activated
antidromically by MPOA stimulation were classified in two groups according to the
conduction velocity and the shape of their action potentials. Type I cells had faster
conduction velocities(average:1.8m/sec) and short spike durations. Type IT cells had
slow conduction velocities(average:0.39m/sec) and long spike durations similar to the
noradrenergic neurons of locus coerulei. During the proestrus the units recorded from
type IL cells were faster firing rate than during the estrus or diestrus. These
results suggest that the increased firing of type II cells at proestrus may be related
to gonadtropin secretion.

125
SUPRAOPTIC NEUROSECRETORY NEURONS: AFFERENT PATHWAYS FROM THE CAROTID SINUS NERVE, THE
AORTIC NERVE AND THE NUCLEUS TRACTUS SOLITARIUS IN THE CAT. KANNAN, H. AND KOIZUMI, K¥
(Dept. of Physiol., Univ. of Occup. Environ. Health Sch. Med., Kitakyushu, 807, *SUNY
Downstate Med. Center, Brooklyn, N.Y., U.S.A.)

The effects of electrical stimulation of the carotid sinus nerve(CSN), the aortic nerve
(AN) and the nucleus tractus solitarius(NTS) on spontaneous discharges of supraoptic
neurosecretory neurons were examined in nembutal-anesthetized cats. Stimulation of the
CSN produced excitation and inhibition of spontaneous discharge in 38 and 10 of the 78
units tested, respectively. Stimulation of the AN produced excitation in 6 and inhi-
bition in 9 of the 35 units tested. About one-third of the units tested responded to
each of CSN and AN stimulation. Stimulation of the NTS area, identified electrophysio-
logically as the site of termination of the CSN and AN, produced excitation in 45 and
inhibition in 22 of the 133 units tested. The units responded to NTS stimulation could
be divided into two groups with regard to the latency: those with a latency of 10-30
msec and those with a latency of 40-120 msec. The majority of units showed an excita-
tion after a latenmcy of 40-120 msec. These data suggest that both "fast" and "slow"
pathways between the NTS and supraoptic neurosecretory neurons exist and impulses trav-
elling through the latter pathway from the CSN or AN affect the large proportion of
supraoptic neurosecretory neurons.
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ADH NEURONES: SYNAPTIC INPUTS FOLLOWING AMYGDALA STIMULATION IN
RATS

HAMAMURA, M. AND YAGI, K. Dept. of Physiol., Jichi Med. Sch., Tochigi

Stimulation of medial nucleus area (MA) of the amygdala in urethane-anaesthetized
male rats excited 5 and inhibited discharge of 1 of the 15 phasically firing cells, Baso-
medial nucleus area (BMA) stimulation produced inhibition of discharge in 3 and no re-
sponse in the remaining cells tested. In more than a half of the 68 randomly firing neu-
rosecretory cells tested, stimulation of both amygdalar areas produced excitation or
inhibition of firing. Stimulation of supraoptic area did not evoke antidromically con-
ducted spike in the 25 units recorded in the medial amygdala. Since phasically firing
neurosecretory cells in rats have been identified as ADH-secreting neurone, the pres-
ent data clearly show that ADH-secreting neurones in the rat supraoptic nucleus re-
ceive synaptic inputs both from MA and BMA via polysynaptic pathways. The present
finding that ADH cells receive predominantly excitatory inputs from MA agrees with the
reported data on ADHrelease evoked by MA stimulation. The data obtained in randomly
firing cells suggest the possibility that oxytocin-secreting neurones also receive synap-
tic inputs from the medial parts of the amygdala.

127
SPECIFIC UNIT ACTIVITY IN THE DIAFFERENTED HIPOTHALAMIC ISLAND (PART.II)
H.SAITO, H.KABA, A.USHIKOSHI, M.FUJITA & K.SETO
Dept. of physiol., Kochi Medical School, Nankoku

Long-term recording of the single unit activity in the Basal-medial hypothalamus (BMH),
Medial preoptic area(MPO) and Supra-chiasmati uncleus(SCH) was studied in light urethan
anaesthetised rats intact female, maintained in the constsnt illumination(CI), or
previously operated for the complete or incomplete deafferentation of BMH and MPO. 1)
Pulsatile Patterns of frequency fluctuation(impulses/30 seconds) have been exhibited in
neurons of BMH, MPO and SCH under the intact or CI conditions. 2) In recording periods
over 24 hours, these pulsatile cycle lengths of unit firing fluctuation showed various
rages from 10 to 100 minutes and few activities of BMH neurons appeared being relatively
constant cycle lengths of 40 minutes. 3) Some SCH neurons behaved phasically active
firing for a brief period following the scilent phase over half an hour long without any
relationship to intermittent changes of sleep-wakefulness. 4) After complate deafferen-
tation of the BMH or MPO, most of those neural activities showed contanuously firing
patterns without fluctuation. 5) Inthe case of incomplete deafferntation, most neurons
of the BMH and MPO showed fluctuateless patterns, but small numbers of them behaved
pulsatile ones 3 months after surgery. Results suggerst that pulsatile changes of
frequency in BMH and MPO should be modified by the outside parts of BMH and MPO like the
limbic area. .

128

VAGAL AFFERENT FIBER PROJECTIONS TO THE DORSAL MOTOR NUCLEUS OF THE VAGUS NERVE.
NOSAKA, S., Dept of Physiol., Fukui Med. Sch., Fukui.

Electrophysiological studies on preganglionic neurons (PGN) in the dorsal nucleus (DN)
of the vagus nerve (VN) are subject to considerable technical limitations. Conventional
electrical stimulation of VN with cathodal square-wave pulses would activate afferent
fibers which constitute more than 80 % of VN and part of the anticipated antidromic re-
sponses (AR) of PGN would be blocked by collision with earlier arriving orthodromic re-
sponses (OR) thus evoked. Analysis of mode of projections of the vagal afferent fibers
to PGN is neither allowed with a conventional stimulation method. In the present study,
a block method using anodal triangular stimulus pulses (ATSP, Accornero at al.) was em-
ployed in combination with collision testing to effectively eliminate such difficul-
ties. 1. In chloralose-urethane anesthetized rats, unitary responses were recorded to
electrical stimulation of VN. When OR were recorded to conventional stimulation, appli-
cation of ATSP, which blocked the OR, revealed an AR. 2. Some units which produced AR
to conventional stimulation, turned to show OR to spontaneous-spike triggered stimula-
tion which blocked the AR due to collision otherwise masking the OR. Similar effects
were obtained by application of ATSP. 3. OR, i. e., vagal afferent fiber projections
were recorded in 37 % of the identified PGN, mostly due to C and only partly, A fiber
activations. All these projections were of polysynaptic nature.
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EFFECTS OF REPETITIVE STIMULI ON THE NEURONAL ACTIVITY IN THE VENTROBASAL
THALAMIC NUCLEIL.

AIKAWA, S., OHTA, K., AKITA, H., MEGURO, Y. AND KOBAYASHI, % Dept. of
Physiol. Sch. of Hygenic Sciences, Kitasato Univ., Sagamihara, Kanagawa
and Dep. of Physiol., Seishin-Igaku Inst., Itabashi-ku, Tokyo¥

Neuronal discharges in the ventrobasal thalamic nuclei of the cats were
recorded extracellulary, using single or multi-microelectrod technique.

The recordings of spontaneous neuronal discharges were done without any
exteroceptive stimulus, then repetitive electrical stimuli with various
frequency were applied on the contralateral body surface through the
bipolar electrodes thrust into the skin of the receptive fields of the
neuron recorded or other regions. |

In the experimental time course, changes of unitary firing rate and
firing pattern were observed without any stimulus. Also, changes of
latency and spike number of evoked unitary responses, waxing and waning-
like phenomenon, to each stimulus were observed by long-time repetitive
stimuli, both electric and natural.

130
FUNCTIONAL CONNECTIONS BETWEEN THE MESENCEPHALIC LOCOMOTOR REGION AND THE MIDLINE
STRUCTURES OF THE PONS WHICH CONTRIBUTE TO THE SETTING OF POSTURAL TONUS IN THE LOCO-
MOTOR PREPARATION. S. MORI, K. KAWAHARA, T. SAKAMOTO, T. TOMIYAMA* Dept. of Physiol.,
Asahikawa Med. Coll., Asahikawa; Dept. of Otolaryngol., Asahikawa Med. Coll., Asahikawa*

Stimulations delivered to the cuneiform nucleus (mesencephalic locomotor region, MLR)
elicit presumably inhibitory and facilitatory effects upon the spinal stepping genera-
tor (Mori et al.,1980). For this two possibilities may be proposed. First is that such
dual effects originate within the MLR or from the adjacent structures to it. Second is
that dual effects are relayed through the dorsal (DTF) and the ventral (VTF) structures
of the pons. These pontine structures have already been demonstrated to exert inhibitory
and facilitatory effects upon the level of postural tonus (Mori et al.,1981). To fur-
ther study these possibilities, systematic microstimulations in and around the MLR were
delivered and the locomotor effects elicited were analyzed. At P2 to P3 level, stimul-
ations to the dorsal structures of the MLR elicited controlled locomotion. Within the
period of continued MLR stimulation, however, postural tonus of the animal gradually
decreased and locomotion stopped. Electrolytic lesions of these stimulus sites partly
corresponded to the position of the nucleus locus coeruleus (LC). Since DTF stimulations
possibly activate passing fibers connecting the bilateral LC, the inhibitory MLR effect
could be considered to be relayed through the LC to the spinal cord.

131
VESTIBULO-SYMPATHETIC RESPONSE FROM CEREBELLAR EFFECT. T. ISHIKAWA, T. MIYAZAWA and
T. FUJIWARA. Dept. of Physiol., Nihon Univ. Sch. Med., Itabashi, Tokyo.

Low intensity stimulation of the vestibular and cutaneous nerves in chloralose~
urethan anesthetized succin immobilized cats was used to record the activity of the
left renal nerve. The basilar artery was tied up at the trigeminal nerve level of the
midbrain, bilateral carotid sinuses crushed, and carotid arteries clamped to produce
anemic decerebration. The results of vestibular conditioning and cutaneous testing
stimulation showed that under decerebration the recovery curve had the same form, but
the recovery time was uniformally shorter, although this returned to almost normal a
few minutes after the clamp was removed. Furthermore, when cerebellar stimulations
using two fine iron electrodes were given simultaneously to the vermis of the posterior
lobe and either the vestibular or cutaneous nerve, the longer inhibitory phase of the
renal nerve response only showed a significant change in a few cases. Although strong
cerebellar stimulation produced long inhibitory effects on the renal nerve response,
this was almost certainly due to stimulus current spread, unless weak stimulus applied
this was no longer observed after transection of the crus cerebelli. Effective cere-
bellar stimulation was consequently calculated to be accurate up to 500uA in this
experiment.
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ACTIVITY CHANGES OF SUPRAOPTIC NEURONS INDUCED BY ELECTRICAL CHEMICAL AND MECHANICAL
STIMULATION OF MUSCLE AFFERENTS. YAMASHITA, H., KANNAN, H., INENAGA, K. AND KOIZUMI, K*
(Dept. of Physiol., Univ. of Occup. Environ. Health Sch. Med., Kitakyushu, 807, *SUNY
Downstate Med. Center, Brooklyn, N.Y., U.S.A.)

Muscular exercise is known to cause an increase in the plasma ADH level. We examined
reactions of neurosecretory neurons in the supraoptic nucleus(SON) to activation of the
gastrocunemius muscle afferents by various stimuli in anesthetized, sinus-vagoaortic
nerve sectioned cats. While electrical stimulation (3 pulses at 100 Hz) of group I
fibers of the muscle nerve did not influence SON neuronal activities, activation of
group IIT and 1V fibers excited SON neurons after a latency of 80-100 msec. This excit-—
ation was followed by a long lasting inhibition. Injections of chemicals (4.5% NaCl,
7.5 mg KC1 and 1.2 pg of bradykinin in 0.3 ml Locke's solution) into the artery to the
gastrocunemius muscle excited SON neurons. The excitation disappeared after denervation
of the muscle nerves. SON neurons were also excited by muscle contraction following
electrical stimulation of the ventral lumbar roots after a latency of 80-100 msec. We
conclude that when large numbers of small afferents in muscle are activated by chemical,
mechanical and nociceptive stimuli during exercise, SON neurons are excited, leading to
an increase in ADH secretion.

133

Properties of vestibular projecting neurons in the rostral midbrain of the cat.
Eukushima,X., Ohno,M., Takahashi,K. and Kato,M. Dept. Physiol. Hokkaido Univ. Sch. Med.

Experiments were performed on cats anesthetized withOchloralose to locate neurons in
and around the interstitial nucleus of Cajal (INC) that project to the vestibular
nuclei (VN) and to study labyrinthine inputs to these neurons. Vestibular projecting
neurons were identified by weak stimuli applied in the VN and the strength of threshold
currents for antidromic activation was too weak to spread to the nearest reticular for—
mation or MLF. Lowest threshold points were within the VN when stimulating electrodes
were moved dorsoventrally. Such neurons were found in the INC and reticular formation
rostral, dorsal and caudal to the INC. Median conduction velocity of these neurons was
estimated to be around 12 - 17 m/s. 20 % of these neurons were vestibular branching
spinal projecting neurons. Stimulation of the contralateral and ipsilateral whole
vestibular nerves excited 32 and 14 % of vestibular projecting neurons. Stimulation of
contralateral individual semicircular canal nerves revealed that these neurons re—
sponded to stimulation of the vertical canals, but not the horizontal canal.
Stimulation of the ipsilateral semicircular canals did not excite any cells tested; a
few cells were inhibited by stimulation of vertical canals. Vestibular branching spinal
projecting neurons rarely received labyrinthine inputs. These results suggest that
vestibular projecting neurons may be involved in vertical vestibular reflexes.
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INHIBITORY EFFECT OF CUTANEOUS STIMULATION UPON NOCICEPTIVE REFLEX. Y. YAMAGUCHI,

W. YASUMO, A. NISHIGORI, M. KAWAMOTO and T. TSUJIMOTO*. Laboratory of Clinical Physio-
logy, College of Biomedical Technology and Psychiatric Clinic of Health Administration
Center*, Osaka University, 1-1, Machikaneyama-cho, Toyonaka, Osaka

The authors examined effects of cutaneous stimulation upon nociceptive reflexes,
such as human blink reflex (BR) induced by supraorbital nerve stimulation and rat jaw
opening reflex (JOR) evoked by tooth pulp stimulation. The reflex EMG's were recorded
from the orbicularis oculi and digastric muscles, respectively. Cutaneous stimulation
(CS) was single pulse electrical one and was given through needles inserted into the
skin. 1) Late components of BR (latency at 20 - 40 msec) were inhibited by the pre-
ceding CS. The inhibition showed maximal effects at 80 - 150 msec after the CS and
lasting for up to 1-2 sec. 2) JOR was suppressed completely at 50 - 100 msec after
the CS and recovered in about 200 msec. 3) The inhibition was evoked from everywhere
of the body surface, but the effects were more remarkable in fore- or hind-paw than
belly or back stimulation.

It was suggested that the cutaneous inhibition of nociceptive reflexes played a
role in so called acupuncture analgesia.
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The afferent pathway of acupuncture analgesia(AA) was explored by 1) lesions of
supposed acupuncture afferent’pathways abolished AA, 2) stimulation of such pathways
caused long lasting naloxone reversible analgesia exceed stimulation period and 3)
evoked potentials were recorded from such pathways by acupuncture stimulation. As a
result, A) the dorsal periaqueductal central gray(PAG), the anterior, posterior and
lateral hypothalamus, the lateral septum, the cingulate bundle, the dorsal hippocampus,
the habenulo-peduncular tract and the medial centromedian nucleus of thalamus were
found as acupuncture afferent pathways. 0.5 mg/kg morphine analgesia was also abolished
by lesion of these regions. Hypophysectomy abolished AA and 0.5 mg/kg morphine anal-
gesia(MA) and stimulation-produced analgesia(SPA) of these regions. Lesion of the
lateral centromedian nucleus of thalamus(1-CM) augemented AA, MA and dorsal PAG-SPA,
and not augemented SPA caused by stimulation of other regions. Abolished AA and MA by
lesions of above stated regions except anterior hypothalamus reappeared after lesion
of 1-CM, however those by lesion of the anterior hypothalamus did not appear.
Stimulation of 1-CM completely abolished AA, MA and dorsal PAG-SPA during stimulation
in lesioned animals of these regions except anterior hypothalamus and partially
abolished these analgesia in non-lesioned animals. These data indicate that there
exist two kinds of acupuncture afferent pathways. One is inhibited, the other is not
inhibited by analgesia inhibitory system. Endogenous analgesic peptides might be
liberated from hypophysis.
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Both acupuncture analgesia(AA) and dorsal periaqueductal central gray stimulation-
produced analgesia(dorsal PAG-SPA) were completely blocked by naloxone, tetrabenazine
or by lesions of both raphe magnus and reticular gigantocellular nucleus(NRGC) and
were partially antagonized by methysergide or by lesion of raphe dorsalis, raphe magnus
or NRGC. Ventral PAG-SPA and raphe magnus SPA were completely antagonized by methyser-
gide. NRGC-SPA was completely abolished by intrathecally applied phentolamine. AA and
0.5 mg/kg intraperitoneally applied morphine analgesia were completely abolished by
lesion of bilateral anterolateral tract(ALT) and by unilateral lesion of ALT when
acupuncture stimulation was applied to the contralateral site. Analgesia caused by
intrathecally applied 0.05 ug morphine was equal to that caused by 0.5 mg/kg intra-
peritoneally applied morphine in effective animals which were classified by a signifi-
cant increase(P=<0.05) of tail-flick latency. Intraperitoneally applied morphine(0.5
mg/kg) analgesia was completely antagonized by intrathecally applied 0.2 u g naloxone.
Analgesia caused by large amount of morphine(0.2u g intrathecal application) was not
abolished by lesion of ALT completely. These data indicate that the ALT and the dorsal
PAG are the afferent pathways and serotonergic and noradrenergic pathways originated
from raphe magnus and NRGC respectively are the efferent pathways as descending pain
inhibitory system. It was suggested that morphine analgesia of small dose was caused by
activation of acupuncture afferent pathway originated in the spinal cord.
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EVOKED POTENTIALS AND EXTRACELLULAR POTASSIUM ION ACTIVITY OF THE
TRIGEMINAL NUCLEI FOLLOWING TOOTH PULP STIMULATION

SAKAGUCCI, M. AND SATOH, T. Dept. of Physiology, Sch. of Dentistry,
Aichi-Gakuin Univ.

Electrical stimulation of the tooth pulp of the cat evokes a negative
siow potential in the trigeminal sensory nuclei, and at the same time

a positive slow potential in the trigeminal motor nucleus. Potassium
ion-sensitive microelectrode was inserted into these nuclei under pento-
barbital anesthesia. There was no obvious change in K ion activity dur-
ing the occurrence of negative or positive evoked potentials. Only in
rare occasions, however, a slight increase in K ion activity was
observed during positive evoked potentials. The paucity of change in
extracellular K ion level during evoked potentials would indicate

(1) that the sensory neurons responding to tooth pulp stimulation are
not compactly assembled together to allow extracellular accumulation of
K ions which is detectable by the probe used, and also (2) that the
IPSPs evoked in the jaw-closer motoneurons may not be caused by the per-
meability change for K ions.
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RESPONSES OF TRIGEMINAL NEURONS WITHIN SUBNUCLEUS RETICULARIS VENTRALIS
MEDULLAE OBLONGATAE TO PERIPHERAL STIMULI. YOKOTA, T. AND KOYAMA, N.
Dept. of Physiol., Shiga

Trigeminal nociceptive neurons were found within subnucleus reticular-
is medullae oblongatae which is deep to subnuclei caudalis and reticul-
aris dorsalis medullae oblongatae. These neurons were regularly excited
by strong mechanical stimulation of the ipsi~ or bilateral cornea. Many
of them were also activated by noxious mechanical stimulation of the
ipsi- or bilateral pinna, by tapping the ipsilateral nose and/or
electrical stimulation of bilateral tooth pulp afferents. Some of them
responded with spike discharges to firm pressure applied to the ipsi-
or bilateral face. Antidromic stimulation of the contralateral posterior
thalamus excited some neurons of this category. Neurons with similar
receptive field characteristics were also found within lamina 7 of the
first cervical segment of the spinal cord.

In conclusion, there are trigeminal nociceptive neurons within sub-
nucleus reticularis ventralis medullae oblongatae. The present data
suggest that medullary lamina 7 is located within this subnucleus.
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REFLEX PATTERN OF THE SALIVATORY NEURONS BY THE STIMULATION OF THREE TRIGEMINAL NERVE
BRANCHES IN THE CAT. MURAKAMI, T., YOSHTHARA, M., ISHIZUKA, K. AND UCHIYAMA, M. Dept. of
Oral Physiol., Nippon bental Univ., Niigata, Niigata

This study was undertaken to define reflex pattern of the salivatory neurons by the
stimulation of three trigeminal nerve branches in urethan-chloralose anesthetized cat.
A total of 71 salivatory neurons were identified by the antidromic stimulation of chor-
da tympani. The latency of these antidromic responses distributed from 4.2 msec to 15.6
mesc. These salivatory neurons were roughly classified into four types according to the
responsiveness by electrical stimulation of the ipsilateral each three trigeminal nerve
branches ( the lingual, infraorbital and inferior alveolar nerve ), which were non resp-
onse type (28%), single projected type (8%), double projected type (17%) and triple pr-
ojected type (46%). These antidromic response could not classified as regards its late-
ncy on the non response and each projected units. This result may be showen that these
types were not due to the size of cell soma. These projected type neurons recieved the
input from AP fibers ( about 50% ) and A§ fibers ( about 50% ). We could not record
from C fibers. Moreover, the triple projected neurons were tend to recieve similar kind
of trigeminal sensory input.
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THE ROLE OF THE INFERIQR OLIVE IN THE GENESIS OF CEREBELLAR "GROUPED POSITIVE WAVES"
SHIMONO, T., HATADA, K . AND OZAKI, A. Dept. of Physiol. and Dept. of Psychiatry*,
Fac. of Med., Kyoto Univ., Kyoto

In lightly nembutalized cats, the grouped positive waves recorded mainly in the inter-
mediate part of the cerebellum are induced due to the spindles of the motor cortex.
The neuronal pathway responsible for the waves was studied as follows. 1. The waves
disappeared after ablation of the contralateral inferior olive or the ipsilateral infe-
rior cerebellar peduncle to the recording side of the cerebellum. 2. Grouped unit dis-
charges of the medullary pyramidal tract fibers were recorded in synchronization with
the waves of the contralateral cerebellum and the spindles of the motor cortex. 3. In-
ferior olivary neurons projecting to the intermediate part of the cerebellum fired in a
cluster to be coincident with the waves and the spindles. 4. Complex spikes (climbing
fiber responses) of Purkinje cells increased their frequency during the waves, while
simple spikes (mossy fiber responses) of them showed a tendency to be suppressed during
the waves. Discharge patterns of other neuronal elements in the cerebellar cortex
underwent little changes during the waves. These facts in addition to the depth anal-
ysis of the waves reported previously indicate that the grouped positive waves might be
due to the synchronized climbing fiber excitation of Purkinje cells mediated by the py-
ramidal tract-inferior olive-cerebellar pathway from the motor cortex.
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PLURAL FACTORS CONTROLLING BRAIN CIRCULATION MEDIATED BY CEREBELLAR FASTIGIAL NUCLEUS.
NAKAI, M. AND REIS, D.J.* Dept. of Cardiovasc. Dynamics, Natl. Cardiovasc. Ctr. Res.
Inst., *Neurol. Cornell Univ. Med. College.

Activation of the fastigial nucleus (FN) produces a pressor response with active
brain vasodilatation. The regionally different brain vascular responsivity and its
responsible mechanisms are yet to be determined. A total of 59 anesthetized and ven-
tilated rats were investigated for regional cerebral blood flow (rCBF) and glucose me-
tabolic rate (rGMR) by uses of Kety's and Sokoloff's principles, respectively. Elec-
trical stimulation of the FN caused a widespread but regionally uneven increase in
rCBF. The response was not significantly affected by acute cervical sympathectomy and
cordotomy at C7 level. Disproportional and proportional increases in rCBF to increases
in corresponding rGMR resulted under FN stimulation. The cerebral cortices showed an
increase in rCBF with a negligible change in rGMR. In contrast the CBF responsivity of
the thalamic nuclei was perfectly accounted for by an increase in rGMR.  We conclude:
(a) the sympathetic nerve and peripheral systems play a minor role in the brain circu-
lation under FN stimulation; (b) the metabolic mechanism activated by stimulation
predominantly drives the vessels in regions innervated by the monosynaptic projections
from the FN; and (c) 4n the cortices the evoked vasodilatation is almost totally
mediated possibly by the neurogenic control.
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TAURINE : TRANSMITTER OR MODULATOR IN THE CEREBELLUM? SAKAI, Y. AND OKAMOTO, K.
Dept. of Pharmacology, National Defense Medical College, Tokorozawa, Saitama, 359.

The inhibitory action of taurine on spike discharges of Purkinje cells in guinea-pig
cerebellar slices was studied in comparison with GABA, B-alanine and glycine. The pos-
sibility of taurine as a transmitter in stellate interneurons is discussed. 1) The fre-
quency of spontaneous spikes(extracellularly recorded) of Purkinje cells was dose-de-
pendently suppressed by taurine(ED50=1mM). Taurocyamine was about 6 times stronger than
taurine(ED50=0.16mM) and hypotaurine was a half as potent as taurine(ED50=2.2mM) in in-
hibiting spikes, while L-cysteine sulfinic acid was excitatory. 2) The results obtained
under modified ionic conditions suggested that taurine may change membrane permeabili-
ties to C13 k* and probably to Nat 3) The inhibitory action of taurine was antagonized
by not only strychnine but also picrotoxin and bicuculline. 4) Iontophoresis of taurine
onto cerebellar molecular layer showed most sensitive sites to taurine were situated at
60-80um and 220-240um and those to GABA were at Oum and 160-180um apart from the Pur-
kinje cell body. 5) High external Ca**potentiated the inhibitorg actions of both tau-
rine and GABA in apparently similar manners. 6) The uptake of 45Catt by cerebellar P
fraction was suppressed markedly by taurine and weakly by GABA and L-glutamate. 7} The
Jevel of cyclic AMP in cerebellar slices was little affected by taurine.
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THE ROLE OF THE CLIMBING FIBER INPUT IN CEREBELLAR DEPRESSANT ACTION ON RENAL SYMPATHE-

TIC NERVE ACTIVITY IN RABBITS.

NISIMARU, N., NAGAO, S¥ AND KAWAGUCHI, Y* Dept. of Physiol., Miyazaki Med. Coll., Miya-
zaki and *Dept. of Physiol. Fac. of Med., Univ. of Tokyo, Bunkyo-ku, Tokyo

Stimulation of the medial zone of cerebellar anterior and posterior lobules (II, III,,
IIIg, VIIa and VIII) produces a marked depression of sympathetic nerve activity to the
ipsilateral kidney (Nisimaru, N. and Yamamoto, M.,1977; Nisimaru, N. and Shimoyama, I.,
1979). In the present study, the effect of the climbing fiber input to this depressant
action of cerebellar posterior lobules was studied by electrically stimulating the in-
ferior olive nucleus in o-chlorarose-urethane anesthetized rabbits. The stimulation of
the caudal part in the medial accessory olive elicited the climbing fiber responses on
the A zone of contralateral cerebellar posterior lobules VIIz and VIII; as well as pro-
ducing the depression of sympathetic nerve activity to the contralateral kidney. After
ablation of cerebellar posterior lobules VII and VIII, the depression of sympathetic
nerve activity to the kidney caused by the stimulation of the caudal part of medial
accessory olive disappeared. These results indicate that the sympathetic renal nerve
activity is inhibited by the Purkinje cells in the A zone of cerebellar posterior lob-
ules VII and VIII, and at least a part of the input information to these Purkinje cells
is mediated through the climbing fiber from the caudal part of medial accessory olive.
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AXONAL REGENERATION OF AXOTOMIZED CEREBELLOTHALAMIC PROJECTION NEURONS IN KITTENS.
KAWAGUCHI, S., MIYATA, H., KANAMURA, M. AND HARADA, Y. Dept. of Physiol., Inst. for
Brain Res., Fac. of Med., Kyoto Univ., Kyoto

Regenerative capacity of axotomized cerebellothalamic projection neurons was examined
morphologically and electrophysiologically in 24 kittens ranging in age from 3 to 66-
day-old. In these animals, the decussation of the superior cerebellar peduncle was
transected sagittally at the midline by a trilateral tungsten wire bearing an edged
bottom and two parallel lateral sides. The tungsten wire was left in the brain, as it
was, until histological examination. In each anaimal, after 10 to 125 postoperative
days, HRP was injected into the lateral and interpositus nuclei of the cerebellum for
anterograde labeling of cerebellothalamic projection fibers and terminals; and respon-
siveness of the cerebral cortex to stimulation of the cerebellar nucleus was examined
20-30 hours after the HRP injection. Fibers labeled with HRP were seen, in some cases,
to cross over the midline area enclosed with the trilateral tungsten wire and to ascend
the brain stem to terminate in the red nucleus and the thalamus. Marked cerebello-cer-
ebral responses were evoked in these animals. The results proved that axonal regenera-
tion with functioning synapses on the thalamocortical projection neurons can occur in
the axotomized cerebellothalamic neurons.
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LOCALIZATION OF CEREBELLAR PURKINJE CELLS RELATED TO WRIST TRACKING MOVEMENT IN RHESUS
MONKEY. MANO, N. and I.KANAZAWA* Dept of Neurophysiol., Tokyo Metropolitan Inst. For
Neurosci. * Dept. of Neurosurg., Med. Sch., Tokyo Univ. , Tokyo

Discharges of about two hundred Purkinje cells (P-cells) were recorded from one
cerebellar hemisphere, during the performance of visually guided wrist tracking movement.
Of these cells, sixty P-cells were selected as response-locked cells by timing analysis
of their simple spike frequency modulation in relation to the wrist flexion or extension.
The locations of recorded P-cells were estimated by reference lesions made during the
experiment. Almost all the response~locked P-cells were located in lobule V. P-cells
recorded in lobule IV and VI did not change their spike frequencies in temporal coupling
to wrist movement. The response-locked P-cells in lateral hemisphere changed their
spike activity 40 to 50 msec. earlier than the P-cells in intermediate zone and the EMG
activity change of wrist flexors or extensors. All P-cells in lateral hemisphere and
about 90% of P-cells in intermediate zone changed their simple spike frequency in
non-reciprocal fassion in association with opposite direction of wrist movement;
flexion and extension from a neutral position. All four P-cells, which changed their
simple spike frequency in reciprocal fashion with wrist flexion and extension, were
located in intermediate zone. Based on these results, we discussed the functional
difference between lateral and intermediate parts of cerebellar hemisphere.
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FUNCTIONAL ROLE OF EXTRAOCULAR MUSCLE AFFERENTS IN THE CONTROL OF EYE MOVEMENTS IN
RABBITS. Kimura, M., Takeda, T. and Maekawa, K, Dept, Physiol., Jichi Med, Sch.,
Minamikawachi-machi, Tochigi, 329-04

Purkinje cells in the cerebellar flocculus have been demonstrated to receive mossy
fiber activation from extraocular muscle afferents and to transfer velocity, direction
and position signals of eye movements. To study their functional role in the control
of eye movements, the afferent nerve (trigeminal nerve) activity was either temporarily
blocked using a cooling device in encéphale isolé rabbits or surgically transected in
chronic rabbits and changes of eye movements induced by the nerve block were analysed.
Horizontal eye movements were elicited either vestibularly by sinusoidal head rotation
(0.01-0,5Hz, p-p 60°) and caloric irrigation or optically by striped drum rotation
(0.5-40°/sec)., 1) The gain of the vestibulo-ocular reflex and the eye velocity in both
slow and quick phase of the vestibular nystagmus were significantly reduced by 20-40%
of the control value, particularly in the ipsilateral eye and at a rotation of high
frequency (0,5Hz). 2) These effects were eliminated after the ipsilateral flocculecto-
my. 3) Eye velocity in slow phase of the optokinetic nystagmus was reduced at a drum
rotation of high speed (more than 10°/sec). These findings strongly suggested that
extraocular muscle afferent activity may serve through the flocculus to improve the
temporal characteristics of eye movements in high speed range,

147 .

RESPONSE CHARACTERISTICS OF FLOCCULUS PURKINJE CELLS TO VESTIBULAR MOSSY
FIBER INPUTS IN RABBITS, AND THEIR MODIFICATION BY CONJUNCTIVE CLIMBING
FIBER STIMULATION. ITO, M., SAKURAI, M. AND TONGROACH, P. Dept. of Phys-
iol., Fac. of Med., Univ. Tokyo, Bunkyo-ku, Tokyo 113

Spikes were recorded extracellularly with microelectrodes from Purkinje
cells of the flocculus in decerebrate rabbits. Repetitive stimulation of
a vestibular nerve at 20/sec for 2.5 sec evoked either a facilitation or
a depression in discharge of simple spikes, at about equal rates. Appli-
cation of sinusoidally frequency modulated pulse trains (frequency, 0.1
Hz; mean rate, 20/sec, amplitude, + 12/sec) to a vestibular nerve modu-
lated simple spike discharge sinusoidally either in-phase or out-phase
with the stimulus waves, corresponding to the facilitation or depression
by constant rate pulse stimulation. Conjunctive stimulation of a vestibu-
lar nerve, either ipsi- or contra-lateral to the flocculus under observa-
tion, at 20/sec and the contralateral inferior olive at 4/sec, for 25
sec, caused a drastic reduction, or even conversion to a depression, of
a facilitation evoked from the vestibular nerve involved in the conjunc-
tive stimulation. This effect diminished in about ten minutes after a
conjunctive stimulation.
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INTERLIMB COORDINATION IN CAT LOCOMOTION INVESTIGATED WITH PERTURBATION: A STUDY ON
LIMB MOVEMENTS AND CORRELATES IN DEITERS' NEURONES.. MATSUKAWA, K., MINODA, K. AND
UDO, M. Dept. of Biophys. Enginr., Faculty of Enginr. Sci., Osaka Univ.

During locomotion of decerebrate and awake walking cats, perturbation (mechanical tap)
was dpplied to the paw dorsum of the left forelimb (LF). When the tap (strength, 50-
550gr-wt) was applied during LF stance phase, the duration of the ongoing LF stance
phase was shortened by 10%; in the right forelimb (RF), the duration of the concomitant
swing phase was shortened by 32%. Cinematographic analysis showed that the shortening
of RF swing phase was related mainly to acceleration of extension movement in the late
swing phase. An electromyographic (EMG) analysis revealed that, by this tap, EMG acti-
vity in RF extensor started well before onset of the elbow extension movement to place
down the 1imb; without the tap, the extensor activity started after omset of the exten—
sion. Closely related to changes in phase durations of each forelimb, the period of
bisupport where both forelimbs were in stance, was always retained. Deiters' neurones
on the right side projecting their axons to the ipsilateral cervical, but not down to
the lumbosacral, spinal cord (C-Deiters' neurones), identified antidromically, showed
a marked enhancement of impulse discharges by the tap with the shortest latency of 25
ms. This enhancement of C-Deiters' neuronal activity in the RF swing phase manifested
a close time relation to, and may contribute to, the earlier onset of RF extensor acti-
vity which plays an important role in maintaining bisupport phase after perturbation.
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VISUAL SIGNALS TO FLOCCULAR PURKINJE CELLS DURING PURSUIT EYE MOVEMENT IN VISUAL
ENVIRONMENT. WARABI, T. AND NODA, H. Dept. Neurosurgery and Neurology, Hokkaido Univ.
Sch. Med., Sapporo and Brain Research Inst, Univ. Calf. Los Angeles, USA.

Anatomical data indicate that the flocculus is closely related to eye movement
systems. The purpose of this experiment was to examine the activity of floccular
Purkinji cells (P-cell) associated with pursuit eye movement (PEM) in visual environ-—
ment. When the monkey fixate or pursuit a target, multi-spots background (BG) was
stational or was moved horizontally. During these performances simple spike activity
of floccular P-cell was analized. Two different visual signals related central and
peripheral retinal image motion were recognized. The facilitatory signals due to
central retinal image motion was converged by the suppressive signals of peripheral
retinal image motion. When PEM was performed on the BG, P—cells activities were
facilitated to one direction of eye movement, and their modulations were distinguished
into two types (phasic type and tonic type). They responded vigorusly to the
direction changes of eye movement. The visual signal of peripheral retinal image
motion was implied as a feedback signal of eye movement during PEM in visual
environment. (Supported by NIH EY-01051)
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SIGNAL CONTENT OF PURKINJE CELL RESPONSES IN RABBIT'S CEREBELLAR
FLOCCULUS TO OPTOKINETIC STIMULI.

MIYASHITA, Y. and NAGAO, S, Dept, of Physiology, Fac. of Medicine, Univ
of Tokyo, Tokyo, Japan.

The cerebellar flocculus in rabbits may use feedforward visual signals
and/or feedback eye velocity signals to improve dynamic characteristics
of optokinetic eye movement responses (OKR). Relative contributions of
these inputs were examined by recording from flocculus Purkinje cells
(FL P-cells) related to horizontal eye movements, Elimination of visual
mossy fiber afferents by chronic, unilateral destruction of nucleus
reticularis tegmenti pontis reduced the OKR gain in the contralateral
eye to one-third of the control (tested with sinusoidal light slit move-
ment at O.1Hz by 2.5 peak-to-peak). Concomitantly, the amplitude of
simple spike modulation in FL P-cells was reduced to less than one-third
of control values, Bilateral lesions of the rostral half of the medial
vestibular nucleus reduced the OKR gain to less than one-third of the
control, but did not_affect simple spike modulation in FL P-cells signi-
ficantly. These results suggest that feedforward visual signals play a
major role in floccular contributions to optokinetic eye movements,
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THE LONG-LASTING INHIBITION RECORDED FROM THE LATERAL NUCLEUS OF THE AMYGDALA USING
BRAIN SLICE TECHNIQUE
TAKAGI. M. AND YAMAMOTO. C. Dept. of Physiol., Faculty of Medicine, Kanazawa Univ.,
Kanazawa. ’

Potentials evoked by stimulation of either stria terminalis or the lateral nucleus

of the amygdala(LN) were recorded in vitro from thin amygdaloid sectionms. When two
shocks were applied at short intervals, the second response was suppressed. The
suppression lasted for about 1 sec in the potential recorded from the LN, whereas it
lasted only for 0.l sec in the pre-striatal area. The inhibitory postsynaptic poten-
tials lasting for 0.3-1 sec were observed in the LN with intracellular recording.
Glutamate-induced firing of the neurons in the LN stopped for 0.3-1 sec after stimula-
tion. This long-lasting inhibition was blocked by bicuculline. Therefore, this
inhibition was thought to be mediated by gamma-aminobutyric acid.
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INHIBITORY INTERNEURONS IN THE PIRIFORM CORTEX OF THE RABBIT. SATOU,
M?, MORI, K., TAZAWA, Y. and TAKAGI, S.F. Dept. Physiol., Fac. of Med.,
Gunma Univ. Maebashi, *Zoological Inst., Fac. Sci., Tokyo Univ., Tokyo.

In principal neurons in the rabbit's piriform cortex (PC) two types
of inhibitory postsynaptic potentials (IPSPs) are evoked by volleys
from the four different structures in the basal forebrain (olfactory
bulb (OB), lateral olfactory tract (LOT), anterior commissure (AC) and
deep-lying structures of the PC (DPC)). They are the fast and the
slow IPSPs, the former lasting for shorter duration than the latter.
Since the fast IPSPs start after relatively long latencies (5.5 + 1.3
msec (OB), 5.1 + 0.7 msec (LOT), 5.1 * 1.8 msec (DPC), 5.8 + 1.5 msec
(AC)), and since spatial facilitation occurs among the fast IPSPs
evoked through the four different pathways, existence of an inhibitory
interneuron and convergency of the excitatory synaptic inputs from the
four different pathways onto this inhibitory interneurons is suggested.
Search for the presumed inhibitory interneurons revealed that they
are located in the layer III of the PC, mostly in its deeper part.

From these results neuronal circuits responsible for the fast
postsynaptic inhibition in the PC are proposed.
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RESPONSE PROPERTIES OF CORTICAL TASTE NEURONS RELATING THE CORTICAL MECHANISMS OF TASTE
PERCEPTION. YAMAMOTO, T., ¥YUYAMA, N. AND KAWAMURA, Y. Dept. of Oral Physiol., Osaka
Univ. Sch. Dent., Osaka, ¥Dept. of Oral Physiol., Kanagawa Dental College, Yokosuka

A total of 111 cortical neurons responding to the 4 basic taste solutions (1M sucrose,
0.1M NaCl, 0.03M HC1 and 0.01M quinine-HC1) and 8 other taste solutions were isolated
between 0.25 and 1.27 mm deep to the cortical surface in Wistar rats. The mean rate of
spontaneous discharges of total units was around 2.5 imp./sec and the mean response
rate to the 4 basic taste solutions ranged from 3.3 to 6.4 imp./sec. About 90% of
these neurons responded to only 1 or 2 of the 4 basic tastes.

A spatio-temporal pattern of neuronal activity has been proposed as a cortical
quality coding mechanism, which involves both the differences in response magnitude
across neurons and the spatial localization of these neurons in the cortical gustatory
area. Correlation coefficients between the responses to a pair of taste stimuli based
on the spatio-temporal patterning satisfactorily explained behavioral results obtained
by experiments involving a conditioned taste aversion technique.
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THE SYNAPTIC ORGANIZATION OF THE ANTERIOR OLFACTORY NUCLEUS IN THE RABBIT
TAZAWA, Y., MORI, K. AND TAKAGI, S. F. Dept. of Physiol., Sch. of Med., Gunma Univ.

The anterior olfactory nucleus (AON) receives an afferent projection from the
olfactory bulb and projects to ipsilateral- and contralateral-olfactory bulb and
several olfactory cortices. In order to study the synaptic organization of the AON,
we have recorded extracellular field potentials and intracellular synaptic potentials
from the AON following stimulation of the lateral olfactory tract (LOT), the ipsi-
lateral olfactory bulb (IOB) and the anterior commissure (AC) in the urethane
anesthetized rabbit. The LOT stimulation elicited an EPSP which was followed by
two types of inhibitory potentials. The first type of the inhibitory potential was
relatively brief (about 60 msec) and accompanied with an increase in the Cl— con-
ductance (fast IPSP). In about 60% AON neurons, this fast IPSP was followed by a
hyperpolarizing potential with a large amplitude and a very long duration (several
hundred msec). The OB stimulation sometimes elicited an antidromic spike super-
imposed on the same sequence of the synaptic potentials (EPSP-fast IPSP-slow IPSP).
These synaptic potentials were quite similar to those reported in the piriform
cortex neurons.
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PROJECTING PATTERN OF THE ORAL TACTILE SENSE AND ITS INDIVIDUAL VARIATIONS IN THE CAT'S
FIRST SOMATOSENSORY CORTEX. K. TAIRA, N. MATSUMOTO, T. SATO AND T.A. SUZUKLI. Dept. of
Oral Physiol., Sch. of Dent., Iwate Med. Univ., Morioka, Iwate.

As reported previously, tactile sensation of the oral structures projected bilaterally
on the anterior coronal gyrus as an inverted image of the mouth, i.e., this projection
area was distinguished functionally into two parts of the caudal side (contralateral)
and rostral one (ipsilateral) by a mid-line (X) and also divided into the medial side
(mandibular) and the lateral one (maxillary) with an approximate parallel line (Y) to
the coronal sulcus. In the present paper, the intersecting angle (Y) between the
coronal sulcus and line X and the cross angle (0) between the line X and the line Y
were measured as an index of the projecting distortion. Distance (Z) was also measured
from the intersecting point of the line X and the coronal sulcus to the cross point of
the extended cruciate sulcus and the coronal one, as an index of the positional
deviation of the oral projection area. These mean values in 10 adult cats were as
follows: ¥ = 99 +24.6°; © = 105 +18.6°; Z = 3.4 +1.4 mm, thus the individual difference
was not insignificant. The oral projection area was also studied cytoarchitectonically
in S5 cats, after iontophoretical injection of fast green FCF at the recording sites.

It was confirmed that the ipsilateral projection area was found in the area 3b.

156
FUNCTIONAL COLUMNS OF NEURONS IN THE FIRST SOMATOSENSORY CORTEX (SI)
STUDIED IN CONSCIOUS MONKEYS.
IWAMURA, Y., TANAKA, M., HIKOSAKA, O. AND SAKAMOTO, M. Dept. of Physiol.
Toho Univ. Sch. of Med., Omori, Otaku, Tokyo.

The receptive field properties of neurons in the crown of the postcen-
tral gyrus representing hand and fingers were studied. These properties
were compared among neurons recorded along each of 22 nearly vertically
oriented penetrations. 1In the majority of these penetrations, neurons of
various submodality types such as skin, nail, deep, joint manipulation
etc were found one after another along the same electrode track. Some-
times neurons without receptive fields, but activated only during monkey'
s active tactile performance were mixed. We found that each of these
neurons was specified to a particular aspect of hand and finger movements
- In some dominantly skin tracks the majority of neurons responded to
the moving stimulus and had the directional selectivity. These observa-
tions suggest that the columns of neurons in this region of SI are organ-
ized functionally to detect particular stimulus features or to signal
certain aspects of palpatory behaviors.
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EFFECT OF OPTOKINETIC STIMULATION ON NEURONS IN THE POSTERIOR PARIETAL ASSOCIATION
CORTEX OF THE MONKEY

KAWANO, K. and SASAKI, M. Dept. of Neurophysiol., Inst. of Brain Res., Sch. of Med.,
Univ. of Tokyo, Bunkyo-ku, Tokyo

Single neuron studies were made in the posterior parietal association cortex (area 7a
or PG) of the behaving monkeys. A vertically striped cylinder, which enclosed the
animal, was illuminated from inside and rotated sinusoidally or at constant velocity
for optokinetic stimulation. A class of neurons, which did not respond to smooth pur-
suit eye movement in the dark but responded to optokinetic stimulation, was found and
named optokinetic neurons. During optokinetic stimulation, their activities were in-
creased or decreased, depending on the direction of stimulus motion, not only when
optokinetic nystagmus was elicited but also when optokinetic nystagmus was suppressed
by fixating a visual target. Their response to optokinetic stimulation in the pre-
ferred direction was increased when the stimulus velocity was faster (up to 90 deg/sec).
Their increased activities during optokinetic nystagmus returned to the control level
when the light was put off to induce optokinetic after-nystagmus. The firing rate was
not modulated by vestibular stimulation in complete darkness. The results indicate
that optokinetic neurons did not receive vestibular input and that their response to
optokinetic stimulation was not mediated by the vestibular nuclei.

158

PYRAMIDAL TRACT NEURONS IN THE PRECENTRAL AND SUPPLEMENTARY MOTOR CORTEX NEURONS:
RESPONSES TO MULTIMQPAL SENSORY SIGNALS.
TANJI, J. and KURATA, K. Dept. of Physiol. Hokkaido Univ. Sch. Med., Sapporo, 060

Three monkeys were trained to perform quick wrist extension and flexion in response
to presentation of visual, auditory or somatosensory signals. Recordings were made
transdurally from forelimb areas of the precentral motor cortex (MC) and
supplementary motor cortex (SMA) of each animal, using a large diameter recording
chamber attached to the skull. Magnitudes of movement-related activity of fast
PTINs were much larger than those of slow PTNs in MC, regardless of modality of
sensory signals (the differences were statistically significant). No significant
difference was found in response latencies of fast and slow PINs. Response
magnitudes of PTNs in SMA were smaller than those of PTNs in MC.
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CORTICAL CELL ACTIVITY DURING TYPE ITI EEG SPINDLES
EZURE, K. AND OSHIMA, T. Dept. Neurobiol., Tokyo Metropolitan Inst. for Neurosci.,
2-6 Musashidai, Fuchu-city, Tokyo 183

In the precruciate cortex of unanaesthetized encépale isolé cats, intracellular
potentials were recorded from neurones of all the cortical laminae when Type II
spindle bursts, composed of surface negative and deep positive waves, occurred
spontaneously. The polarity of these bursts reversed its sign at depths around 0.2 mm
below the cortical surface, indicating superficial current-sink and deep source. The
intracellular potentials of most non-PT cells showed depolarizing waves closely in
phase with surface negative bursts. These cells were distributed in all of the
cortical laminae. Slow and fast PT cells also showed depolarization in phase with the
surface negative spindles. These depolarizing potentials were compared with those
observed during the surface positive-negative spindles known as Type I which were
assumed to be initiated by the excitatory input to deep layer cells. The depolarizing
potentials of PT cells and some non-PT cells during Type II spindles were smaller than
those occurring during Type I spindles. These results were compatible with the notion
that Type II spindles were induced mainly by excitatory synaptic actions on the
superficially located neural elements such as dendrites and somata.
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INCORPORATINN OF RADIOACTIVE GLUCOSE INTO THE MONKEY'S BRAIN DURING THE
VOLUNTARY WRIST MOVEMENT. MATSUNAMI,K., KAGEYAMA,T. AND KUBOTA,K. Dept.
of Neurophysiol.§ Biochem., Primate Res. Inst., Kyoto Univ., Inuyama.

Radioactive deoxyglucose method was applied to map the active sites in
the monkey's brain in relation to wrist extension-flexion movement for

45 minutes. Two monkey performed the task and one was a control monkey,
sitting in a chair quietly. The following locations were densely labeled
in the experimental animals; the hand and foot areas of the motor cortex,
their counterparts in the SI area, the primary auditory and visual cort-
ices, the striatum, the anterior nucleus of the thalamus, the corpus and
flocculus of the cerebellum, the inferior colliculus, the vestibular
nuclei and the motor nuclei of the cranial nerve (IV,V,VI,VII). The pre-
frontal, premotor and orbital cortices were also well stained bilateral-
1v, the contralateral side to the used forelimb being dominant. In these
areas, activated sites appeared in vertically oriented patches, suggest-
ing a presence of a columnar organization. The width of the patch was

in the range of 0.5-2mm. The subthalamic nucleus, the substantia nigra
were moderately labeled. The motoneurons in the cervical cord were little
stained.
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VISUAL NEURONS IN THE MONKEY PREFRONTAL CORTEX. AZUMA, M. AND SUZUKI, H., Department
of Physiology, Hirosaki University Faculty of Medicine, Hirosaki.

For examining visual properties of monkey prefrontal neurons, we presented a
light spot (RF spot) at various locations of the visual field, while a monkey kept his
gaze straight ahead. Many prefrontal neurons, especially located in superficial layers
of the cortex, responded in phasic and/or tonic activation to the RF spot illuminating
a limited extent of the visual field. We called them as visual neurons.

The visual neurons were found to be distributed widely in the inferior dorso-
lateral and prearcuate areas with receptive field (RF) located in the visual field
contralaterally to the hemisphere of unit recording. The neurons showed great variety
of RF size and retinal eccentricity: in laterally distributed ones, RFs were usually
small and located near the foveal region. Large RF neurons were found at more medial
loci, and more posteriorly located neurons had more eccentric RFs.

Despite a variety of RF size and retinal eccentricity, all neurons showed similar
neuronal reactions to relatively large RF spots and on a saccadic movement to a light
spot within RF.
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MONKEY PREFRONTAL NEURON ACTIVITY DURING GO/NO-GO TASK WITH COLOR CUES
KOMATSU,H. and KUBOTA,K. Dept. Neurophysiol., Primate Res. Inst., Kyoto
Univ., Inuyvama City, Aichi, 484.

Neuron activity of the ventral prefrontal cortex (VFC) were recorded
while two monkeys were performing a color discrimination GO/NO-GO task.
A yellow lamp was illuminated to start a trial. Then green or red cue
lamp was turned on. After the cue lamp, the go signal was turned on. The
monkey released (GO) or kept pressing the lever (NO-GO) to obtain the
reward juice. In a total of 102 task related neurons, 33 neurons exhibi-
ted a gradually developing increase of activity before cue lamp (N=19),
yellow lamp (N=15), or reward (N=7). Seven of them showed.changes before
both lamps, and only one before both reward and a lamp. If event onset
was delayed in neurons with changes before lamps, activity increase sus-
tained as long as it was delayed. These neurons may be related to the
detection of the light stimuli. If the reward was omitted in neurons
with changes before reward, 2 showed a steeper decrease of activity than
in reinforced trials. In addition to these, 7 neurons showed discharges
after reward, 5 after reward omission. Activity change before reward may
be important in recognizing the result of the response.
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DIFFERENT CENTRAL MECHANISMS FOR SELF-PACED AND VISUALLY INITIATED HAND MOVEMENTS IN
ONE AND THE SAME MONKEY AS REVEALED BY DIFFERENT PREMOVEMENT CORTICAL FIELD POTENTIALS.
KAZUO SASAKI, HISAE GEMBA and JUNKO ITO Dept. of Physiol., Inst. Brain Res., Fac. Med.,
Kyoto Univ., Kyoto

As reccrded with chronically implanted electrodes, monkeys trained to perform self-
paced hand movements showed slowly increasing, surface negative - depth (2.5-3 mm) posi-
tive premovement potentials in bilateral premotor and contralateral motor and somatosen-
sory cortices, whereas those to perform the same hand movement in reaction to a visual
stimulus revealed early surface positive - depth negative and late surface negative -
depth positive premovement potentials at latencies of about 40 and 120 ms respectively
from the onset of 1ight stimulus in the contralateral forelimb motor cortex, the early
potentials being recorded also in bilateral premotor and ipsilateral motor cortices (1,
2). Such different premovement potentials were recordable in one and the same monkey,
after the monkey had been enough trained, first for either of self-paced or visually
initiated movements and then second for the other. It is inferred that the central
nervous mechanisms for those types of movements with a common motor performance are much
different, and that different central programs can be independently utilized after they
have been established with learning processes for one after another. (1) Gemba et al.,
Neurosci. Lett. 20, 159 (1980). (2) Sasaki et al., Brain Res. 205, 425 (1981).
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Retinotopic organization of the posterior half of the lateral supra-
sylvian (LS) area (anterior 1.0 to the most posterior region) was eamined
by characteristic distribution of receptive field (RF) of 236 neurons.
Our findings were in principal agreement with those of Palmer et al.
(1978). However, site and overlap of RF were much larger and congested,
so that it could not draw a detailed retinotopic map in this part of
cortex. The medial bank of the posterior LS area near the corner of the
suprasylvian sulcus (SSS) represented the central visual field, while the
lateral bank was mainly the peripheral field. Neurons in frontal region
apart from the corner of SSS had also the peripheral visual field. In
the most posterior part of the LS area, the anterior bank of SSS cortex
represented the ipsilateral central visual field and the posterior bank
represented the widely extended contralateral central visual field. These
physiological results were ascertained by HRP methods applied in various
parts of LS cortex. The distribution of cells of origin of thalamic
afferents exhibited a considerable topical arrengement in close relation
to the representation of the visual field. This study was done Eartly
with 0.D.Creutzfeldt and R. Guedes in Max-Planck-Institute for biophysical
Chemistry, Goettingen, Germany.
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EFFECT OF COOLING OF THE CEREBELLAR PEDUNCLE ON THE LENS ACCOMMODATION EVOKED BY
CEREBRAL STIMULATION. BANDO,T., TSUKUDA,K., YAMAMOTO,N., MAEDA,J. and TSUKAHARA,N.,
Dept. Physiol., Yamanashi Med. Sch., Tamaho, Nakakoma, Yamanashi 409-38, Dept. Biophys.
Engineering, Fac. Eng. Sci., Osaka Univ., Toyonaka, Osaka 560 and National Institute
for Physiological Sciences, Okazaki, Aichi 444.

The correlation of cortical neuronal activities with lens accommodation was found
in a visual association cortex, the Clare-Bishop area in cats. Since cerebellar part-
icipation has already been reported in the control of lens accommodation, a possibil-
ity was considered that the Clare-Bishop area exerts its influence through the cere-
bellum. A cooling probe (Tsukahara et al, 1978) was inserted in the superior cerebel-
lar peduncle. The effect of cooling was reversible; accommodation responses evoked by
cerebellar nuclear stimulation disappeared several minutes after the onset of cooling,
and they recovered completely about ten minutes after the cessation of cooling.

Accommodation responses evoked by cortical stimulation was sampled for 8-minute
period before, during and after cooling and compared by using the off-line computer
data-processing. No appreciable change was found by cerebellar cooling in the cort-
ically-induced accommodation responses, whereas interposate nuclear—-induced accommod-
ation responses was completely abolished. It is suggested that the Clare-Bishop area
has the output pathway independent of the cerebellum.
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INTRACORTICAL INHIBITION OF CAT'S VISUAL CORTEX STUDIED IN VITRO.
KATO, H., OGAWA, T. AND ITO, S. Dep. of Physiol., Akita Univ. Sch. Med.,
1-1-1 Hondo, Akit 010.

Intracortical inhibition was studied by recording evoked field poten-
tials and intracellular potentials in slices obtained from cat's visual
cortex. Field potentials evoked by stimulation of the white matter were
demonstrated to consist of early pre-synaptic and late post-synaptic
components by substituting a standard medium with low Ca?' and high Mg?*
medium. The post-synaptic component was characterized by a prominent
positive wave followed by a slow negative wave when recorded in layer
III. It was reduced in amplitude by as much as 20% for as long as 50msec
when preceded by a conditioning response evoked by the same stimulus.
Such an inhibitory effect was abolished in a medium containing bicucu-
lline(l pM). The positive wave of the post-synaptic component was pro-
longed and enhanced, sometimes with multiple spikes on it when recorded
in a C1 free medium. Intracellular recordings revealed that bicuculline
depressed IPSPs and their associated shunting effects without detectable
changes in membrane potential. The results are consistent with the con-
cept that IPSP is mediated by GABA and related to Cl .
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HOW THE X AND Y CELLS IN THE LATERAL GENICULATE NUCLEUS CONNECT TO THE CORTICAL SIMPLE
CELLS IN THE CAT?

K. TANAKA NHK Broadcasting Science Research Laboratories, 1~10-11, Kinuta, Setagaya,
Tokyo

In the previous study, the cross-correlational analysis of the spike activities
recorded simultaneously from the lateral giniculate and visual cortical (area 17) cells
made it sure that X as well as Y giniculate cells have excitatory connections with the
cortical simple cells. The present study aims to determine whether an individual simple
cell receives excitatory inputs from both X and Y cells or either of them.

Visual responses of simple cells were compared with those of geniculate cells.
Characteristic responses of X cells are sustained responses to flashing slits, whereas
those of Y cells are large responses to a diffuse flashing and to a rapid (400 /s)
movement of slits. Most simple cells did not show these responses in the normal state.
When a GABA antagonist, bicuculline, was applied iontophoretically to the recorded
cells, 10 out of 17 simple cells showed the X-characteristic responses, 6 cells the
Y-characteristic responses, and only one cell both of them. These results suggest that
almost all simple cells receive excitatory inputs from a single type of geniculate
cells.
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HUMAN STUMBLING CORRECTIVE REACTION: A COMPENSATORY REACTION TO MAINTAIN EQUILIBRIUM.
SUZUKI,S., WATANABE,S., MIYAZAKI,M*. AND HOMMA,S**. Dept. of Physiol.,kyorin Univ. Sch
Med., *Division of PE. Waseda Univ. and **Dept. of Physiol., Chiba Univ. Sch. Med.

This study was performed to see the phasic influences on the EMGs of human extensor
and flexor muscles when the subject, connected to a rope around his torso, was allowed
ca. 5 sec. of strenuous forward '"loaded'" running, overcoming the backward pull of 10-20
kg by the experimenter, and then whs abruptly released from this pull to induce the
compensatory movements which may be called ''stumbling corrective reaction(SCR)."

During the ''loaded' running the characteristic EMG pattern of the tibialis anterior
(TA) and gastrocnemius (G) muscles showed considerable co-activation in the stance
phase. The basic reflex pattern and movements of the SCR are: Although the release was
applied to both the swing and stance phases, the TA muscle showed extra burst activity
in the swing phase, and a ''double burst pattern' just after release, which induced an
additional flexion movement. However, the activity pattern of the G muscle showed only
single burst activity, and only during the stance phase whenever the release occured.
Enhanced activity was found occasionally, depending on the timing of release. These
findings substantiated the exsistence of functional differences in motor control be-
tween TA and G muscles during SCR.
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JAW OPENING REFLEX AFFECTED BY THE VIBRATORY STIMULUS AND THE JAW OPENING LEVEL.
M. WATANABE, Y. MUNAKATA, A. KANUMA, T. TABATA% and K. KARITA* Dept. of Prosthet. Dent.

and *Dept. of Physiol., Tohoku Univ. Sch. of Dent., Sendai.

Mechanical stimuli applied to the periodontal membrane of the cat anesthetized with
o-chloralose evoked two different jaw opening responses recorded from the mylohyoid
nerve, early response(ER) and late response(LR). We have already clarified they were
produced from different receptor origins. The purpose of this study is to clarify the
difference of response characteristics between ER and LR affected by the vibratory
stimuli and the jaw opening levels. Results obtained were as follows. 1) ER and LR
themselves were not affected by the jaw opening levels. 2) Vibratory stimuli applied to
the mandible suppressed ER effectively at the frequency between 50-130 Hz and were
ineffective at more than 250 Hz. Vibratory stimuli suppressed LR at 40-250 Hz and were
ineffective at more than 350 Hz. 3) Time course of the suppression by the sustained
vibratory stimulus was also different between ER and LR. ER was tonically suppressed
from 80 msec after the beginning of the stimulus to the removal of the stimulus. On the
other hand, LR was phasically suppressed between 20-60 msec. 4) The suppression of ER
by the vibratory stimulus was affected in proportion to the jaw opening levels. However,
that of LR was not affected. These results suggested that ER and LR were different not
only in the receptor origin but also in the function.
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OSCILLATORY BODY SWAY AND DEPRESSION OF THE SOLEUS MUSCLE ACTIVITY INDUCED BY CIGAREITE
SMOKING. HASHIMOTO,M.,TAKANASHI,Y.,SUZUKI,N.,TAKEGAMI,T.,KOYAMA,H. ,YAMAMOTO,Y.,UCHIDA,T.
AND IWASE,Y. Dept. of Physiol., Kyoto Prefect. Univ. Med., Kyoto.

Smoking a cigarette induced 0.5-1.0 Hz antero-posterior body oscillation. The
amplitude of this body oscillation measured as the displacement of the center of gravity
reached 6 cm at maximum and the tonic soleus activity changed to a phasic one after
smoking. Investigation of the recovery of H reflex in the soleus studied with double
stimuli on the tibial nerve while standing before (control) and after smoking disclosed
the following results. In control the test H response evoked at 200 ms after condi-
tioning stimulus recovered fully. This H response depended on the soleus activity,
higher soleus activity giving greater test H response. After smoking, the test H res-
ponse, obtained in a state of the body supported lightly in order to eliminate the body
oscillation, began to reduce in amplitude within 1 min and reached 20 Z or less of the
control value at 2 min. The period of this H response depression coincided with that
of the sustained body oscillationm. The degree of the test H response reduction varied,
depending on the difference of standing position. In a body position inclined forward,
the H response depression was less than that in normal standing. The prolongation of
the recovery process of H reflex after smoking is thought to be caused by a increased
recurrent inhibition on the soleus motoneurons.
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MECHANISM OF THE INITIAL CATCH-UP REACTION ON VISUO-MOTOR TRACKING MOVEMENT IN MAN.
TANAKA,-R. Dept. of Neurobiol., Tokyo Metropol. Imnst. for Neurosci., Fuchu, Tokyo.

An ability of motor control in catch-up movement was analysed by visuomotor elbow
tracking movement in normal subjects as well as patients with cerebellar and tabetic
ataxia. A vertical strip was displayed on both upper and lower halves of a TV screen.
The upper strip (target) was moved horizontally by a ramp voltage at random intervals.
The lower strip (control cursor) was moved in propertion to the angular displacement
applied to the handle. The subject's task was to make the lower strip match the target
movement by controlling the handle with elbow movements. The target velocity was any
of 7.5, 15 and 30 deg/sec in terms of the elbow's angular movement. The initial angle
of the elbow joint was 90°. In normal subjects the initial peak velocity (IPV) for
catch-up reaction to a starting target was attained within a few hundred msec and the
pattern was stereotyped. The IPV changed its amplitude linearly according to the
error, i.e. distance between target and handle position, at the onset of tracking
reaction. The 1linear relation between IPV and error at the onset of reaction was
maintained in Tabes dorsalis, in which somatic sensation was specifically damaged, but
weakened in cerebellar disorders without sensory disturbances. The initial catch-up
reaction may be centrally programmed.
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EMG PATTERNS OF DOUBLE-JOINT MUSCLES REFLECTING DYNAMIC FEATURES IN DOUBLE-JOINT
MOVEMENTS. KUMAMOTO, M. Coll. of Liberal Arts, Kyoto Univ., Kyoto 606.

The subjects employed in the experiments were seven healthy male adults and were in
supine position with the hip and knee joints kept at right angles. Electromyograms(EMGs)
were recorded from the Vastus medialis(Vm), the Rectus femoris(Rf), the Biceps femoris
(Bf) and the Gluteus maximus(Gm) with conventional method during simultaneous hip and
knee joint extensions under isometric condition with maximal effort. In such movement,
dynamic analysis showed that the resultant force exerted at the sole was not to be the
sum of the individual joint forces and was limited by the weaker joint force. EMGs of
the Rf and Bf, the double joint muscles, showed reversed patterns when the total leg
extensions were performed in distinctly different directions, whereas EMGs of the Vm
and Gm, the single joint extensors, remained unchanged. When the discharge of the Rf
was remarkable and that of the Bf was depressed, the resultant leg extension force was
limited by the knee joint force. However, if the discharge of the Rf was depressed and
that of the Bf was remarkable, the resultant leg extension force was limited by the hip
joint force. In the latter case, the patella tendon tap experiments revealed an exist-
ence of an inhibitory input to the a-motoneuron pool innervating the Rf. In the arm
push movement, exactly the same results were obtained as in the leg extension.
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CALCIUM UPTAKE BY FRAGMENTED SARCOPLASMIC RETICULUM IN DIFFERENT FIBER TYPES
FOLLOWING EXHAUSTIVE EXERCISE. 1. Hashimoto. Exercise Physiology Laboratory,
The National Institute of Nutrition, T Toyamacho, Shinjuku-ku, Tokyo 162, Japan

The Cattuptake by fragmented sarcoplasmic reticulum (FSR) isolated from cardiac
and skeletal muscles of untrained female rats killed at rest and after motor driven
treadmill running at 21.5 m/min to exhaustion for a mean of 233 min was studied by
using45Cattas a tracer. Colonic temperature following exercise increased to above
40.7°C at exhaustion. Glycogen stores of myocardial and skeletal muscle and liver
were decreased about 68, 92 and 98%, respectively. Ca*tuptake rates by FSR isolated
from soleus, a mixture of red gastrocnemius and red vastus lateralis and white gastro-
cnemius (WG) of exhausted rats were reduced about 68, 26 and 25%, respectively(P<0.05).
A trend in Ca** uptake by FSR in different fiber types was about same as that of crude
homogenates. The Cattstimulated ATPase activity of FSR from WG was not changed by
exhaustion. Thus, these data suggest that the decreased calcium transport by FSR
following exhaustive exercise may provide one mechanisms for contractility of both
cardiac and skeletal muscle.
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VARIATION OF H-reflex ON PLANTAR FLEXION
NAKAHARA,Y. Dept.of Ex.Physiol.,Faculty of Physical Education,Kokushikan
Univ.,Tokyo,Japan

This study aimed to clarifying the variation of antagonist muscles'
H-reflex on plantar flexion is caused by active change of motorneurons
or not. Normal subjects were tested by lying on one's face position.
H-reflex were leaded by m.gastrocnemius (GA) and m. tibialis anterior(TA)
on left foot. Surface EMG of the same named muscles and tension were
measured by right foot.

At holding initial level(Rest, 10% 15% 20%MVC),an increasing rate of
GA H-reflex were +5.06%, +12.67% and +17.4% for Resting value,but TA
were not clear. Although GA H-reflex were so enlarge(+40- +140% for
Control) except 80 - 100msec prior of manifestation of tension, TA were
not clear especially on 0% and 10%MVC.

These results should be suggested the upper center was participated
to send some inhibitory discharge to motorneurons and effects of
reciprocal inhibition.
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NATURE AND ORIGIN OF THE SIIENT PERICD OF THE SOLEUS MUSCLE PRIOR TO BODY INCLINATION.
UCHIDA ,T., TAKANASHI,Y., HASHIMOTO,M., SUZUKI,N., KOYAMA,H., TAKEGAMI,T., YAMAMOTO,Y.
AND IWASE,Y. Dept. of Physiol., Kyoto Prefect. Univ. Med., Kyoto.

The silence in the soleus muscle preceding a light-guided inclination in man has
been believed to occur due to a centrifugal inhibition on the soleus motoneurons. The
duration of this silence was inversely proportional to the premotional gradient of the
lower leg axis from the vertical and also to the premotional soleus activity. This
suggests that the length of the silent period in soleus may be determined on the basis
of premotional somatosensory informations from the lower limbs.

A warning sound stimulation given at 1-5 s prior to the light signal for inclina-
tion reduced the onset latency of the silent period. The warning stimulation induced
a negative slow potential shift in the averaged EEG record which developed gradually
and lasted a few seconds. This negative potential shift measured just before the light
signal was maximum in amplitude at 1 s of the interstimulus interval at which the de-
crease in onset latency of the silence was also maximum. The topographical study
showed that the amplitude of the negative potential obtained in 2 s interstimulus inter-
val recording was the highest at the vertex (Cz), the next highest at Pz, considerably

lower at C3 and Cy than at Cz and the lowest at Fz. These facts support the interpre-
tation that the silence in the soleus at inclination is caused by a central program.
176

THE RELATION BETWEEN THE VOLUNTARY ISOMETRIC FORCE DEVELOPMENT AND
INTEGRATED EMG. A ISHIDA,T.YONEDA & K.OISHI. Dept.of Physiol. Sch.
of Physical Edu. Juntendo Univ.,Fujisaki,Narashino,Chiba.

The relation between the voluntary isometric force of abductor poll-
icis brevis muscle and its integrated e.m.g on 77 normal men were
investigated. The levels of force were set from 300 to 3000 g. Times
to peak of forces were in the range of scores to 500 msec, so these
contractions were ballistic or fast ramp contraction.

As the results : 1) The e.m.g activity was related to the amount of
force. This relation might be seemed linear, although the gradients
of regression line were not same for trials and subjects. 2) More
than 150 msec time to peak contractions, the amount of discharge
increased linearly with time to peak, but varied differently within
150 msec time to peak contractions. %) The force rate (g/msec) reached
to maximal and limited values at each force level. Discharge rate
(mv/msec) could be correlated with force rate, but not linearly.
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INFLUENCE OF UREA ON THE ELECTRICAL PHENOMENA IN THE CENTRAL NERVOUS
SYSTEM. YASUHARA, M,, NAITO, H. AND YOSHIDA, H. Dept. of Physiol.,
Kansai Medical Univ., Moriguchi, Osaka

In the attempt to clarify the pathophysiology of uremia, electro-
physiological experiments were carried out. Urea(l10-1500mg/kz) was
injected intravenously in the rabbit and the following observed.

1. There was a rise in the thresholds of the arousal reaction and evokxed
muscular discharge-on stimulation of the brain stem reticular formation
and a reduction in the frequency of the spontaneous unit discharge of
the brain stem reticular formation. 2. A rise in threshold of the evoked
muscular discharge on stimulation of the cerebral cortex but that on
stimulation of the hippocampus declined. 3. The amplitude of the late
component of the afferent average evoked potential due to stimulation_of
the sciatic nerve decreased but the amplitude of the early component (Nz)
increased. 4. The amplitudes»f the nociceptive reflex muscular discharge
ané H-wave increase with administration of a small amount. 5. There was
an acceleration of intestinal movement and an increase in the blood flow
volume of the common carotid artery and the femoral artery.
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CORTICAL RESPONSES EVOKED BY DENTAL PULP STIMULATION AND THE INHIBITION.
KIMOURA,H. AND SUDA,H. Dept. of Endodontics, Faculty of Dentistry, Tokyo
Medical and Dental University.

The tooth pulp of the canaine of cats was stimulated electrically and
the cortical evoked potentials (C.E.Ps) were recorded from the somato-
sensory area of the cortex. A comparison was made between the €.E.Ps
evoked by the stimulation of the dental pulp without conditioning sti-
mulation and those with conditioning stimulation.

The amplitude of the C.E.Ps produced by dental pulp stimulation was
remarkably inhibited after the conditioning stimulation to the facial
area (including other tooth pulp) when test-conditioning stimulation
interval was 30-40 msec. On the other hand, the inhibition was slightly
observed by the conditioning stimulation to the hand or shoulder. The
amplitude of the C.E.Ps was scarecely inhibited irrespective of C-T
intervals when the conditioning stimulation was delivered to the foot
or near the back bone.
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CONTINGENT NEGATIVE VARIATION (CNV) FOR THE INFORMATIVE STIMULUS. 1) ATTENTION FOR A
VISUAL STIMULUS. NAGEISHI,Y. and SHIMOKOCHI,M. Dept. of Behav. Physiol., Fac. of
Human Sciences, Osaka Univ., Suita, Osaka.

It is the purpose of the present investigation to show that the late CNV is attrib-
uted not to preparation of movement but to attention of informative stimuli. We employ-
ed a 51-52-8S3 paradigm of a reaction time task and examined the slow potential preced-
ing 52 and S3. The subjects were instructed to press a key as soon as a visual S3 was
presented, which was given in a half of the total trials. Two kinds of S1 prescribed
the two types of the trials in a session: in the one types of trials (COR), each S2 of
two auditory stimuli was correlated with the presence or absence of S3, but in the oth-
er trials (UN) it was uncorrelated. Consequently, in COR trials, S2 was informative for
the occurrence of S3 but not informative in UN trials.

1) The CNV preceding S2 was larger in COR trials than in UN trials. Since S3 was in-
formative only in UN trials, the CNV preceding S3 was larger in UN trials.

2) The Principal Component Analysis of these potentials provided two independent
components (the late CNV factors for S2 and S3) and supported the above observations.

3) There was no differences in amplitude of the CNV between COR and UN trials before
52, but before S3 it was larger in UN trials than in COR trials.
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PHYSIOLOGIC PROPERTIES OF PHONICALLY EVOKED LID POTENTIAL CHANGES WITH
SPECIAL REFERENCE TO THEIR ORIGIN AND SIGNIFICANCE. HOSHINA,Y., TAKEO,T.,
SASAKI,S., OZAKI,T., SASAKI,DY and IGARASHI,K>{Dept. of physiol., Hirosaki Univ.
Sch. of Med., Hirosaki, Dept. of Internal Medicine, Hirosaki Univ. Sch. of Med!,
Hirosaki and Dept. of Pediat., Hirosaki Univ. Sch. of Med?'; Hirosaki)

The potential changes elicited in the eyelids by phonic stimulation to both ears were
obtained with the summation technique and their origin was investigated polygraphically
in healthy subjects with eyes closed. In awaked resting state, the average lid potential
changes evoked by phonic stimulation to both ears were usually characterized by the
early rapid components and late slow one. In various physiologic conditions, the early
and late components were observed to appear corresponding to the early components of
the average lid MV responses and the EOG respectively. In patients with an artificial
eyeball, on the other hand, the late component of the average lid potential changes in the
side of an artificial one almost completely disappeared, whereas the early components of
them were observed, although being considerably decreased in amplitude.

These results suggest a close relationship between the late slow component of the
average phonically evoked lid potential changes and the EOG, which were both caused by
phonic stimulation.

181
DEVELOPMENTAL PROPERTIES OF THE AUDITORY EVOKED POTENTIALS IN RELATION TO THE BACKGROUND EEG

* * )
KOIKE,T., SUZUKI,H., KATADA,A., AND OZAKI,H. Dept.of Educational Pscychol., Tohoku Univ.
Sendai, and Lab. of Physiol. for the Developmentallly Handicapped, Ibaraki Univ., Mito.

Developmental properties of the main negative(N) components in auditory evoked potentials
(AEP) were examined in relation to the main frequency components of resting EEGs.

Subjects were 27 normal children ranging from 6 to 13 years of age. EEGs were led from
6 points along the midsagittal line of the scalp with reference to the linked earlobes.
Tone-pips (1000Hz, 60dBSL) were presented to the right ear. The averaged AEPs and auto
power spectra of the resting EEGs were obtained through the digital computer.

Single N component with a latency of about 100 msec was identifed in many subjects. The
amplitude of this component was maximum at the central region of the scalp. In such cases,
frequencies of the dominant EEG components were within the alpha band in the spectra.
Furthermore, additional N component with a latency of about 150 msec was also noticed in
some children. Such long latency N component appeared most significantly at around the
anterior part of the brain. In some younger children, only the latter N component was
observed. In the cases showing the long latency N component in the AEPs, their EEG
spectra were characterized by multiple peaks within the alpha and theta bands.

Considering these results, maturational aspects of the brain might be inferred from the
frequency components of the background EEG and also from the main N components in the. AEPs.
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PARTICIPATION OF THE PINEAL IN CIRCADIAN LOCOMOTOR RHYTHM OF LAMPREY, Lampetra japonica.
MORITA, Y. AND TABATA, M. 1st Dept. of Physiol., Hamamatsu Univ. Sch. Med., Handa-cho
Hamamatsu

Pineal organ of lower vertebrate has functional multiplicity such as photosensory and
secretory activity. In addition, recent studies of teleosts revealed the pineal contri-
bution to the circadian locomotor rhythm of the animal. In the present study, we demon-
strated that the pineal organ of lamprey is also highly associated with the circadian
locomotor rhythm.

The lamprey was kept in a tube (10cm dia., 60cm length) inside the experimental tank.
Lamprey's movement was detected by the FD-pick up as the displacement of the tube. A1l
the fishes kept in LD cycle (12L:12D) displayed short term activity at the begining of
1ight phase and long lasting frequent activity during dark phase. Such movement was not
altered by the removal of lateral eyes (pineal intact). In continuous darkness, 14 out
of 25 intact fishes displayed circadian locomotor rhythm (T =21.642.63~23.141.94 hrs.)
with relatively long lasting activity. In 31 fishes without lateral eyes 13 showed
apparent rhythm in continuous darkness (T =21.740.87~22.7+0.77 hrs.). However, pineal-
ectomy completely abolished the circadian locomotor rhythm in all the fishes (11) exa-
mined. These results strongly suggest that the pineal organ of lamprey might be a major
oscillator of circadian locomotor rhythm.

183

ENTRAINMENT OF CIRCADIAN RHYTHMS BY TEMPERATURE CYCLES.

TOKURA, H. AND ASCHOFF, J. Max-Planck-Institut flir Verhaltensphysiologie,
8131 Erling-Andechs, Germany

The study aims to see whether temperature-cycles are effective as Zeit-
geber for synchronization of circadian rhythms in homeotherms. Pig-tailed
macaques, Macaca nemestrina, and squirrel monkeys, Saimiri sciureus, ser-
ved as experimental animals. Locomotor activity was continuously recorded
by means of infrared photocell systems. Circadian rhythms in about one
third for M. nemestrina, and in about two third for S. sciureus were syn-
chronized by high(32°C)-low(16°C) temperature-cycles, Variation of phase-
angle differences between activity onset/end and temperature cycles was
greater than that of phase-angle differences between activity onset/end
and light-dark-cycles; the precision of synchronization is only about
half so good under temperature-cycles as that under light-dark-cycles.
Variation of phase-angle differences between activity end and Zeitgeber
(temperature-cycles, light-dark -cycles) was greater than that of phase-
angle differences between -activity onset and Zeitgeber(temperature-cycles,

%3 ?g;dark-cycles), which is consistent with the usual rule of synchroni-

184
MAZE LEARNING IN MICROCEPHALIC RATS DUE TO PRENATAL X-IRRADIATION AND 'ENVIRONMENTAL
THERAPY'
SEO, M., KIYONO, S. AND SHIBAGAKI M. Dept. of Physiology, Institute for Developmental
Research, Aichi Prefecture Colony, Kasugai, Aichi

Pregnant rats (Sprague-Dawley strain) received 150 R of X-irradiation on day 17 of
gestation. The male offspring were fostered by normal mothers. The normal (n = 46)
and the microcephalic (n = 34) rats were differentially reared in enriched, standard
colony and impoverished conditions for 30 days after weaning, Then the Hebb-Williams
maze test was carried out. Analysis of variance revealed that the effects of both
X-irradiation and Environment were significant, suggesting that the behavioral
deficits due to prenatal X-irradiation could be alleviated by the 'environmental
therapy.'
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ANALYSIS OF THE DREAM CONTENTS BY REMP-AWAKENING TECHNIQUE. YAMANAKA, T., MORITA, Y.
AND MATSUMOTO, J. Dept. of Physiol., Sch. of Med., Univ. of Tokushima, Tokushima

The present study was performed on 21 college students (male 11, female 10) aged from
19 to 21 years using REMP-awakening technique. The contents of 77 dreams were collected
at the laboratory and analyzed according to the Hall-Van de Castle scale. The results
are as follows: 1. The percentage of dream recall was 85.5 and the value at the first
REM sleep was low (70.0%). 2. The incidence of dreams with the past experience was 64.9
% and bizzare, irratipnal dream was 28.87 and dream concerning the experiment was 11.7
%. 3. The percentage of the incidence of dreams with emotional elements was higher in
the female students (72.2) than in the male students (41.5). 4. Color dreamer in the fe-
male was 70.0% and in the male 36.4%. 5. The female dreamers tended to be victim in ag-
gressive dreams compared with the male dreamers. 6. The students dreamed significantly
more about food, drinking (P<0.05) and the proportion of movement activity was signifi-
cantly less (P<0.0l) than those in the report of Hall and Van de Castle. From the poly-
gram, following results were found: 1. Verbal activity in a dream was accompanied by
increase of EMG activity. 2. Positive relation between pulse rate variability and emo-
tionality in the dreams. 3. Positive correlation between numbers of dreams and the
amount of the body movements in one REM sleep. 4. Positive relation between eye move-
ment density during REM sleep and salience of dream content.

186

Indoleamine metabolites and learning performance of tryptophan deficient
rats

Masahiko NOMURA, Masataka OHTSUJI and Yutaka NAGATA
Department of Physiology, School of Medicine, Fujita-Gakuen University.
Toyoake, Aichi 470-11, JAPAN.

Newborn rats were fed on tryptophan deficient corn diet for 3 months.
The increase of body and brain weight was decreased, but their physical
growth recovered after addition of tryptophan to the tryptophan deficient
diet.Three months o0ld rats were subjected to a brightness discrimination
learning test using an operant procedure.The correct response ratio of
learning scores of tryptophan deficient rats did not exceed 80 % until
30th session. Addition of tryptophan rats scored more than 85 % on 25th
session, whereas normally fed rats scored more than 85 % on the 19th.
The addition of tryptophan to the corn diet exceeded the scores.
Another learning performance of Fixed Ratio 50 showed remarkable close
responses between normal and tryptophan rats. Tryptophan deficient rats
showed very hyperresponse on FR 50.Low concentration of indoleamine in
the rat brain and lower scores of correct response ratio of brightness
discrimination and higher response of FR 50 were correlated.
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CONTROLLING FACTORS OF DORSAL LIGHT TILT REACTION IN THE CARP.
MITARAI, G., TAKAGI, S., TAKABAYASHI, A. AND MORI, S. Dept. of Aerospace Physiology,
Res. Inst. Environment. Med., Nagoya Univ., Chikusa-ku Nagoya 464.

E. von Holst (1935) distinguished between an equiliblium and an optic component in the
light tilt reaction of fish. To elucidate the contribution of these two components to
the posture center, the cerebellar activity (EEG) linking to the tilt was studied with
normal and labyrinthectomized carps. The tilt was induced by alternating white light
illumination from above and lateral to the fish cage. The normal carp responded with a
detectable tilt to the light of 2 lux, and increased its angle with intensity up to 200
lux, resulting in 20 to 25 degrees. The tilt velocity, however, was almost constantly
3 to 4 deg/sec, independently to the intensity, suggesting that the tilting is control-
led by the motor center activated secondly. The labyrinthectomized carp, even after
readapted to swim normally, showed over-shooting tilt with much high velocity and large
angle. The EEG during the dynamic phase of tilting appeared to be characterized by
pronounced slower components. The power spectrum of EEG derived that these slow compo-
nents were of 2 to 4 and 5 to 10 Hz in the normal carp, which was supposed to be an
increased synchronization of neural activity during movement, while less synchromy in
the labyrinthectomized carp. The vestibular deafferentation also seemed to be reflected
on the reduction of activity in higher frequency range than 20 Hz.
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LONG-TERM NEURAL CHANGES CORRELATED TO AN ASSOCTIATIVE BEHAVIORAL MODIFICATION IN HERMI-
SSENDA CRASSICORNIS. *T, TAKEDA & D.L, ALKON Lab, Biophysics, NINCDS, NIH, MBL, Woods
Hole, MA, U.S.A, and *Dept, Physiol., Jichi Med, Sch., Minamikawachi-machi, Tochigi

In a gastropod mollusc Hermissenda crassicornis, the photopositive behavior is
depressed significantly after training consisting of pairing of light and rotation
stimuli and the behavioral modification lasted for several days (Crow & Alkon, 1978).
Present study with intracellular recording showed long-term changes in light response
patterns in both sensory and motor cells, 1In the lateral type B photoreceptor, the
firing rate after light step significantly increased after 3 day's training and lasted
for at least 2 days in paired group but no significant change in unpaired group. In the
Pl cells which were found recently to innervate cerata and foot, the firing rate after
light step significantly decreased in paired group. The interaction experiment with
simultaneous recording of the lateral type B photoreceptor and the Pl showed depressive
effect of the former activity upon the latter, which is consistent with the reciprocal
change in firing rates for these two cells after paired training, Resting potentials,
firing rates and input resistances in the dark in type B photoreceptors and Pl did not
change in trained animals compared to untrained animals, It is suggested that long-
term changes in light response pattern in type B photoreceptors and Pl cells are pre-
sumably the neural mechanism underlying the associative behavioral modification in
Hermissenda.
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EFFECTS OF FOOD RESTRICTION ON CIRCADIAN RHYTHMS OF EATING AND DRINKING BEHAVIOR.
KUBOTA, A. and KAWAMURA, H., Physiol. Psychol. & Neurophysiol. Labs., Mitsubishi-Kasei
Institute of Life Sciences. Machida, Tokyo.

Influences of food restriction on the circadian rhythm of eating and drinking
behavior were examined in Wistar strain male albino rats. Eating and drinking were
measured in a two-bar Skinner box with nest under variable interval (VI) schedule of
reinforcement. Food and water were given after pressing individual bar. After
transition from light and dark schedule (LD 12:12) to constant darkmess, the free-
running periods of both behavioral rhythms were only slightly longer than 24hr.
However, starvation for one whole day significantly lengthend the period to much
longer than 24hr. Eating, usually followed by drinking, was entrained by food
restriction with 24hr period. Severe food restriction (three hours / day) caused
earlier and more marked anticipatory bar pressing. After releasing from food
restriction, most of the animals showed a shorter circadian period than before. In one
animal, however, activities split and then fused together approximately in 10 days.

These data suggest a possibility that the period of the eating rhythm may be
influenced by food restriction either through a feedback from the periphery to the
circadian pacemaker or by a learing mechanism in the brain.
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CROSS-CORRELATION ANALYSIS OF THE MIDBRAIN RETICULAR FORMATION NEURON
PAIRS DURING SLEEP AND WAKEFULNESS. EGUCHI, K. AND SATOH, T. Dept.
Physiol., Fac. Dent. Med., Aichi-Gakuin Univ., Nagoya 464.

Temporal cross-correlation of firing of 97 neuron pairs of cat's mid-
brain reticular formation was examined during different states of sleep
and wakufulness. There was no correlogram suggesting cascade connection
between a neuron pair. However, 29 pairs showed synchronous firings with
mean interval of 1.23 sec. This rhythmicity was most accentuated during
slow wave sleep. The synchronous discharge was quite often encountered
in the pairs between the adjacent neurons picked up with a single elec-
trode. Neuron pairs located along medio-lateral direction showed the
synchronization more often than the caudo-rostral pairs did. Sharring
of the afferent innervation might be the mechanism responsible for the
synchronization. A small number of the raphe and the solitary tract
neurons was examined for the cross-correlation with the midbrain
neurons, but no positive relationship was found.
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UNIT ACTIVITY OF THE RED NUCLEUS NEURONES ASSOCIATED WITH CLASSICAL CONDITIONING IN THE
CAT. ODA, Y., NOTSU, T., KUWA, K., TSUKAHARA, N., Dept. of Biophysical Eng., Fac. of
Engineering Science, Osaka University, Toyonaka, Osaka.

We examined unit activity of the red nucleus (RN) neurones before and after estabiish-
ment of classical conditioning. A conditioned stimulus (CS) was applied to the cerebral
peduncle in cats with lesion involving the corticofugal fibers caudal to the RN. The un-
conditioned stimulus (US) was an electric shock to the forearm skin. In this paradigm,
after pairing CS and US for 10 days, an initially ineffective CS was found to give rise
to the elbow flexion. Association of CS and US was critical for acquisition of the con-
ditioned response (CR), because extinction of the CR was achieved by the presentation
of CS alone or backward pairing of US-CS and because neither US alone nor pairing CS
with US at random intervals produced any increase in the effectiveness of the CS. Unit
discharges of RN neurones were recorded extracellularly in the alert conditioned and
control animals. The RN neurones in the conditioned cats discharged slightly more fre-
quently (P<.05) to CS than those of unconditioned and random controls pairing CS with
US at random intervals. Although the difference was scanty, but this suggested that
there is a correlation between the RN neurone activity and behavioral modification
in associative learning mediated by the cortico-rubro-spinal system.
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INTERFERENCE OF MOVEMENT BETWEEN RIGHT AND ILEFT HANDS
WATANABE,T. Nippon Univ. XAWAHARA,Y. Japan Women's Univ,

We investigated how movement of one hand influences or interferes
with that of the other when the right and left hands are moved simul-~
taneously or at short intervals(300,600,900,1200,1500msec.) between
both movement. A subject was asked to puah the key in response to 2
light stimuli given simultaneously or at intervals of 300-1500msec.
between them, and the reaction time was measured. The reaction time of
bilateral hands was longer than in the colateral hand movement. The
reaction time to the first of 2serial stimuli was prolonged. The
response to the second stimulus was most delayed when two stimuli were
given at an interval of 300msec. However, it occurred rather faster
than the response to the first stimulus did when the intervals beiween
both stimili were longer. 1In case of simultaneous movement the reaction
time was longer with bilateral hands than with colateral hand. When
simultaneous movement was included in the systems in which movement of
either right or left hand was preceded, the response of the preceded
hand occurred faster. In the system in which the preceded hand was
selected at random there was no difference in reaction time between
both hands, but the reaction time was longest.
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EMG_RESPONSES BY TIBIAR NERVE STIMULAT IN STANDIN
A.MIYAKE, R.HAYASHI, S.WATANABE, K.%AM&??. ?nst. Equgiibrium Res. Gifu

Univ. Sch. Med., Gifu

While subjects maintaineda standing position, leaned forward and
backward or balanced on a seesaw, H- or M-responses were evoked by
tibiar nerve stimulation. Stimuli were given every 1 or 3 sec.

The position of center of gravity at the moment of stimulation
and the peak-to-peak amplitudesof H- and M-responses were measured
automatically and analized. In upright position H- and M-responses
recruited in the same order as in recumbent position. In the leaning
movement, for the fluctuation of M-responses could not be eliminated,
we regarded M-response amplitude as the effective stimulus intensity
and evaluated H-response recruitment curve. H-responses increased
when body was leaning forward and decreased when body was leaning
backward. The oscillatory discharges (7-10Hz) in soleus muscle
were observed following M- and H-response. The latency of the first
of these discharges from the stimulation was 140-190msec and it was
shorter when body was leaning forward and when stimuluswas stronger.
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EFFECTS OF SLEEP-PROMOTING SUBSTANCES ON NOCTURNAL SLEEP PATTERNS OF
NORMAL MALE RATS. HONDA, K. KOMODA,Y. AND INOUE, S. Inst. Med. Dent.
Engineering, Tokyo Med. Dent. Univ., 2-3-10 Kanda-Surugadai, Chiyoda-
ku, Tokyo 101.

Cortical EEG, neck EHG and locomotor activity were continuously re-
corded in normal male Sprague-Dawley rats, 70-80 days old, weighing
300-350 g, and kept under LD 12:12 in an air-conditioned sound-proof
room. Saline solution was steadily infused into the third ventricle
through a chronically implanted cannula (20 ul/h). During the dark
phase (2000-0800), these rats regularly exhibited total time of slow
wave sleep (SWS) for 219.4+6.8 min and of paradoxical sleep (PS) for
33.2+4.6 min. The frequency of SWS and PS was respectively 52.7+2.8 and
14.3+£1.8. Infusion of active fractions of sleep-promoting substances
for 10 h (1900-0500), extracted from the brainstems of 24-h sleep-
deprived rats, caused changes in the nocturnal sleep pattern. SWS: an
increase 1in total time (312.1x21.6 min, P<.001) and in frequency
(75.3+6.5, P>.05); PS: a decrease in total time. (30.0+11.7 min, P>.05)
but an increase in frequency (16.2+5.3, P>.05). Locomotor activity was
largely suppressed, showing only ca. 50 % of saline-infused night.
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Cancellation effect of sleep-promoting substance (SPS) on PS~inhibition provoked by
protein synthesis inhibitors

NAGASAKI, H. , KOMODA, Y. and UCHIZONO, K. Tokyo Metro. Inst. Geron, , Inst. for
Med. Dent. Engine. Tokyo Med. Dent. Univ., National Inst. for Physiol. Sci.

The physiological effect of the sleep-promoting substances (SPS) was investigated
in paradoxical sleep mechanism that the amounts of paradoxical sleep in inbred strain
of mice (C57BL/6) was believed to be a genetically determined standard value.

(1) The SPS cancelled a paradoxical sleep (PS)-inhibition provoked by both chlora-
mphenicol and cycloheximide for 2 hours following administration of each drug.

(2) This cancellation effect of SPS on PS-inhibition may correlate with an amount
of slow wave sleep, that is, the suppression of slow wave sleep resulted into a less
cancellation effect.

(3) There were two different type of SPS, one of which activity was pronase-sensi-
tive and another was pronase-resistant. Thus one of SPS may be peptide.

196
REM SLEEP ORGANIZATION IN KINDLED CATS.
FUOJITANI, Y., HOSOGAI, M. AND OIKAWA, T. Dept. of Physiol., Tottori Uiv.
School of Med., Yonago

A longitudinal study of kindling effects on sleep-wakefulness cycle, es-
pecially on REM sleep was done by comparing polygraphic records during 24
hrs between before and after establishment of the kindling effect on the
same 2 cats. Amygdaloid kindling was attained after stimulations of 26
and 28 days, respectively. Sleep-wakefulness states were classified into
4: waking stage (W), light slow wave sleep stage, deep slow wave sleep
stage and REM sleep stage (R). The analysis was confined to the data
of the 3rd day through continuous 3 days recording. Tanaka and Naquet in
1975 stated that amygdaloid kindling resulted in reducing REM sleep and
increasing W time, but their comparative study was done ohly in 5 hrs
period of a day between control cats and different group of kindled cats.
Our results show that diminution of R and increase of W stage were showed
in several hrs period, e , g, 4:00 to 8:00, but not in all the day. How-
ever, REM density (occurrence ratio of rapid eye movements during REM
stage) wé&§ decreased significantly through 24 hrs in kindled cats.
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APPEARANCE OF REM SLEEP IN CATS AFTER THE COMPRESSION TO 51ATA, HELIGX,
No—-TRIMIX, Ar—-TRIMIX, AND 26ATA, NITROX

SEKI, K. AND NAKAYAMA, H. Labaratory of Hyperbaric Physiology. Japan
Marine Science and Technology Center. Yokosuka. Kanagawa

SEKI et al., 1980 (28th IUPS P.693) previously reported the modifica-
tions of sleep under hyperbaric Heliox environment in cats. Six cats,
1-3 years of age, 3.5-5.5 kg weight, kept under LD 12-12 in NASA level
100,000 by barier system, were implanted with the electrodes of EEG,
neck EMG, EOG, ECG, microvibration and cortical temperature. There are
four simulated dives in this study; 51ATA (Heliox, P02=0.4bar, Ny-trimix,
PNy=5.0bar, P02=0.4bar, Ar—-trimix, PAr=2.0bar, P0O3=0.4bar) and 26ATA
(Nitrox, P02=0.6bar). The duration of compression to 51ATA was 4 hours.

The result show that after arrived at 51ATA and 26ATA, there appeared
the stage of REM sleep in 20 hours (Heliox), 6 hours (Np-trimix),3 hours
(Ar-trimix) and 2.5 hours (Nitrox). This suggests the factor of accel-
eration and inhibition of REM sleep. Further work is necessary to deter-
mine the factors involved in the appearence of REM sleep during and
after the hyperbaric environment.

198
FUNCTIONAL ROLE OF ANTERIOR FOREBRAIN ROOF ON IMPRINTING BEHAVIOR IN DUCKLINGS.
K.TAKAMATSU and Y.TSUKADA, Dept.of Physiol., Keio Univ.Sch.of Med., Shinanomachi, Tokyo

A series of experiments has implicated medial hyperstriatum ventrale (MHV) in im-
printing, and we have confirmed these findings using 1l'C-2—deoxyg1ucose method. The
present study was conducted to examine the ability of ducklings to follow amoving object
after brain lesion or cycloheximide (CHX) injection into MHV. Bilateral lesion were made in
MHV of one duckling, the other served as a sham-operated control. On the next day, the control
still showed a strong preference for moving object, but MHV lesioned duckling showed no
attention to the object. However, on brightness discriminative learning ability, there
was no difference between controls and lesioned ducklings. When CHX (20pg) in 1pl was injected
into MHV bilaterally at 30min before, immediately or lhr after the first exposure to moving
object, the following responses were significantly impaired. But, when CHX was injected at
2hr or 4hr after the exposure, the following responses were slightly impaired, and when CHX
was injected at 24hr after the exposure duckling behaved normally. On the other hand, in-
jection of 20pg of CHX into other brain regions at immediately after the exposure did
not affect on the responses. It was proved biochemically and autoradiographically that
protein synthesis on MHV after CHX injection was considerably inhibited, but not on other
parts of the brain. From these results, it was posturated that MHV was closely inked
with imprinting and that formation of imprinting depended on protein synthesis in this
area occurred within lhr after the first exposure to moving object.
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THE EFFECT OF MATERNAL HYPERPHENYLALANINEMIA ON THE BEHAVIOR OF THE OFFSPRING RAT
TAKAGI, Y., KANAMATSU, T., ASOU, H. AND HIRANO, S.
Dept. of Physiology, Toho Univ. Sch. of Med., Ohmori, Tokyo, Japan

Two experimental groups of Wistar albino rats (A,B), divided according to every
5-day of early gestation period in which each mother was compulsorily given per os L-
phenylalanine (Phe), were examined in order to investigate the effects of maternal
hyperphenylalaninemia on the postnatal brain development and the behavior changes of
the offspring.

Learning abilities of experimental groups, tested by operant discrimination
learning, were reduced. At 15 days after birth, acid phosphatase activity was
significantly decreased in group B. In this group, which was Toaded with L-Phe
during the second experimental period from the 5th to 9th day of gestation, 2',3'-
cyclic nucleotide 3'-phosphohydrolase activity was significantly decreased compared
to the control, but there was no difference in the activity of glycerol-3-phosphate
dehydrogenase. The learning ability of group B, by Hebb-Williams'maze, was also
reduced. There were some differences between the control group and group B in the
emotional behavior by both the open-field test and the runway test.
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VISUAL PURSUIT IN THE MENTALLY RETARDED CHILDREN STUDIED BY ELECTRO-OCULOGRAM.
MITSUKA, Y., SUZUKI, H. and OZAKI, H. Lab. of Physiol. for the Developmentally Handi-
capped, Ibaraki Univ., Mito, Ibaraki.

In relation to the handicap of the cognitive function in the mentally retarded child,
characteristics of the eye-movement duringa visual pursuit were explored. Three groups
were subjected to the experiment: mildly retarded children (experimental), normal chil-
dren and adults (control) groups. They were instructed to track visually the sinusoidal
movements of the target (0.2-2.0 Hz) in the horizontal direction. EOG was led from bi-
lateral sites posterior to the lateral ocular angle. While a periodic pursuit was pos-
sible in wide frequency ranges in control groups, repose periods interposed between
periodic movements steeply increased in lower frequencies in the retarded group than in
the other groups. So far as the pursueing period was concerned, both frequency response
characteristics and the time relations to the target in the retarded group were essential-
ly similar to those of the control groups except for the decrease in the gain at lower
frequencies than that of the adult group. As for the saccadic movement in the retarded
group, it occured more frequently during the repose period than during the pursueing
period, that was contrast to the control groups, in which it was very few in the repose
period. In the retarded group, phase of the occurence of saccadic movements within one

cycle of the target was rather invariant even for lower frequencies. This pattern was
observed only in the higher frequency ranges in the control groups.
201

EFFECTS OF MINOR TRANQUILIZERS UPON EEG CHANGES IN THE CONSCIOUS RAT

DURING IMMOBILITY INDUCED BY PSYCHOLOGICAL STRESS.
IWATA, N., MIKUNI, N. AND TONOHIRO, T. Cent. Res. Lab., Sankyo Co.

After conditioning the rat to expect an electroshock when placed in the
test box, the rat assumed a catatonia-like immobility when placed in the
box even though the electroshock was not applied. While in this state
relative brain wave activity over the range 7.5-13.0 Hz significantly
increased in the cortex and the dorsal hippocampus, but not in the
ventral hippocampus, amygdaloid and caudate nuclei, thalamus and
reticular formation. The immobility accompanied by the EEG changes dis-
appeared when the animal was returned to the home cage and immediately
reappeared after .the rat was retransferred to the test box. Minor
tranquilizers such as diazepam (higher than 5 mg/kg, p.o.) and mexazolam
(higher than 2 mg/kg, p.o.) suppressed significantly the augmented
activity under the same stress condition. Chlorpromazine required a
large dose in order to suppress the activity and antidepressants did not
suppress the activity.

202
HUMAN COMMON CAROTID BLOOD FLOW DURING SLEEP. MASUDA, M., HASEGAWA, H.,
IKEDA, M. AND *UCHINO, K. Dept. of Physiol., Jikei Univ. Sch. of Med.,
Minato-ku, Tokyo, *Yokohama National Univ. Faculty of Student Health
Center, Yokohama

The common carotid arterial blood flow was measured during all night
sleep in two human subjects. A recently described ultrasonic quantita-
tive flow measurement techinique (QFM) was used to measure flow in the
common artery.

Mean common carotid flow during REM sleep was lower than waking level
before sleep and higher than NREM sleep level. But common carotid flow
during the first appearing REM sleep was elevated above waking level,
even though this response was phasic. The vessel diameter of common
carotid artery was nearly same or lower than waking level : i.e.
vasoconstriction in the common carotid artery was produced during sleep.
The flow velocity was decreased during sleep except the first appearing
REM sleep. )

These results suggest that it would be produced redistribution of flow
in both the carotid arterial and the vertebrobasilar systems in sleep.



BEHAVIOR J. Physiol. Soc. Japan 43,1981 337

203

Thirty-one patients with cardiac arrhythmias(ventricular premature contraction(VPC)10,
supraventricular premature contraction(SVPC)7, paroxysmal atrial fibrillation(PAf)3,
paroxysmal supraventricular tachycardia(PSVT)3, atrio-ventricular(A-V) block 8 cases)
were examined using continuous polygraphic recordings for one full night after oral ad-
ministration of diazepam(4 mg). They were 24 men and 7 women, whose average age was 51.8
years ranged from 12 to 83 years.

Paroxysmal tachyarrhythmias(PAf 3, PSVT 3) appeared most frequently during REM sleep
(P<0.05). However,there were no significant relationships between sleep stages and VPC,
ventricular tachycardia and SVPC. The improvements of A-V block were observed during REM
sleep in the case of first-degree A-V block(3 cases), in the case of second-degree A-V
block (Wenckebach type)(2 cases), in the case of advanced A-V block(l case) and in a
patient with implanted permanent pacemaker, although in the case of complete A-V block
the improvement was not observed at all in any sleep stages.

The phasic changes of RR interval and frequent appearance of sleep-induced apnea with
a significant depression of Sa02 were observed during REM sleep. In addition,significant
relationships were observed in a patient with VPC between bigeminy due to VPC and K-
complexes, and between sleep spindles and sinus tachycardia.

These results suggest that there are individual differences in the degree of influences
by sleep states and that an analysis in each patient is necessary for the investigation
of the mechanism of arrhythmias.

204

THE AROUSAL THRESHOLD BY ELECTRICAL STIMULATION TO THE NUCLEUS VENTRALIS POSTERO-
LATERALIS THALAMI IN CATS
SANO, A., ISHIKAWA, N. AND MATSUMOTO, J. Dept. of Physiol., Sch. Med., Univ.Tokushima

Several earier studies have demonstrated that arousal threshold by reticular or
peripheral sensory stimulation was elevated during paradoxical sleep (PS) compared
with other stages of sleep. In the present study, arousal thresholds by electrical
stimulation to the nucleus ventralis -posterolateralis thalami (VPL) were determined
under the various conditions in 10 cats. The arousal thresholds during PS were
significantly higher and more variable than those found during light and deep sleep.
Especially, the thresholds in the PS periods accompanied with eye movements were
significantly higher compared with PS periods without eye movements. In addition,
when a PS period was divided into three parts (first, middle, last period) according
to time course from PS onset, the threshold in the last period was significantly lower
compared with other two periods. Finally, we also investigated the changes of arousal
thresholds by the stimulation, when it was employed as the conditional stimulus in
Pavlovian alimentary conditioning. After the establishment of conditioning, the arou-
sal thresholds by the stimulation in PS and light sleep periods became significantly
lower compared with those before conditioning.
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NEURONAL RESPONSES DURING OPERANT FEEDING BEHAVIOR IN THE MONKEY PREFRONTAL CORTEX AND
THE ROLE OF PUTATIVE NEUROTRANSMITTERS. OOMURA, Y., AOU, S.} INOUE, M.} SIKDAR, S.K.*
YAMABE, K.¥ NODA, T.% NISHINO, H., ONO, T.™® SASAKI, K.» FUKUDA, M.™ National Inst. for
Physiol. Sci., Okazaki., Dept. of Physiol. Fac Med., Kyushu Univ., Fukuoka*, Dept. of

physiol., Fac. Med., Toyama Med. and Pharmaceutical Univ. Toyama®*

Unit activity was recorded in the dorsolateral area of the prefrontal cortex in the
monkey. The correlation between the effect of putative transmitters and the response to
the events of the feeding task was examined. More than 60% of the recorded neurons
responded to at least one event (cue lamp, bar press, cue tone, eating etc.). The action
of NA was mainly inhibitory, especially on the neurons which responded to cue. These
responses were suppressed during the continuous application of NA. Application of ACh
produced excitation on the majority of neurons but did inhibit a few. The continuous
application of ACh blocked the decreasing responses during the bar press period in some
neurons. This effect was in contrast to the inducing action of glutamate, which induced
clearer event related responses in silent, as well as spontaneously active neurons.
Morphine had an excitatory effect on some neurons which increased in activity during
reward period. These results suggest the possibility that ACh and glutamate act on
different sites of cortical neurons, and that NA may influence neurons involved in the
integration of sensory information at the cortical level.
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CHAINGES IN THE MAXIMUM NUMBER OF BINDING OF NICOTINIC ACETYLCHOLINE RECEPTOR IN THE
NUCLEUS INTERPEDUNCULAR FOLLOWING LESIONS OF THE HABENULA

SUNAYASHIKI,K Dept. of Physiol., Sch. of Med., Ehime Univ., Shigenobu-cho Ehime

Binding assay for [*2®I]-a-bungarotoxine ( [*2?3I]-a-BGT) was carried out on nucleus
interpeduncular ( IPD ) crude synaptosomes to obtain independent evidence for presence
of specific nicotinic Acetylcholine receptor ( nAChR ) <n vitro. (1) Using a stereo-
taxic apparatus and a DC stabirized source, bilateral electrolytic lesions were formed
in the habenula of male rats under Nembutal anethesia. (2) After allowing survival 10
days or 60 days in good conditions, the operated rats were decapitated and then IPDs
were removed in the cold (5°C). (3) The activity of choline acetyltransferase in the
sama IPD was assayed essentially by a radiochemical method with the following slight
modification. (4) A Scatchard analysis of saturation data, carried out on the IPD of
the habenula lesioned, revealed that the elevation of specific [*?°I]-a-BGT binding in
the IPD was characterised by 176% increase in maximal [*?°I1]-a-BGT binding ( Bmax ) at
10 days after operation. But at 60 days after operation the Bmax of specific nAChR
falled to nearly sham control ( 17.74+0.6 pmoles/g protein ). Such a finding suggests
the development of denervation supersensitivity of specific nAChR on the IPD deprived
of their associated presynaptic terminals by destruction of the cell body.
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THE INHIBITORY EFFECTS OF TUNICAMYCIN ON GLYCOPROTEIN SYNTHESIS IN PERIPHERAL NERVE
MYELIN. UYEMURA,K.,HORIE,K.,KITAMURA,K. & SUZUKI,M. Dept. of Physiology,Saitama Medical
School,Moroyama,Irumagun,Saitama.

Membrane fractions of chick peripheral nerve at myelination showed active transfer
activity of mannose from UDP-mannose to lipid intermediates and glycoproteins in vitro.
This transfer activity was stimulated by exogenous dolichol monophosphate(Dol-P) and
UDP-N-acetyl glucosamine(GlcNAc). Molecular weights of glycoproteins labeled were
consistent with those of two myelin glycoproteins,PO and PASII. Addition of Tunicamycin
(M) [1pg/0.1ml] inhibited mannose transfer into oligosaccharide lipids and glyco-
proteins,although TM showed no effect on its transfer into Dol-P-mannose. TM addition
also caused 50% inhibition in GlcNAc transfer from UDP-GlcNAc to Dol-PP-GlcNAc and
oligosaccharide lipids,and 30% inhibition in it to glycoproteins. For in vivo studies,
chick embryos at 16 days were injected with TM [0.2-20pg/animal] and were sacrificed
after 3 days incubation. No significant differences in body,brain and sciatic nerve
weights were observed between control and experimental groups. However myelin glyco-
proteins,PO and PASII,in the sciatic nerve decreased in inverse proportion to the

amount of TM injected. These results indicated that TM inhibited glycoprotein synthesis
and,as consequence,myelination of the peripheral nerve.
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DEVELOPMENTAL CHANGES IN ACTIVITIES OF CHOLINE ACETYLTRANSFERASE AND
GLUTAMIC ACID DECARBOXYLASE IN GUNN RAT'S BRAIN OIINO, TAKUO Dept. of
Physiol., Ehime Univ. Sch. Med., Shigenobu, Ehime 791-02

The activities of choline acetyltransferase and glutamic acid decarboxylase, markers
of cholinergic and GABAergic terminals, were measured in Gunn rats, which possess an
autosomal recessive gene for jaundice or kernicterus, during postnatal growth. It is the
aim, whenever possible, to correlate these changes with the structural and physiological

- maturation of the brain. Male heterozygous (phenotype, normal) and homozygous
(phenotype, jaundiced) Gunn rats raised in this laboratory were used. The brains were
analyzed at 1, 2, 3, 5 and 8 weeks after birth. Under ether narcosis, the rats were
decapitated, whole brains were immediately removed, and divided into 4 regions: the
cerebral cortex, olfactory bulb, hippocampus and neostriatum. Immediately after
excision, tissues were weighed and homogenized with 0.1 ml of 0.1% Triton X-100 solution
for the analysis of the enzymes by radiochemical tracer experiments. In the
hippocampus and neostriatum from the animals with kernicterus, the development of the
cholinergic pathways is delayed, but by the adult stage it is normal, while there is
practically no action on the innervation by GABAergic neurons, at least as indicated by
the chemically measured parameters. However, it is difficult to see how the delay in the
development of these cholinergic pathways correlates with the neurological defect.
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MODULATION OF THE MYELINATION IN THE CEREBELLUM OF RATS TREATED WITH CYTOSINE ARABINO-
SIDE IN THE NEONATAL PERIOD. TAMARU, M., HAYAKAWA, Y., NAGAYOSHI, M. AND MATSUTANI, T.

Dept. of Dev. Physiol., Inst. for Comprehensive Med. Sci., Fujita-Gakuen Univ., Sch. of
Med., Toyoake, Aichi, 470-11.

Effects of the cerebellar hypoplasia caused by the inhibition of cell division in the
external granular layer of rats with cytosine arabinoside(ara-C) in neonatal period on
the myelination were investigated on 60-day-old rats. Body weights of rats treated
with ara-C(30mg/kg/day, s.c.) at 4,5,6,7 days after birth(ara-C rats) reduced by 50% of
control. Cerebellar weights of ara-C rats reduced by 30% of control and a severe ataxia
was observed. The cerebellar concentration of DNA reduced by 30% of control. Specific
activities of CNPase in the cerebellar homogenate of ara-C rats elevated by 140% of con-
trol. Simultaneously, the myelin content estimated as protein per gram tissue of the
cerebellum in ara-C rats also elevated by 170% of control. Patterns of SDS-polyacryl-
amide gel electrophoresis -in the cerebellar myelin protein of ara-C rats unchanged as
compared with control. It was considered that elevations of specific activites of
CNPase and myelin content per gram tissue were due to the reduction of granular cells.
But, since total activities and content of these markedly reduced, it was suggested that
the cerebellar hypoplasia caused by the reduction of granular cells in ara-C rats was
accompanied with the dysmyelination.

210

NEUROCHEMICAL STUDIES ON DILUTE-LETHAL MICE (dl).
T.SUGISAKI, T.NOGUCHI, AND Y.TSUKADA.
Dept. of Physiol., School of Medicine, Keio Univ., Shinjuku-ku, Tokyo.

Dilute-Lethal mutant mice (dl) are characterized by neurological
symptoms; -ataxia, opisthotonus and clonic-tonic convulsion. At 20 days
of age, the activity of 2',3'-cyclic nucleotide 3'-phosphohydrolase as
a marker for myelinogenesis was found to be exceedingly reduced in the
cerebrum, brain stem and medulla oblongata (p40.01), slightly in the
cerebellum and cervical spinal cord (p<0.05), but not in the thoracic
spinal cord and the optic nerve. The free amino acids contents in the
different parts of the brain were measured, and it was found that
aspartic acid content tended to increase and glutamine and tyrosine
contents tended to decrease only in the cerebrum (p<0.05). Furthermore,
the amount of radioactivity incorporated into glutamine from (U-14C)-
glucose injected subarachnoidally was found to be reduced to one-half of
the normal control only in the cerebrum. These results may indicate
that Dilute-Lethal mutant mice have poor myelination and disorder of
amino acid metabolism in the central nervous system.

21

DUAL EFFECTS OF L-GLUTAMATE ON CYCLIC AMP LEVELS IN SLICES FROM DIFFER-
ENT AREAS OF RAT CEREBRAL CORTEX WITH IRON-INDUCED CHRONIC FOCUS.
HATTORI, Y., INABA, K., UEZU, E., NISHIDA, N., YASUHARA, H. and HORI,
Y. Dept. of Physiol., Okayama Univ. Med. School, Okayama 700

A chronic focus not resulting in generalized convulsions was induced
by a single intracortical microinjection of FeCl3 solution into the
left frontal cortex of rats. Animals were sacrificed after confirming
the appearance of epileptic discharges in the ECoG in early(8-10 days
after injection) or late(30-60 days after injection) stages. The cer-
ebral cortex was dissected into four parts, i. e., left anterior, left
posterior, right anterior and right posterior quarters. Each quarter
of cortex was sliced and incubated in Krebs-Henseleit Ringer bicarbonate
buffer. The level of cyclic AMP was increased by the addition of L-
glutamate in slices from the quarter of cortex with the focus (left
anterior) in both early and late stages. The addition of L-glutamate
resulted in decreased level of cyclic AMP in slices from the most remote
quarter of cortex(right posterior) in the late stage.
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MONKEY BRAIN SUBSTANCE P INACTIVATING ENZYME. M. HAYASHI, K. OSHIMA Dept. of
Physiol., Primate Res. Inst., Kyoto Univ., Inuyama, Aichi

The enzyme which inactivates substance P (SP) was investigated in the various regi-
ons of the monkey brains (Macaca fuscata fuscata) using a bioassay of guinea pig ileum
contraction. One unit of the enzyme activity was defined as the enzyme amount that
hydrolyzed 1 pg of SP per 1 min. The specific enzyme activities of various regions of
three monkey brains were as follows: cerebral cortex (324+24 wU/mg protein), hippocam-
pus (300+21), amygdala (325+15), posterior hypothalamus (237+36), anterior hypothalam-
us (248+16), substantia nigra (275+23), reticular formation (280+30), cerebellar
cortex ?279iﬁ3), and spinal cord (237427). The results indicate that the enzyme is
distributed uniformly throughout the monkey brain and its distribution did not correl-
ate with that of endogenous SP. In order to characterize the enzyme, it was partially
purified from monkey whole brain by DEAE-cellulose chromatography. The molecular wei-
ght of the enzyme was estimated 64,000 by gel filtration (Sephadex G-100) and pH opt-
imum of the enzyme activity was 7.5-8.0. Of various inhibitors, p-chloromercuriphenyl-
sulphonate, diisopropyl phosphorofluoridate and o-phenanthroline showed strong inhibi-
tory effects. These results suggest that the enzyme is a metal enzyme and that -SH
and -OH residues represent essential functional groups of the enzyme.

213

SIGNIFICANCE OF THE UNEVEN DISTRIBUTION OF GABA (y-aminobutyric acid) IN
THE CNS(central nervous system). OKADA, Y., Dept. Neurochemistry, Tokyo
Metropolitan Institute for Neurosciences, 2-6, Musashidai, Fuchushi,Tokyo

The regional GABA distribution in the rat CNS was studied together
with that of GAD(glutamate decarboxylase), GABA-T(GABA-transaminase)
activity and glutamate in the same sample dissected from each single
region. Furthermore, GABA concentration in each region after decapita-
tion method(DM) was compared with that after fixing the brain by micro-
wave method(MW). High concentration of GABA was found in substantia
nigra, medial forebrain bundle, olfactory tubercle, superior colliculus
and hypothalamus (60-80 mmol/kg prot.). The distribution of glutamate and
GABA-T activity did not coinside with the pattern of GABA distribution.
The GAD distribution was in good agreement with that of GABA. GABA con-
centarion of the whole brain measured after DM was 130% of that after MW.
The regional GABA distribution obtained by DM did not agree with the dis-
tribution pattern by MW. It was found that both GAD and GABA-T activity
in each region must be considered for the explanation of this discrepancy
namely,for the post-mortem change of regional GABA distribution.
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DISTURBANCE OF INTRA-AXONAI TRANSPORT OF PROTEINS IN A STRETCHED AXON OF
APLYSIA. H. KOIKRE & K. OHTA, Dept. Neurophysiol., Tokyo Metropolitan
Institute for Neurosciences, Fuchu City, Tokyo.

Aplysia nerve can be stretched up to about 5 times of its resting
length with full ability to conduct axonal impulses. At comparable
conditions of nerve stretching, intra-axonal transport of proteins was
examined. [3H]proline was injected into a cell body of a giant neuron
of Aplysia, and the neuron was cultured for up to 10 hours at 25°C.
Following the culturing, the cell body and the axons sectioned at 1 mm
length were homogenized in ice-cold 10% TCA solutién. The radioactivity
recovered from TCA precipitate represents the amount of proteins newly
synthesized in the cell from the [3H]proline, and that from TCA solute
represents the free amino acid. The proteins moved down the axon at
their apparent maximum speed of 2-3 mm/hr, when the nerve was cultured
at its resting length. With gentle stretching to remove zigzagging of
the axon in the nerve sheeth, the apparent velocity increased to about
3-4 mm/hr, and it remained at the same value in the nerve overstretched
up to 2 times of its resting length. Further elongation of the axon
seriously injured both the speed and amount of protein transport.
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SPATIO-TEMPORAL RECEPTIVE FIELD IDENTIFICATION OF CATFISH RETINAL NEURONS.
HIDA, E. National Institute for Basic Biology, Okazaki, 444.

Spatio-temporal receptive fields of channel-catfish, Ictalurus punctatus, retinal
neurons were identified by cross-correlating the light input, the spatio-temporal
white noise, with the cells' response to the input. The spatio-temporal white noise
was the TV snow seen on unused television channel and cross-correlation between the
input (TV snow) and output (cells' response) was performed photographically.

Main conclusions drawn are:

1) Bipolar cells, both on- and off-center types, had a simple and almost circular
receptive-field center which had the (maximum) diameter of about 400 microns.

2) Both types NA and NB (amacrine) cells had a large, elliptic receptive-field center
whose major axis was parallel to the fish's field of view.

3) Ganglion cells, both on- and off-center types, were classified into two types,

one with a small receptive-field center and the other with a large center.

The center of the small field cells was similar to that of the bipolar cells and

the center of the large field cells was similar to that of the type N cells.
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MUTATIONS AFFECTING ERG AND STRUCTURE OF THE OPTIC GANGLIA IN DROSOPHILA.
ISONO,K., TSUKAHARA, Y. AND MIZOGUCHI,J.* Res.Ctr.for Appl.Inf.Sci., To-
hoku Univ. and *Dept.of Anat., Yamagata Univ. Sch. of Med.

Two X-linked ERG mutations, both affecting morphology of the optic gang-
lia were studied with gynandromorphic head mosaics. rdgAL5¢ causes severe
retinular cell degeneration with elimination of ERG response and, in ad-
dition, large vacuolar structures are found in the external plexiform
layer of the lamina and the distal medulla. Another mutation, rofl43,
causes a typical ERG abnormality without evident retinular structural
change but with cell degeneration in the lamina monopolar cell layer and
the cortex of the optic lobe. By examining various types of head mosaic—
ism it was shown that the degeneration in rdgd develops from the retina
to the optic ganglia, being primarily determined by the genotype of the
retinular cells. However, in rof mosaics, ERG and the structural abnorma-
1lity did not correspond to the genotype of the retina, suggesting an au-
tonomous expression of the gene in the optic ganglia.

217
THE EFFECT OF EFFERENT FIBERS IN THE OPTIC NERVE ON THE RETINAL GANGLION CELLS OF A
MARINE TELEOST, NAVODON MODESTUS. NAGAI, Y., SUZUKI, H. and TASAKI, K. Dept. of
Physiol., Tohoku Univ. Sch. of Med., Sendai

The optic nerve of a file-fish, Navodon modestus, consists of numerous fine bundles
which can be separated by simple operation with fine forceps. Recordings from proximal
stumps of the cut nerve bundles showed that efferent fibers are spontaneously discharg-
ing and can be activated by visual stimulation of the ipsilateral eye. In some cases
illumination of the contralateral eye produces a weak response. The most effective
stimulation to elicit the efferent discharges is to touch the skin. The sensitive skin
areas to tactile stimuli (tactile receptive fields) explored with a Frey's hair over
the body wall were found to localize around the ipsilateral eye, most densely aggregat-
ing in the dorso-ventral quadrant. Many distal stumps respond to diffuse illumination
at "on" and "off" of the stimulus only transiently, and light-elicited afferent dis-
charges are greatly enhanced when the tactile receptive fields are continuously stimu-
lated. It was also observed that the responsiveness of an intact bundle to photic
stimulation is markedly decreased by cutting the nerve centrally. From these observa-
tions it was concluded that the effect of the retinal efferent fibers in the teleost
optic nerve is predominantly excitatory.
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The amplitude of ERG of the Limulus lateral eye increases at night and decreases during
day time, whereas the frequency of the spontaneous optic nerve discharges becomes less
at night than during the day. These circadian rhythms are mediated by the activity of
efferent fibers in the optic nerve trunk ( Barlow et al., Science, 197, 86-89, 1977 ).
The efferent signals to the lateral eyes either under normal circadian clock or electri-
cal stimulation of the optic nerve trunk increase the amplitude of the photoreceptor
response to light and decrease the frequency of descrite potential fluctuations in the
dark ( Kaplan and Barlow; Nature, 286, 393-395, 1980 ).

We report here that cutting the optic nerve at night reverses the action of the
circadian clock on the photoreceptor and eccentric cell activities. After nerve section
the frequency of the spontaneously occurring discrete waves increases and the amplitude
of the receptor potential decreases. The signal-to-noise ratio of the retinular cells
is thereby improved. No consistent changes in cell resting potential were detected after
nerve section. Spontaneously occurring nerve impulses recorded from eccentric cells in
situ were triggered by discrete fluctuations in membrane potential; impulses caused by
injury (nerve section) were not. The potential fluctuations of eccentric cells arise
from discrete waves of retinular cells via electrical coupling of the retinular cells
to eccentric-cell dendrite. The origin of spontaneous optic nerve activity in situ can
thus be traced to the photoreceptors.

219

GASTROPOD RETINA AND THE DUPLICITY THEORY. SUZUKI, H., NAKAYE, T. and TASAKI, K.
Dept. of Physiol., Tohoku Univ. Sch. of Med., Sendai.

Retinae of thirteen species of gastropods were examined by an electron microscope
and were classified into two groups. The retina of two species of marine snails have
only one type of photoreceptor. On the contrary, the retina of five land snails, two
slugs, one freshwater snail and three marine snails composed of two types of photo-
receptors. The dark adaptation curve and the response-log I relation were obtained
from the ERG and spike discharges recorded by a suction electrode. The retina which
has only one type of photoreceptor showed a simple sigmoid curve, indicating the
presence of a single process. On the other hand, a clear break, which might corres-
pond to the Kohlrausch's kink in the vertebrate retina, was shown in the dark adapta-
tion curves obtained from the retinas which consist of two types of photoreceptors.

The response amplitude-log I relation also showed a complex curve which suggest to be
composed of two components with different sensitivities. These results were consistent
with those of intracellular recording analyses of photoreceptor sensitivities and mor-
phological observations. Thus the duplicity theory can be extended to the terrestorial
gastropods and some of the marine species.

220

CATECHOLAMINE-ACCUMULATING CELL DENSITIES IN THE RETINA OF DIFFERENT SIZED GOLDFISH.
NEGISHI, K. Dept. of Neurophysiol., Neuroinformation Res. Inst., Sch. Med., Univ.
Kanazawa, Kanazawa

The morphology, cell density and distribution pattern of catecholamine-accumulating
(CA-) cells were studied by means of histofluorescence technique with retinal flat-
mounts from different sized goldfish (Carassius auratus), ranging from 4.4 to 20.5 cm
in body length (tip-to-tip). The characteristics found commonly in all fish of
different size were as follows; the CA-cell density (number/mm2) is higher in the
periphery than elsewhere; the size of CA-cells is smaller the higher their density;
large cells extend 3-5 dendrites irregularly in the inner plexiform layer, while small
cells in the periphery extend 2 dendrites in a direction parallel to the retinal
margin. The CA-cell density was higher (x2.6) in small fish than in large ones; the
average density reduction was 38% with fish growth. The CA-cell number/retina, on the
other hand, increased at a rate of approximately 800 cells/cm of body length, accompa-
nied by an increase (x10) of the total retinal area. In parallel with the above
changes in growth, the somata of CA-cells became larger in size, the arborization of
their dendrites wider, and the cellular arrangement in radial rows, seemingly fanning
out from the optic disc towards the retinal margin, appeared to become more defined.
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The effects of GABA on the on-center bipolar cells in the carp retina.
Shimoda, Y.* Watanabe, S.-I. and Murakami, M. *Dept. of Physiol. Kyorin University,

Dept. of Physiol. Keio University.

In our previous reports, it was concluded that H1 cell had negative feedback synapses
mediated with GABA onto cones. A role of this feedback synapses on the mechanisms of
the antagonistic receptive field of the on-center bipolar cells was studied in the iso-
lated carp retinas. The on-center bipolar cells used in this experiment were classified
into three classes, that is, the red cone type, the mixed type having both red cone and
rod inputs and the rod type. When the retina was perfused with GABA, the spectral res-
ponses of both red cone and mixed types were modified by selective suppression of the
responses to red light, but GABA had no effects on the rod type bipolar cells. Apply-
ing cobalt known as a synaptic transmission blocking ion, the bipolar cells were depol-
arized and the photic responses were ceased. As GABA was administered in addition to
cobalt, there was no more effects on the bipolar cells, suggesting that the on-center
bipolar cells had not receptive site of GABA. Consequently, in the red cone and mixed
types of bipolar cells, the peripheral photic responses were transmitted through the
H1 cells to the cone at the center with reversing polarity, then transmitted to the on-
center bipolar cells.

222 .
THE EFFECTS OF STRYCHNINE AND BICUCULLINE UPON THE RESPONSES OF X- AND Y-

CELLS OF THE ISOLATED PERFUSED EYE-CUP PREPARATIONS OF THE CAT,
SATTO, H. NHK Broadcast. Sci. Res. ILabs., Kinuta, Setagaya-ku, Tokyo

—_—a

The effects of strychnine and bicuculline, the respective antagonists of
glycine and GABA, upon the inhibitory responses of X- and Y-type retinal
ganglion cells of the cat were studied using isolated and perfused eye-cup
preparations. The surround inhibition of the on-center X-cell was blocked
by strychnine. On the other hand, that of the on-center Y-cell was blocked
by bicuculline. In the off-center X/Y-cells, bicuculline blocked both of
the center and the surround responses, but strychnine did not. These drugs
also affected the background firing of the ganglion cells differently. In
the on-center X/Y-cells, both strychnine and bicuculline had the effects
to increase the background discharge rate. In the off-center X/Y-cells,
strychnine increased, but bicuculline decreased the background discharge
rate. These facts suggest that several kinds of inhibitory interneurons
may be involved within the neuronal networks which characterize the dis-
charge patterns of the ganglion cells. At present, it could be said that
the on-center X-cell might have a glycine interneuron and the on-center Y-
cell = GABA interneuron in the neuronal path of the surround mechanism.

223

VISUAL EXCITATION AND INTRACELLULAR CALCIUM

YOSHIOKA, T., HORI, H. AND TAKENAKA, T. Dept. of Physiol. Sch. of Med.
Yokohama City Univ. Minami-ku, Yokohama

Membrane fraction of microvilli was isolated from the retina of squid and
octopus and subjected to the membrane phosphorylation experiment. A continuous
light irradiation and the addition of Ca-ionophore, A23187 to the incubation solution
containing 32p ATP, accelarated the incorpoation of 32p into rhodopsin, retino-
chrome and 17, 000 dalton protein, selectively. Polyphosphoinositide, DPI and TPI,
were phosphorylated simultaneously, under the same condition. The time course of
the phosghorylation of the two, protein and phospholipidg,were identical. Further-
more, 32p incorporation into these proteins and lipids were reduced in the presence
of phosphodiesterase inhibitor, 3-isobutyl-1-methylxanthin (IBMX). The electro-
physiological responses to the effect of A23187 and IBMX were also compared with
these biochemical responses. By the addition of these drugs to the retina, the dark
adaptation process was markedly inhibited. These observations led to the idea that
photoreception triggered the breakdown of PI and phosphorylated T(D)PI and protein.
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TEMPERATURE DEPENDENCE OF STATIC PHASE OF PHOTORECEPTOR POTENTIAL
KIKUCHI, R. & HIROSE, T. Department of Physiology, Tokyo Women's Medical College
Kawada-cho, Shinjuku-ku, Tokyo 162

The static phases of the photoreceptor potentials recorded from the retinular cells
of the horseshoe crab in response to long illumination have been studied at different
temperature ranging between 10°C and 23°C. Their amplitude was temperature depend-
ent as reporded previously. Their temperature coefficient was positive and dependent
upon the intensity of illumination, and the Tower the intensity the smaller the coef-
ficient. However, even their high values were smaller than those of dynamic phase
but Targer than those of the receptor potential of Paccinian corpuscles.

The membrane potential in the dark was also temperature dependent, and larger de-
pendency was found after prolonged strong illumination. The temperature coefficient
of the spike amplitude was longer than that of other spike potentials. Less values
of these temperature coefficients were obtained when these potential changes were
recorded from the eccentric cells. It was suggested that the changes in the chemical
process of the photopigment, the electrogenic Na-pump and the attenuation factor due
to temperature alteration are responsible for the higher temperature coefficients of
this photoreceptor than those of other receptors.

225

INTERCONNECTION BETWEEN PHOTORECEPTORS AND HORIZONTAL CELLS IN THE TURTLE RETINA
(GEOCLEMYS REEVESII).
OHTSUKA, T. Dept. of Information Physiol., National Inst. Physiol. Sci., Okazaki 444

Contacts between photoreceptors and two types of horizontal cells (HC) were
studied by morphological analysis of HRP-injected HCs. In flat-mounted preparations,
the types of photoreceptors above each HRP-filled HC could be identified by the color
of their oil droplets, and as well the HRP-filled cells, particularly their fine
dendritic processes, could be drawn with the aid of a camera lucida and oil immersion
objectives. Since the diameters of the photoreceptors exceed those of the HC dendritic
terminals, then superimposed tangential views can illustrate the patterns of inter-
connections between them. The observations are summated as follows (with numbers
indicating the ratio of number of each type of contact: number of total contacts)

rod red cone double cone green cone blue cone
HI1CB 0 35 33 27 5
H1AT 17 26 38 10 8
H2 0 43 4 11 42

(H1CB: L-type HC cell body; HIAT: L-type HC axon terminal: H2, biphasic C type HC)
These results are consistent with the hypothesis that differences in connections
between photoreceptors and HCs produce different postsynaptic responses.

226

SYNAPTIC ORGANIZATION OF THE OUTER PLEXIFROM LAYER IN THE CATFISH RETINA
SAKAI, H. National Institute for Basic Biology

Electron microscopic observations were made on the HRP injected horizontal and bipolar
cells to reveal their contact patterns with receptor terminals. Horizontal-cell dend-
rites were lateral processes in the triads at the synaptic ribbons. All the bipolar
cells penetrated into the terminal invaginations. Dendrites from the off-center
bipolar cells made contacts with the ribbons, taking central positions over 1 ym along
the apex of the synaptic lamella, and dendrites from the on-center bipolars did not
make direct contacts with the ribbons. This suggests that the direct synaptic ribbon
contacts could be the site of sign non-inverting and the indirect synaptic ribbon
contacts the site of sign inverting synaptic transmission from the receptors to the
horizontal and bipolar cells in catfish.

The morphological counterparts of functionally suggested feedback .synapses from hori-
zontal cell to receptors were chemical synapses with aggregation of spherical synaptic
vesicles and the membrane thickenings on the pre- and post-synaptic sites. They were
made onto the telodendria of cones.
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CONNECTIONS BETWEEN CONES AND HRP-INJECTED CONE HORIZONTAL CELLS OF THE
DACE. UEKI, K. and HASHIMOTO, Y. Dept. of Physiol., Tokyo Women's Medical College,
Shinjuku-ku, Tokyo 162

The dendritic contacts of HRP-injected cone horizontal cells were examined in the electron
microscope. Two different types of cone terminals may be distinguished with respect to the shape
and localization of their synaptic endings. The one type is small and ovoid in shape containing
only one synaptic ribbon and located close to the rod nucleus in the outer plexiform layer. This
type will be referred to as the small type. The other type, referred to as the large type, is
characterized by a large conic-shaped terminal containing many synaptic ribbons which is more
complex than former type. This terminal is located close to the horizontal cells in the outer
plexiform layer. These morphological differences of cone terminals are corresponded to o, — and
B - type of rod synapses in guinea pig and rabbit retinas described by Sj8strand ( 1953 ).

The dendrites of the L-type horizontal cell invaginate into the large type cone terminals form-
ing spinules of Wagner ( 1980 ) as the lateral elements of synaptic ribbon complex ( triad ). It
was unable to find the dendrites to the central elements of the triad.

The dendrites of the C~type horizontal cell invaginate into the small type cone terminals form—
ing spinules as the lateral elements of the triad. Again, we could not find the dendrites to the
central elements of the triad. In this case, the dendritic field was more than 50 um in diamenter
and the total terminal number which the dendrites invaginated was more than 90.

228
INTERACTION OF HORIZONTAL CELLS AS THE BASIS OF OPPONENT-COLOR PROCESSES
TOYODA, J., FUJIMOTO, M. AND KUJIRAOKA, T. Dept. of Physiol., St. Marianna Univ.
Sch. of Med., Kawasaki

It has been suggested that the interaction among horizontal cells including a
negative feedback to cones plays an indispensable role in the transduction from a
trichromatic to an opponent-color process. To test this hypothesis, two horizontal
cells were recorded simultaneously in the carp retina and the effect of polarization
by current of one of them on the other was studied. Hyperpolarization of an L-type
cell elicited a depolarizing response in an RG~-type cell, and depolarization of the
same L-type cell a hyperpolarizing response in the latter. Polarization of RG-type
cells, on the other hand, did not elicit a detectable potential change in L-type
cells. The same type of interaction was observed between RG- and RGB-type cells.
The effect of polarization of L-type cells was also observed in some cones. The
results are consistent with the model of Stell and Lightfoot on the goldfish retina
in which the depolarizing response of RG-type cells to red light is mediated by a
feedback from L-type cells to green cones and the depolarizing response of RGB-type
cells to green light is mediated by a feedback from RG-type cells to blue cones.

229
ACTIVATING AND DEPRESSING EFFECTS OF LIGHT ILLUMINATION ON THE GANGLIONCELL AND THE
B-WAVE OF THE FROG RETINA. ANDO, H. and HANAWA, I, Dept. of Physiol,, Kobe Univ,
Sch, Med., Kobe, 650,

A prolonged weak adapting illumination increases the amplitude of the PIII response
from the dark adapted frog retina., Using the ganglion cell spikes and the b-wave of
the bullfrog retina as indicators of higher-order neurons' activity, effects of a pro-
longed weak adapting illumination were studied. This curious effect of the adapting
light was also observed from a part of the preparations. In 33% of the cases, the
amplitude of the b-wave was increased temporarily by the same adapting light which
increased the PIII response. In 12.2% of the ganglion cells, the estimated magnitude
of the input signal to them was increased after the adapting illumination. Findings
suggest that the weak adapting light has at least two relatively independent effects
on the dark adapted retina, One is well known suppressing effect and the other is
the enhancing effect which has its origin in the enhancement of the receptor response
and is transmitted through the higher order neurons in the retina.
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FREQUENCY ANALYSIS OF E-RESPONSES IN THE CARP RETINA.
UMINO, 0., KATAGIRI, Y. AND WATANABE, K. Dept. of Physiology, Tokyo Women's Medical
College, Tokyo

E-response evoked in the horizontal cell by transretinal electrical pulse stimula-
tion can be treated as an impulse response of the system receptor terminal-horizontal
cell. The waveform of E-response depends on the following parameters, i.e., strength
of the current pulse, intensity and the pattern of the retinal illumination, etc.

The Fourier transform of each E-response was calculated to obtain the power and the
phase spectra. Generally, the power spectrum of E-response shows characteristics.of
a low-pass filter with a cutoff frequency at 2-20Hz, above that the power decreases
at a rate from 10 to 20db/decade, and the cutoff frequency lowers with the increase
in the electrical stimulus strength. Under annular or field illumination, an in-
flection or a dip was observed arround the peak of E-response in the time domain. In
the case of field illumination, E-response showed a considerable phase-lag in the
frequency domain up to 50Hz, while in the case of annular illumination, an extreme
decrease in power occurred arround 50Hz. In a preliminary experiment, application of
bicuculline produced depolarization of horizontal cell with slightly increased hyper-
polarizing response to light, but the effect of the agent on E-response was not clear.

231

SPATIAL PROPERTIES OF S-POTENTIAL COMPONENTS IN CARP RETINA. TERANISHI, T., KATO, S.
AND NEGISHI, K. Dept. of Neurophysiol., Neuroinformation Res. Inst., Sch. Med., Univ.
Kanazawa, Kanazawa

Intracellular recordings of horizontal cells were made in isolated carp (Cyprinus
carpio) retina. The area-response amplitude relation and the potential decay with
distance were explored on each component of S-potentials induced by appropriate mono-
chromatic lights. The response amplitude was increased linearly as the spot diameter
was increased from 0.5 to 5.1 mm, except for scotopic L-type response, which was
increased exponentially. The potential decay curve for each component of S-potentials,
explored with displacement of a 0.5 mm light spot in a range of 5 mm length over the
retinal surface, was found to vary with different type cells and different components
of a given C-type cell. The potential decay of the hyperpolarizing responses of
scotopic L-, photopic L- and C-type cells formed a monomodial curve; the maximal
amplitude response was obtained at the recording point. On the other hand, the
potential decay of the depolarizing and second hyperpolarizing response of C-type cells
drew a bimodial curve, in which the amplitude of response at the recording point was
slightly smaller than those obtained at some distances on the bilateral sides. The
results indicate that different components of S-potentials differently spread laterally
along even a given C-type cell layer.

232

RESPONSE PROPERTIES OF EXTERNAL HORIZONTAL CELLS IN THE GOLDFISH RETINA IN VIVO.
TAUCHI, M., YANG, X.-L. AND KANEKO, A. Dept. of Information Physiol., National Inst.
Physiol. Sci., Okazaki 444

The types of photoreceptors converging to external horizontal cells were identi-
fied and their interaction was studied by analyzing the responses recorded intracellu-
larly in the live, immobilized goldfish. Under dark-adapted conditions, responses to
flashes of short wavelength (below 550 nm) showed a waveform with initial transient,
decay to a plateau and quick return to baseline at the light offset. Responses to
flashes of long wavelength (above 600 nm) had a slow rise-time and slow return to
baseline. The slopes of the intensity-response amplitudé curves at short wavelengths
were steeper than those at long wavelengths. Spectral sensitivity peaked at between
550 and 600 nm. These findings suggest that the external horizontal cells receive
inputs from green-sensitive and red-sensitive photoreceptors.

These two inputs did not simply add to each other: (1) the green input cannot be
isolated by selective adaptation and (2) green (502 nm) and red (706 nm) flashes given
simultaneously evoked significantly larger response amplitudes than either the sum of
responses evoked by each flash alone or the response amplitude predicted from
independent red and green inputs. We speculate that the two types of inputs
facilitate each other at the presynaptic level.
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SENSITIVITY CHANGES DURING LIGHT- AND DARK-ADAPTATION IN INTERMEDIATE HORIZONTAL CELLS
OF THE GOLDFISH RETINA IN VIVO.

FUKUROTANI,K. AND KANEKO, A* Dept. of Electronic Engineering, Toyama Univ., Takaoka
933, and *Dept. of Information Physiol., National Inst. Physiol. Sci., Okazaki 444

Intracellular recordings were made from intermediate horizontal cells (MHC) of
live, immobilized goldfish, under conditions which produced light- and dark-adaption.
We sought to study changes in the sensitivity of the rod system, because MHCs are
generally thought to be driven solely by rods. In the presence of a background which
produced a 20 mV hyperpolarization (half saturated response), the threshold (deter-
mined as the light intensity required to produce 0.5 mV criterion response) was
elevated by 0.25 log units promptly, stayed at a steady level and returned to the
control value within a minute after the termination of background illumination. With
nearly-saturating background intensity, the threshold rose rapidly by about 2 log
units, but sagged to a lower plateau. By 3 min after removal of the background, the
sensitivity of the MHC returned to its dark-adapted value. The time course of dark
adaptation increase with the intensity of the background light. Furthermore, the
recovery after a strong background displayed early and late phases. During the
recovery phase, the threshold showed a linear relationship to the membrane potential.

234
TRANSRETINAL CURRENT APPLICATION AND THE ERG: ITS CHANGES IN THE EYE CUP AND ISOLATED
PREPARATIONS. SASAKI YUTAKA. Dept. of Physiol., Tokai Univ. Sch. of Med., Isehara,
Kanagawa, 259-11. .

Using eye cup preparation and isolated inverted retina of the bullfrog, changes of
the ERG by the locally applied transretinal direct current were studied. Inthe eye cup
preparation, the current passed in the vitreous-negative direction between a current
pipette and an indifferent Ag-AgCl plate enhanced b~ and d-waves of the ERG which was
recorded near the site of current application on the surface of preparation, while the
current in the vitreous-positive direction depressed the PII component resulting in two
negative transient deflexions at 'on' and 'off' of each photic stimulus. When the
vitreous-negative current was strong, however, the PII component was rather depressed,
instead of enhanced and the configuration of the ERG became a sustained negative wave
during illumination. Inthe isolated inverted retina, changes observed were essentially
the same as in the eye cup but in reversed polarity. Transretinal current application
also had its after-effects on the ERG. In the eye cup preparation, the amplitude of the
ERG was smaller after cessation of the vitreous-negative current, and it was larger
after the vitreous-positive current than the control response before current. In the
isolated inverted retina, however, the after-effect, if any, seemed to be different from
those found in the eye cup preparation and was difficult to describe in a definite way.

235
RELATIONSHIP BETWEEN THE SLOW PIII RESPONSE AND POTASSIUM ION IN THE
ISOLATED BULLFROG RETINA. MATSUURA, T. AND WADA, T. Dept. of Physiol.,
Sch. of Med., Kinki Univ. Osaka

Relationship between the aspartate-isolated slow PIII response and
light-induced decrease of extracellular potassium ion concentration,
[K™]g, in the photoreceptor layer was studied using isolated bullfrog
retina. A pair of K* microelectrode and conventional micropipette
electrode, which was set in parallel and close together in their tips,
was inserted into the photoreceptor layer and fixed at the region where
maximal light-induced [Kt]( decrease was observed. A close correlation
between the slow PIII response and the [K*]y decrease was found for all
variations in the stimulus parameters, and in the case of the applica-
tion of 0.5 mM barium chloride in perfusate which slowly diminished
slow PIII response in amplitude and lengthened its peak latency.

These results provided direct evidences to support the hypothesis that
the slow PIII response is produced by the Miiller cells as they hyper-
polarize in reponse to the [K+]0 decrease around photoreceptors.
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RECONSTRUCTION OF ROD RESPONSES IN FROG RETINA. YAMADA, M. Applied Optics Sec.,
Electrotechnical Lab., Ministry of International Trade and Industry, Umezono, Sakura-
mura, Niihari-gun, Ibaraki.

Intracellular responses of rod in frog retina were reconstructed by solving differ-
ential equations, which described visual excitation model of rod, using a digital
computer. The reconstructed curves were compared with the time courses of the responses
recorded from red rod in bullfrog (Rana catesbiana) retina. The calculation of the
simultaneous differential equations of the eleventh order was treated by Euler-Romberg
method. Most of the parameters in these equations were modified those of Cervetto-et
al. (1977). The model was constituted of chemical reaction processes controlling
concentrations of blocking molecules which block ionic channels of the membrane, and
equivalent circuit of the rod membrane. It had two parallel non-linear conductances
such as light dependent conductance and voltage-and-time dependent conductance. The
reconstructed responses simulated the Tight responses observed from rod to various
intensities of photostimuli very well. Damped oscillatory responses to photostimulus
under light adapted condition were also simulated by the model without introducing
feedback from secondary neurons.

237

INTERCELLULAR COUPLING AND SPONTANEOUS DARK NOISE IN RODS OF THE BULLFROG RETINA.
NAKATANI, K. AND TANAKA, I.* Dept. of Physiol. Tokyo Women's Medical College
Shinjuku-ku, Tokyo, *Nat. Rehab. Center for the Disabled, Tokorozawa, Saitama.

Intracellular responses to a flash of 510 nm 1ight were recorded from red rods of the
bulifrog retina. In order to study electrical coupling between the rods, the spatial
profile of rod response to a 30 um spot of light were determined. The peak response
amplitudes (Ey) were found to decline along the distance (x) from the centered position,
and Ex was expressed as a modified Bessel function, ako(x/A). Where, the mean length
constant (A) was 30 um. A square grid model of ohmic electrical coupling was applied
to the results. Using the measured values of length constants, input resistances and
interrods distances on the preparation, the plasma membrane resistance of each rod at
the resting potential and the coupling resistance were calculated as about 4000 MQ and
170 MQ for the square grid model respectively. Intracellular recording from the rods
revealed that in darkness the potential fluctuated spontaneously about its mean level.
The magnitude of random noise was several hundred uV and varied from cell to cell.
These time courses were similar to that of the response to a very weak flash of light.
The fluctuations were reduced during and just after bright illumination, but were
independent upon the membrane potential to a certain extent.

238

SIGNAL TRANSMISSION AMONG CATFISH RETINAL NEURONS
SAKURANAGA, M.* and NAKA, K-I., * Dept. of Physiol., Nippon Medical School, Bunkyo-ku,
Tokyo, 113 National Institute for Basic Biology, Okazaki, 444

White-noise modulated current was injected into the horizontal cells and resulting
responses were recorded from other interneurons in the retina of channel catfish, Icta-
lurus punctatus. Evoked responses were crosscorrelated with the input to produce the
first and second order Wiener kernels. Characteristics identifications of neuron
chains leading from the horizontal cell to other interneurons were established: The
kernels from horizontal-to-bipolar cell neuron chain indicated that the signal was
transmitted in a quasi-linear fashion through either sign-noninverting (BA: on-center
type) or sign-inverting (BB: off-center type). This reinforced that the signal within
the S-space, lamina formed by horizontal cells, should be recognized as neutral rather
than either excitatory or inhibitory. On the other hand, characteristic nonlineari-
ties appeared in the signal transmission from the horizontal cells to the proximal
cells. In the type NA, NB and ganglion cells the component of the second order kernel
was almost comparable to that of the first order, whereas in the type C cells the
former far exceeded the latter. We conclude that signal transformation in the outer
retinal layer was essentially linear and nonlinearities appeared when the signal in the
layer was transmitted to the inner layer.
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RELATION BETWEEN BRIGHTNESS SENSATION OF THE POLARIZED LIGHT AND THE ROTATING DIRECTION
OF THE LIGHT.
TSUKEDA, K. Dept. of Physiol., Fac. of Med., Univ. of Tokyo, Tokyo.

The monochromatic, linearly polarized light oscillating to upper and lower sides in
the geomagnetic field was received perpendicularly at the fovea of the complete dark-
adapted eye. The brightness sensation was measured with grey filters and the obtained
values were compared between the left and right foveas. Red light was felt brighter
the left eye than the right, and blue light was felt slightly brighter the right eye
than the left. And almost no difference in brightness was noticed between two eyes
with white light. Physically it is known that the absorption coefficient of the left
rotating light is greater than that of the right rotating light,and the left rotating
light is longer wave side of the absorption spectra. And the lamella of cone cells at
fovea is about 2000 A thick. Therefore it can be noted that red light is received like
left rotating wave, blue light is received like right rotating wave, and the reception
of white light is thought to be result of cancellation between left rotating red-light
and right rotating blue-light. The rotating direction described here is respectively
that of light under way.

240

Influence of Hepatic Function on the Riboflavin Content of the Choroid in Frogs
FUJISHITA, S. Dep. of School Nurse, Osaka Kyoiku Univ., Hirano-ku, Osaka.

The choroidal riboflavin content was estimated to be in a wide range between
70 and 1,300 }1g/g. The riboflavin content of the frog choroid can be expressed
as a function of L and M, where L and M are FAD content ( pg/g) of the liver
and of the femoral muscle (M. quadriceps femoris ) of frogs, respectively. .

It was suggested that L and M represented the activity level of the liver and

the nutritive condition riboflavin in the whole body, respectively.

241

Rod outer segments and retinal pigment epithlium of the developing rat:
Effects of continuous light or dark on shedding rhythm and fine structure.

M. Tamai and T. Yagi Dept. of Ophthalmol., Tohoku Univ. Sch. Med. Sendai, 980 Japan

The .diurnal and circadian rhythm in the rod outer segment (ROS) shedding and phago-
cytosis are established at 15 days of age when the rat is raised in the 12 hours-12 hours
(LD) cyclic lighting condition (Tamai and Chader, 1979). In the present experiment
we examined whether or not these biorhythms still develop even if the animal were raised
in continuous light (LL) ar dark (DD) from five days after birth. Fine structure of R0OS
and retinal pigment epithelium (RPE) of each group of animals were also examined by elec-
tron microscopy. When the animal was raised in LL or DD, no diurnal changes in the syn-
chronous shedding and phagocytosis were encountered untill 45 days of age. Minimum number
of phagosomes (less than 10 phagosomes per 200um Tength of RPE) were foumd at every stages
of development. ROS were well developed even if the animal was raised in the LL and DD
without synchronous shedding of R0S. The number of discs per one micron did not change
at the proximal and distal part of rod, but was different by lighting conditions. It was
the largest in LL (35.8+1.4 per u) and almost the same in outhers (LD: 31.0+1.0, DD: 31.8
+1.5). Fine structure of RPE showed marked difference in these conditions.  Mitochondriae
were located near the basal infolding in DD but scattered in the soma in LL and LD.
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SPATIO-TEMPORAL RECEPTIVE FIELD OF GANGLION CELL IN DEVELOPING RETINA
SHINGAI, R. Dept. of Inform. Sci., Fukui Univ., Fukui, 910

The spatio-temporal receptive field (STRF) of ganglion cells in retina
of tadpole and frog was measured using spatio-temporal white noise
stimulus and cross correlation method. The STRF of tadpole retina was
round. Most of them were mono- or diphasic on the latent period, and
rarely triphasic. The STRF of frog were round, eliptic or distorted
shapes. They were mono-, di-, or triphasic. Latent period of tadpole
was larger than that of frog. In some ganglion cells, the STRF
obtained by this method was unclear and/or invisible. Those cells were
scarcely found in tadpole retina, but frequently found in frog retina.
This fact shows ganglion cells of frog have more non-linear part of
response than tadpole retina.

243

PHOTOTACTIC BEHAVIOUR IN RELATION TO RECEPTIVE FIELD PATTERNS OF FLY
PHOTORECEPTORS
MIMURA, K. Fac. of Liberal Arts, Nagasaki Univ., Nagasaki 852

In order to examine whether the peculiar receptive field patterns which
are determined electrophysiologically in photoreceptors of flesh-fly
Boettcherisca peregrina contribute to fly behaviour, the phototactic
behaviour in response to eight kinds of illuminated targets including
those having the same shapes as the receptive field patterns were
studied.

Discrimination of the visual patterns being tested was clearly demon-
strated by the preference experiment. The angle between the longitudinal
body axis of the fly and the direction to the target at the turning
point, where the walking fly changed its direction towards the target,
showed correlation with the distribution of photoreceptors having the
peculiar receptive field patterns within the compound eye (Mimura, J.
Comp.Physiol., 141, 349-362, 198l). The role played by sensory processing
within the photoreceptors in the first step of pattern discrimination
was discussed.

244
PHOTOEXCITIVE NEURONS IN THE BRAIN AND EFFERENT NEURAL. CONTROL ON THE
EYES OF ORB WEAVING SPIDERS. YAMASHITA, S. AND TATEDA, H. Dept. of
Biol., Fac. of Sci., Kyushu Univ., Fukuoka 812

Efferent spikes were recorded from the optic nerves of the orb weaving
spiders, Argiope bruennichii and A. amoena. Frequency of efferent optic
nerve spikes showed a duirnal periodicity which is maintained in constant
darkness. In addition it was increased by illumination of the brain in
which certain neurons must therefore be light activated. When the brain
was bathed in cobalt-containing saline, efferent spikes under the dark
were completely lost. They, however, were elicited by illumination of
the brain showing that the efferent neurons themselves were photo-
excitive. Efferent spike rates decreased during illumination of the
eyes, but they greatly increased shortly after the intensity of the
illumination was made slightly lower. Resting potentials of the photo-
receptor cells of the eyes were rapidly hyperpolarized by such increased
efferent discharges. At the same time their saturated photoreceptor
potential amplitude increased. 1In addition increased efferent spike rate
more slowly augment the receptor cells' sensitivity to light stimulation,
i.e. lower their thresholds.
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PINEAL PHOTORECEPTOR RESPONSE TO SINUSOIDALLY MODULATED LIGHT.
SEGI,K., NAKAMURA,T. & MORITA,Y.* Grad.Sch.Electr.Sci.Technol., Shizuoka

Univ., Hamamatsu, *1st Dept. of Physiol., Hamamatsu Univ. Sch. Med.

The pineals of the lower vertebrates are direct photosensitive. In the
present study, the frequency transfer properties of the pineal photore-
ceptors of the lamprey, Lampetra japonica, were investigated intracellu-
larly. Sinusoidally modulated light was obtained through a spinning and
a fixed polarizer. The response were also sinusoidal except in the low-
er frequency region, where higher harmonics appeared. The plotted curve
of the amplitude against the sinusoidal stimulus showed a peak in con-
trast to the sigmoidal curve obtained by the rectangular stimulation.
The amplitude and the phase were measured for each frequency to plot the
Bode diagram. The decrement of the amplitude was about 304B while the
frequency increased from 0.5 to 3Hz. The gain and phase characteristics
were able to simulate by the linear model with 4th order transfer func-
tions. The CFF of the pineal did not increase markedly with stronger
illumination in contrast to the ERG. These findings support the view
that the pineal photoreception are comparable to those of rods contrary
to the morphological similarities between pineal receptors and cones.

246

AREA AND LATENCY OF DISCRETE POTENTIAL iN LOCUST PHOTORECEPTORS.
TSUKAHARA,Y. Res. Ctr. for Appl. Inf. Sci., Tohoku Univ., Katahira-cho,
Sendai

One photon can induce a discrete membrane potential change (bump) in
locust photoreceptor. The area and the latency of the bump change at
random and mean values of these decrease with light adaptation. 1In
this work the relation between the latency and the area was studied
in fully dark adapted photoreceptors and signiticant correlation was
not found between them. It is suggested that the fluctuations in the
latency and the area result from probabilistic process in transduction
rather than from differences in local adaptation level or location of
the bump initiation.

247

LEARNING OF VISUAL TASKS WITH PATTERNS OF LARGE AND SMALL SIZES ON BACKGROUND PLAQUES

OF THE SAME SIZE IN MACAQUE MONKEYS.
YAGINUMA, S., WATANABE, J., SATO,T., KIKUCHI, R. AND IWAI, E. Dept. of Behavioral Phy-
siology, Tokyo Metropolitan Institute for Neurosciences, Fuchu, Tokyo 183.

Comparison was made between learning processes on two pattern discrimination tasks in 92
macaque menkeys. Both tasks consisted of the same white paper patterns of a plus sign
and an outline square pasted in the center of the black background square, 14° in visual
angle. Only the difference between them was the size of the patterns, which were 10° in
visual angle in Task I and 6° in Task II. Sixty-eight monkeys required 144 trials and
67 errors in average to learn Task I, whereas 24 monkeys did 414 trials and 196 errors
to learn Task II. It was found that slower learning on Task II than on Task I depended
on marked prolongation of the chance level performance rather than on any retardation of
the improving process from the chance level to the criterional level. On the other hand,
all monkeys showed perfect transfer from Task I into II and from Task II into I. At the
initial stage of learning, monkeys used to give strong attention to their response-site.
It was concluded therefore that the size factor of the pattern per se is not critical on
the ease or difficulty of visual pattern discrimination, but the separation of the site
of discriminative cue from the response-site, which is much larger in Task II than in
Task I, makes more difficult it to learn Task II than to do Task I.
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DEPENDENCE OF PLASTICITY OF THE KITTEN VISUAL CORTEX ON EYE MOVEMENTS
TSUMOTO, T. AND FREEMAN, R.D. Sch. of Optometry, Univ. of California, Berkeley, USA

In an attempt to induce a rapid change in binocular responsiveness of a visual cortex
neuron, conditioning visual stimulation for 15-20 minutes was given to one eye of 28-
day-old kittens anesthetized with N20 while the cell was monitored physiologically.
When the visual conditioning was associated with eye movements induced by electrical
stimulation of the thalamic internal medullary lamina (IML), significant changes in
ocular dominance occurred in 26 of the 42 cells tested. This change lasted longer
than 9 hours after stopping the conditioning. The visual conditioning alone did not
exert any significant effects. Also, the change did not occur when the associative
electrical stimulation was applied to another site nearby the IML and did not induce
eye movements. The same combination of IML and visual stimulation as in the 28-day-
old kittens was applied to 3-month-old kittens but resulted in no significant changes
in 22 cells tested. In another 28-day-old kitten paralysed with Flaxedil in addition
to N,0 anesthesia, the same procedures did not cause any significant changes in 12
cells examined. These results suggest that eye movements as well as monocular visual
stimulation may be necessary for a plastic change in binocularity of visual cortex
neurons during kitten development.

249

SACCADIC SUPPRESSION IN CONGENITAL NYSTAGMUS.
TAMAI, Y., TSUJIMOTO, T., FUJII, T*., FUNAHASHI, T*. AND KOMAI, N*, Dept. of Physiology
and Dept. of Neurosurgery*, Wakayama Medical College, Wakayama.

A saccadic suppression was studied in congenital nystagmus. Perception of a test flash
by the subject was indicated by his depressing a push button. Delay of the test flash
associated with the nystagmus was varid by computer in order to present the test flash
at different times with respect to the eye movement.

The saccadic suppression was observed around the first component in jerk nystagmus:
maximum at the early period and minimum at the end of the first component. The suppres-
sion curve oscillated between 100% detection and no chance of perception with the same
frequency of the nystagmus. In pendular nystagmus, the suppression of vision was noted
in both directions of the eye movement. The suppression curve oscillated with small am-
plitude and in twice the frequency of the nystagmus.

Based on these results a complete recovery of the saccadic suppression seems to exist
rhythmically in jerk nystagmus but may not consist in pendular nystagmus.
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ANALYSIS OF SOMA SIZE AND AXONAL CONDUCTION VELOCITY IN GANGLION CELLS
OF THE EASTERN CHIPMUNK'S RETINA. WAKAKUWA, K., WASHIDA, A., FUKUDA, Y.
AND IWAMA, K. Dept. of Neurophysiol., Inst. Eigher Nerv. Activ., Med.
Sch. Osaka Univ.

Retinas of the eastern chipmunk (Tamias sibiricus) were spread flat and
stained with 0.1% cresylviolet. The density of ganglion cell ranged from
2,000/mm2 to 8,000/mm2. The soma size of ganglion cell differed ac-
cording to the retinal eccentricity; in the central retina small to
medium-sized cells predominate while in the periphery small cells are
most abundant with a good proliferation of large cells. The axonal con-
duction velocity was determined for each ganglion cell by measuring
response latencies to stimulation of the optic chiasm and the superior
colliculus. Evidence was obtained for the presence of the three conduc-
tion velocity groups; slow, intermediate and fast groups. The axons from
the peripheral retina were differentiated into the three groups, whereas
those from the central retina belonged exclusively to the intermediate
group. The ratio of the extra- to intra-retinal conduction velocity was
larger in the axons from the central retina than in the axons from the
peripheral retina.
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TEMPORAL PROPERTIES OF LGB CELL ACTIVITIES TO MONOCHROMATIC LIGHT
STIMULI ( I. RED / GREEN TYPE )

TAKEBAYASHI, M. AND KURIOKA, Y. Electrotechnical Laboratory,
Nakoji, Amagasaki, 661

+G/-R and +R/-G types of opponent color cells were recorded in the
lateral geniculate body of monkey brain. Interspike intervals of
those cells yere measured at several intensity steps of color
stimuli(1-10"troland), and stochastic properties of the intervals
were analyzed. Without 1ight stimulation, interval histogram of
spontaneous discharge of the cells fitted to the exponential
distribution. Light intensity was increased at excitable wave-
lengths of 520 nm for +G / -R cell and 660 nm for +R / -G cells.
For both types of cells, interval histograms fitted approximately
to the exponential distribution at Tow light level and to the
Poisson distribution at high 1ight level,respectively.

The above results might be explained by using the receptive
field properties of opponent color cells, which have center-
surround structures.
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RETINOTOPIC ORGANIZATION AND SOME RECEPTIVE-FIELD CHARACTERISTICS OF
NEURONS IN RAT VENTRAL LATERAL GENICULATE NUCLEUS.

T. NAGATA, Y. HAYASHI AND F. MORITA. Dept. Physiol., Hyogo College of
Medicine, Mukogawacho, Nishinomiya, Hyogo.

The representation of the visual field within the ventral lateral
geniculate nucleus (LGV) and receptive-field (RF) properties of neurons
in LGV were studied in rats anesthetized with urethane.

A clear retinotopic representation was seen within LGV. Nasotemporal
expansion of the visual field was represented dorsoventrally in LGV. The
lower field was represented toward the postero-medial regions while the
upper field had the larger representation toward the antero-lateral
regions. The central area 30° wide and 130° long with the long axis
extending from the upper nasal field to the lower temporal field was
widely represented within LGV. No significant correlation was found
between the RF size and the eccentricity.

Most of ON-tonic LGV neurons had inhibitory areas (I-areas). Their RF
organization was not concentric. I-areas were found on one or both sides
of the excitatory RF and mainly parallel to the horizontal meridian. Most
of them were located at 5° to 30° from the center of the excitatory RF.

253

SENSORY INPUTS TO THE RAT THALAMIC RETICULAR NUCLEUS. SHOSAKU, A.,
SUMITOMO, I. AND IWAMA, K. Dept. of Neurophysiol., Inst. of Higher
Nervous Activity, Osaka Univ. Medical School, Kita-ku, Osaka.

In urethane-anesthetized rat, the sensory input to the thalamic
reticular nucleus (TR) was investigated at the single cell level.
Neurons receiving the auditory input (a-TR neuron) were found in addition
to those receiving the visual input (v-TR neuron) and those receiving the
somatosensory input (s-TR neuron). (1) A series of grouped discharges,
each being composed of several spikes, were elicited in the a-TR neurons
to single electrical stimulation of the inferior colliculus or the audi-
tory cortex. This discharge pattern was similar to those seen in v-TR
and s-TR neurons responding to stimulation of the respective sensory
pathway or sensory receiving area of the cortex. (2) The a-TR neurons
responded to click stimuli with a series of grouped discharges. A tone
pip of 2 sec duration caused ON-OFF phasic responses in most of the a-TR
neurons. (3) The s-TR, v-TR and a-TR neurons occupied the rostral,
dorsocaudal and ventrocaudal portions of the TR, respectively.

(4) In some TR units there was convergence of sensory inputs of different
modalities.
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INTERACTIONS OF DIFFERENTLY ORIENTED STATIONARY SLITS IN VISUAL CORTICAL NEURONS OF THE
CAT KAJI, S. & YAMANE, S. Bionics, Electrotechnical Laboratory, Umezono, Sakura-mura,
Ibaraki.

The neural interactions between stationary flashing slits with different orientations
were examined. Orientation sensitive single neurons were recorded from the visual
coetex near the border between areas 17 and 18 of anesthetized and immobilized cat.
Cell's responses to a following slit with optimal orientation reflected interactions of
these slits. Thus interaction curves were obtained.

The preceding slit remarkably reduced the cell's response to a following slit, and
when the preceding slit was situated at around the optimal orientation, the recovery of
the responsiveness were prolonged. Therefore the interaction curves generally looked
like mirror image of the tuning curves. Some neurones were asymmetric in interaction
curves as compared with their tuning curves. This effect was also. observed after
disappearance of the first slit without any excitatory OFF response. The preceding
optimal slit induced a decrease of a gain of the orientation tuning property, but not
so large change in a half value width and centrality. These characteristics were
commonly seen in both S and C type neurons.
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POSTNATAL DEVELOPMENT OF STRIATE CORTICAL NEURONS PROJECTING TO THE SUPERIOR COLLICULUS
IN KITTENS. SUDA, K. AND TSUMOTO, T. Dept. of Physiol., Kanazawa Univ. Fac. of Med.,
Takaramachi, Kanazawa

Properties of striate cortical neurons projecting to the superior colliculus (C-C
cells) were studied in Nembutal anesthetized kittens aged from the 10th day to 7th
week. At the 10th day of age, about half of the C-C cells were visually responsive.
But these responses were so weak and easily fatigued to repeated stimuli that the
cells could not be classified as complex or simple. In the 3rd week of age, more
than 50% of the C-C cells already had unequivocal responses of complex type. The
axonal conduction velocity of the C-C cells was slower than lm/sec in the 2nd week
and became close to an adult value in the 5th week. As to laminar location of C-C
cells, there was a tendency that the cells were widely distributed from layers II+
III to VI up to the 3rd week but thereafter became restricted to layer V. Comparing
these with the previous results about development of cortical cells of the other
types, it is suggested that visual response properties of C-C cells may mature earlier
than the other types of cells.
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CHANGES IN SINGLE UNIT RESPONSES OF THE CAT VISUAL CORTEX UNDER ELECTROPHORETIC ADMIN-
ISTRATION OF PUTATIVE NEUROTRANSMITTERS AND THEIR BLOCKERS; NIKARA, T. AND SATO, M.
Dept., of Physiol., Sch. of Med., Iwate Med. Univ., Morioka

None of ACh, carbamylcholine, hexamethonium, d-tubocurarine, ergotamine, taurine, and
substance-P produced a significant effect on single unit responses to a moving slit(RMS),
Glutamate induced an instantaneous increase in firing rate in both background discharge
(BGD). and RMS(15 cells out of 19 cells examined). The frequency increase was followed
by a gradual decrease in spike amplitude, and finally by complete cessation of firing.
GABA induced a marked decrease in frequency of both BGD and RMS(15 cells out of 22
cells examined). Bicuculline caused an increase in frequency of both BGD and RMS(14 out
of 27 cells examined). Picrotoxin produced a gradual decrease in both frequency and am-
plitude of RMS but only in 2 out of 7 cells. Atropine induced a gradual decrease in both
frequency and amplitude of RMS. Similar results were obtained by-applications of dopa-
mine, B-alamine and noradrenaline. Aspartate induced an increase in frequency of RMS in
one out of three cells examined. All the effects mentioned above were analysed on the
excitatory responses of binocularly(EE- and EI-type) and monocularly(E-type) driven cell.
The inhibitory response of the EI-type was not blocked by either bicuculline or ergot-
amine. This fact seems to exclude the possibilities that this inhibitory input to the
EI-type cell is GABA-ergic or dopaminergic.
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TONOTOPIC ORGANIZATION IN FROG AMPHIBIAN PAPILLAF STUDIED BY HORSERADISH
PEROXIDASE INJECTED WITHIN THE EIGHTH NERVE GANGLION. YANO,J., OOYAMA,H.
SUGAI,T. and CHUJO,T. Dept. of Physiol., Kanazawa Med. Univ., Ishikawa.

In frog amphibian papillae (AP), there are some evidences which
suggest tonotopic organization that neurons with lower and higher charac-
teristic frequencies (CF's) may innervate anterior and posterior macula,
respectively. In order to elucidate this point, horseradish peroxidase
(HRP) solution was iontophoretically injected into recording sites after
identification of CF of the 8th nerve units. When HRP was injected into
the 8th nerve ganglion pericellularly, a few fibers protruding from
somata could be observed. 1In two preparations, transported HRP was
observed within the AP. 1In one preparation, HRP was injected near a
neuron with CF of 400 Hz, and labeled fibers were found in the middle
portion of the AP. In another preparation, HRP was injected twice near
neurons with CF of 150 and 160 Hz respectively, and a labeled fiber was
observed in the nerve branchlet innervating the anterior macula. These
observations are consistent with the prior suggestion. HRP injections,
however, were extracellular in both preparations, and this interpretation
of above results remains somewhat uncertain.

258
AN ANALYSIS OF THE FIBERS CONNECTION FROM THE MEDIAL GENICULATE BODY (MGB) AND THE
INFERIOR COLLICULUS (IC) TO THE PRIMARY AUDITORY FIELD (AI) BY MEANS OF INTRACELLULAR
POTENTIAL RECORDINGS. MITANI,A., ITO,K. AND SHIMOKOHCHI,M. Dept. of Behav. Physiol.,
FPac. of Human Sciences, Osaka Univ., Suita, Osaka.

Intracellular potentials were recorded in AI of the cat by stimulation of MGB or IC.
EPSPs, IPSPs or antidromic spike potentials were observed. EPSPs with the latency of
1.0 msec by MGB stimulation were most frequently observed, being considered mono-
synaptic EPSPs from their latencies. Besides monosynaptic EPSPs, polysynaptic late
EPSPs were also observed. By a double shock applied to the MGB, the EPSPs produced by
the second shock were strongly depressed in some AI neurons. On the other hand, EPSPs
with the latency of 2.0 msec were most frequently observed by IC stimulation. From
their latencies and the facilitatory effect by a double shock, they were considered di-
synaptic EPSPs. In addition, in a few cases, short latency EPSPs (0.9-1.2 msec) were
observed by IC stimulation, suggesting the existence of the monosynaptic pathway from
IC to AI. IPSPs with the latencies of 2.0 msec and 3.0 msec by MGB stimulation, 3.0
msec and 4.0 msec by IC stimulation were frequently observed. They were probably
produced by inhibitory interneurons. The latencies of antidromic spike potentials had
a fairly wide distribution, but most of the conduction velocity ranged about from 20 to
40 m/sec.

259
AUDITORY EVOKED POTENTIALS OF FIELD L OF NEOSTRIATUM IN THE PIGEON.
NOMOTO, M, Dept. of Physiol., Med. Sch., Dokkyo Univ., Mibu, Tochigi, 321-02

Auditory evoked potentials in the Field L of neostriatum in the pigeon to clicks
and pure tone bursts were recorded by means of tungsten microelectrodes. A negative
evoked potential to clicks appeared with the shortest latency to peak of about 15 msec.
Evoked potentials to pure tone bursts with 5 msec rise time ranged approximately
between several tens Hz and 5 kHz. The shortest latency to peak of the negative evoked
to pure tones was observed over the range of 1.5 kHz irrespective of the recording
sites, while the longer latency was observed at higher frequencies of 5 kHz and at
lower frequencies of several tens Hz. The amplitude of the evoked potentials to clicks
became larger, smaller, or remained unchanged under the condition of a continuous pure
tone application at several frequencies as a background stimulus. There were four
types of the amplitude change of the evoked potentials to clicks by application of a
continuous pure tone., First, 14% of the evoked potentials recorded showed no change.
secondly, 21% of the evoked potentials showed only one facilitatory band at frequen-
cies of a continuous pure tone. Thirdly, 26% exhibited only one inhibitory band. The
fourth type of 39% had both facilitatory and inhibitory bands to the evoked potentials
to clicks.
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FIRING PATTERNS OF SINGLE AUDITORY FIBERS IN THE GOLDFISH'S SACCULAR NERVE
MATSUURA, S. , KUNO, MIYUKI, KAWASE, I. & MINOWA, Y. Dept. of Physiol. Osaka City
Univ. Med. Sch., Abeno-ku, Osaka

Spontaneous activities of small auditory fibers could be classified from non-
sequential inter-spike interval histograms into three groups; irregular or random
response type, burst or multimodal response type and regular or periodic response type.
Fibers of the former two types responded more easily than the fibers of regular respon-—
se type to tone stimulus (100 - 300 Hz). Fibers without spontaneous activity (large
fibers) showed adaptive rundown in the sequential firing rate histograms or sequential
inter-spike interval histograms for tone stimulus (250 - 800 Hz). The adaptation was
explained from the response behavior of the excitatory postsynaptic potentials (e.p.s.
p.s). Fibers of the regular response type frequently showed no response to tone
stimulus (100 - 800 Hz, 50 - 100 dB SPL), but they sometimes showed apparent e.p.s.p.s
which were phase-locked to the sound wave. When tetrodotoxin was locally applied, e.p.
s.p.s which remained after block of spike initiation showed the same adaptive rundown
as that of firing rate histogram in the large fiber. However, effects of lidocaine on
- the e.p.s.p.s were quite different from the action of tetrodotoxin; e.p.s.p.s were
smaller in size than those before application of lidocaine and the decrease was more
intense at the beginning of the sound, showing no apparent rundown of the e.p.s.p.s.
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A STUDY ON NEURAL MECHANISM OF VOICE DISCRIMINATION.  MARUYAMA, N., SAITOH, K. and
KUDOH, M.  Dept. of Neurophysiol., Brain Research Inst., Niigata Univ., Niigata.

As reported previously, about 7% of auditory cortical neurons in unanesthetized cats
are formant detectors which respond exclusively to synthesized formants. About 50% are
BN units which exhibited sustained responses to bands of noise. BN units are divided
into 3 types (N, M and W types) based upon the best bandwidth of the stimulus noise.

In the present experiments, we used the synthesized formant generated by a terminal
analog method as well as compiex sounds generated by modulation methods, and obtained
the following results. 1) A formant detector which responded exclusively to the syn-
thesized formant by a terminal analog method was found. In this unit, two local maxi-
mums were found in terms of the formant frequency, and the response to a combined stim-
ulus of two formants, respective formant frequencies of which were the local maximums ,
was 1.5 times larger than the sum of the responses to the individual formants. 2) The
responses of BN units of W type to the synthesized formant by a modulation method were
studied. In some of these units, the effective range of the formant frequency of the
synthesized formant was much more restricted than that of the center frequency of the’
band of noise. This suggests the possibility that some of BN units of W type may be
close to the formant detectors in the character.
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EFFECTS OF METHYLMERCURIC CHLORIDE ON AUDITORY EVOKED POTENTIAL IN RATS
*ABE, K. AND **TANAKA, I. Dept. of Physiol., Kumamoto Univ., *Coll. Med.
Sci., **Med. School, Kumamoto

Rats received twice a week 5 mg/kg of methylmercuric chloride (MMC).
After the muscle was relaxed with suxamethonium chloride at 0, 20, 40,
60, 30, and 100 mg/kg, the averaged vertex response evoked by auditory
stimuli was recorded. Pure tones of 1, 2, 4, and 8 kHz were presented to
rats. The intensity of the tone was set at 90 dB SPL and attenuated in
10 dB steps until its intensity failed to elicit detectable response. As
a tone frequency was increased in the range of 1 to 8 kHz at each given
intensity, the amplitude of the evoked response diminished. This tendency
was opposite to that in man. As the intensity decreased at each given
frequency, the amplitude of the response diminished. As the total doses
of MMC increased, the response evoked by the 8 kHz, 90 dB-tone diminished,
and the response was not detectable at the low frequency and intensity.
Averaged brain stem response (BSR) to click stimuli was recorded from the
auricle in the rat anesthetized with sodium pentobarbital. No effect of
MMC on BSR was observed. These results suggest that the auditory cortex
was damaged by MMC, but that the auditory pathways were not affected.
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TWO TONE SUPPRESSION STUDIED BY PERIOD HISTOGRAMS ON CAT COCHLEAR NERVE FIBERS. ITO,S.

bt 141 )
HORIKAWA, J. AND MURATA, K., Dept. Neurophysiol., Tokyo Med. & Dent. Univ., Tokyo

In order to analyze the mutual suppressive interactions between two tones in various
frequency combinations, responses to each of two tones (Fl or F2) which was not
harmonically related to each other, and to the combined tone(F1l2) were recorded from
cochlear nerve fibers. A period histogram of Fl1 response was fitted to a sinusoidal
curve by the least squares method, and the amplitude of the curve was adopted as the
effective amplitude of F1 (AS). From the period histogram of F12 response, which was
synchronized to Fl, the contribution of F1l component to the firing probability was
calculated from the peak value and the total number of impulses of the F12 histogram
and was used as an effective amplitude of F1 (AC) in F12. The ratio of AC to AS was
introduced to express the suppressive effect of F2 on the response to Fl. The intensity
of F1 being kept at 15 dB above the F1 threshold, the ratio began to decrease at the F2
intensity about 10 dB above the F2 threshold and reached to nearly zero with further 15
dB elevation of F2 irrespective of the F2 frequency. When the intensity of F1l was
increased by 10 dB, an increment of less than 10 dB for the F2 intensity was enough to
give the same suppressive effect. The slope of decrease in the ratio in areas where
the discharge rate was suppressed was not so steep as that in the other area.
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ULTRASONIC RECEPTION OF MONGOLIAN GERBIL
KAMADA, T. AND KAMEDA, K. Dept. of Oral Physiol.,Sch. Dent., Univ. Hokkaido,
Sapporo

Rodents use ultrasonic as well as audible sounds for communication.

Cochlear microphonics (CM) and single auditory units discharge were recorded to study
the ultrasonic reception in the mongolian gerbil (Meriomes unguiculatus).

Threshold curve of CM showed peak sensitivity around 2 kHz, but second and third
peak was around 20 and 40-50 kHz respectively. This is reasonable because they emit
20 kHz in adult and 40-50 kHz in pups. Unit discharges were recorded through micro-
electrodes. When thresholds of single auditory units were plotted against their
best frequency (BF), the curve connecting minimal value is similar to CM threshold
curve. Out of 93 auditory units, we could not find any one with BF above 20 kHz.
The failure to record ultrasonic specific units may be because they are small in
number or because their location auditory nerve is too limited to reach (in our
electrode arrangements). Since evoked potential in inferior colliculus is reported
to be more sensitive to ultrasonics, some mechanisms beyond our present knowledge
may exist. Q(10 dB) value seemed to be larger if BF was higher.
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ENCODING OF SOUND INTENSITY IN THE AMPHIBIAN PAPILLA NERVE OF THE TOAD.
OOYAMA, H., SUGAI, T., YANO, J., and CHUJO, T. Dept. of Physiol.,
Kanazawa Med. Univ., Uchinada, Ishikawa

The relation between single unit firing rate and intensity of tone
burst stimuli of various frequencies was studied in the amphibian papilla
nerve of the Japanese toad. In the most of the units, with the increase
of stimulus strength at the characteristic frequency (CF), the firing
rate increases monotonically, and attains a maximum firing rate (MFR) of
20-120imp/sec. About half of the low CF (100-200Hz) units, however, can
respond by one to each one cycle of the stimulus tone of their own CF.
One to one response is also seen when a unit of before mentioned type is
stimulated by some tones lower than its CF, and the absolute MFR of any
unit may be obtained on such a condition.

Under simple assumptions, the estimated number of just noticeable
differences of the stimulus strength in a single unit is the larger, the
higher the MFR is. Results seem to suggest the possibility that the
amphibian papilla nerve encodes more precisely the intensity of low
frequency sound than that of high frequency sound, in spite of the
relatively small population of the low CF units in the nerve.
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GENERATING PROCESS OF NON-MONOTONE AMPLITUDE CHANGE OF CM DURING FATIGUE RECOVERY.
UCHIYAMA, H., Dept. of Neurophysiol., Medical Research Institute, Tokyo Med. & Dent.
Univ., Kanda Surugadai, Chiyoda-ku, Tokyo.

In the simultaneous CM recording from the basal and 3rd turn of the guinea pig
cochlea using the tones, for instance, of 550 Hz for test and 400 Hz for fatiguing,
3rd-turn electrode shows no bounce, while the basal-turn gives non-monotomne changes
beyond the control amplitude including the case of three extrema. The following is a
rheological hypothesis for better understanding the generating process of this phenome-
non in place of our old explanation which was tentatively made from the view-point of
phasor superposition effect. The modulus decrease of a supposed entropy spring of the
Corti-Tectoria complex by a large deformation simply results in CM decrease independent
of electrode placement. At the same time this modulus decrease may give, to the
basal-side .electrode, CM increase by a local increase in BM displacement due to the
basalward shift of BM vibratory pattern. The time relation in fatigue recovery between
the above two CM changes as contributed to the basal-side electrode is well understood
from the retardation time distribution due to the distribution of fatiguing load along
the cochlear partition, which situation is similar to that for polymer behavior known
as elastic memory.
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THE EARLY AUDITORY RESPONSE IN FRONTAL FOREBRAIN OF THE PIGEON.
MAEKAWA, M. Dept. of Physiol., Dokkyo Univ. Sch. of Med., Mibu, Tochigi, Japan

Unusual auditory responses have been described within frontal area of avian cerebrum.
These data were, however, controversial: Question is whether the response is auditory
or otherwise because of very short latency of responses and their vicinity of cerebral
response area (basal ganglion) which represents mechanical vibration. To clarify the
question, peripheral auditory projections were identified by retrograde HRP labelling.
Frontal ‘auditory responses of adult pigeon followed click stimuli and the latencies of
evoked and unit response were within 5-12 msec which measures a half of usual latency
of cerebral auditory area (field L), Response area was limitted within frontal
neostriatum (NF) and tractus fronto-archistriatalis (FA). HRP injected in minimal size
of response area through recording electrode by oil pressure. HRP positive neurons
appeared uniquely to be interspersed in the root of the cochlear nerve which extends
apart from the medulla. The NF is innervated monosynaptically by the afferent neurons
which may represent auditory peripheral response. An unique connection directly
between the NF and medullary cochlear nerve suggests that the early responses of the NF
is auditory and their latencies is short,
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NEURONAL REPRESENTATION OF SPEECH PARAMETERS.
HASHIMOTO, T, Div. of Biocybernetics, Inst. Med. & Dent. Engineering,
Tokyo Med. & Dent. Univ., Surugadai, Kanda, Chiyoda-ku, Tokyo 101.

Neural mechanism of the feature extraction of speech sounds were inves-
tigated by single unit recordings of responses of an unanesthetized
guinea pig's medial geniculate body to synthetized, speech-like sounds.
Synthesized speech-like sounds were produced by a bank of octave filters,
following the "terminal analog" model of speech production. A random
noise source was used to synthesize fricative or noise-like speech sounds.
A periodic pitch source was also provided to model voiced sounds. A pref-
erable formant pattern and the source were closely related to the respon-
siveness of the geniculate neuron. A specific combination of several
formant frequencies and the relative intensity corresponding to each of
them was more effective than any other formant combinations of speech
sounds to activate the neuron. The feature parameter originating on the
voice generating system may be important for the central auditory system
to decode and recognize speech sounds.
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MOTOR ACTIVITIES FOR OVIPOSITION IN CRICKETS. AI,N.,HIRAMURA,K. AND
OKADO,H. Dept. of Biol.,Tokyo Gakugel Univ., Tokyo, 180

In adult female cricket, there are a certain sequence of the motor
patterns for oviposition by electrophysiological observation from conc-
erned nerves and muscles. Eggs sent out from ovary to lateral oviduct
get into genital chamber(G.C.) and then pushed out towards the ovipos-
itor by the whole contraction of the G.C. This contraction patterns of
the G.C. are changed when an egg pushed open the ostium of it normally
or sometimes artificially, and when it 1is extended, afferent impulses
are bilaterally recorded in N5-2(a branch of the 5th lateral root of
the 5th abdominal ganglion). Immediately after the alteration of contr-
action patterns in G.C., the basement opener muscles of ovipositor(M5)
are contracted and then the valuvules are opened widely enough to pass
the egg to the ovipositor. To send fertilized eggs to the ground, ret-
ractor muscles of the ovipositor(M1,M2) are contracted rhythmically and
move the valuvules individually to the posterior direction. These musc-—
ular activities seem to appear just like to follow a set order control-
led by the neural activities in A.G.V.
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EFFECTS OF MORPHINE AND FLECTROACUPUNCTURE ON TOOTH PULP-EVOKED CENTRAL
RESPONSES IN RAT. A. IRIKI, K. TODA, M. ICHIOKA, & H. TANAKA* Dept. of
Physiol., Fac. of Dent. & *Dept. of Anesth., Fac. of Med. Tokyo Med. &
Dent. Univ., Tokyo, Japan.

Effects of morphine and electroacupuncture stimulation on evoked re-
sponses after tooth pulp stimulation recorded from six sites in various
CNS levels were tested in rat. Three of six recording sites were of
lemniscal system and others were of extralemniscal one in the trigeminal
sensory pathway. On the lemniscal system, electroacupuncture was more
effective than morphine and the suppression induced by both treatment
was stronger in higher CNS. By contrast, along the extralemniscal sys-
tem, action site of electroacupuncture was almost in the secondary neu-
ron level, while that of morphine was not specified. This electro-
physiological study suggests that there are some differences between the
action of extragenous morphine and morphine like action of the electro-
acupuncture stimulation.
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A HYPOTHESIS OF ACUPUNCTURE ANALGESIA IN THE RAT CAUDAL SPINAL TRIGEMI-
NAL NUCLEUS.K. Toda, A. Iriki, M. Ichioka, H. Tana&a*. Dept. of Physiol.
Fac. of Dent., Dept. of Anesthesia, Fac. of Med*., Tokyo Med. & Dent.
Univ., Tokyo, Japan

The inhibitory actions induced by electroacupuncture stimulation were
investigated in caudal part of rat spinal trigeminal nucleus. To apply
noxious stimuli, tooth pulp was stimulated electrically. Yin-Hsiang (in-
trasegmental point) or Ho-Ku (extrasegmental one) was used as a cathodal
electroacupuncture point and an anodal point was decided about 2.5 mm
peripheral from each point. we found at least three types of inhibitions
in the nucleus: TYRE I inhibition is the most forcefull one caused by
postsynaptical and opiate-related action, and lasted for 40-60 min after
the cessation of electroacupuncture stimulation. TYPE II is evoked by
nostsynaptical mechanism for about 40 ms after the stimulation is
terminated. TYPE I and II inhibitions were evoked by both intra- and
extrasegmental acupuncture point stimulation. TYPE III inhibition is
elicited by presynaptic mechanism and only produced by stimulation of
intrasegmental acupuncture points for about 200 ms.




360 J. Physiol. Soc. Japan 43,1981 OTHER SENSATIONS

272

RESPONSES OF RAT CHORDA TYMPANI NERVE TO ELECTRICAL AND CHEMICAL STIMULA-
TIONS OF THE TONGUE. NINOMIYA, Y., MIZUKOSHI, T. AND FUNAKOSHI, M. Dept.
of Oral Physiol., Gifu College of Dentistry, Hozumi, Motosu, Gifu

In order to clarify the receptor mechanism for taste nerve response to
electric current applied to the tongue, the characteristics of the in-
tegrated rat chorda tympani responses and single fiber responses to che-
mical and electrical stimulations of the tongue were examined. The in-
tegrated chorda tympani responses to anodal currents were suppressed
after cessation of the blood flow to the tongue or application of FeCl3
to the tongue surface. Magnitude of the integrated response to anodal
current decreased with a decrease in concentration or an increase in flow
rate of the bathing solution flowing over the tongue during the electr-
ical stimulation. The across-fiber correlations between the responses to
Chemical stimuli and anodal currents indicate that the responsiveness to
anodal current was not always well correlated with the kind of cation in
the bathing solution over the tongue. From these results, we assume that
the response to electric current was due to the binding of electrophore-
tically carried ions to not only specific but also non-specific receptor
sites for the ions.
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A ROLE OF CYCLIC AMP AND o-ADRENERGIC AGENT ON TASTE RECEPTION.
SHIMOTAHIRA, K. AND KASHAHARA, Y. Dept. of Oral Physiol., Kagoshima Univ.
Dent. Sch., Kagoshima

Our previous reports have indicated intravenously administered cyclic
AMP (cAMP) enhanced summated response of the chorda tympani to four basic
taste stimuli in rats. Among some cAMP derivatives, this taste enhancing
effect of cAMP are observed only when we injected dibutyled cAMP. The
dibutyl cAMP is assumed moving into cells but the cAMP is not. These fact
mean that the cAMP’s effect on taste response is efficacious in the cell
(i.e. taste cell). The cAMP’s taste enhancing action were diminished
without catecholamine. The norepinephrine or o-adrenergic agent
(ephedrine) have taste enhancing effect which is analogus to that of cAMP.
If we used d-blocking agents (naphazoline, phenylephrine, yohimbine),
the cAMP’s taste enhancing effect was ceased. On the contrary, the
epinephrine, a B-adrenergic agent (isoproterenol) or a g-blocking agent
(dichloroisoproterenol) had not effect on summated response of the chorda
tympani. Results obtained from this experiment may indicate a system
involving the cAMP, the d-adrenergic agent and the d-adrenergic receptor
has some role in the taste reception.
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DISTRIBUTION OF THE SENSORY NERVE ENDINGS IN THE LABIAL MUCOSA OF
THE RAT. YAMAMOTO, T., TAZAKI, M. AND SAKADA, S. Dept. of

Physiol., Tokyo Dent. Coll., Chiyoda-ku, Tokyo.

The distribution of the encapsulated corpuscles and the bush-like
nerve endings in the labial mucosa of the rat were investigated by
vital methylene blue staining method. The encapsulated corpuscles
with an inner core and a capsule around the axon were located in the
lamina propria at a distance from the epithelium and distributed uni-
formly throughout the labial mucosa. The density of the encapsulated
corpuscles was 3.5-5.3 per sq. mm. The bush-like nerve endings, the
axon of which showed a complex aspect of arborization, were situated
in the lamina propria close to the epithelium and localized within
the long and narrow area of the mucosa along the median line where
the epithelium was well developed and the formation of papillae re-
markable. The density of the bush-like nerve endings in the area
where these endings concentrated showed high values 38.9-60.6 per sq.
mn. No Pacinian corpuscles and Merkel-cell neurite complexes were
observed in this aresa.
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IMPULSE DISCHARGE PATTERNS OF SLOWLY ADAPTING AFFERENT UNITS INNRTVATING

THE FROG SKIN. QGAWA, H. AND Y HITA, Y. Dept. of Physiol.,
Kumamoto Univ. Med. Sch., Kumamoto

Though two types of slowly adapting cutaneous mechanoreceptive affer-
ent (SA) units~--SA type I and II--have been recognized in many animals,
the SA units of frogs could not be classified into two subgroups in the
previous study because they did not show any prefered sensitivity to a
stretching of the skin. In the present study, 34 SA units were isolat-
ed from the sciatic nerve of american bullfrogs, Rana catesbiana, to
analyse a pattern of impulse discharges in response to prolonged dis-
placements. Interspike intervals (ISI) were measured at around, but
always including the 500 and 1000 msec points after the onset of stimula-
tion and pooled in 50 trials for statistical analysis. Correlations
between the two successive ISI at 500 and 1000 msec points were small
(P>0.05, t-test), and the ISI histograms at both points were skewed and
fit the gamma functions (P>0.05, x2-test) in all the units studied.
These findings suggest that the SA units of frogs might resemble the SA
type I units.
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PHASE RELATIONS OF SPIKE DISCHARGES IN RESPONSE TO SINUSOIDAL STIMULA-
TIONS OF MECHANORECEPTOR AFFERENT UNITS INNERVATING FROG SKIN. TANIGUGHI,
K., YAMASHITA, Y.,OGAWA, E. Dept. of Health and Physical Edu., Fac. of
Gen. Edu. and *Dept. of Physiol., Kumamoto Univ. Med. Sch., Kumamoto

Phase relations of the first spikes discharged in each cycle of sinu-
soidal stimulations were examined in various cutaneous mechanoreceptive
afferent units of frogs, Rana catesbiana, by means of polar diagrams.
Conduction times from the receptor to the recording sites were taken into
consideration. Different types of cutaneous units showed different
phase relations. SA units discharged their first spikes at 45°, which
did not change greatly with varying frequencies or amplitudes of stimula-
tion. On the other hand,RA units discharged at two phases, each of
which decreased with an increase of amplitudes. RA type I units dis-
charged at around 0° and 180°, at the phase of greatest velocity. RA
type II units produced spikes at around -90° or +90° at the phase of
greatest acceleration. The present findings reveal that the SA units
are displacement detectors, RA type I velocity detectors and RA type II
acceleration detectors.

277
THE CHANGE OF TONGUE SURFACE POTENTIAL TO SALT AND WATER APPLICATION
SOEDA, H., NODA, K., SAMEJIMA, C. AND WATANABE, K. Dept. of Physiol.,
Fukuoka Dental College, Nishi-ku, Fukuoka

Our previous report revealed that slow potential change could be recognized on the
surface of the isolated frog tongue ( surface potential ) by the application of
chemicals or water. Further analysis of the potential has been made. NaCl-induced
potential was negative to the reverse side while water-induced one was positive. Both
were not only dependent upon the stimulus intensity but proportional to the afferent
nervous activity. They were not influenced by DNP or ouabain but abolished by anes-
thetics. The surface potential was depressed or reversed when polarized negatively
and augmented when polarized positively. Electric resistance between free surface and
reverse one of the tongue was decreased in NaCl-induced potential and was increased in
water-induced potential to that of resting state. Ratio of resistance change was
proportional to the amplitude of surface potential. Significance and mechanism of the
surface potencial similar to the taste potential are not yet known. This potential
may contribute to produce or modify taste sensations.
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RESPONSES TO WATER, Ca AND HIGH Na IN A SINGLE WATER FIBER OF THE FROG TONGUE.
KITADA, Y. Dept. Physiol., Sch. Dent., Univ. Okayama, Okayama, 700

A single water fiber in the glossopharyngeal nexrve of the frog responds to
distilled water, low Ca and hypertonic Na solution. The aim of the present
investigation was to study differences between the stimulation mechanism of the Na
response and that of the Ca response. Tongues isolated from bullfrogs were used.
A suction electrode was employed to record spike activities from a single water
fiber. Hypertonic solutions of NH,Cl and KCl as well as NaCl stimulated the water
fiber. The order of effectiveness of monovalent cations was NH, > K >Na.
Choline-Cl had no excitatory effect. Thus, the excitatory efféct of hypertonic
solution varied with kinds of monovalent cations. on the other hand, such mono-
valent cations in low concentration inhibited the Ca response and the degree of
inhibitory effect was the same. H inhibited the water response and the Ca
response, but enhanced the Na response. A treatment of the tongue surface with
0.1 % pronase E did not affect the Na response, but decreased markedly the water
response and the Ca response. These results show that Na and Ca interact with
diffent receptor sites, respectively.
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INNERVATION OF FROG GUSTATORY ORGAN.
SATO, T. and OKADA, Y. Dept. of Physiol., Nagasaki Univ. Sch. of Dent.,
Nagasaki, 852

Innervation of gustatory disks within the fungiform papillae was
studied by staining the bullfrog tongue with methylene blue or by record-
ing action potentials of the myelinated afferent fibers. The number of
myelinated afferent fibers entering single fungiform papillae was a mean
of 8.2. A single afferent fiber branched several times at the base of
the papillae, resulting in the innervation of several fungiform papillae
located in a local narrow area of the tongue. The distance along the
afferent fibers between the basement membrane of gustatory disk and the
ramification point at the base of the papillae was 0.96 1+ 0.32 mm (mean
SD, n=89). The diameter of myelinated afferent fibers within the fungi-
form papillae was a mean of 5.5 um and increased at a rate of 0.8 um.cm
length fiber as they run toward the proximal end of the tongue,
consequently resulting in a gradual increase in the conduction velocity.
Following emergence from the tongue, the diameter of the myelinated
afferent fibers scarcely changed.
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RESPONSE CHARACTERISTICS OF THE SOLITARY TRACT NEURONS TO NATURAL STIMU-
LATION OF THE FROG TONGUE. HANAMORI, T. AND ISHIKO, N. Dept. of Physiol.,
Miyazaki Med. Coll., Miyazaki

Single solitary tract neurons in the frog immobilized by succinylcholine
chloride were classified into 6 types according to their sensitivity to
gustatory(0.5M NaCl, 0.5mM quinine, 0.01M acetic acid, 0.5M sucorse and
water), thermal(0.01M NaCl at 30°C) and mechanical stimuli. Of 224 units
studied, 101 responded only to tactile stimuli (Type VI), whereas 4 and
119 of the remainder were inhibited(Type V) and facilitated (Type I-IV)
by gustatory as well as by other stimulus modalities, respectively. Among
the last group of neurons, 31, 31, 36 and 2 % were sensitive to one
(Type I), two(Type II), three(Type III) and four(Type IV) qualities of
taste stimuli, respectively, the most effective stimulant being found to
be NaCl. The relationship between responses of gustatory neurons and log
molar concentration of NaCl was approximately linear, similar to that
obtained from the glossopharyngeal nerve. These solitary tract neurons
were found to locate within the area between 0.5 and 3.5 mm rostral to
the obex, and between 0.4 and 1.2 mm lateral from the midline, the depth
being 0.3-1.3 mm from the dorsal surface of the medulla oblongata.
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ROLE OF Ca2+, CGMP AND cAMP IN TASTE TRANSDUCTION MECHANISM
KURIHARA, K. Faculty of Pharmaceutical Sciences, Hokkaido Univ., Sapporo

1) The lingual artery of the bulilfrog was perfused with artificial solution and the
effect of Ca, Ca-channel blockers (MnClp and verapamil), cGMP and cAMP added to the
perfusing solution on the gustatory nerve responses was examined. The responses to
chemical stimuli of group 1 (CaClp, NaCl, distilled water, D-galactose and L-threonine)
were highly dependent on Ca concentration in the perfusing solution, suppressed by the
Ca-channel blockers, enhanced by cGMP and suppressed by cAMP. The responses to chemi-
cal stimuli of group 2 (quinine, HC1 and ethanol) were practically not affected by a
decrease in Ca concentration, the Ca-channel blockers, cGMP and cAMP. The responses

to the stimuli of group 1 seem to be induced by Ca-influx into a taste cell which is
triggered by depolarization and modulated by the cylcic nucleotides in a taste cell.
The responses to group 2 seem to be induced without accompanying Ca-influx. 2) Addi-
tion of the respiratory inhibitors such as KCN or antimycin A to the perfusing solution
suppressed the responses to chemical stimuli of group 2, while the addition did not
suppress the responses to group 1. 3) The frog taste cells exhibited regenerative
potentials when the cells hyperpolarized were subjected to anode break stimulation.

The potentials were composed of voltage-dependent Na-component and Ca-component.
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SACCHARIN-BINDING PROTEIN IN FRACTIONS FROM TONGUE EPITHELIA.
SHIMAZAKI, K. AND SATO, M. Tokyo Metropol. Inst. Neurosci., Fuchu, Tokyo.

Binding of 35S--saccharin to ammonium sulfate fractions (AF) extracted
from rat tongue epithelia containing taste buds was studied with the
equilibrium dialysis method. Labeled saccharin bound most to 40-60% AF
fractionated from 105,000xg supernatant of the ggngue epithelia homoge-
nized in 0.1M Na phosphate buffer. Binding of S-sagcharin to this frac-
tion was inhibited to half by the presence of 4.7x10 "M saccharin Na, and
nearly completely by 30mM. It was also inhibited by the presence of 0.1M
glucose, sucrose and lactose by about 20%, while binding of labeled
saccharin to 40-60% AFs from tongue epithelia without taste buds and from
tongue muscles was much small compared with that to the same fraction
from epithelia with taste buds and was not inhibited by sugars. From the
results obtained we hypothesize that the protein that binds to saccharin
and sugars could be a candidate for the sweet receptor protein.

Further fractionation with DEAE-Sephadex A50 column of 40-60% AF from
epithelia with taste buds indicates that a major protion of proteins that
binds to saccharin are contained in 0.1M NaCl fraction.
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RECPTIVE FIELD CHARACTERISTICS OF TASTE NEURONSE IN THE PARABRACHIAL
NUCLEUS OF THE RAT. HAYAMA, T. AND OGAWA, H. Dept. of Physiol.,

Kumamoto Univ. Med. Sch., Kumamoto

We recorded 34 gustatory (G) and 8 mechanoreceptive (M) units in the
parabrachial nucleus (PB) of SD-strain rats anesthetized with sodium amo-
barbitone while applying natural stimulations to the oral cavity. Re-
ceptive fields (RF) could be located in 21 G and 8 M units. Nine G and
1 M units had a single RF on the tongue with a large RF in some units
and, 1 G and 1 M units on the palate. But 9 G and 5 M units had 2 sepa-
rate RF's with one on the tongue and another on the palate. Eleven
mechanosensitive G units had RF's common for both modalities, but 6 units
had different RF's for different modality. In the solitary tract nucle-
us (NTS), we found only a few G and M units with 2 RF's in the oral cavi-
ty and a few G units with a single RF on the palate. The present find-
ings, therefore, suggest that taste and mechanical information from the
tounge through the NTS converges further on the PB neurons but that some
PB neurons might receive taste information from the palate through non-
NTS structures. The averaged magnitude of responses to each of 4 basic
tastes in PB units was two times as large as that in NTS units.
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THALAMIC RESPONSES TO LOT AND TCN SHOCKS IMAMURA, K., ONODA, N.
OBATA, E., IINO, M. AND TAKAGI, S. F. Dept. of Physiol., Sch. of
Med., Gunma Univ.

We investigated the thalamic responses to the lateral olfactory
tract (LOT) and/or the tympanic chordal nerve (TCN) shocks in the
curarized rabbit in oder to figure out the interaction of olfaction
and taste. Out of 30, 6 cells (20%) responded to LOT shocks alone
and 6 cells (20%) did to TCN or tongue shocks. Eighteen cells (60%)
responded to both LOT and TCN shocks. Each recording site was
histologically identified. They were not only a medial part of the
ventroposteromedial nucleus (VPM) but also far lateral to or far
ventral to it. Olfactory and gustatory inputs are conisdered to
converge in these areas. Response patterns and their latencies
were independent of units location. Detailed analyses of thalamic
responses to odor and taste stimuli remain to be dealt with in a
later study.
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GLOSSOPHARYNGEAL-HYPOGLOSSAL REFLEX IN THE FROG. KUMAI, T. & NOMURA, H. Dept. of Oral
Physiol., Matsumoto Dent. Coll., Shiojiri

Discharges induced reflexly by chemical stimulation of the frog tongue were recorded
from the main trank of the hypoglossal nerve and its branch to the hyoglossal muscle.

1 M NaCl, 0.5 mM QHC1 and HC1 at pH 2.5 produced pronounced reflex discharges in both
nerves. On the other hand an application of 1 mM CaCl, induced no reflex discharge,
indicating that frog calcium response has no relation With tongue movements.

Reflex discharges produced by applying the chemical solutions to different portions
of the tongue were recorded from three branches of the hypoglossal nerve. Reflex dis-
charges in the hyoglossal branch were elicited mainly when the caudal part of the
tongue was stimulated, whereas those in the genioglossal branch mainly when the rostral
part was stimulated. The intrinsic branch responded reflexly whatever portion of the
tongue was stimulated. Electrical stimulation of the glossopharyngeal nerve revealed
that the reflex activity of the hyoglossal branch was induced by sensory inputs from
Tow threshold fibers in the medial branch of the glossopharyngeal nerve, whereas that
of the genioglossal branch mainly by the lateral branch. Measurement of reflex times
between electrical stimulation of the afferent branches and the action potential of the
efferent branches demonstrated that the medial-hyoglossal reflex has the shortest path-
way but is composed of polysynapses.
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REFLEX DISCHARGES EVOKED BY WATER STIMULATION ON THE FROG TONGUE
NOMURA, H. AND KUMAI, T. Dept. of Oral Physiol., Matsumoto Dental Coll., Shiojiri

The frog tongue contains a chemoreceptor senmsitive to tap water, the role of which
has not been clarified. Zotterman (1949) has suggested that the water on the frog ton-
gue reflexly keeps the mouth closed to reduce an obvious increase of the intake of
water. If this is valid, reflex discharges must be evoked in the nerve innervating the
elevator muscles such as the masseter and temporal muscles by tap water stimulation.

Experiments were carried out by using male frogs in automn. The afferent and effer-
ent discharges evoked by tap water stimulation were lead simulatanously in the glosso-
pharyngeal nerve and the trigeminal or facial nerve or their branches, respectively.

So far as we have studied, no pronounced reflex discharge was evoked in the nerve
innervating the masseter and temporal mucles when the tongue was stimulated by tap
water. On the contrary, pronounced discharges were evoked in the nerve inmervating the
submental and submaxillary muscles by tap water stimulation. Since the submental muscle
appeared to act as the nostril closing muscle by protruding the apex of the mandible,
these facts suggest that the chemoreceptor sensitive to tap water in the frog plays a
role in the nostril closing reflex.

Electrical stimulation on the glossopharyngeal nerve also evoked reflex impulses in
the nerves innervating the submental and submaxillary muscles.



OTHER SENSATIONS J. Physiol. Soc. Japan 43,1981 365

287

THE AFFERENT IMPULSES OF SENSORY UNITS 1IN THE SUBLINGUAL AND THE SUB-
MANDIBULAR DUCT OF THE CAT. SAKADA, S., TIZUKA, M. AND YAMAZAKI, S.
Dept. of Physiol., Tokyo Dent. Coll, Chiyoda-ku Tokyo

The sublingual duct and the submandibular duct in the cat are inner-
vated by afferent nerve fibers in the lingual nerve., It was histologic-
ally shown that there were free nerve endings, unencapsulated endings
and encapsulated endings in these ducts in the part close to the oral
mucosa. The number of the encapsulated endings in the sublingual duct
was 17-125(Mean + SD : 62 + 24 endings, n = 12 ducts) and that of those
in the submandibular duct 8-58 (Mean+SD : 26x14 endings, n = 12 ducts).
The existence of encapsulated endings, however, was exceedingly rare in
these ducts in the part near the hilus far from the mucosa and naught
in the parotid ducts.

Asimilar to free nerve endings, the encapsulated or unencapsulated
endings were readily responsive to the distension of the duct and the
pressure from the oral mucosa and possessed the same physiological cha
racteristics of acceleration detector and vibration detector as thoseof
the morphologically similar endings in the oral mucosa.
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STUDIES ON THE ELECTRICAL CHANGE IN THE COURSE OF SALIVATION FROM
PAROTID-GLAND, INOMATA, X,, TAMAGAWA, K., ITO, K. and NAKAMURA, HY
Dep. of Physiol., Sch. of Dent., Higashi-Nippon-Gakuen Univ., Dep. of
Oral-physiol., Sch. of Dent., Higashi-Nippon-Gakuen Univ®*, Ishikari-
Tobetsu, Hokkaido, 061-02

When the human lingua wag stimulated with tartaric acid, the
electrical change between papilla parotidea and lobulus auriculae in
the cource of salivation from parotid gland showed about 2-6mV. In our

_experiment, the reference electrode which was set in suction capsule
(Krasnogorski's type) was placed on papilla parotidea and the
indifferent electrode was placed on lobulus auriculae, but if the
reference electrode was placed on near the papilla parotidea, the
electrical change showed lower potential, that was about 0.2-0.5mV.

According to our result, the reduction of electrical change (2-6mV-
0.2-0.5mV) was dependent on the decrease of saliva in suction capsule
which was used reference electrode, on the other hand, increasing a
caliva in suction capsule, the electrical change showed higher
potential (2-6mV). So that, it was considéred that the large part of
electrical change due to the saliva.
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ASSOCIATION FIBER PROJECTIONS TO THE ORBITAL GYRUS FROM THE OLFACTORY CORTEX.
MOTOKIZAWA, F., INO,Y. AND KAKUTANI, H. Dept. of Physiol., Nara Medical College,
Kashihara, Nara

In the cat the orbital gyrus receives an olfactory input not through a thalamic relay,
but presumably through subcortical association fibers originating from the prepyriform
cortex (Motokizawa and Ino, Neuroscience, 6, 39-46, 1981). In the present experiment,
this association fiber connection was investigated histologically and electrophysiolog-
ically. In 10 cats HRP was injected into the cortical layers of the orbital gyrus under
direct vision. After injection of the enzyme in the dorsal bank of the rhinal sulcus,
labeled neurons were detected in the ventral bank of the rhinal sulcus, lateral aspect
of the prepyriform cortex, olfactory tubercle and cortical amygdaloid nucleus. In the
prepyriform cortex, labeled cell bodies were densely distributed in the deep layers. In
9 cats anesthetized with chloralose the prepyriform cortex or cortical layers of the
orbital gyrus were stimulated. Cortical neurons in the dorsal bank of the rhinal sulcus
within the orbital gyrus were activated orthodromically following stimulation of the
prepyriform cortex. In addition, antidromic responses were also obtained from the
prepyriform cortex by stimulation of the orbital gyrus. These findings indicate that
_there are association fiber projections from the olfactory cortex to the orbital gyrus.
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PROPERTIES OF SELF-MUTILATION IN DORSAL RHIZOTOMIZED RAT. Y. YAMAGUCHI. Laboratory of
Clinical Physiology, College of Biomedical Technology, Osaka University, 1-1, Machi-
kaneyama, Toyonaka, Osaka

After dorsal rhizotomy from C5 to T1l, rats showed self-mutilation, such as chewing
and/or abnormal scratching of the deafferented limb and the adjacent regions. The
self-mutilation was supposed to be evoked not only by anesthesia but by abnormal
sensation, including chronic pain. The author studied properties of such behaviors
in this experiment. 1) Chewing was easily inhibited by extrastimulus. On the other
hand, scratching often continued in spite of extrastimulus. 2) Fluothane anesthesia
provoked abnormal chewing in some rats, which showed moderate hippocampal arousal
pattern in the EEG's. 3) Repetitive electrical stimulation given to the limbs contra-
lateral to the deafferentation delayed onset of the self-mutilation. 4) Additional
wounds chronically settled at the top of the cranium delayed significantly appearence
of the self-mutilation in some rats, while wounds at the dorsum of the nose tended
to facilitate the self-mutilation.
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MORPHINE EFFECT ON THE NEURONAL ACTIVITIES IN THE RAT RAPHE MAGNUS. H.
TANAKA, S-H. YOON, K. TODA*, A. IRIKI* AND M. ICHIOKA*. Dept. of Anesth.
TFac. of Med. and *Dept. of Physiol. Fac. of Dent. Tokyo Med. & Dent.
Univ. Bunkyo-ku, Tokyo 113, Japan

Single unit activities were recorded using tungsten electrode (1-5 M
Q at 1 kHz) from nucleus raphe magnus, AP 8.5-11.0 according to Fifkova
& Malsala's brain atlas, of lightly anesthetized Wistar albino rats.
Morphine-HCl was administered once intraperitonially in various doses
of 5, 10 and 20 mg/kg. In the present study,three types of neurons were
observed, that is 1) Neurons whose activities were enhanced by morphine
injection, (43%, Type A), 2) Neurons whose activities were suppressed by
its injection, (39% Type B,). 3) Neurons which are not affected by
morphine injection (18%, Type C). In the neurons of Types A and B,
changed acitivities were antagonized by naloxone injection (0.5-2.0 mg/
kg) . Moreover, time courses of the modified activities had correlations
with that of suppressive effects of morphine of tooth pulp-evoked
noxious responses in secondary somatosensory cortex. These may suggest
that these types of neurons have something to do with the morphine
induced analgesia, although action of Type C neuron is not clearly
understood.
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VIBRATORY SENSITIVITY OF MECHANORECEPTIVE UNITS IN HUMAN GLABROUS SKIN
MANO, T. AND MIYAOKA, T.* Dept. of Physiol. and Dept. of Psychol.¥*,
Hamamatsu Univ. Sch. of Med., Hamamatsu

Mechanoreceptive units in human glabrous skin of the palm were classified into three
types based on their microneurographic responses to mechanical stimuli : 1. slowly
adapting type I (SA-I) units with dynamic and static responses, 2. slowly adapting
type II (SA-II) units with mainly static responses, 3. rapidly adapting (RA) units
with dynamic "on-off" responses. Among these, RA units showed high sensitivity to
vibration. The maximum vibratory frequency followed by 1 : 1 responses of RA units
was found around 550 Hz. Meanwhile, RA units were classified into two different
types (RA-I and RA-TI ) according to the relationship between the threshold of 1 : 1
responses and the vibratory frequency. RA-I showed the minimal threshold at the
vibratory frequency around 50 Hz, while RA-II represented the minimal threshold at
the frequency around 150 Hz. The receptive field of RA-I was small, while that of
RA-II was very large. Referring these findings to those reported in animal, it is
concluded that RA-I in the present study corresponds to Meissner corpuscle and RA-II
corresponds to Pacinian corpuscle.
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RESPONSE OF THE MUSCLE SPINDLE OF THE CAT DURING LOCAL TETANUS TO FM-
VIBRATION. MIZOTE,M. (Dept. of Physiol.,Sch. of Med.,Chiba Univ.) AND
TAKANO, K. (Physiol. Inst.,Univ. of Gbttingen, West Germany).

The discharge patterns of the primary ending of the muscle spindle in
response to FM-vibration are classified into two types, one type of end-
ings responds up to 150 Hz (type B) and the other only at low frequencies
(type K). The former comes from endings on nuclear bag fibers and the lat-
ter from those on nuclear chain fibers (Mizote,1976). This FM-vibration
technique was used in the tetanus intoxicated cat after (1-7 days) injec-
tion of tetanus toxin (5-500 mouse MLD/kg) into the gastrocnemius muscle.
For example two days after injection of tetanus toxin at the dose of 100
mouse MLD/kg, the primary ending was more sensitive and responded com-
pletely to FM-vibration up to 200 Hz or more. Takano and Kano (1969) have
demonstrated the higher gamma-activity in the early period of local teta-
nus. Four days after intoxication, the muscle had shortened powerfully
and was extended only by strong stretching. All primary endings showed a
little tonic discharge (like type K) during strong FM-vibration. This re-
sult suggests that viscous property of nuclear bag fibers is changed into
elastic property in the later period of tetanus intoxication.
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EFFECTS OF CALCIUM AND NEOMYCIN ON THE MECHANO-SENSITIVITY OF THE LATERAL-LINE ORGAN.
SHIOZAWA, K., ASANUMA, A. AND YANAGISAWA, K. Dept. Physiol., Tsurumi Univ. Sch. Dent.

The lateral-line organ of Necturus maculosus was stimulated with sine wave vibra-
tions and afferent nerve discharges were recorded by suction electrode. The mechano-
sensitivity was expressed as an increment of the synchrony between the stimulus and
the discharge. The synchronization was remarkably improved by Ca2t and was strongly
suppressed by neomycin ( NM ). Suppressive effects of NM were decreased with increas-
ing concentration of CcaZt, Previously proposed action sites of ca?t and MM were mem-
brane lipids especially polyphosphoinositides. Uranyl ions are known to have a high
affinity for phospholipids of the cell membrane. The synchronization was completely
suppressed by 0.1 mM UO§+ and this effect was also reversed by ca?t. Another group-
specific reagent parachloromercuribenzoate, known as blocker of SH group of protein,
had no effect on the synchronization. All these results suggest the action sites of
Ca2* for enhancement of mechano-sensitivity may be related to membrane phospholipids.
As Maeno et al. reported on the neuromuscular junctions, competitive action of Ca +,
MM and 4-aminopyridine at the same receptive sites were observed in the lateral-
line organ.
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VARIATION OF MECHANORECEPTIVE SENSITIVITIES IN CRAYFISH SETAL NEURONS.
CHICHIBU, S. Dept. of Physiol., Kinki Univ. Sch. Med., Sayama,

Osaka, 589

A number of different external morphological types is observed among
mechanosensory hairs on the crayfish ( Procambarus clarkii ) exoskeleton.
They were innervated by one or more neurons located at the base of the
hair socket. Sensory neurons responded to mechanical stimuli having
the rectangular step waveform with impulse trains. The dynamic range
was obtained by the magnitude of hair shaft deviation to produce a line-
ar increase in impulse frequencies. The dynamic range of A- and V-
units of the first antenna was between *1° and #3.5°,respectively. The
value for D-unit was about *2°to %4.5°. The similar comparison was
made propodite hair neurons in the walking legs. The number of innerva-
ting neuron was apparently one in the majority. The dynamic range was
between £7° and#18° . The value for neurons of the second antenna hair
was much larger, and ranged between #12°and +30°. These differences
in the dynamic range values seems to reflect the differnce between the
contact and the stream detector natures.
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BIMODAL (INFRARED + MECHANICAL) UNITS IN THE PITS OF Python reticulatus.
SHIN-ICHI TERASHIMA & RICHARD C. GORIS, Dept. of Physiol., Sch. of Med.,
Tokyo Med. & Dent. Univ., Bunkyo-ku, Yushima, Tokyo 113

29 bimodal single units (infrared + mechanical) were recorded from a
branch of the trigeminal nerve. Each unit had only 1 receptive area 150
-250 pm in diameter inside one of the pits. This sensitive area was
identical for both infrared and mechanical stimuli. The mechanical
thresholds ranged from 15 mg to 1 g when tested with von Frey hairs.
Response to both types of stimulus was always transient, the unit re-
maining silent during prolonged stimulation. Background discharge was
generally absent, but 7 units had irregular background discharge. 2 of
the 7 units were tested under steady-state temperature conditions, and
had discharge peaks at 25 and 27° C, respectively. The maximum back-
ground discharge rate was 12 imp/sec. These findings contrasted
strongly with the characteristics of infrared units in crotaline snakes,
which usually have a higher peak rate (average 20 imp/sec) of constant
background discharge and very small receptive areas (ca. 40 pm).



SKELETAL MUSCLE J. Physiol. Soc. Japan 43,1981 369

297
EXCITATION-CONTRACTION UNCOUPLING IN FATIGUED MUSCLE FIBER.
KANAYA, H., AND *TAKAUJI, M. Div. of Physical Education, Hokkaido
Educat. Coll., Iwamizawa and *Dept. of Physiol., Sapporo Med. Coll.,
Sapporo.

We previously reported that the cause of muscle fatigue is the excitation-contrac-
tion uncoupling. In the present report, we examined in detail the properties of
caffeine contracture and potassium contracture in fatigued single muscle fiber. Follow-
ing results were obtained. 1) The activation curve of caffeine contracture in fatigued
muscle fiber shifted toward the right; the peak tension of caffeine contracture was
completely inhibited at lower concentration of caffeine ( below 5 mM ). However, in
the presence of 25 mM-K or 0.01% Triton X-100 caffeine contracture occurred sufficient-
ly even at lower caffeine concentration and in fatigued muscle fiber. 2) In fatigued
muscle fiber, the initial component of potassium contracture ( 60 and 80 mM K ) was
slightly inhibited, whereas the secondary component was inhibited markedly. These
results indicate that the caffeine influx and the Ca influx induced by K-depolariza-
tion, through transverse tubular membrane ( T-membrane Yare inhibited in fatigued
muscle fiber. Therefore, it was suggested that the cause of fatigue in single twitch
muscle fiber is the uncoupling of excitation-Ca link induced by functioal disturbance
of T-membrane.
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SOME APPROACHES TO THE INTERNAL SYSTEM OF THE APMHIBIAN SKELETAL MUSCLE FIBER AND ITS
EXCITATION-CONTRACTION COUPLING. YAMAGUCHI, T. Dept. Biol. ICU, CLA, Mitaka, Tokyo,

FUJINO, M., SATO, Y., ARIMA, T., AND TAKAI, H. 1. Dept. Physiol., Natl. Def. Med. Coll.,
Tokorozawa, Saitama.

To obtain detailed informations of the mechanically skinned muscle fiber of Xenopus
laevis, an electron microscopic and an X-ray micro-analytical studies were done. Al-
though the myofibrillar structure was preserved well, the interfibrillar spaces were
widely open, and the whole SR was vesiculated in pieces; especially the part of the lat-
eral sac (LS) was swollen and the content of it was accumulated beneath its membrane.

In the skinned fiber, which was loaded by Ca2*in K-CHzSO3zsolution buffered by 10 mM EGTA
to pCa 6.3 after SR Ca had been released by 10 mM caffeine, the content of K in both
cytoplasm and LS, was larger by about 70 to 80% than that of the intact fiber,indicating
the different condition. After a transient contracture was induced in the above fiber
by immersing a solution of pCa 6.7 of which anion was composed of Cl~ instead of
CH3S03™,Ca content of LS was decreased, whereas K and Mg contents were increased. In
the skinned fiber previously treated with optimum concentrations of acrolein, the ordi-
nary contracture was induced by replacement of anion with chloride, showing the preser-
vation of immer functions. A cation chamnel blocker, 4.7 mM hexamethonium had no effect
on the contracture induced by replacement of anion with chloride.
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INTRACELLULAR LOCALIZATION AND DISTRIBUTION OF SUBSRANCES IN AMPHIBIAN MUSCLES: APPRO-
ACH BY RUTHENIUM RED (RR)-STAINING AND ELECTRON PROBE ANALYSIS OF CRYOSECTION.

FUJINO, M., ARIMA, T., SATO, Y., TAKAI, H., * YAMAGUCHI, T. 1. Dept. Physiol., Natl.
Def. Med. Coll., Tokorozawa, Saitama, -‘Dept Biol. CLA, ICU, Mitaka, Tokyo.

1. Substances filling lateral sac (LS) (LS-substances) of Rana japonica (Rj) are of
granular appearance and stained with RR, the stained substances forming a spherical
body which locates on T-tubular side of LS. 2.Granular appearance of LS remains
unchanged by treatment of glycerol-extracted Rj muscle fiber with negatively charged
chemicals (heparin and tannic acid); whereas the granular substances are stained with
positively charged chemicals (RR and toluidine blue). LS-substances seem, therfore, of
negative charge. 3.RR-stainability of LS is not inhibited by acrolein condition to
inhibit E-C coupling, but is done by that to inactivate contractile ability. 4. Under
the condition of cryosection single muscle fiber of Xenopus laevis can give an
excellent pattern to carry out electron-probe analysis. The analysis of the contents of
elements in cytoplasm and LS are as follows: Mg, P and S are contained almost the same
amounts in both places, respectively; Na and Cl are somewhat more abundant in LS, and
Ca is prominently abundant in LS.
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INHIBITION OF EXCITATION-CONTRACTION (E-C) COUPLING BY ACROLEIN IN SINGLE MUSCLE FIBERS
OF XENOPUS LAEVIS. FUJINO, M., SATO,Y., ARIMA, T., TAKAT, H. AND *YAMAGUCHI,T. 1. Dept.
of Physiol.,Natl. Def. Med. Coll., Tokorozawa; *Dept. of Biol. CLA. ICU, Mitaka, Tokyo.

1. Acrolein (1-5 mM) is capable of inhibition of E-C Coupling: Tetanus
and potassium contracture were inhibited; whereas, action potential and
caffeine contracture remained almost normal. 2. Rm of fibers returned to
normal Ringer after exposure to acrolein for 5 min decreased to about
half the normal; while Ri and Cm remained unchanged. 3. 9 vinyl and allyl
compounds of similar structure to acrolein and 19 aldehydes gave no re-
sults to conclude the inhibitory effect on E-C coupling. 4. SH-compounds
(L-cysteine, 2-mercaptoethanol, dimercaprol, dithiothreitol, and dithio-
erythritol) had the protective effect against the acrolein action.

5. Conclusion: Both aldehyde-radical and double-bond of acrolein are in-
dispensable for combining with E-C coupling site localized in T- membrane
or triadic junction.
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INACTIVATION OF EXCITATION-CONTRACTION COUPLING IN SINGLE TWITCH MUSCLE FIBERS OF THE
FROG. TAKAUJI, M. AND TSUTSU-URA, M. Dept. of Physiol., Sapporo Med. College.,
Sapporo

- The caffeine (3.5-5 mM) contracture under depolarization with 20-25 mM K is inhibited
during the biphasic time course of the inactivation and at the completely inactivated
state which have been induced by conditioning depolarization with low (20-25 mM) [K],
and constant (about 120 mM) [Cl],. 1In the present study, we examined the cause of this
inhibition. Under the condition of constant [C1],, fiber diameter was increased by
conditioning with 25 mM K, and the peak tension of the caffeine contracture under K-
depolarization was also inhibited even in the single muscle fiber whose transverse tubu-
lar membranes had been disrupted, although the extent of the inhibition was about half
of that in the intact muscle fiber under the same condition. These phenomena were not
observed in the presence of impermeable anion (chloride was replaced with sulfate). It
was suggested that the inhibition, induced by conditioning depolarization, of the caf-
feine contracture under K-depolarization is due to the inactivation of potassium con-
tracture and the direct action of chloride on caffeine contracture. The inhibition of
rate of rize and the small inhibition of the peak tension of the caffeine contracture
under K-depolarization were also caused by conditioning depolarization in the presence
of impermeable anions (sulfate, methanesulfonate or propionate).
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MEASUREMENT OF RAPID SARCOMERE LENGTH CAHNGES IN SKELETAL MUSCLE WITH LASER LIGHT
DIFFRACTION. KOBAYASHT, T., KAMIYAMA, A. AND SUGI, H. Dept. of Clinic. Physiol. and
Physiol., Sch. of Med., Teikyo University, Itabashi-ku, Tokyo.

The interpretation of muscle mechanics data generally rests on the assumption that
the mechanical response in each sarcomere is uniform along the entire length of muscle
fibers. To ascertain the validity of this basic assumption, we constructed an
experimental device with which rapid sarcomere length changes can be measured on
diffraction patterns with He-Ne laser light. Tgis device has a high sensitivity to
detect sarcomere length changes of less than 10A, and a time resolution of about
10usec. When a quick release was applied to single frog semitendinosus or tibialis
anterior muscle fibers, the shortening of sarcomeres at the released end of the fiber
followed the length change of the fiber very closely, while the shortening of sarco-
meres at the fixed end showed a distinct delay in its onset and thé subsequent
shortening was much slower than the change in fiber length. These results indicate
that, even by the use of the tibialis anterior fibers which is much shorter than the
semitendinosus fibers, the sarcomere shortening during a quick release does not take
place uniformly along the entire fiber length.
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STIFFNESS CHANGES DURING CONTRACTION IN SKELETAL MUSCLE AS STUDIED BY ULTRASOUND
VELOCITY MEASUREMENTS. SUGI, H. AND TSUCHIYA, T. Dept. of Physiol., Sch. of Med.,
Teikyo University, Itabashi-ku, Tokyo.

Methods were developed to examine the time course of change in muscle stiffness
during contraction by measuring the transmission velocities of ultrasound (MHz region)
in longitudinal and transverse directions with a high time resolution (tens of usec).
When a frog sartorius muscle was made to contract isometrically, the longitudinal
stiffness started to increase before the onset of tension development, and reached
a maximum during the rising phase of an isometric twitch tension; on relaxation,
the stiffness returned to the initial value in parallel with the decay of tension.

The transverse stiffness, on the other hand, was found to decrease during an isometric
twitch, though its time course relative to twitch tension was similar to that for

the longitudinal stiffness. A linear relation was seen between the amount of stiff-
ness changes and the twitch tension, suggesting that the stiffness changes reflect

the force-generating mechanism.

These experiments were performed in collaboration with Drs. I. Hatta, Y. Tamura and
T. Matsuda in the Department of Applied Physics, Faculty of Engineering, Nagoya
University.
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MEMBRANE POTENTIAL CHANGE AND CALCIUM ION FLUXES IN THE FRACTIONATED
SARCOPLASMIC RETICULUM FRAGMENTS. KOSHITA, M. AND HOTTA, K.

Dept. of Physiol., Nagoya City Univ. Med. Sch., Mizuho-ku, Nagoya

Fragmented sarcoplasmic reticulum (FSR) isolated from frog skeletal
muscle was fractionated into light SR (LSR, derived from longitudinal
reticulum) and heavy SR (HSR, derived from terminal cisternae).
ca2*t uptake created inside positive potential change in these fractions.
The addition of valinomycin (Kt ionophore) and the replacement of C1~
with gluconate™ (less permeable anion) enhanced ca2t uptake and affected
potential formation. 4,4'-Diisothiocyano-2,2'-stilbene-disulfonic acid
(DIDS, potent inhibitor of anion exchange) inhibited both Ca2+ uptake
and Ca-ATPase activity of FSR. These results suggest that calt uptake
is enhanced by Kt efflux and inhibited by Cl1~ influx, though anion
influx is required for ca?t uptake. Anion-induced Ca?t release was
inhibited by the addition of sucrose and not inhibited by dantrolene
not only in LSR but HSR. Cation exchange did not cause Ca * release
even in the presence of DIDS. These results support that the cause of
Ca2+ release is the osmotic effect in this experimental system.
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MODIFACATION OF LIGHT DIFFRACTION INTENSITY BY DANTROLENE IN SKINNED
STRIATED MUSCLE FIBER OF FROG. OBA,T. AND HOTTA,K. Dept. of Physiol.,
Nagoya City Univ. Med. Sch. :

The diffraction intensity profiles of the first order line were studied
in mechanically skinned fibers. Activation of skinned fibers by calcium
decreased the intensity at all sarcomere lengths at which the filaments
overlapped. The magnitude of intensity decrease depended on calcium
concentration in the medium. Dantrolene sodium (DAN) added in a
relaxing solution produced the intensity decrease in skinned fibers,
being comparable to that obtained at pCa = 6.86 to 6.75 at the
corresponding sarcomere length. DAN in the Ringer solution did not
affect the diffraction intensity of intact single fibers. In activating
solution at pCa = 5.49, DAN inhibited the calcium-induced intensity
decrease in skinned fibers. These results indicate that action sites
of DAN may be located on the intracellular membrane of T-tubule and
the surface of the sarcoplasmic reticulum (SR) membrane. DAN action
upon these structures suggests the presence of a trigger calcium on
T-tubular membrane and also DAN stimulates calcium uptake of SR.
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MUSCLE CONTRACTION UNDER HIGH HYDROSTATIC PRESSURE (I1I),
MURAKAMI T.H. Dept. of Biol., Kagawa Med, Sch.

When skeletal muscle of frog is immersed in liquid petrolatum and
is applied to high hydrostatic pressure, there is a marked increase in
the muscle tension during the period of compression. With in a compre-
ssion force of about from 100 to 300 Kg/cmz, the tension is practically
unchanged; whereas, at from 500 to 600 Kg/cmz, the tension increased to
unreversible contructure.

By electron microscopy, the specimen fixed after compression (600
Kg/cmz)showed that destruction of Z-line, and the orientation of the
thin and thick-filament was disorganized.
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LONGITUDINAL AND LATERAL ELASTICITY OF RESTING FROG SKINNED SKELETAL
MUSCLE FIBERS. Y.UMAZUME AND N.KASUGA Dept. of Physiol., Jikei Univ.
Sch. of Med., Minato-ku, Tokyo

Contributions of myofilaments and cytoskeleton to longitudinal and
lateral elasticity of sarcoplasma were studied in resting skinned muscle
fibers at 20°C. On the course of increasing ionic strength(l/2),
intensity of first order diffraction lines and resting tension started
to decrease simultaneously at T/2=0.25M, suggesting that structure of
thick filaments contributed to longitudinal elasticity. Polarizing
microscopy and SDS gel electrophoresis confirmed that thick filaments
disolved at I'/2=0.25M. Length-tension relation showed also smaller
resting stiffness of partially myosin extracted fibers. Width of rigor,
KC1l and KI ghost fibers were 95, 90 and 70% of resting skinned fiber
respectively. 1In lateral compression study by PVP(K-30), rigor/ghost
fibers showed increase/decrease of lateral stiffness. We changed pH
considering the contribution of lateral repulsive force between
myofilaments and/or myofibrils to lateral elasticity. At pH=5 to 4,
width of fiber decreased to about 60%. This change was irreversible.
This phenomenon was also observed in KCl and KI ghost fibers.
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CHANGES IN THE LATERAL FILAMENTARY SPACING CAUSED BY ACTIVATION OF
CHEMICALLY SKINNED MUSCLE FIBRES.

MATSUBARA, I. AND YAGI, N. Dept. of Pharmacol., Sch. of Med., Univ. of
Tohoku, Sendai

A toe muscle was isolated from a hind limb of the mouse and treated with
saponin to make the sarcolemma more permeable to the solutes of the bath-
ing medium. The sarcomere length was adjusted to 2.6 um using the light
diffraction method, and the equatorial X-ray diffraction pattern was re-
corded to determine the 1,0 spacing of the hexagonal myofilament lattice.
In a relaxing solution (pCa>8, 17-20°C) the spacing was 43.3*1.1 nm(mean
tS.D., n=8). When the muscle was activated isometrically in a calcium
-containing solution (pCa=5.49) to produce the maximum tension, the
spacing decreased to 40.4%*1.1 nm (n=6). This decrease was similar in
magnitude to that caused by immersing the muscle in a relaxing solution
containing 4 g/dl polyvinylpyrrolidone (K-30, Mp=40,000 D). From this
result the lateral force produced on the maximum activation was calculat-
ed to be 4x10~!° N/ um of a thick filament in the overlap region. This
was comparable to the axial force produced during the maximum contract-
ion, i.e. 6x10~'% N/ um of a thick filament.
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MOVEMENTS OF MUSCLE CROSSBRIDGES DURING AND AFTER AN APPLIED LENTH
CHANGE .

YAGI, N. AND MATSUBARA, I. Dept. of Pharmacol., Sch. of Med., Univ. of
Tohoku, Sendai .

Behaviour of crossbridges in frog skeletal muscle was studied with a
time-resolved X-ray diffraction technique. When a muscle during tetanus
was stretched or released at a constant speed (7% muscle length in 300
or 800 msec), the intensity of the meridional myosin reflection at 14.3
nm decreased indicating a change in the axial distribution of cross-
bridges or their angle of attachment to actin. When the speed of length
change was small, the intensity décrease was greater during stretch than
during release. After a stretch the tension remained greater than the
control value even after stress-relaxation. This residual tension was
accompanied by a sustained decrease in the intensity of the reflection.
On the other hand, both the tension and the intensity returned to the
control values after a release. These results, in addition to our
previous observation that the intensities of the equatorial reflections
are unaffected by stretch, suggest that the residual tension after
stretch is associated with axial displacement of crossbridges.
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THE RELATION BETWEEN SHORTENING HEAT AND SARCOMERE LENGTH IN FROG SKELETAL MUSCLE.
YAMADA, K., KOMETANI, K. AND KOBAYASHI, T* Dept. of Physiol., Med. Coll. of Oita, Oita,
*Dept. of Physiol., Teikyo Univ. Med. Sch., Tokyo

The heat of shortening was measured during tetanic contractions of semitendinosus
muscles of Rana japonica at 0°C and at various sarcomere lengths from 2.2 to 3.5um, as
measured by laser diffraction. The shortening heat was estimated as the excess heat
produced during 0.34 sec after the muscles were released by 1 mm at nearly maximal ve-
locity. It was also found that the resting muscles showed an absorption of heat when
released at sarcomere lengths beyond 2.5um (rubber-like elasticity). Because apparent
shortening heat became negative at very long sarcomere lengths the similar absorption
of heat should also occur in actively shortening muscles as in the resting muscle.
After the apparent shortening heat was corrected for this absorption of heat, taking
that the same elasticity holds in active muscles as in resting ones at sarcomere
lengths longer than 2.5um, the shortening heat is rather constant at sarcomere lengths
between 2.2 to 3.lum, and declines abruptly beyond 3.3um.
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CONFORMATION CHANGES OF TROPONIN, TROPONIN-(C+I) COMPLEX AND TROPONIN C ASSOCIATED WITH
CALCIUM BINDING. KOMETANI, K. AND YAMADA, K., Dept. of Physiol., Medical College of
Oita, Oita

The conformational changes on Ca binding of troponin (TN), troponin~(C+I) complex
(TN-(C+I)) and troponin C (TN-C) from rabbit skeletal muscle were studied by microcalo-
rimetric titrations at pH 7 and at different temperatures of 5°, 15° and 25°C. Changes
in Gibbs free energy, enthalpy, entropy (AS) and heat capacity (ACp) associated with Ca
binding to each of the four Ca-binding sites were determined. From the values of AS
and ACp, individual contributions to AS arising from the hydrophobic effect (AShyd) and
the internal vibrational mode (ASyib) were estimated (Sturtevant, 1977). The binding
of both the lst and the 2nd 1 mole of Ca?’ to TN in Mg-free solution gives a large
positive AShyd and a large negative ASyip, indicating that the interactions of the hy-
drophobic residues with sorrounding water molecules largely decrease and TN becomes more
rigid. These changes become smaller for the further binding of ca?t, Both the posi-
tive ASpyd and the negative ASyip remain substantial in the presence of 1 mM Mg. TN-
(C+I) showed similar but less marked changes (about half of those of TN). Changes of
TN-C in Mg-free solution differ from those of TN and TN-(C+I) in that the binding of
the 2nd 1 mole of Ca?‘ shows a large negative ASpyd and a large positive ASyib.
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RELATIONSHIP BETWEEN RCC ACTIVATION AND FIXED CHARGES OF THE T-TUBULES.
SAKAI, T., KURIHARA, S., USUI, S. AND KONISHI, M. Dept. Physiol., The
Jikei Univ., School of Med. Minatoku, Tokyo. 106.

Since RCCs of frog skeletal muscles were elicited in any specimen; i.e.
completely depolarized, T-tubules disrupted and skinned muscle fibers,
it has concluded that calcium ions released from the sarcoplasmic reti-
culum play a triggering role for activation. Recently, authors descus-
sed on activation of RCC which Ca?™ releasing from sarcoplasmic reticu-
lum might be influenced by some functional changes of T-system through
the T-tubular membrance. Also, we reported that the RCC was'nt so in-
fluenced by change of pH, at 1.0 mM caffeine, while at the lower concen-
tration activation of RCC was dependent upon the pH, from 5.0 to 9.0.

We studied, furthermore, some experiments in details by use of toe
muscle dissected from Rana nigromaculata. Adjustment of medium pH
followed in Dorrscheidt-Kafer's manner (1976). 1In these exreriments we
found the fact that dose-response relation on RCC at pH=9.0 was more
shifted to left site than that at pH=7.2. Particularly, in alkaline
medium a rate of rise of tension was remarkably accelerated at low
concentration of caffeine.
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A MICRO-DETERMINATION OF MYOGLOBIN CONTENT IN CANINE SKELETAL MUSCLES
KAWASE, M. School of Physic. Educ., Tenri Univ., Tenri NAKATANI, A.,
ENOKI, Y. AND TOMITA, S. Dept.of Physiol., Nara Med. Univ., Kashihara

Myoglobin (Mb) was prepared from canine skeletal muscles and its absorp-
tion characteristics were determined in visible, Soret and ultraviolet
regions. Using these characteristics and concomitantly determined Mb
concentration, the molar absorption coefficients were calculated.

These coefficients were used to derive the following eguations for

estimating the Mb content of canine muscles,

[Mb] = { 6.219 ( As3s - Asgg ) (V + 0.75W )}/ W (1)

(Mb] = { 0.311 ( RAuz2 - Ay16 ) (V + 0.75W )}/ W (2)
where [Mb]: Mb content (mg/g muscle), Ax: absorbances at xnm, V: buffer
volume (ml) and W: wet muscle weight (g). The Egn. (1) and (2) were
used with ~1lg~ and ~0.1g~ muscle, respectively. The results by the
macro procedures agreed fairly with those by the micro ones, mean*SD of
the difference being 0.087 * 0.330mg/g (n=20). A positive correlation
between the Mb content and cytochrome C content was revealed by the
present procedure. (r=0.669).
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EFFECTS OF PROTEASE INHIBITORS ON THE ACTIVITY CHANGES OF SEVERAL ENZYMES IN MURINE
MUSCULAR DYSTROPHY. TSUJI, S. and MATSUSHITA, H. Dept. of Physiol. Wakayama Medical
College, Wakayama.

There have been several studies suggesting that the increased activities of
intramuscular proteases are causally related to muscle atrophy in murine muscular
dystrophy. In order to examine the usefulness of applying protease inhibitors to
prevent progression of muscular dystrophy, we investigated the effects of protease
inhibitors which are known to be closely correlate to the disease, on the activity
changes of several enzymes in muscle and serum of dystrophic mice. The results
obtained was summarized as follows:

1. Continuous administration of leupeptin or bestatin to dystrophic mice at early
stage of the disease resulted in a striking recovery of several enzyme activities in
muscle and a considerable decrease of released enzyme activities in serum.

2. There are two ways of effects of the protease inhibitors on the enzyme activities
in dystrophic mice; one is direct effect to suppress to catabolic enzyme activities
and the other is functional recovery of cell membrane and membraneous structure of
intracellular organella to cause restoration of normal enzyme activities.

3. A complete recovery from clinical symptoms of hindleg paralysis and a normal gain
of body weight are appeared in about a half numbers of mice treated with bestatin.
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- THE JUNCTIONAL GAP BETWEEN SR AND T-TUBULE OF THE FROG SKELETAL MUSCLE
YOSHIOKA,T. ,NAGAMI, K. ,NARUSAWA,M.,NAKANO,S. Dep. of Physiol., Tokai
Univ. Sch. of Med., Isehara 259-11, Kanagawa.

Functional and morphological research of the junctional gap of the
skeletal muscle had been reported elsewhere.We used in this study Triton X-100
and Brij-58 which are both non-ionic detergent substances, and attempted
to decide what concentration was suitable and how much incubation time was
necessary in order to influence the SR and T-tubule without causing any
damage to the sarcolemma of the toe muscle. The twitch continued for 20-
30 minutes after having been placed in 0.05 mM Triton solution, and after
RCC (Sakai,1965) can be easily elicited. Many thick filaments tended to
shift to the Z-1line of the sarcomere at the peak height of RCC. Slight
swelling SR and T-tubule were observed, but the junctional gap was almost
intact. However, inl mM Brij, the twitch canbe induced for 30-40 minutes,
but there is no RCC. Much damage was observed in the membrane system in
this case. It may be said that the functional connection of the junctional
gap is decreased in Triton X-100 and occured irreversible change in Brij-58
solution.
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CONTRACTILITY AND CALCIUM MOVEMENTS IN THE DISPERSED SMOOTH MUSCLE CELLS. KOSAKA, I.,
OBARA, K., OOTA, I. AND YABU, H. Dept. of Physiol., Sapporoc Med. College, Sapporo 060.

Single smooth muscle cells were dispersed from the guinea-pig taenia coli by the
treatment with 0.3% collagenase for 30 min at 35°C. Contraction was induced by 4 mM
caffeine. The contractility was examined for cells suspension by the fixation method:
the solution containing about 104 cells/ml was added to a glass test tube in which
caffeine had been placed, and after the adequate reaction time, acrolein was added.
The cells fixed were mounted on a slide glass and the cell length was measured under
the microscope. Percent decrease in cell length by caffeine was 15 - 35% and the
maximum decrease was caused within 30 sec. In the presence of 10 pM chlorotetracycline
(CTC), the contraction induced by caffeine was not inhibited, but rather enhanced. Ca
movements at or in the membranes in the cell were monitored by CTC fluorescent probe.
The fluorescence changes were measured by the fluorospectrophotometer (Shimadzu, RF-
510). Ca-CTC fluorescence was increased with the concentration of Ca in the medium,
and the fluorescence of the Ca-CTC-Cell system was decreased by about 60%, when 4 mM
caffeine was applied. The decrease reached maximum about 25 sec after the application
of caffeine. The time to peak of fluorescence change is nearly the same as that of
contraction. The decrease of the intensity of the fluorescence by caffeine may be con-
sidered to monitor the release of Ca from the membranes into sarcoplasm.
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ACTION POTENTIALS IN THE OVIDUCTAL SMOOTH MUSCLE OF THE GUINEA-PIG
AND EFFECTS OF CATECHOLAMINES

OHKAWA,H. AND WATANABE,M. Dept. of Physiol., Yamaguchi Univ. Sch. of
Med., Ube

The spontaneous action potential of the oviductal smooth muscles of
the non-pregnant guinea-pig was recorded intracellularly. The resting
membrane potential was about 50 mV. The spontaneous action potential
which consisted with a plateau phase and several spikes superimposed
on it was observed frequently in the regions of isthmus and ampulla.
Adrenaline, noradrenaline and phenylephrine exhibited the excitatory
action on the membrane activity while adrenaline showed the inhibitory
effect after the treatment with phentolamine. The inhibitory effect of
isoprenaline was observed while this effect was blocked by propranolol.
Prostaglandin F,, also showed the excitatory action. These results
indicate that tﬁe sympathetic innervation on the oviductal smooth
muscle is alpha-excitatory and beta-inhibitory. The effects of
catecholamines on the mechanical activity of the strip were also
similar.
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CONDUCTION VELOCITY AND PERIOD OF PERISTALTIC WAVES IN THE URETER :
APPLICATION OF A NEW DIAMETER GAUGE. SAKAGUCHI, M*, OHHAHSI, T.,
MIYAZAWA, T. AND AZUMA, T., *Dept. of Elec. Eng., Nagano Tech. College,
Dept. of Physiol., Shinshu Univ. Sch. of Med., Matsumoto 390

We had constructed a diameter gauge utilizing the high resolving power
and stability of image sensor. The device made it possible to carry out
contact-free diameter measurements of a cylindrical organ. Using the
diameter aguges, we constructed a new device to measure conduction veloci-
ty and period of peristaltic waves of the isolated -canine ureter and
investigated effects of noradrenaline and electrical field stimulation.

A pair of the diameter gauges were positioned at proximal and distal
portions of the preparation. The conduction velocity and period of con-
traction waves were electrically calculated and displayed on a direct-
writing oscillograph. Overall frequency response of the device was flat
up to 3 Hz. The conduction velocity ranged from 24 to 32 mm/sec at 37°C.
A negative correlation was found between the velocity and the rhythm of
peristaltic activity when no drug administration or electrical stimul-
ation was made.
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ELECTROMYOGRAPHIC STUDY OF THE GASTRIC MOTILITY AFTER ATYPICAL PROXIMAIL VAGOTOMY
FUKUDA,T. KUWASHIMA,T. ARAKAWA,T. KURAMOTO,M. AND KOMI,N. Dept. Surg., Sch. Med., Univ.
Tokushima

Atyp- SPV was proposed as either the anterior or posterior nerve of Latarjet was sac-
rified at selective proximal vagotomy (SPV). 1In order to study the gastric motility
after atyp- SPV, eight mongrel dogs on which SPV had been performed underwent atyp- SPV
, with subsequent truncal vagotomy (TV). These surgeries were performed about 4 to 5
weeks' interval, and gastric myoelectrical activities were recorded serially through
chronically implanted four bipolar electrods in the stomach.

In other four dogs with atyp- SPV, contractile activities of the gastric wall were re-
corded by means of waterproof straingauges sutured on the gastric wall.

Following atyp- SPV, the mean propagation velocity and discharge interval of the
stomach were almost similar to those in SPV. Subsequent TV decreased the propagation
velocity significantly although did not alter the discharge intervals except for an
early postprandial period in transection of the anterior nerve of Latarjet.

Atyp- SPV maintained the gastric contraction with a waxing and wanning pattern of
varying amplitudes in the antrum and monotonic activities in the corpus.

320
ELECTROMYOGRAPHICAL STUDY ON THE RESIDUAL STOMACH AND THE INTERPOSED JEJUNAL MOTOR
FUNCTION FOLLOWING MERENDINO'S PROCEDURE
ARAKAWA,T. KUWASHIMA,T. FUKUDA,T. KURAMOTO,M. KOMI,N. Dept. of Surg. Tokushima

In order to study the motor function of the interposed jejunum and residual stomach
following Merendino's operation, eight bipolar electrodes were implanted in them using
adult mongrel dogs. Three types of surgery, truncal vagotomy (TV), selective proximal
vagotomy (SPV) and TV with pyloroplasty (PP) were done. In the interposed jejunum,
the propagation of the BER was not constantly directed from oral to anal side with
phase lead level migration. In the residual stomach, following TV, the significant
reduction of the BER frequency and propagation velocity were noted, and dysrhythmia was
noted, and dysrhythmia was observed frequently. After feeding, however the BER fre-

quency increased and dysrhythmia was alterd to the regular rhythmic pattern. In the
group of TV with PP, the frequency of dysthythmia was not decreased. BER frequency and
propagation velocity were not changed after feeding. In the group of SPV, the

frequency of dysrhythmia was low and the propagation velocity was preserved in the
normal rate.

On pathohistological findings, reflux esophagitis was not observed in all eheir
esophagus.

32
REGULATION OF AUTOMATICITY OF RAT PORTAL VEIN BY Ca2t AND Sr2+. yAMAMOTO,
Y. and HOTTA, K. Dept. of Med. and Physiol., Nagoya City Univ. Med. Sch.

The automaticity of the smooth muscle of rat portal vein was investi-
gated with microelectrodes. Slow depolarization is a direct trigger for
burst discharge of spikes which sugerimposed on it. Addition of 2.5mM
Sr2+ into the medium with 2.5mM Ca2+ enhanced duration of the slow depo-
larization, but not its amplitude. By total substitution of ca2t with
Sr2+, both amplitude and duration increased forming a plateau phase.
This plateau was abolished in Nat-free medium, whereas it was persisted
in Cl--deficient medium. Blocking of Kt channel by 20mM TEA resulted in
persistent depolarization of the membrane. Membrane resistance decreased
monotonously during Sr2*-mediated plateau phase in Cat-free solution
with GEDTA, whereas without GEDTA it increased gradually reaching twice
of the value during resting phase. The results indicate that the plateau
may be produced by the combination of increased Nat conductance and de-
creased K' conductance. There may be separate sites on the membrane,
which have affinity for these bivalent cations and regulate amplitude
and duration of the slow depolarization, respectively.
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THE CONTRACTURE PRODUCED BY Na-REMOVAL IN THE RAT MYQMETRIUM.
MASAHASHI, T., SUZUKI, M., TAKAI, A.* AND TOMITA, T. Dept. Gynaecol.
and Dept. Physiol.¥ Sch. Med., Nagoya Univ., 466 Nagoya

When the external Na concentration was reduced to less than about
20 mM, both the longitudinal and circular muscles of non-pregnant rat
myometrium produced a sustained increase in tension. This contraction
was composed of two components: phasic contraction due to spike
activity and tonic contraction due to depolarization of the membrane.
The contracture was larger in the longitudinal than the circular muscle.
Rhythmic contractions were usually superimposed on the tonic
contracture. In the longitudinal muscle, the rhythmic activity often
disappeared by repeated application of Na-free solution. The
contracture in Na-free solution was transiently suppressed by
reapplication of more than 3 mM Na, and this suppression became
stronger with higher concentration of Na and with longer exposure to
Na-free solution. The contracture was. increased _with increasing Ca
concentration up to more than 25 mM. D-600 (10‘6 M) quickly blocked
the rhythmic activity and reduced the contracture, but some tonic
contracture remained. Ouabain had weak suppressing effects.
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EFFECTS OF MAGNESIUM AND MANGANESE IONS ON OXYTOCIN-INDUCED
ELECTRICAL AND MECHANICAL ACTIVITY OF RAT UTERINE MUSCLE.
OGASAWARA,T., KATO,S. AND OSA,T. Dept. of Physiol., Yamaguchi Univ.
Sch. Med., Kogushi, Ube 755

Longitudinal muscle of estrogen-treated rat uterus was used for
experiments. Oxytocin (0.1-1 mU/ml) caused a depolarization in a
Locke solution, a prolongation of burst discharge carried on the
plateau potential and an increase in the frequency of spontaneous
activity. These actions were potentiated by addition of 1-3mM Mg
and 0.5-2mM Mn, but depressed by 5mM Mn. Marked depolarization and
contracture were produced by oxytocin when the application of Mn was
discontinued (rebound potentiation). The rebound phenomenon was
also found in the action of acetylcholine. It is suggested that the
action of oxytocin is modified by Mg and Mn at the membrane surface
of myometrial cells, and an influx of Mn may cause the rebound
potentiation of depolarization and contraction.

324

Mg ATP-DEPENDENCE OF TENSION DEVELOPMENT IN GLYCERINATED STRIATED AND SMOOTH MUSCLES
OF THE SCALLOP. TANAKA, H. Central Laboratory, Sch. of Med., Teikyo University,
. Itabashi-ku, Tokyo. .

The dependence of tension development on the Mg ATP concentration was studied on
glycerinated adductor muscles of the scallop consisting of both striated and smooth
muscle fibers, with special reference to the mode of tension development in the
absence of Caé+. The dependence of tension development on the Mg ATP concentration
in the striated adductor muscle fibers, having the myosin-linked regulatory system,
was very similar to that in vertebrate striated muscle fibers, having the actin-
linked regulatory system; namely, the lack of Ca2t sensitivity was observed at low
Mg ATP concentrations. The mode of tension development in the smooth adductor
muscle fibers was, on the other hand, similar to that in other smooth muscles; no
appreciable tension development was seen in the absence of Caz+, and in the presence
of Ca2* the Mg ATP concentration higher than 10™*M was required for tension develop-
ment.
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ACTION OF NORADRENALINE ON THE CALCIUM CURRENT IN THE VAS DEFERENS SMOOTH MUSCLE IN
TEA ION MEDIUM. "

INOMATA,H. AND MIMATA,T. Dept. of Applied Physiol.,Sch.Med.,Univ.Tohoku and Dept. of
Int.Med. ,Sch.Med. , Univ. Tohoku™

The calcium ionic mechanism in & -excitatory action of noradrenaline (NA) on the
vas deferens tissue of guinea-pig was examined under constant-current and voltage-
clamp conditions using the double sucrose gap technique. The behavior of calcium curr-
ent (Icy) was observed in Krebs solution replacing 68 nM-Na ion with tetraethylammo-
nium ion (TEA) in an attempt to suppress the potassium outward current (Ig). By
adding NA at the concentrationsof 1 x 1076 to 5 x 10'6g/ml, the membrane potential
was slightly depolarized, the amplitude of the spike reduced, and the maximum dV/dt
retarded,but the duration not significantly affected. Under voltage-clamped condition,
addition of NA decreased the maximum Ig, and shifted its reversal potential (Egy)
towards negative voltages by about 10 mV, with reducing the conductance, 8ca- The
voltage dependent time constant of the inactivation of I, was reduced and the peak
time to the maximum Ig, prolonged; the degrees of their changes were dependent on the
membrane potential level. The above findings in TEA medium were in contrast with those
in normal Krebs solution already published elsewhere by us.

326

LOCALIZATION AND TRANSLOCATION OF ACTIVATOR CA IN SEA CUCUMBER SMOOTH MUSCLE.
SUZUKI, S., GOMI, S., TSUCHIYA, T. AND SUGI, H. Dept. of Physiol., Sch. of Med.,
Teikyo University, Itabashi-~ku, Tokyo.

Physiological and cytochemical studies were carried out to obtain information about
the origin of activator Ca for contraction in longitudinal retractor muscle (LRM) of
a sea cucumber, Stichopus japonicus. K- and acetylcholine (ACh)-induced contractures
were dependent on the Ca concentration of the external medium, and reduced by Mn (10mM)
or La (20mM) ions, indicating that the contraction is mainly caused by Ca-influx from
the external medium. However, procaine (5mM) also reduced the tension of K- and ACh-
induced contractures. In the absence of external Ca, however, a fraction of the
maximum contracture tension could still be produced by the removal of external Mg ions
or by the hypertonicity, suggesting that the LRM also has some amount of intracellular
Ca available for the activation of contraction. Electron microscope observation
revealed the existence of numerous subsarcolemmal vesicles which were assumed as a
store site of intracellular Ca. These results indicate that, in the LRM fibers, the
contraction is initiated not only by Ca-influx but also by Ca-release from the intra-
cellular store sites. This view is further supported by cytochemical study on the
intracellular Ca localization and its translocation during mechanical activity, using
K-pyroantimonate, and by electron probe X-ray microanalysis.

327

INFLUENCE OF Na ION ON K CONTRACTURE IN THE GUINEA-PIG TAENIA COLI.
ASHOORI, F., TAKAI, A, AND TOMITA, T. Dept. of Physiol.,
School of Medicine, Nagoya University, Showa-ku 466 Nagoya

Tension development of the guinea-pig taenia coli which had been
treated with Ca-free excess K solution was studied in response to
reapplication of Ca, usually at a concentration of 2.5 mM. The tension
increased dose-dependently with increasing the Ca concentration up to
more than 50 mM. The tension gradually declined during a prolonged
application of Ca in Na-free solution, while this tendency was less
in Na-containing solution. Similarly, in the absence of Na, the )
tension development became small when Ca reapplication was repeated,
and this decrease was prevented when more than 10 mM of Na was added.
Thus, Na has a potentiating effect on the K contracture. However, when
the solution containing Na and solution containing no Na were
alternatively applied repeatedly, it was found that Na gradually
depressed the K contracture. These effects of Na were not essentially
modified by ouabain (10'"4 M). It seems that Ca transport across the
membrane is influenced by Na in a complicated way, and that a Na-Ca
exchange process plays only a minor role in this process.
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INTERACTION BETWEEN Na PUMP AND Na-Ca EXCHANGE SYSTEM IN RABBIT A-V NODE
CELLS: KURACHI, Y. AND IRISAWA, H. NATIONAL INSTITUTE FOR PHYSIOLOGICAL
SCIENCES ‘

In the rabbit A-V node cells, long K free perfusion (more than 6 min)
caused marked spontaneous hyperpolarization of the membrane. This spon-
taneous hyperpolarization(SP) ocurred in K free solution containing 10 °M
strophanthidin, and disappeared in Ca free solution. SP in K free
solution was accompanied by prominent increase of the membrane con-
ductance and the tonic tention. From these results, Ca activated G, is
the most possible candidate for SP. That is, elevated [Né‘h_ caised in-
crease of [ngh_ through Na-Ca exchange system. To estimate the change of
the effectiveness on [Catj control by Na-Ca exchange in K free perfusion
various concentration of caffeine was applied. In normal Tyrode and early
phase of K free perfusion, even 20 mM caffeine could not cause SP. In re-
latively long K free perfusion, 2 mM caffeine induced SP and tention
development. Furthermore, when [Nat]; was reduced to 10%, low dose of
caffeine could induce hyperpolarization of the membrane with increase of
the tonic tension. From these results, it was estimated that the effec-
tiveness of Na-Ca exchange is maintained by the Na gradient across the
cell membrane which is controlled by the activity of the Na pump.

329

THE EFFECT OF Ca ION AND SEVERAL AGENTS UN THE ACTICN POTENTIAL IN THE
CULTURED CHICK ENMBRYONIC HEART CELL.
YAMASHITA, E. Dept. of Visual Physiol., Sch. Educ., Univ. Tohoku,

Sendai, 930.

The action potential of cultured chick embryonic heart cell was
recorded with the microelectrode method. The increase in external Ca
ion concentration produced the enhancement of overshoot and max. rate
of rise and shortning of duration of action potential. The effect of
Sr was different from Ca in bringing longlasting afterpotential., Extra-
or intracellular application of TEA or 4-AP prolonged the duration of
action potential. The prolongation was not so manifest in 4-AP as in
TEA. Prompt application of more increased Ca ion initially abolished
the action potential except pace maker component, but it began to re-
cover again progressively. This result suggests that the action poten-
tial is composed from three components with different connection to Ca
and K : initial spike, plato-component and pace maker potential.

330

AUGMENTED DEPRESSION OF THE CALCIUM CONDUCTANCE BY ACETYLCHOLINE IN ADRENALINE
TREATED VENTRICULAR MUSCLE. OCHI, R. Dept. Physiol., Sch. Med., Juntendo Univ.,
Tokyo

The efficiency and the mode of depression of slow inward current(i ) by ACh was
examined in guinea pig papillary muscle in the presence of adrenalinS(Adr).
The membrane potential was controlled by single sucrose gap voltage clamp method
and pure is was obtained by subtracting Co resistant current. Maximal amplitude of
i was reached at the depolarization to OmV. With further increase of depolarization
i~ was decri sed and reversed its polarity at the reversal potential(E ). E_ was 45mV
in 1.8mM Ca and changed as expected from the Nernst equation for Ca electrodde.
Adr (2pM) increased iS 3-5 times but sufficient clamp was possible by depressing i
conductance by gentamicine(50-200pM). 1In the presence of 2puM Adr the maximal
amplitude of i was diminished to 27% by 2puM ACh, while it was diminished only to 60%
in the absence of Adr. No change in E_was observed on the application of Adr or ACh,
suggesting that the selective filter of individual i channel was not affected by ACh.
Moreover, neither the time course of inactivation of i nor the time to peak of i (at
13-15°C) was affected by ACh. These results support tﬁe hypothesis that ACh decrgases
calcium conductance indirectly by diminishing the density of is channels.
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Development and differentiation of electrical activty in very early embryonic heart
monitored by a voltage-sensitive dye. K. KAMINO, A. HIROTA, S. FUJII, T. SAKAI, Dept.
of Physiol. Tokyo Med. & Dent. Univ. Sch. of Med., Bunkyo-ku Tokyo

Spontaneous action potentials in very early embryonic chick heart were measured
optically using a voltage-sensitive merocyanine-rhodanine dye. The spontaneous action
potential activity was generated at the 7 somite stage of development, and as early as
the 7 somite stage, the beginnings of rhythmic spiking were apparent. However, in the
7 to early 8 somite embryonic hearts, a non-specific pattern of optical signal was
usually detected. Optical signals resembling the pacemaker type action potential with
a diastolic depolarization phase were seen first in the hearts at the later period of
8 somite stage, and the diastolic depolarization phase developed as development of the
embryo proceeded to the 9 somite stage. Furthermore, using the simultaneous recording
from 508 different portions of an embryonic heart, we demonstrated that as the
primitive tubular heart was formed, the pacemaking area which possesses the highest
intrinsic rhythmicity is localized mainly in the left atrial primordia and subsequently
shifts to the future sinus region, by the 11 somite stage. With future development of
the heart, the pacemaking cells of the sinus primordium probably organized themselves
into nodes and bundles while maintaining their original relationaship with the
surrounding musculature.

332

Effects of temperature on action potential activity in early embryonic heart monitored
optically using a voltage-sensitive dye. A. HIROTA, S. FUJII, T. SAKAT, K. KAMINO,
Dept. of Physiol. Tokyo Med. & Dent. Univ. Sch. of Med. Bunkyo-ku, Tokyo

Effects of temperature on the spontaneous action potential activity in the 7-9
somite embryonic chick heart, corresponding to 25%32 hours after incubation, were
investigated by means of an optical method capable of measuring membrane potential. The
embryonic hearts were stained with a voltage-sensitive merocyanine-rhodanine dye (NK
2761). Cooling caused a marked decrease in the frequency of rhythmic recurrence of the
spontaneous optical spikes. The Q of the frequency was around 5.0 in the 8-9 somite
embryonic hearts. This slowing wal®associated with a decreased rate of diastolic
depolarization of the pacemaker type action signals. The threshold firing level
femained relatively constant until about 30°C. In both the pacemaker and the non-
pacemaker type action signals, with cooling of the bathing solution, the duration of the
action signals increased. On the other hand, the amplitude of the action signals was )
not altered. We also recorded action signals simultaneously from 5-8 different portions
in an embryonic heart at various low temperatures; the conduction velocity of the action
potential decreased to 0.36mm/sec at 20.0°C from 1.5mm/sec at 36.7°C in a 9 somite
embryonic heart. Synchronization of the action signals among the different portions was
rarely distorted.

333 A
EFFECT OF PARASYMPATHETIC CARDIAC NERVE-BRANCH STIMULATION ON VENTRICULAR REFRACTORI-
NESS IN DOGS
ENDOU, K., YAMAGAMI, J., TAKEUCHI, A., MIYAHARA, H., SATO, T., NARA, Y. Dept. of
Medicine, School of Medicine, Kitasato University, Kanagawa

The influence of individual parasympathetic efferent cardiac nervous activity on
ventricular refractory period duration (RP) was studied in 15 alpha-chloralose anesthe-
tized mongrel dogs. Parasympathetic effects were studied in vagotomized dogs by induc-
ing cholinergic blockade with atropine 0.1 mg/kg, and by sectioning the ansa bilateral-
ly. On the right, caudovagal nerve and craniovagal nerve produced prolongation of RP
(4-7 msec) significantly, especially on the right ventricle (12.5 msec). Prolongation
of RP disappeared either when atropine was injected, or when ansa were ligated bilater-
ally. On the left, no significant prolongation of RP by stimulation of 1. vagus, VMCN,
and VLCN was observed. Strength-interval curve was also shifted later by stimulating
craniovagal nerve and r. vagus in 3 vagotomized.dogs.

Caudovagal and craniovagal nerve seem to produce prolongation of RP especially on
the right ventricle by antagonizing sympathetic tone.
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LEFT VENTRICULAR SYSTOLIC PRESSURE VOLUME AREA AND OXYGEN CONSUMPTION
SUGA, H,, HAYASHI, T,, SUEHIRO, S,, HISANO, R, and SHIRAHATA, M,

Dept. of Cardiac Physiolo%y, National Cardiovascular Center Research
Institute, Suita, Osaka 565

Left_ventricular systolic pressure volume area has been shown to highly
correlate with its oxygen consumption. In this study, we divided the
area into two parts: external mechanical work and what is considered the
end-systolic elastic potential energy. We determined the optimal
coefficient of the potential energy for the best correlation between the
sum of external work and a variably weighted potential energy and oxygen
consumpt}on. Results in 7 canine hearts showed that the best correlation
was obtained when the potential energy was multiplied by 1.03 4+ 0.03(SE)
We therefore concluded that the pressure volume area can serve as a
pred1c§or of cardiac oxygen consumption, and that the part for the
potenylal energy should have a physiological significance in the
coupling between cardiac mechanics and energetics, ’

335
LENGTH-TENSION AND FORCE-VELOCITY RELATIONS IN FROG CARDIAC MUSCLE OBTAINED FROM THE
UNDAMAGED REGION. MATSUMURA, M,, OCHI, K., KIMURA, H., ENOMOTO, H. AND TOYOTA, H.
Dept. of Physiol., Kawasaki Med. Sch,, Kurashiki

A muscle fiber bundle was prepared from the atrium of the bullfrog and it was repeti-
tively stimulated at a rate of 12/min and at 23-25C, Two black tapes (0.5 mm wide)
were stuck on muscle 3-4 mm apart. The distance between two marks was not only detected
with the position sensitive photodiodes but also controlled by the servomotor supplied
from the feedback amplifier. Even if the whole muscle was held isometrically, the
central region shortened by about 7%, When the length of the central region was con-
trolled, although not succeeded in the precise control, the whole muscle was stretched
during a twitch and both the peak tension (10%) and the rate of tension rise (20-30%)
were augumented., The length-tension curve was shifted towards the left by about 10%
along the length axis. In an isotonic twitch, the shortening velocity of the central
undamaged region was not so different from that of the whole length of muscle if the
loads were small (<0.2 Pp), but the former was larger by 20-50% than the latter under
the considerable amounts of the loads (>0.7 Pp). It is concluded that the damaged ends
distort the contraction speed much more than the contraction height since they act as
an extra compliance. Supported by a Research Grant for Cardiovascular Disease (54C-1)
from the Ministry of Health and Welfare.
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EFFECTS OF TEMPERATURE ON THE ISOTONIC SHORTENING IN CARDIAC MUSCLE
SAEKI,Y. AND SHIBATA,T.* Dept. of Physiol., Tsurumi Univ. Sch. of Dent. Med., Yokohama;
Dept. of Pediat., Heart Institute of Japan, Tokyo Women's Med. College, Tokyo*

To identify the mechanical properties of activated heart muscle, tension of the
kitten papillary muscle in Ba2+-contracture was quickly decreased stepwise (within 3
msec) or changed sinusoidally (frequency, 0.05 - 80 Hz) and the length response was
analyzed. The length response to step tension reduction showed four different phases,
the time course of which were nearly constant over the range of initial muscle length
between 807 of Lmax and Lmax when the tension reductions were less than about 20% of
the initial tension. With increasing amplitude of tension reduction,. period of time of
the second phase slightly became longer when the initial muscle length was near Lmax,
whereas at the initial length below about 0.9 Lmax it became shorter. While, the third
phase became shorter with increasing amplitude of tension reduction regardless of the
initial muscle length. Amount of shortening in the first and second phase increased
with both increasing amplitude of tension reduction and decreasing the initial muscle
length. Increasing temperature markedly decreased the amplitude of the length response
and shorten the second and third phase independently of initial muscle length ( temper-
ature coefficient Q10, 3 - 4 ). These results were consistent with those properties
characterized with sinusoidal tension perturbations.
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OSCILLATIONS OF MEMBRANE POTENTIAIL AND TENSION IN DOG VENTRICULAR MUSCLE FIBERS
HIRAOKA, M., KAWANO, S. and OKAMOTO, Y. Dept. of Cardiovasc . Dis., MRI., Tokyo Med.
and Dent. Univ., Tokyo

We have reported that muscle fibers develog$d oscillatory afterpotentials (OAPs) at
potentials more negative than -70 mV. The Ca movement is suggested to be involved in
the genesis of OAPs. To examine the mechanism of OAPs, we studied changes in membrane
potentials and isometric tensions using dog ventricular mugcle fibers. The OAPs were
induced with preparations superfusing the K -free, high-Ca (3.6-7.2 mM) solutions.
OAPs were always recorded with oscillation of tension. The timings and the amplitudes
of these after contractions (ACs) changed similarly as those of the OAPs. Amplitudes
of QéPs and ACs as well as twitch increased with rapid stimulation, in the higher
(Ca )0 and by application of isoproterenol. The application of 2 mg4L verapamil
suppressed the twitch rapidly but it did OAPs and ACs slowly. The (K') over 2 mM easi-
ly eliminated OAPs and ACs wiEh a marked suppression of twitch. The high (Na )o = 203
mM augumented and the low (Na ) = 108 mM depressed OAPs and ACs. The application of
caffeine (1 or 10 mM) suppresseg OAPs and ACs but it caused a transient augumentation
of both during the wash-out period. The results suggest that the cyclic release of
Ca from internal stores may induce ACs and OAPs.

338
DEPRESSION OF CONTRACTION BY ACTIVE SHORTENING IN FROG VENTRICULAR MUSCLE.
OKADA, T., OKUYAMA, H. AND MASHIMA, H. Dept. of Physiol., Sch. of Med., Juntendo Univ.
Tokyo

The tension-length curves determined by isometric and afterloaded contractions were
compared in twitch or tetanus of frog ventricular muscle. The contracted length of
afterloaded contraction at a certain tension was always longer than the length at the
same tension on the isometric tension-length curve, suggesting the depressive effect
inherent in the active shortening. The degree of depression was in proportion to the
amount of shortening. Therefore, a linear relation was observed between the initial
length and the amount of shortening at a fixed load and the slope of the. line decreased
with increasing degree of depression. This depression increased with increasing load
but decreased with increasing adrenaline or ca2t concentration in the external solution.
In a series of twitches, when the contraction mode was changed to isometric after
several afterloaded twitches, the first isometric twitch was potentiated compared with
the control, suggesting that the necessary substance for the contraction was not used
and accumulated during the shortening. The mechanisim of the depression may be deacti-
vation of cross-bridges due to decreased Cca2t utilization during active shortening.
Similar depressive effect of contraction was also observed during the ejection of
canine left ventricle.

339
REST TWITCH POTENTIATION IN VENTRICULAR MYOCARDIUM OF THE DOG. M. ENDOH
and T. IIJIMA Dept. of Pharmacol. Tohoku Univ. Sch. Med., Sendai 980

In the canine isolated right ventricular trabeculae carneae (stimu-
lated at 0.5 Hz at 37°C) short rest of regular stimulation induced a
transient increase of subsequent twitch tension (RTP). This RTP attained
the maximal level when the rest period was 120 sec and decayed progres-
sively at longer rest periods. The RTP was accompanied by the accelera-
tion of rate of tension development and rate of twitch relaxation, and
abbreviation of duration of contraction. The duration of action poten-
tial was prolonged progressively when the rest period was prolonged un-
til 120 sec and maintained to this level at longer rest periods. Theo-
phylline (2 mM) increased the strength of steady state contraction, but
abolished the RTP. Changes in action potential configuration during RTP
were not affected appreciably by theophylline. Manganese (1-3 mM) reduced
the strength of steady state contraction by about 50%, but did not affect
the RTP. These results suggest that the intracellular calcium transport
mechanism rather than calcium influx during the action potential may
play an important role for maintenance of RTP in the canine ventricular
muscle.
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HYPERPOLARIZATION PHENOMENA OF THE PACEMAKER POTENTIAL
GOTO, K., TAKAHASHI, T., MIYAMAE, S. AND KANEDA, T. Dept. of Physiol., Kanazawa Med.
Univ., Uchinada, Ishikawa.

Pacemaker cells of the isolated sinus node of the rabbit were exposed to K-free or
ouabain Krebs solution. Potentials recorded by means of a conventional microelectrode
technique showed two types of hyperpolarization, fluctuation potentials, and a transi-
ent facilitation. One of the hyperpolarization was an increase of amplitude just
after application of K-~free Krebs solution. This was not inhibited by ouabain. The
other was evidenced by a sagging phenomenon which was activated by Kt, cstand RbtKrebs
solution after a few minutes application of the K-free solution. The latter was inhib-
ited by ouabain.

Fluctuation potentials of alternating hyperpolarization and depolarization were Ca-
dependent and voltage dependent, too. They were disappeared by verapamil which could
be correlated with the slow inward Ca-current. The transient facilitation was in-
creased by the K-activated hyperpolarization. The facility was directly proportional
to the difference of K concentration. An intracellular K-cleft probably plays an im-
portant role in the facilitation.

341

KINETICS AND MAGNITUDE OF THE SLOW INWARD CURRENT IN THE RABBIT SINO-
ATRIAL NODE CELL.

Noma, A., Kokubun, S., and Taniguchi, J. National Inst. for Physiologi-
cal Sciences

The slow inward current (i_) in the rabbit sinoatrial node cell was
studied by the conventional”two microelectrode voltage clamp technique.
When i_ was measured as the difference between two records obtained
before“and after blocking i_ with D 600, the fully-activated current-
voltage relation was non-linear; the conductance decreased in the nega-
tive potential range as to result in an almost constant amplitude of i
negative to -10 mV. The degree of steady-state activation was about 1
at -5 mv and 0 at -65 mv. The time constant of exponential recovery
time course of i_ was about 120 msec at ~40 mV and decreased to about
40 msec at -70 m¢. The steady-state conductance of i_, calculated from
the activation and inactivation curves, produced a la¥ge hump in the
steady state I-V curve between -60 mV and -30 mV, which was not observed
in the experiment. The activation and inactivation curves which can
simulate the experimental I-V curve were proposed.

342

SPONTANEOUS ACTION POTENTIALS OF CANINE ATRIOVENTRICULAR NODE CELL.
T. IIJIMA and N. TAIRA, Dept. of Pharmacol., Tohoku Univ. Sch. of Med.
Sendai 980.

Small atrioventricular (A-V) node preparations (0.3 x 0.3 x 0.2 mm)
were dissected from the canine heart. The A~V node was identified by its
anatomical localization and the action potential configuration. The A-V
node preparation displayed spontaneous activities. The maximum diastolic
potential, the resting membrane potential, the overshoot potential and
the maximum rate of rise of the spontaneous action potential were -70 mV,
-45 mV, +15 mV and 12 V/sec, respectively. Tetrodotoxin (3 umol/1)
failed to modify the action potential. The spontaneous discharge rate
and the overshoot of the action potential were significantly increased by
increasing calcium ion concentrations of the superfusing fluid from 1.8
to 3.6 mM. Cobalt ions (2 mmol/l) decreased the spontaneous discharge
rate and the overshoot, and then abolished the action potential. The
effects of cobalt ions were partially reversed by increasing the extra-
cellular concentration of calcium ions.

These results indicate that in the A-V node cell calcium ions contrib-
ute to the generation of the spontaneous action potential.
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EFFECTS OF Ca-FREE OR Na-LACK RINGER ON THE MEMBRANE POTENTIALS AND CURRENTS OF THE
BULLFROG ATRIUM. GOTO, M., FUJINO, T. AND URATA, M. Dept. of Physiol., Faculty of
Medicine, Kyushu University.

Changes in the membrane currents and action potentials which occur during Ca-free or
Na-lack condition were investigated in the bullfrog atrial muscle with double-sucrose
gap method. In Ca-free medium, background current (Ik1 and others) decreased markedly.
Slow inward current, Ig, diminished because of elimination of calcium inward current,
Ica. Remaining sodium inward current, INag, was less than one fifths in amplitude of
the control Ig, and showed a faster activation and a slower inactivation. In Na-lack
medium, where LiCl or sucrose were substituted for NaCl, Ik, increased while other back-
ground currents decreased. The Ig increased in amplitude despite the elimination of
INas., and the enhanced Ica showed a slow activation and a faster inactivation. The am~
plitude of fully activated Iy diminished, but the activation of Iy was much faster than
the control. Thus, it became clear that in Ca-free condition the overshoot of action
potential (AP) decreased because of the elimination of I¢cy, and the plateau prolonged
due to the pronounced delay of activation of Iy and the depression of Iy, . The Inas
was too small to contribute to the prolongation or repolarization of AP. In Na-lack
conditions AP amplitude increased because of the enhancement of Icy, and AP duration
was shortened due to the fast activation of Ix and the increase of Ikx'

344
ACTION POTENTIAL AND SODIUM CURRENT IN THE MAMMALIAN SINGLE HEART CELL.
KURAOKA, S.*, OYAMA, Y., AKAIKE, N. AND NISHI, K. Dept. of Pharm., Kumamoto Univ.
Med. Sch., and Dept. of Physiol., Ginkyo College, Kumamoto 860, Japan.

Rapid inward sodium current (Iyz) was recorded from isolated cells from rat and
rabbit ventricular myocardium by a suction pipette voltage clamp technique. When INa
elicited by single depolarizing voltage steps from a holding potential, Vg, of -80 mV,
the INg was inhibited in the dose-dependent manner by antiarrhythmic drugs. The inhib-
itory actions were stronger in the order of quinidine > lidocaine » procaineamid.
However, at Vyg greater than -110 mV, these drugs had no effects on Iy,. The results
indicate that the effects of antiarrhythmic drugs on Iyz is also voltage-dependent.

In addition, g -adrenoreceptor blocking agents such as propranolol, bunitrolol and
indenolol also showed dose~ and voltage-dependent inhibition on INg.

345

SEPARATION OF Iys IN SINGLE RAT HEART CELL BY USING SUCTION PIPETTE METHOD AND IONIC
SELECTIVITIES OF Na CHANNEL FOR VARIOUS MONOVALENT CATIONS. NISHI, K., AKAIKE, N.,
OYAMA, Y. AND KURAOKA, S.* Dept. of Pharm., Kumamoto Univ. Med. Sch., and *Dept. of
Physiol., Ginkyo College, Kumamoto 860, Japan.

The ionic selectivities of sodium channel for various monovalent cations were stud-
ied in collagenase dispersed individual rat ventricular myocites. The sodium channel
was separated from other potassium and calcium channels by a suction pipette method
which allows internal perfusion and voltage clamp. The permeability sequence, which
was estimated by both the reversal potential and the constant-field equation, was in
the order of Na > Li > hydrazine > guanidine > formamidine > hydroxylamine > methyl-
guanidine > monomethylamine. The permeability was markedly diminished by methylation
of the chemical compound.

It was concluded that the membrane permeabilities of various organic cations to the
sodium channel are essentially similar to those of squid giant axon and frog node,
though the permeability ratios in the former seems to be slightly greater than those
in other two tissues.
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THE EFFECT OF DILTIAZEM ON ACTION POTENTIALS OF PURKINJE FIBERS IN 24-
HOUR-OLD MYOCARDIAL INFARCTS IN DOGS. KOYAMA, T., IKEDA, T., KUBOTA, K.,
FUJIKI, A., SUGIMOTO, N. AND HATTORI, N. First Dept. of Internal. Med.,
School of Medicine, Kanazawa University.

We studied the effect of diltiazem (1.0, 5.0 ug/ml) on action potentials
of Purkinje fibers in 24-hour-old myocardial infarcts in dogs. With
diltiazem 1.0 ug/ml, action potential duration (APD) was not changed in
the normal zone (NZ), but significantly decreased in infarcted zone (I1Z).
After superfusion of diltiazem 5.0 upg/ml, APD was significantly shortened
in both NZ and IZ. Diltiazem, regardless of low or high concentration,
did not significantly change effective and functional refractory period
in NZ and IZ. The level of action potential plateau (L) remained un-
changed in both NZ and IZ at diltiazem 1.0 ug/ml, but at a concentration
of 5.0 ug/ml, the shortening of L was significantly greater in IZ than in
NZ. These results suggest that the effect of diltiazem on transmembrane
potentials of Purkinje fibers in the infarct are different from those
effect on fibers in normal hearts.

347

OPTICAL RECORDING OF CONDUCTED ACTION POTENTIAL IN HEART MUSCLE USING A VOLTAGE
SENSITIVE DYE. SAWANOBORI, T., ADANIYA, H., HIROTA, A.*, FUJII, S.* and KAMINO, K.*
Inst. for Cardiovasc. Dis. and * Dept. of Physiol., Tokyo Med. and Dent. Univ., Bunkyo-
ku, Tokyo

Voltage dependent absorption signals from the bullfrog atrium were detected using
a merocyanine-rhodanine dye. The action spectrum of the dye exhibited a triphasic
pattern with a decrease in absorption between 530 and 600 nm, and increase between
640 and 720 nm and decrease at 750 nm. Changes of pH and temperature did not shift
the pattern of action spectrum. Using a multiple optical recording method, we have
been able to simultaneously monitor the action potential from eight different regions
of the preparation. The onset of the optical signals coincided with that of the
action potential. The conduction was able to measure even in Ca2t-free solution: the
velocity measured optically was equal to that obtained with a microelectrode measure-
ment. The conduction velocity measured from right and left atrium of the bullfrog was
0.15 + 0.04 m/sec (n = 14) and 0.17 + 0.06 m/sec (14), respectively. There was no
significant difference between them. Thus, the optical method can validly be used to
solve some problems on arrhythmia-related mechanism.

348

ARRHYTHMIAS OF CULTURED HEART CELLS
GOSHIMA,K. AND WAKABAYASHI,S 1Inst. Mol. Biol., Fac. Science, Nagoya
Univ. Chikusaku, Nagoya, 464 Japan

Cultured mouse and quail myocardial cells showed arrhythmic beat-
ing, such as fibrillatory beating, in the presence of ouabain. The role
of cell to cell electrical coupling and of Na-Ca exchange system on the
genesis of the ouabain-induced arrhythmias will be discussed in this
meeting.
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BEATING OF FUSED CELLS BETWEEN MYOCARDIAL AND NON-MYOCARDIAL CELLS
IN CULTURE
WAKABAYASHI,S., GOSHIMA,K. AND MATSUIf Y. Fac. Sci., Nagoya Univ.,
Chikusaku, Nagoya, 464 and "Showa Univ., School Dent., Shinagawaku,
Tokyo, 142.

Cultured mouse myocardial cells could fused together with non-
myocardial cells, such as KB cells (derived from human epidermoid
carcinoma), on treatment with HVJ virus. The fused cells composed of
one myocardial cell and one KB cell could not show spontaneous beating
activity. The mechanism of the stopping of the beating of myocardial
cells by fused with KB cells was studied in the present work.

350

REEVALUATION OF TIME DEPENDENT REACTIVATION PROCESS IN K*-DEPOLARIZED VENTRICULAR
MUSCLE.  KIYOSUE, T., ARITA, M., AOMINE, M. and IMANISHI, S. Department of
Physiology, Medical College of Ojta, Oita 879-56.

Time course of recovery of maximum rate of rise (V max) in the upstroke of premature
action potentials was studied in Kt-depolarized guinea pig ventricular muscle. It could
be fitted by two exponentials, fast and slow. The finding differs from earlier report
by Gettes and Reuter (1974) who concluded that the time course could be fitted by
single exponential at any membrane potentials. The discrepancy was not due to the
difference in methods used: they investigated in "membrane" action potentials, while we
studied in "propagated" action potentials. The time constant of fast process was
voltage dependent, and increased from 20 to 50 ms as the membrane potential was depo-
larized from -70 to -57 mV; the time constant of slow process increased from 100 ms at
-70 mV to more than 500 ms between -55 and -60 mV. Relative contribution of slow proc-
ess to total V max was less than 10 % at potentials more negative than -70 mV, and
increased up to 16 - 20 % between -55 and -60 mV. Quabain (0.5 - 1 x 107°® M) or 1-vera-
pamil (1 ug/ml1) did not alter the time constants as well as the relative contribution
of slow process. BaCl, (0.2 mM) did not change the time constants but significantly
decreased the relative contribution of slow process. The results suggest that the slow
process is introduced by deactivation of time and voltage-dependent Kt current.

351
THE INOTROPIC EFFECT OF HYPERTONIC SOLUTION ON THE FROG ATRIAL MUSCLE
KAWATA, H., OHBA, M., HATAE, J. AND KISHI, M.* Dept. Physiol. and Lab.
Human Biol.*, Sch. Med., Fukuoka Univ., Fukuoka

Hypertonic solution is known to exhibit a dual (positive and negative)
inotropic effect on the heart beat, while it exerts only a suppressive
effect on the contraction of the skeletal muscle. The optimum tonicity
for the contraction of isolated atrial trabeculae from the bullfrog was
about 1.5T. The possibility that an increase of calcium influx during
each action potential can be excluded since both the overshoot and the
plateau of action potential were strongly suppressed. The effect on the
time course of twitch potentiation as well as muscle shrinkage was simi-
lar regardless of the sort of the solute (sucrose, NaCl or LiCl) used
for elevating the tonicity, except that the excess sodium showed a rapid
initial inhibitory phase of contraction and that this solute seemed to
enter into the cell to some extent. Potassium contracture occurred even
in the prolonged calcium-free perfusion when the muscle was previously
perfused with hypertonic solution. These results suggest that an eleva-
tion in both the [Ca]; and the amount of calcium bound intracellularly
may play an essential role in the positive inotropic action.
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EFFECTS OF HYPERTONIC SOLUTIONS ON THE ELECTRICAL ACTIVITY OF MAMMALIAN CARDIAC MUSCLE
EHARA, T. Dept. of Physiol., Faculty of Medicine, Kyushu univ., Fukuoka 812, Japan

Hypertonic medium causes changes in the intracellular ionic composition associated with
cell dehydration. The aim of this study was to investigate whether there is any causal
relation between alterations in the membrane electrical property of cardiac muscle in-
duced by hypertonic perfusion and possible changes in the internal ionic environment.
Preparations dissected from the right ventricle of guinea-pig hearts were exposed to
hypertonic solution (HT) made by adding various excess solutes (150-300 mOsm/1) to the
Tyrode solution. The main results obtained were: (1) HT with excess sucrose, glucose,
NaCl, or Na,SO4 all initially (K5 min) prolonged the action potential duration (APD).
The prolongation was followed by gradual shortening. The resting potential was slightly
increased in these solutions, while changes in the upstroke velocity of the action po-
tential depended on the species of osmotic solute used. (2) APD shortened more rapidly
with time in HT at higher stimulation rates. (3) In HT with lowered [K]o(2 mM~K) , the
shortening of APD occurred very rapidly and there was practically no initial prolonga-
tion. Thus HT has a dual action on APD of cardiac muscle cell, i.e. initial prolonging
effect and late shortening one. The mechanism underlying the prolonging effect is un-
known at present. However, the results (2) and (3) suggest that the shortening effect
of HT is related to an intracellular accumulation of certain cations, probably Na and/
or Ca ions, which may vary the conductance mechanism in the plasma membrane.
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EFFECTS OF CUTANEOUS STIMULATION ON THE ADRENAL MEDULLARY HORMONE
SECRETION. % %

ARAKI, T., KUROSAWA, M., NAKAMURA, H. and SATO, A. Dept. of Biology
Ochanomizu Univ., Bunkyo-ku, Tokyo; 2nd Dept. of Physiology, Tokyo Metro.
Inst. Gerontol., Itabashi-ku, Tokyo.

The effects on adrenal medullary hormone secretion of noxious mechani-
cal stimulation applied to the different segmental skin areas were
investigated in anesthetized rats. In the rats with the central nervous
system intact, adrenal norepinephrine and epinephrine secretions were
reflexly increased during and after stimulation of the lower chest and
hindpaw skin areas. The hormonal responses were correspondent with the
reflex increases in adrenal sympathetic efferent nerve activity in
response to cutaneous stimulation. In spinalized rats, the lower chest
remained as effective skin areas, but hindpaws became ineffective.

This evidence indicates that there is a marked segmental organization in
the cutaneo-adrenal medullary reflex responses in the spinal level,
which will be generalized under the control of the brain.

354
THE DISTRIBUTION OF VAGAL AFFERENT NERVE FIBERS AND TERMINALS IN RABRIT GASTRIC WALL BY
LIGHT MICROSCOPIC AUTORADIOGRAPHY. SATO,M., YOSHIZAKI,K. AND KOYANO,H. Dept. of
Physiol., Akita Univ. Sch. of Med., Akita 010

It has already been established that radioactive amino acid applied to neuron soma was
transported by axonal flow and reached to the nerve terminals. [3H]leucine was inject-
ed directly into the nodose ganglion after supranodosal vagotomy. Following the sur-
vival period of 10 days, the distribution of vagal afferent nerve fibers and terminals
in gastric wall was determined with light microscopic autoradiography.

Many clusters of silver grains were observed within small nerve branches in gastric
serosa (20-50pm in diameter) as well as vagal nerve trunk of oesophagos region. Silver
grains were overwhelmingly found over the myenteric and submucosal plexuses and some of
the grains were especially localized around neuron soma. The scattering grains were
detected all over the longitudinal and circular muscle layers. In mucosal layer, silver
grains lined in a lamina propria of villus like a thin thread from lamina muscularis to
epithelium. In next step of this study, electromicroscopic autoradiography should be
adopted to explore a precise feature of afferent terminals,

355
+ .
POTENTIATING EFFECT OF R-ADRENOCEPTOR STIMULATION ON K RELEASE INDUCED BY 0—ADRENO-
CEPTOR AGONIST OR ACh IN THE LACRIMAL GLAND. KATOH, K., NONOYAMA, T., KANEKO, K. AND
NISHIYAMA, A. Dept. of Physiol., Yamagata Univ. Sch. of Med., Yamagata City, Yamagata

Measurements of net K+ flux and membrane potential were carried out in the superfused
segments of rat lacrimal gland in order to investigate the effect of B-adrenoceptor
stimulation on the K transport of the acinar cell. Isoproterenol (IS0, 25 uM) did not
cause any change in net K flux. However it significantly enhanced K release induced
by phenylephrine (PH, 5 - 50 uM) or by ACh (0.22 - 5.5 UM) . K release induced by nor-
adrenaline (30 UM) was reduced by 40 % in the presence of B-adrenoceptor antagonist
propranolol (5 uM). The potentiating effect of B-adrenoceptor stimulation was mimicked
by dibutyryl cyclic AMP (1 mM). ISO did not cause any potential change of the acinar
cell. However it slightly reduced the membrane hyperpolarization induced by PH and
shifted its equilibrium potential from -65 to -55 mV. From the results it was clear
that B-adrenoceptor stimulation potentiated the K release induced by o-adrenoceptor
agonist or ACh through cAMP system. However, a precise mechanism remains to be solved.
Several possibilities were discussed.
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THERMOSENSITIVITY OF AFFERENT DISCHARGES RECORDED FROM THE CAROTID SINUS NERVE.
KOYANO,H., YOSHIZAKI,K. AND SATO,M. Dept. of Physiol., Akita Univ. Sch. of Med.,
Akita 010

There are two kinds of functionally different fibers, baroreceptor and chemoreceptor
fibers, in the carotid sinus afferent nerve.

In vitro experiments with superfused carotid body of the rabbit, we found that if the
temperature of an isolated carotid sinus and body fell a few degrees below body temper-
ature an afferent discharge suddenly appeared.

Recording obtained from single afferent fiber demonstrated that the discharge produced
by cooling was enhanced with lightly touching a restricted area surrounding carotid
body, but not affected with low O, tension of superfusate. The temperature setting the
afferent fiber in discharge was qlite constant. These results seem to indicate that
some group of baroreceptor fibers are sensitive to low temperature.

It is relevant to know whether the afferent discharges sensitive to low temperature
has any reflex effects on the thermogenesis, since the temperature of blood circulat-
ing a sinus area is almost same as core temperature. The cooling effects of sinus area
on the adrenal efferent discharges and shivering were tested. No apparent effects
were observed at present experiments.
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INHIBITION OF AORTIC DEPRESSOR REFLEX BY INTRACISTERNAL INJECTION OF 6-HYDROXYDOPAMINE
IN RABBITS. Terui, N., NUMAO, Y., SAITO, M. AND KUMADA, M. Inst. Basic Med. Sciences,
Univ. Tsukuba, Ibaraki-ken 305

Role of the central noradrenergic system in the arteial baroreceptor reflex was in-
vestigated by comparing the aortic depressor reflex in rabbits with and without previ-
ous treatment with 6-hydroxydopamine (6-OHDA). One to two weeks after intracisternal
6-OHDA(600 ug/kg), electrical stimulation of aortic A fibers resulted in a depressor
response comparable to that in control aminals. However, when the aortic C fiber-
arterial pressure(AP) reflex was optimally activated, the decrease in AP was signifi-
cantly (P<0.001) smaller in animals pretreated with 6-OHDA. Inhibition, by 6~OHDA, of
the depressor response attributed to aortic C fibers was further confirmed by activat-
ing C fibers alone by anodal blockade. The diminished depressor response was associ-
ated with a shorter duration of the silent period of the renal nerve activity (RNA)
and,at times, an enhanced excitation of the RNA preceeding the silent period. In view
of evidences indicating that 6-0OHDA selectively destroys the central noradrenergic
system and that the aortic nerve of adult rabbits does not contain chemosensory fibers,
the central noradrenergic system most likely participates in the arterial baroreceptor
reflex mediated by barosensory C fibers.
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THE EFFECTS OF MORPHINE AND NALOXONE ON THE SOMATO-SYMPATHETIC REFLEXES
ITO, K., NAKAMURA, H., SATO, A. and SATO, Y. 2nd Dept. of Physiology,
Tokyo Metro. Inst. Gerontol., Itabashi-ku, Tokyo

The effects of morphine and naloxone on the somato-sympathetic reflexes
were analyzed in the anesthetized cat. The sympathetic efferent activity
was recorded from an inferior cardiac branch. Afferent electrical
stimulation of an ulnar nerve produced separately the A-reflex
discharges of about 60 ms of latency (evoked by myelinated fiber
excitation), and the C-reflex discharges of about 270 ms of latency
(evoked by unmyelinated fiber excitation). An intravenous injection of
morphine (2 mg/kg) depressed markedly the C-reflexes without affecting
the A-reflexes. Naloxone (0.2 mg/kg, i.v.), known as the morphine
antagonist, abolished the depressive effects of morphine on the
C-reflexes. The present result suggests that the somato-sympathetic
C-reflexes can be used as an appropriate indicator for the morphine
analgesic effects.
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ROLE OF THE SUPRASPINAL CENTER ON THE RECTO-RECTAL INHIBITORY REFLEX CENTER AND ITS
LOCALIZATION. TAKAKI,M., NEYA,T. AND NAKAYAMA,S. Dept. of Physiol., Okayama Univ.
Med. Sch., Shikata-cho, Okayama

The marked contraction produced by afferent pelvic nerve(PN) stimulation largely
diminished after Th 13 transection when unilateral PN was left intact. This reduced
contraction unchanged after L 4 transection but recovered following the division of
lumbar colonic nerves(LCN). Afferent PN stimulation elicited the contraction even
after division of bilateral PNs. This contraction was completely abolished after
Th 13 transection but did not reverse into relaxation. The reflex-contraction by
rectal distension was abolished after Th 13 transection. The reflex response remained
disappeared following L 4 transection but recovered following LCN division. These
results show that the potentiated activity of the supraspinal center caused by affer-
ent PN stimulation inhibits the activity of the lumbar inhibitory reflex center and
the pelvic afferent activity does not influence on the activity of the lumbar center.

The reflex contraction of the rectum by rectal distension did not alter after supra-
pontine transection but disappeared after subpontine or C 1 transection. And it reap-
peared following LCN division. Thus, the supraspinal inhibitory center appears to be
located in the pons.

360

EFFECTS OF STIMULATION OF SATIETY CENTER(VMH) AND FEEDING CENTER(LH) ON GASTRIC,CECAL
AND DISTAL COLONIC MOTILITY IN RATS,
LEE,Z.L. AND NAKAYAMA,S. Dept. of Physiol.,Okayama Univ. Med.Sch. ,Shikata-cho,Okayama

Rats anesthetized with urethan were used.(1)Stimulation of VMH or LH produced excita-
tion or inhibition of the gastrointestinal motility. But no significant difference be-
tween both effects of stimulation of VMH and LH was observed.(2)The responses of gastric
and colonic motility following VMH stimulation were usually contrary to each other, and
also LH stimulation.(3)The excitatory response of gastric and cecal motility was com-
pletely abolished by vagotomy or atropinization.(4)The inhibitory response of gastro-
cecal motility remained after splanchnicotomy and guanethidine or atropine, but was a-
bolished by vagotomy.(5)The excitatory response of colonic motility was reduced by atro-
pinization but not completely abolished. In the most cases the inhibitory response of
colon was decreased after guanethidine, but not completely abolished. Excitatory and in-
hibitory responses of the colon were abolished by transection of the L, segment. It is
concluded that VMH and LH may participate in the coordination of gastrointestinal motil-
ity, and that the excitatory response of stomach and cecum is produced via the vagus
nerve, while the inhibitory one.mainly via non-adrenergic, non-cholinergic inhibitory
neurons involved in the vagus nerve. The excitatory and inhibitory impulses to distal
colon are conducted through the spinal cord to the L1 segment.

361
CORRELATION BETWEEN HYPOTHALAMIC PRESSOR AREA AND THE CAROTID SINUS OF THE RABBIT.
NAGAI, M. and IRIKI, M., Dept. Physiol. Tokyo Metrop. Imst. Gerontol., Dept. Physiol.
Med. Univ. Yamanashi.

Functional correlation between hypothalamic pressor area and the carotid sinus was
analysed employing blind-sack preparation of the carotid sinus in anaesthetized,
immobilized and artificially ventilated rabbits, Different strength of electrical
stimulations of a pressor area of the medial part of the posterior hypothalamus were
applied at various resting blood pressure levels set by changing blind-sack pressure.
Blood pressure(BP), renal sympathetic nervous activity(RSNA) and renal blood flow(RBF)
were monitored, and renal vascular resistance(RVR) was calculated. Results: 1) RSNA
and RVR showed positive correlation with resting BP, RBF was not affected by resting
BP. 2) During maximum stimulation of the hypothalamus, the maximum values of BP were
almost the same; resting BP levels didn't influence the level of maximum BP. Positive
correlations between BP and RSNA or RVR were dissapeared. 3) During sub-maximum
stimulation of the hypothalamus, maximum BP was higher at higher resting BP levels;
pressor inputs of the hypothalamic and carotid sinus origins were algebraically
cumulated. Correlation between BP and RSNA or RVR were re-established. Present
results indicate that hypothalamic pressor inputs can alter BP partially independent
of the negative feedback loop driven by carotid sinus baroreceptor inputs.
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ROLES OF LARYNGEAL WATER FIBERS IN THE REGULATION OF WATER BALANCE
SHINGAI,T. AND MIYAOKA,Y. Dept. of Oral Physiol., Niigata Univ. Sch. of
Dent., Niigata.

In previous study, we reported that water stimulation of the larynx
increases urinary flow in rats anaesthetized with pentobarbitone, and
speculated that water fibers in the superior laryngeal nerve (SLN) may
participate in this phenomenon. The present study was designed to evalu-
ate the effects of electrical stimulation of the SLN on urinary flow.
The urinary flow before and after the stimulation was expressed by the
interval of urinary drops. Stimulus was given the cranial cut end of the
nerve (1.0V, 40Hz, lmsec, 30sec duration). Results showed that the elec-
trical stimulation of the SLN elicited an increase in urinary flow and
that it lowered arterial blood pressure. The diuretic effect reached its
peak within 45 min after the onset of stimulation and turned to the
previous level within 90 min. These results indicate that excitation
produced by water stimulation of the larynx is sent to the central nerv-
ous system via the SLN and that it may contribute the regulation of
water balance.
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MEMBRANE CHARACTERISTICS AND CHEMOSENSITIVITIES OF LATERAL HORN CELLS IN CAT SPINAL
CORD. YOSHIMURA, M. AND NISHI, S. Dept. of Physiol., Kurume Univ. Sch. of Med., Kurume

Intracellular recordings were made from neurons contained in the lateral horn ih
tissue slices cut from the upper thoracic segment of the cord. Lateral horn cells
showed resting membrane potentials of -40 to -60 mV and input resistances of 30 to 120
M@. L-glutamate (0.2 mM) or aspartate (0.2 mM) applied by superfusion caused in a
majority of cells a marked depolarization which triggered repetitive firing of the
cell membrane. The depolarization elicited by l-glutamate was usually associated with
a decreased membrane resistance, but occasionally accompanied by an increased membrane
resistance. The aspartate-depolarization was generally associated with an increased
membrane resistance. Noradrenaline (30 pM) and 5-hydroxytryptamine (30 pM) induced
prolonged depolarizations which were always accompanied by an increased membrane resis-
tance. A relatively large cohort of cells produced in response to acetylcholine (1 mM)
which was prevented by d-tubocurarine (50 pM). This depolarization was often followed
by a long-lasting burst of excitatory postsynaptic potentials which was abolished by
atropine (50 pM). Addition of tetrodotoxin (0.5 pM) to the superfusing solution did
not appreciably alter the glutamate-depolarization with reduced membrane resistance
nor the 5-hydroxytryptamine-induced depolarization. This study was supported by a
Grant-in-Aid for Scientific Research.

364
RESPONSES IN AUTONOMIC FUNCTIONS INDUCED BY MUSCULAR POLYMODAL RECEPTORS; NEUROHUMORAL
FACTORS INVOLVED. KUMAZAWA,T., TADAKI,E., MIZUMURA,K., AND KIM,K. Dept.of Physiol.,
Sch. Med., Nagoya Univ. Nagovya, 466.

The phrenic nerve discharges, blood pressure, and heart rate were recorded in anesthe-
tized, vagotomized, paralyzed, and artificially ventilated dogs. Intra-arterial in-
jection of 4.5% NaCl, 1 pg/ml bradykinin, and 60mM KCl into the gastrocnemius muscle
increased the respiratory output during stimulating period; the relative magnitudes of
these responses fairly well coincided with those of unitary-discharge responses of
polymodal receptors to the same method of stimulation. Using NaCl solutions of 1.8,
2.7, 3.6, and 4.5%, a highly significant correlation was found between the increases
in respiratory outputs during stimulating period and the doses of chemical stimuli.
Respiratory outputs 5 min after the end of stimulation remained at a higher level with
1.8%, while with higher concentrations decreased to a lower level than the pre-stimulus
value. A similar intensity-response relation was found using electrical stimulation of
the muscular afferent nerve. The suppressed phase was reversed by naloxone, an opiate
antagonist, as well as by clonidine, an alpha-adrenergic agonist. Blood pressure
response during the period stimulating muscular afferents was deviated to the pressor
side by naloxone, clonidine delayed recovery from pressor response after the stimu-
lation.
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INCREASED SENSITIVITY TO NORADRENALINE AND SEROTONIN IN THE RATS
CHRONICALLY INTOXICATED WITH METHYLMERCURIC CHLORIDE. WAKITA, Y. and
TANAKA, I. Dept. of Physiol., Kumamoto Univ. Med. Sch., Rumamoto

A small amount of methylmercuric chloride (MMC, 1.5 mg/kg of body

weight/3 days), or distilled water as control, was chronically adminis-
tered to male Wistar rats per os up to the total doses of 45 mg/kg b.w.
Their right atria, aortic arteries and vasa deferentia were isolated at
the various stages of intoxication, and placed in an organ-bath of 30 ml
at constant temperatures of 32°C for atria and vasa, and 37°C for aortic
arteries. Contractions of each tissue were recorded isometrically and
atria rate was also monitored. The sensitivity of the tissues to NA
(10-10-10-4 M) was measured. Dose-response curves for the mean respo-
nses for NA revealed that all of the tissues from the MMC-pretreated
rats (30-45 mg/kg b.w.) were more sensitive (2-3 fold) than controls.
At the same stages, a_similar increase in the responses of the aortic
arteries to 5-HT (10-7-10-% M) was also found to occur. The treated
rats showed no signs for weight loss and neurological symptom. These
results suggest that MMC may give the sympathetic nervous system some
disorders in the initial stages of intoxication.

366

Neural regulation of [3H]dopamine uptake in adrenal chromaffin cell.
Hirano, T. and A. Niijima (Dept. Physiol., Sch. Med.,Niigata Univ. Niigata)

The function of adrenal medullary chromaffin cell is controlled by bothsympathetic
nervous and pituitary-adrenocortical system. The uptake of [JH]dopamine in chromaffin
cell is decreased by hypophysectomy and restored by ACTH treatment(Arch. histol. jap.
1978, Neurosci. Lett. 1978). The uptake is also decreased by restraint plus water
immersion stress(Brain Research, 1980). The left adrenal gland was denervated and the
right served as a control. Thirty min after the injection of [3H]dopamine, the mouse
was fixed. The adrenal glands were removed and processed for autoradiography. Adrenal
denervation increased the uptake of dopamine in adrenaline-cell. Adrenal denervation
prevented the decreased uptake of dopamine by the stress. Chromaffin cells in the sub-
cortical zone incorporated higher radicactivity than those in the center. Such tenden-
¢y was more characteristic in denervated adrenals. The uptake of dopamine in norad-
renaline-cell was not affected by the denervation. The results indicate that (1) nor-
mal innervation suppresses the uptake of [3H]dopamine in adrenal chromaffin cell.
Adrenaline-cell is more intensely controlled by sympathetic nerves than noradrenaline
cell. (2) Neural control is more intense in the subcortical zone than in the center.
(3) Increased pituitary-adrenocortical system by the stress did not enhance the uptake,
which is necessary for manifestation of normal function of chromaffin cell.

367

DEPENDENCY OF CALCIUM IONS FOR THE SPONTANEOUS AND INDUCED MEMBRANE HYPERPOLARIZATIONS
IN THE AUERBACH'S PLEXUS CELL OF HUMAN SMALL INTESTINE IN CULTURE.

MARUYAMA, T. AND SUZUKI, T. Dept. of Applied Physiol ., Tohoku Univ. Sch. of Med.,
Sendai.

The cultured Auerbach's plexus cells (large cells) which were derived from small
intestine were employed in this study. These cells have maintained good cell
proliferation. The membrane potential and membrene resistanceof these cells were
measured by intracellular microelectrode techniques. After the subculture, 38% of
these cells showed the spontaneous membrane hyperpolarization. The membrane potential
nd input resistance were around -38 mV and 117x100 ohm, respectively. The reversal
potential for the membrane potential was about -82 mV under 6.8 mM potasium
concentration. This value being quite close that of the equibrium potential of
potasium ions. The membrane potential are hyperpolarizied by adding A23187 and
calcium ions. The spontaneous membrane hyperpolarization and the hyperpolarization
of the membrane gotentia] by A23187 and calcium ions were not effective in TTX but
suppressed by Co2+, La3+ and EGTA. These results suggest that the increase of
intercellular calcium ions across the cell membrane from the external medium induced
the increase in potasium conductance of the cell membrane.
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THE INCREASE OF GASTRIC ACID OUTPUT AND GASTRIN RELEASE CAUSED BY VESTIBULO-SPLANCHNIC
NERVE REFLEX IN DOG. FUJII,K.& TAKASUGI,S*. Dept.of Physiol.& Surg¥*.,Hiroshima Univ.,
Sch.of Med. ,Hiroshima.

Mechanism of gastric acid secretory functions caused by vestibulo-splanchnic nerve
reflex was investigated in dogs anesthetized with pentobarbital sodium,immobilized with
gallamine triethiodide,and artificially ventilated. The nerve connection was maintained
only via the major splanchnic nerve between the stomach and medulla oblongata-thoracic
cord. Augmentation of gastric juice,acid secretions and serum gastrin level in gastro-
splenic venous blood caused by vestibulo-splanchnic nerve reflex was observed. These
responses were inhibited by administration of atropine. Increase of gastric julce and
acid secretion were inhibited by administration of cimetidine (CIM) and cepharanthine
(CR). Increases of HCl output from completely denervated corpus pouch and serum gastrin
level in gastro-splenic venous blood caused by vestibulo-splanchnic nerve reflex were
observed. This increase response of HC1l output was inhibited by administration of CIM
or CR and by intraluminal perfusion of antrum with 0.1 N HCl. However, increase of
serum gastrin level was not inhibited by CIM and CR. These results suggest that gastrin
released by vestibulo-splanchnic nerve reflex stimulates the parietal cells in the
denervated pouch wall via the blood stream and releases histamine, and consequently,
activity of the parietal cells was increased.

369

THE AFFERENT AND EFFERENT PATHWAYS OF THE RECTO-RECTAL REFLEX IN THE DOG.
FUKUDA, H. AND FUKAI, K. Dept. of Physiol. (2nd), Kawasaki Med. School,
Kurashiki

On the recto-rectal reflex, nerve types of the afferent and efferent
pathways, and locations of the ganglion cells are still subject of con-
troversy. This work was carried out on chloralose anesthetized dogs in
order to elucidate these problems. Reflex discharges of the rectal branch
(RB) of the pelvic nerve were elicited by the afferent stimulation of the
contralateral RB. These discharges occurred after the threshold stimula-
tion for A8 (conduction velocity, 10 m/sec) as well as for C (1.0 m/sec)
afferent fibers. In nearly all of RB, response to the stimulation of the
S2 ventral root disappeared after C6 applied to the pelvic ganglion. Con-
duction velocity of the pre- and post-ganglionic fibers was 8.7 m/sec and
0.9 m/sec, respectively. After degenerations of the pelvic and the hypo-
gastric nerves, a rectal contraction was resulted by efferent stimulation
of RB. This contraction disappeared after C6 applied to the rectum.

Many surviving C fibers were observed in RB by electron microscope after
the degenerations. Many positive cells were observed in the pelvic gan-
glion after HRP injection to the wall of the distal colon.

370

THE OUTFLOW OF THE AUTONOMIC NERVES INNERVATING THE DISTAL COLON AND
THE KIDNEY DURING VOMITING IN DOGS. ©OKADA, H. AND FURUKAWA, N.
Dept. of Physiol. (2nd), Kawasaki Med. School, Kurashiki

Retching activity (R) was produced by apomorphine (0.2 mg/kg) injec-
tion or by intragastric infusions of CuSO; and 0.5-N HC1l solutions in
decerebrated or chloralose anesthetized dogs immobilized with Flaxedil.
The phrenic nerve activity (PA) was used as an index of R.

An increased outflow of the parasympathetic nerve (P) to the distal
colon occurred simultaneously with PA after cessation of artificial
respiration. Such a fluctuation of P was abolished by the lower pon-
tine transection caudal to the pontine defecation reflex center,
despite of the maintenance of the rhythmic PA. Enhanced outflows of P
and of the renal nerves (RN) elicited during a few minutes before R,
and they were followed by an inhibition during R. While responses in
sympathetic outflow of the colonic nerve were classified into three
types; 1) a similar response to that in RN, 2) an increased outflow
with a rhythm of large gastric contractions during R and 3) no change
of the outflow. The neural interaction among the vomiting center, the
respiratory center and such autonomic nerve outflows was discussed.
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HETEROGENEITY OF RESPONSES TO VASOACTIVE AGENTS IN EXTRA- AND INTRA-
CRANIAL ARTERIES. KAWAI, Y., OHHASHI, T. AND AZUMA, T. Dept. of Physiol
and Res. Lab. for Cardiovasc. Dis., Shinshu Univ. Sch. of Med., Matsumoto

Administration of some vasocactive agents induced redistributions of flow
between external and internal carotid arteries. In order to examine the
possibility that similar redistribution may be elicited in intracranial
cerebral arteries, we studied cumulative dose-response curves of several
vasoactive agents in extracranial and intraossal internal carotid arter-
ies (ICA), middle cerebral artery (MCA), basilarartery (BA) and external
carotid artery (ECA). The curves were analysed from the morphological
and pharmacological point of view The results obtained were as follows :
(1) Contractions of extracranial and intraossal ICA were induced by 5-
hydroxytryptamine (5-HT), prostaglandin F.q, ATP, and ADP. Responsiveness
of these arteries to norephinephrin (NE) was much less. (2) No significant
responses were elicited in MCA and BA by all the agonists used. (3) A
pharmacodynamic analysis of oa-adrenergic receptor-NE reaction showed
that the dissociation constant of receptor-NE complex in extracranial
ICA was larger than that in ECA.

372

CARDIOVASCULAR DEFENDING RESPONSE AGAINST ALLOXAN INDUCED ACIDOSIS IN DOG.
KAKIUCHI, Y., KOYAMA, T. AND KOBAYASHI, S.* Div. of Physiol., Res. Inst. Appl. Electr.,
Hokkaido Univ. and Tateishi Inst. Life Sciences.*

To investigate cardiovascular response in dog during the course of pulmonary edema-
formation by intravenous injection of alloxan monohydrate, we measured successively,

1) arterial pressure, Pa0,, PaCO,, and plasma colloid osmotic pressure (COP) as indices
of the central blood circulation, 2) lung lymph flow and colloid osmotic pressure as a
measure of transvascular fluid shift in the lung, and 3) PtO. and fluorescence (REDOX-
state) of hind leg muscle as an index of the peripheral blood circulation. An apparent
cardiovascular defence was appeared with pregress of acidosis (pH 7.2 or less), in
which the peripheral circulation decreased to the lowest level (abrupt fall of PtO; to
zero and turnover to reduction state in the leg muscle) though arterial pressure, Pa0O,
and PaCOz, i.e. the central circulation, maintained undiminished. The depression of
the peripheral circulation was often restored by administration of alkali (bicarbonate).
However, unless buffered with alkali, a mild pulmonary edema followed accompanying a
great increase in lymph flow and decrease in lymph COP which resulted from dilution of
lymph protein due to water accumulation in lung interstitial spaces.

373
ERYTHROCYTE FLOW VELOCITY MEASUREMENT IN- MICROVESSELS BY A DUAIL SLIT PHOTOMETRY.
HASEGAWA, M. AND MINAMIYAMA, M. Dept. of Vascular Physiology, National Cardioyascular
Center Research Institute, Suita, Osaka

Dual slit photometry was used to measure the erythrocyte flow velocities in different
microvessels of the rat mesentery. The velocity profile in a 54 micron diameter
arteriole was blunted in comparison to the parabolic profile in the Poiseuille flow.

In a 109 micron diameter venule, the profile exhibited an insignificant deviation from
the parabolic profile. The centerline flow velocities ranged from 21.6 mm/sec to 1.4
mm/sec in the arterioles with a diameter of up to 54 microns. In the arteriolar region,
the flow velocity of the microvessel decreased increasing frequency of its bifurcation.
The true capillary exhibited low flow velocity-less than 2.5 mm/sec. After passing into
the venular side, the blood again accelerated as the vessel diameter progressively
increased. The venule with a diameter of up to 132 microns showed a flow velocity
ranging from 8.0 mm/sec to 0.9 mm/sec. In this region, capillaries converged and the
total cross-sectional area decreased up to the venular end, Comparing the flow velocity
of a typical venule to that of the corresponding arteriole, the former is much lower
than the latter. This is mainly due to the fact that the total cross—-sectional area in
vessels of the same diameter is larger in the venules than in the arterioles.
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SPONTANEOUS PERIODIC FLUCTUATION WITH RESPIRATORY RHYTHMS IN EFFERENT DISCHARGES OF THE
RENAL SYMPATHETIC NERVES IN THE CAT. NISHIKAWA, Y., MIYAKAWA, M. AND HUKUHARA, T., Jr.
Dept. of Pharmacol. II, Jikei Univ. Sch. Med., Minatoku, Tokyo.

Thirteen paralyzed cats were maintained by artifitial ventilation under monitoring FEQp
(15.440.6%) and FEcOp (k.3530.64%). Vagi and sinus nerves were cut bilaterally. Auto-
correlation coefficient (CC) for the respiratory burst activity spontaneous efferent
discharges of the renal sympathétic nerve was computed by means of correlation analysis
in combination with a fractionated band-pass filtering technique (band width, 50 or 200
Hz each). Correlation analysis of the components of the nerve activity within a range
from 100 to 400 Hz yielded a significantly (p<0.01) larger CC (0.172%0.053, range 0.115-
0.307) as compared with that obtained by the analysis of the nerve activity ranging from
500 to T00 Hz. Effects of change in artifitial ventilation on the renal sympathetic
nerve activity were examined. Both hyper- and hypoventilation did not produce any sig-
nificant changes in levels of arterial blood pressure as well as the total power of the
nerve activity. While CC of the nerve activity was decreased (p<0.001) during hyper-
ventilation accompanied with decrease in FECO2 (p<0.001), to the contrary during hypo-
ventilation CC was increased (p<0.0l) accompanying a concomitant increase in FEO2 (p<
0.001). Thus, CC value depended on COp concentration in expired air in a range from 2. 4%
to 6.5% showing a positive linear regression (r=0.40, p<0.01).

375

CENTRAL NEUROREGULATORY MECHANISM OF CARDIAC SYMPATHETIC NERVE ACTIVITY
IN CONSCIOUS ANIMAL. NINOMIYA,I.,NISHIURA,N.,OKADA,Y. AND HIRATA,S.
Dept. of Card. Physiol., Res. Inst., National Cardiovascular Center,Suita
Osaka

Cardiac sympathetic nerve activity (CSNA),ECG,EMG and left ventricular
pressure (LVP) are measured continuously for more than 2 weeks in consci-
ous cats with the use of multichannel biotelemeter. Relationships among
CSNA, instantaneous heart rate (IHR), systolic LVP and EMG are analyzed
in both of the transition and steady states of various behaviors. At the
onset of postural changes, exercise or feeding an overshoot increase in
CSNA is always observed with or without an increase in EMG. The peak re-
sponses of IHR and systolic LVP lagged 6.0 (mean) sec after that of CSNA.
The systolic LVP and IHR increased almost linearly with the peak and mean
values of CSNA obtained in both of the transition and steady states, re-
spectively. It is concluded that in conscious cats CSNA as a control sig-
nal of IHR and LVP is regulated initially and directly by a feedforward
signal originated from the higher central nervous system coupled with
various behaviors and then reflexly by feedback signals from the cardio-
vascular receptors.

376

TRANSPOSITION RESPONSE IN SPONTANEOUSLY HYPERTENSIVE RATS
IRIUCHIJIMA, J., TERANISHI, Y., and TADA, T. Dept. of Physiol., Sch. of Med., Univ.
of Hiroshima and Internal Medicine, Saiseikai Shimonoseki Hospital

The transposition response(TR) is a cardiovascular response complex observed when a
rat is transposed from a habitual box to a new box. In intact normal rats TR is an
"isopressor" response, in which arterial pressure remains almost unchanged, heart rate
and cardiac output increase and total peripheral resistance decreases (Iriuchijima et
al.: Jpn. J. Physiol. 30: 887, 1980). TR was induced in spontaneously hypertensive
rats(SHR), with an electromagnetic flow probe implanted around the ascending aorta
and an arterial cannula inserted into the abdominal aorta. In SHR TR was a pressor
response instead of an isopressor: arterial pressure was elevated. The elevation of
arterial pressure was ascribable to a greater cardiac output increase in TR in SHR
than in normal rats. The decrease in total peripheral resistance was similar in both
rat groups. However, considering that total peripheral resistance tends to decrease
when cardiac output increases, it may be said that the decrease in total peripheral
resistance was less in SHR. In other experimental hypertensive rats, TR was pressor
in DOCA salt and neurogenic hypertensive rats and isopressor in renovascular hyper-
tensive rats.
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CONTROL OF CARDIAC PERFORMANCE BY THE PERIPHERAL CIRCULATORY MECHANICS
SATO, T., ENDOU, K., TAKEUCHI, A., YAMAGAMI, J., SHIRATAKA, M.*, NARA, Y.*, AND IKEDA,
N.** Depts. of Medicine, Physiology*, and Information Science**, School of Medicine,
Kitasato University, Kanagawa

The effect of arterial compliance, pre and post capillary resistances and compliance
of the peripheral circulation on the hemodynamics was studied with the nembutalized
dogs. The heart was denervated and electrically paced. A reservoir was attached to
the aorta to change the arterial compliance, and.arerioc-venous shunt of variable compli-
ance was connected between brachiocephalic artery and jugular vein. The experimental
results were compared with the computer simulation based on the model of cardiac per-
formance curve to pre and after-load and parallel peripheral circulatory beds. Both
model and experiments show the three distinctive properties of the peripheral vascular
beds on the diagram of mean arterial pressure vs. stroke volume: A shunt without com-
pliance causes clockwise increase in stroke volume and biphasic change in arterial pres-
sure. A shunt with moderate compliance decreases mean arterial pressure with no change
in stroke volume. A shunt with large compliance lowers both mean arterial pressure and
stroke volume. The results can be utilized to evaluate the property of a vascular bed
under various conditions.

378
ON THE CHANGE IN BLOOD DISTRIBUTION ACCOMPANIED WITH DEPRESSER RESPONSE TO THE STIMULA-
TION OF AORTIC NERVE _
HATAKEYAMA, I., TAKEI, Y. AND OKUBO, J. Dept. of Physiol., Kitasato Univ. Sch. of Med.,
1 Kitasato, Sagamihara

It is considered that the vasodilation (vasoconstriction) which occurs at some re-
gion must be accompanied with the transitory or lasting vasoconstriction (vasodilation)
of some of other regions. As the first step of the investigation on the blood redis-
tribution during reflexogenic cardiovascular response, the change in volume of various
parts of the body caused by the stimulation of aortic nerve of rabbit was studied. The
volume of head, chest, abdomen (epi-, meso- and hypogastrium) and thigh was measured by
an original volumetric method, electrocapacitography (Hatakeyama, 1959).

Volume of head included brain decreased with depresser response caused by the stimu-
lation of aortic nerve except one case where a biphasic effect was observed.  Volume of
the chest, mesogastrium and hypogastrium increased at most cases and that of the epi-
gastrium and thigh tended to decrease during depresser response. The position of the
center of gravity, which was continuously measured, was caudally shifted during depres-
ser response. Both of rise and drop of the central venous pressure was observed.

The vasodilation, which is a cause of the drop of arterial pressure caused by the
stimulation of aortic nerve is considered to occur mainly at lower part of stomach.

379

THE DYNAMIC ANALYSIS ON TRANSIENT PROCESS BETWEEN CIRCULATORY EQUILIBRII
SHIMAZU, H., YAMAKOSHI, K. AND KAMIYA, A. Research Institute of Applied
Electricity, Hokkaido University

Theoretical analysis on dynamic behavior of the closed circulatory
system developed from the circulatory equilibrium theory by Guyton showed
that the transient response of the system to the hemodynamic changes is
the first ordered one with time constant T given by T = Cv/(Gco + GVR),
where Cv is the systemic venous compliance and Gco and Gyr are the gradi-
ent (conductances) of cardiac output curve and venous return curve, re-
spectively.

The validity of this theory was examined by the in-vivo measurement of
such responses in the acute and chronic experiments. The time course of
the consequent venous pressure against the stepwise change in the cardiac
output function was almost a monoexponential function of time as predict-
ed, allowing accurate measurement of the time constant T.

The time constant of the venous pressure is a good measure to represent
the rapid responsibility of the circulatory system.



398 J. Physiol. Soc. Japan 43,1981 CIRCULATION

380

BLOOD VOLUME AND HEMODYNAMIC FUNCTION IN HYPOTHERMIA.
NOSE, H., MIKI, K., YAMADA, S., ISOGAI, Y. AND MORIMOTO, T.
Dept. of Physiol., Kyoto Pref. Univ. Med., Kyoto

The effects of hypothermia on circulating blood volume and the regulatory mecha-
nisms of blood volume were studied on 9 splenectomized dogs. The lowering of core
body temperature to 30°C over 2 hrs caused decrease of plasma volume from 39.0 to
36.2 ml/kg. At the initial stage of body cooling, blood pressure and COP showed
increases. At lower body temperature than 35.5°C, blood pressure declined while COP
showed steady level. . The results indicate that protein free water is filtered out
from vascular space at the initial stage of body cooling and plasma is excluded
from circulation at lower body temperature. To analyze the mechanism of the fluid
shift, the compliances of vascular(C-vas) and interstitial fluid space(C-isf) and
the transvascular filtration coefficient(Kf) on the whole body were determined both
in normothermia and hypothermia by a simulation analysis. The results obtained were
the the decreases of C-isf and Kf and the increases of C-vas. These changes are
concomitant with the changes due to the redistribution of blood into splanchnic area
and suggests that the vascular and the interstitial fluid space in splanchnic circu-
lation have important roles for blood volume regulation under hypothermia.

381

MEASURMENT OF MUSCLE AND TENDON BLOOD FLOW BY HYDROGEN GAS CLEARANCE METHOD DURING
REST AND EXERCISE. TAKEMIYA,T., HASHIZUME, K. and TANAKA, Y. Div. of Physiol., Inst.
of Health & Sport Sci., The Univ. of Tsukuba, Ibaraki.

Iocal blood flow of the muscle and tendon were measured simultaneously in Tibialis
anterior, Soleus and Gastrocnemius of the rabbit anesthetized with urethane. A wire
type of Pt-Pt black electrode with 80 pm in diameter was applied as the hydrogen gas
sensor. With spontaneous arterial pressure at 84.6 mmHg, the resting blood flow (ml/
100g/min) (mean+s E.,n) in muscle and tendon were 21.33+1.79(14) and 26. 60+3 69(12) in
Tibialis anterior, 12. 53+1.79(19) and 29.83+6.33(8) in Soleus and 14. 46+1. 95(21) and
30.49+3.96(11) in Gastrocnemlus, respectlvely. After exercise evoked by sciatic nerve
stimulation at 1 to 5 Hz, muscle blood flows increased approximately two times above
the control whereas tendons showed no change or a slight decrease in some data. Local
tissue temperature in muscle measured with thermocouple increased immediately after
the onset of exercise, but the same phenomenon was not observed in tendon tissue.

These results indicate that blood flow in tendon is larger than that of muscle
at rest, and biomechanical effect may regulate the circulation of tendon during
exercise.

382
MORPHOLOGICALLY CHARACTERISTIC FEATURES OF GLOMUS CELLS IN THE CAROTID LABYRINTH OF
XENOPUS LAEVIS. KUSAKABE, T., ISHII, K. AND ISHII, K. Dept. of Physiol., Fukushima
Med. Coll., Fukushima, 960

In the previous report it has been confirmed that the carotid labyrinth of Xenopus
laevis has chemoreceptor function and the cells containing many dense-cored vesicles
exist there. 1In the cell membrane of these cells, however, exocytotic figures of
dense-cored vesicles were often observed, suggesting a secretory function. In further
study with electron microscope characteristic figures were obtained. A gap junction
is often found between two adjacent cell membranes. Some of the cells are found in
intimate relation with the smooth muscle. Cell body itself or its foot-like processes
are contacted with the latter. In these contacted area(g-s connection) only a space
of 100-150 A separates the glomus cell membrane from that of the smooth muscle without
intervention of basement membranes. In many cases exocytotic figures are observed
very close to the smooth muscle. When the glossopharyngeal nerve is efferently stimu-
lated with the electric shock for 60 second dense-cored vesicles in cytoplasm signifi-
cantly reduce in number compared with those in the control frogs and some of them are
concentrated on the site of g-s connection. These results suggest us a possibility
that a target of secretory function of glomus cells may be smooth muscles which affect
the vascular tone of the carotid labyrinth.
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EFFECT OF HYPOXIA ON THE ISOLATED INTRALOBAR PULMONARY ARTERY OF THE RABBIT
MIMATA, T., OHE, M., HANEDA, T., AND TAKISHIMA, T. The lst Dept. of Intern. Med.,
Tohoku Univ. School of Med.

Although alveolar hypoxia induces the constriction of pulmonary artery(PA), it has been
observed that hypoxia decreases the tension of PA in vitro. We have attempted to produce
the hypoxic constriction of PA, in vitro, in glucose-free solution.

Vascular strips of intralobar PA were isolated from rabbits and mounted for isometric
tension recording. Two hrs after start of exposure of the strip to normoxic solution(Poz
=104 mmHg), the tension was measured during 30 min exposure to hypoxic solution(Poz=11
mmHg) on every 30 min intervals.

Hypoxia increased the tension of all strips(n=7) from 135+6(SE)mg to 293*15 mg. In con-
trast, reoxygenation decreased the tension from 293#15 mg to 119+6 mg. Repeated hypoxic
exposure reduced the time of contraction process and prolonged the duration of relaxa-
tion. Nifedipine (10 ®M), Ca?*-free solution, and Procaine(10™°M) did not imhibit this
hypoxic vasoconstriction. Papaverine (10 M) and Nitroglycerine (10™"M) did not inhibit
this response either.

Results demonstrate that hypoxic PA comstriction, in vitro, occurs in glucose-free
medium, and this phenomenon could be due to the disturbances of an energy-requiring
sequestration system for calcium ion.

384

STUDIES ON CARDIOVASCULAR AND MICROVASCULAR EFFECTS OF SMOKING IN MAN AND ANIMALS. (12)
CARDIOPULMONARY RESPONSES TO NASAL AND TRACHEAL ADMINISTRATION OF TOBACCO SMOKE IN THE
RABBIT. M. ASANO, C. OHKUBO, K. SAWANOBORI, K. YONEKAWA. Dept. of Physiol. Hyg., the
Inst. Publ. Health, Minato-ku, Tokyo

Cardiopulmonary responses to nasal and tracheal administration of tobacco smoke were
studied in 1ightly anesthetized(urethane, 0.59/kg, i.p.) conscious rabbits. Tobacco
smoke was generated by a specially devised smoking machine and introduced with a sili-
cone elastomer tubing into the nostril or trachea via tracheostomy tube. Under normal
nasal respiration, the immediate responses to intra-nostril administration of an appro-
priate volume of tobacco smoke consisted of bradycardia with extrasystoles, a rise in
blood pressure and bradypnea with apnea in expiration, in general. The combined re-
sponses to the same procedure were much more intense under tracheal respiration than
under nasal respiration. On the contrary, the responses to intra-tracheal administra-
tion of smoke were almost negligible or much less intense than those to nasal admini-
stration of smoke. The more distal part of the nostril for the nasal tubing head was
selected, the more intense responses to the intra-nostril administration of smoke were
developed. However, the combined responses subsided after a sufficient application
of lidocaine aerosol to nostrils. :

385

BLOOD DISCHARGING ACTIVITY OF PERIPHERAL VASCULAR BEDS DURING BRAIN ISCHEMIC PRESSOR
RESPONSE. TAKEUCHI,T.* AND MIYAKAWA,K.¥¥ #¥Dept. of Physiol., Yamanashi Med. College,
Tamaho, Yamanashi, *¥Dept. of Physiol., Shinshu Univ. Med. Sch., Matsumoto

Body fluid discharged from peripheral organs was measured in rabbits with plethysmo-
graph during a systemic arterial pressure oscillation with its level elevated in steps.
The oscillation was produced by stepwise elevation of side pressure on the common
carotid artery which was surgically prepared as the sole route of blood supply to the
brain. Muscular volumes of right foreleg and left hind leg indicated slight increase
with a slight rise of systemic arterial pressure, which were followed by exponential
decrease with the further rise. Volume of right paw indicated much stronger increase
with elevation of systemic arterial pressure, which was followed by sharp decrease with
the further elevation. Liver volume showed exponential decrease with elevation of
systemic arterial pressure. At the extreme elevation of systemic arterial pressure, %
decreases inweight of respective organs in the conditions of -0.6, -0.3, 0, +0.3, +0.6%
blood volume changes of the body weight were as follows. P.c. decreases of right fore-
leg skeletal muscle were 0.56, 0.59, 0.64, 0.73, 0.70, left hind leg skeletal muscle,
0.70, 0.73, 0.83, 0.98, 0.98, right paw, 0.73, 0.64, 0.23, 0.47, 0.50 and liver, 9.6,
8.7, 8.4, 8.6, 6.9, respectively. The respective vascular beds indicated characteristic
modes of blood discharge in the regulation of the circulatory blood volume.
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OXYGEN CONSUMPTION DURING BLOOD PRESSURE OSCILLATION IN RABBITS. MIYAKAWA,K. KANAT, K.
AND HAYASHI, M. The 2nd Dept. Physiol., Shinshu Univ. Med. Sch. Matsumoto

Al]l the arteries to the brain except a common carotid are occluded in rabbits and the
carotid is compressed by exertion of side pressure on it. Then there appears a blood
pressure oscillation (B.P.O.). The animal can survive the situation more than several
hours. Cardiac output is distributed to the brain and the heart at the peak of the
B.P.0O. and to the other organs including the heart at the bottom of the glen. Thus the
organs in the body share blood supply in sequence. B.P.0. can be regarded as another
mode of life. It is nothing but an appearance of a new order in time and space inblood
distribution, i.e. a phenomenon of reduction of entropy. The efficiency of the new mode
of 1life and the energy consumption which should accompany the reduction of entropy was
examined by measuring the oxygen consumption (0.C.) of the animal. The 0.C. before and
during the B.P.0O. were 13.98 * 6.22 ml/min/kg and 17.01 * 13.93 ml/min/kg, respectively.
The difference was not significant in paired test. Thus it can be concluded that the
B.P.0. is well qualified for maintenance of life. On the other hand, the B.P.0. is a
fluctuation of blood pressure around a level higher than its control and of course it
requires more energy. However, the increase of the energy expenditure of the cardio-
vascular system is compensated by its decrease in cosumer organs which receive reduced
blood supply during the B.P.O.

387 .

DYNAMICS OF A RED BLOOD CELL IMPINGING ON THE WALL.
NIIMI, H., MINAMIYAMA, M. AND HANAI, S. Dept. of Vascular Physiology, National
Cardiovascuiar Center Research Institute, Osaka

The red blood cell (RBC) is so deformable that its shape may be easily changed by
external forces such as fluid-dynamic pressure and viscous shear stress. We studied
in theory and experiment how a single RBC moving near a wall impinges on and then
rebounds from the wall under their fluid-dynamic interaction.

Human (or dog) RBC was used together with plasma; Tatex (0.8 um diameter) was added
in plasma for visualization. RBC suspension in plasma (or saline solution) was flowed
in the jet stream from a micropipette of diameter of several micron at an angle on a
plane wall whose surface was coated with gold. The motion of RBCs and the plasma
flow near the wali were observed in the system of microscopy, high speed shutter TV
camera, TV monitor and motion analyser. .

Experiments showed that the RBC moved differently from the plasma flow near the
wall; RBCs impinged on and rebounded from the wall almost as an elastic body while
the plasma flowed as a stagnation-point flow. The RBC shape was not changed except at
the moment of impingement, but the direction of its axis was changed at the
impingement. The change in the RBC orientation can be explained theoretically
considering the fluid-dynamic moment on the RBC.
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THE BLOOD PRESSURE OSCILLATION IN SHEEP EVOKED BY LOW PRESSURE OR LOW
OXYGEN. SAKAT,A., UEDA,G., YOSHIMURA,K.*, FUKUSHIMA,M.*, KUBO.K.* AND
KOBAYASHI,T.*. Inst. of Adapt. Med., Dept. of Intermal Med.*, Shinshu
Univ. School of Medicine, Matsumoto, Nagano.

Altogether 12 sheep, awake and standing, were used for experiments. Be-
fore and during the experiments of a 6,600m-altitude exposure or a 10% -
oxygen inhalation at a 600m-altitude, the systemic blood pressure Pg, pul-
monary artery pressure Pa, left atrial pressure Pp , cardiac output,
heart rate and the pattern of respiration were measured. Under low pres-
sure exposure, blood pressure oscillations were noticed in 10 of 20 cases,
while under low oxygen exposure the oscillations appeared in 5 of 11
cases. The wave height was 9.7 *3.7 mmHg and the period was 17.1 3.9 sec
in the former, while 14.4*5.6 mmHg and 15.2 % 4.1 sec were seen in the
latter. Secondly, as for the oscillation it was noticed that the waves of
Pra and Pa appeared later than those of Pg when Biot's pattern appeared,
whereas Pa preceded those of Ps when Biot negative. Thirdly, the Biot-
type respiration appeared in 9 of 15 cases. The appearance in general co-
incided well with the rising phase of the oscillations. In all cases of
the 10% -oxygen inhalation, Biot's type did not appear.
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DIFFERENCE BETWEEN THE LEFT AND THE RIGHT DEPRESSOR NERVE OF NEWBORN
RABBITS REGARDING THE STRUCTURE AND FUNCTION. H. NOMURA, T. SHIMIZU.
Dept. of Physiol., Fujita-Gakuen Univ., Sch. of Med. Toyoake

The postnatal development of the depressor nerve which is related to
the brain ischemic bradycardia was studied in a total of 65 rabbits
aged 2-190 days. Depressor, vagus and sympathetic nerves were cut off
bilaterally to a length of 20 mm in the middle of cervical region.
Diameters of these nerve trunks were immediately measured under a
microscope. Then myelinated fibers contained in the depressor nerve
were counted in the maner, a fun-shaped specimen method, devised by
Fukuyama. In 59 of 65 animals, the left depressor nerve contained more
mvelinated fibers than the right one. An average of numbers of
myelinated fibers in l-week old group was 152+35.0 in the left and
72+21.4 in the right. In 25-week old group, 183+44.3 and 102+21.7 of
myelinated fibers were found on the left and the right depressor nerve
respectively. These anatomical differences support differences in
function observed in previous studies, and the depressor nerve,
particularly the left one well develops already at the birth.
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BAROREFLEX SENSITIVITY OF ESSENTIAL HYPERTENSION AND THE SEX DIFFERENCES
OF BAROREFLEX HINO,Y. SAITO,T. MURAYAMA,H. SUGIYAMA,Y. NAKAYAMA,A.
MIZUNO,T. TONOOKA,M. IRIE,S. HATOGAI,¥. KATAGIRI,M. YUMURA,Y. DEGUCHI,F.
MAKITA,K. YAMADA,K. SATO,C. AND INAGAKI,Y. Dept. II Inter. Med., Sch.
Med., Univ. Chiba.

We studied the baroreflex sensitivity in normotensive and hypertensive
young and middle-aged adults. In middle-aged the bororeflex sensitivity
of male were compared with the female. The baroreflex sensitivity was
.assessed by the slope of the regression line relating the rise of mean
arterial pressure to the prolongation of the R-R interval for the intra-
venous injection of noradrenaline or neosynephrine. The baroreceptor slope
was significantly reduced in labile and fixed hypertension in both young
and middle-aged group. Beside that, the slope was reduced with increased
age and raised mean blood pressure, and no significant difference of the
sensitivity between middle-aged male and female was found, but the corre-
lation coefficent of the former was obviously greater than that in latter
We suggested baroreflex dysfunction in the pathophysiology of essential
hypertension and our method must be given careful consideration to the
sex differences.
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_EFFECTS OF NITROGLYCERIN ON EXERCISE HEMODYNAMICS IN PATIENTS WITH CARDIAC DISEASE
FUKUDA, T., HIGAKI, S., YAMAMOTO, K., SEKIYA, T. AND NAKAMURA, Y.
Department of Medicine, Yohkaichiba City Hospital, Yohkaichiba Chiba 289-21

Hemodynamic responses to bicycle exercise in the supine position were studied before
and after 0.3 mg of sublingual nitroglycerin(NTG) in 24 cardiac patients without any
evidence of peripheral venous congestion. At 5 min. after NTG, resting systolic blood
pressure (SBP), mean pulmonary arterial(PAm) and its wedge (Pw) pressures, cardiac index
(CI), stroke index(SI) and stroke work index(SWI) decreased and heart rate (HR) increa-
sed significantly, while diastolic pressure(DBP) and systemic(SVR) and pulmonary (PAR)
vascular resistances were unchanged. NTG suppressed the elevation of SBP, DBP, PAm
and Pw induced by exercise significantly but had no effects on HR, CI, SI, SWI, SVR
and PAR. Such changes were constantly observed 10 min after cessation of exercise.
The results indicated that NTG acted dominantly on venous capacitance vessels and had
little effects on resistance vessels of cardiac patients showing no pulmonary and
peripheral venous congestion, Although NTG improved exercise capacity and pulmonary
congestion induced physical exercise in most patients with left heart disease, includ-
ing mitral stenosis, reducing left ventricular end-diastolic pressure, and hence
cardiac output, deteriorated the symptoms of patients with moderate to severe outflow
obstruction of the left ventricle.
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ESTIMATION OF BLOOD PRESSURE FROM COUNTER PRESSURE MEASURED BY ORDINARY USED CUFF
METHOD. OKAI, 0., HIGUCHI, Y. AND MAKINO, K. Dept. of Physiol., Kyorin Univ. Sch. of
Health Science, Hachioji, Tokyo

A trial was made to estimate blood pressure from pressure detected by ordinary used
and water-filled cuff which was applied to the upper arm in man. We supposed that a
parallelism existed between blood pressure observed and counter pressure of the cuff.
Then, flow( F ) was calculated from the counter pressure of 50 mmHg. In this case it is
satisfied that V = Ro/( Rj+Rp )-~-~- (1). Rewriting this eq.(l) we get Ro= VR;/( 1 - V)
------ (2). Thus we can calculated pressure; Pc = ( kj'Rj+ ky/C+ko+Ry )F-----(3), where
Ry, Ry and C are aortic, peripheral resistances and compliance, which were obtained at
the counter pressure of 50 mmHg, respectively. k;, koand k3, for the first time, are
adjusted that pressure measured by the auscultatory method may be coincide to the
pressure calculated by this method. If circulatory condition is changed we can calculate
the changed R from eq.(2) and the changed Pc from eq.(3). By this method pressure may
be calculated within acceptable error in the range of 80 mmHg to 150 mmHg in man
because aortic resistance and compliance are almost constant in this range in dog as
already reported.
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ARTERIAL MECHANICS WITH OR WITHOUT VASCULAR SMOOTH MUSCLE ACTIVATION.
FUKUSHIMA, T., SAKAGUCHI, M.* , KAWAI, Y., OHHASHI, T. AND AZUMA, T.
Dept. of Physiol. and Res. Lab. for Cardiovasc. Diseases, Shinshu Univ.
Sch. of Med., Matsumoto, 390, *Dept. of Elec. Eng., Nagano Tech.
College, Nagano, 380

Mechanical properties of the common carotid and renal arteries were
studied with cylindrical preparations isolated from dogs. These prepara-
tions were filled with Krebs solution containing no norepinephrine
(control state or 10-°M norepinephrine (activated state). Pressure-diam-
eter and pressure-length relationships were recorded to compute stress-
strain, relative wall thickness-pressure, internal cross sectional area-
pressure, Young's modulus-pressure and compliance-pressure relations.
Activation of vascular smooth muscle altered significantly mechanical
properties of the renal artery but hardly affected those of the common
carotid artery. At an internal pressure of 100 mmHg, for example, the
tangential wall stress and internal cross sectional area of the renal
artery in the activated state were reduced by 50%, and Young's modulus
by 90%. Hence, the relative wall thickness became doubled and the disten-
sibility increased by about ten times that in the control state.

394
ON THE EFFECTIVE PACE ALLOCATION IN TWO MINUTES MAXIMAL MOVEMENT.

ITOW, H., YOSHINO, T. AND MURAOKA, I.Physical Education, Education,
Waseda Univ.

In this experiment we aimed at looking after more practical pace
allocation in I500 m speed skating race. For this purpose we used
bicycle ergometer which causes an action similar to the way of the
muscular action on speed skating. We charged the subjects with two
minutes maximal on three different paces, and scored the perfor-
mance, heart-rate, respiration frequency, O;requirement, O,intake,
0,debt, etc. as the indicator, and we examined the pace allotation
in two minutes maximal movement.For the subjects we chose three
persons who are all first class speed skaters

Through this experiment we found the four facts.
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GENERATION OF OXYGEN DISSOCIATION CURVE AND P VALUE OF HUMAN WHOLE
BLOOD, USING A NEWLY DEVELOPPED ULTRAMICRO—SIEQCONRUBBER TONOMETER AND
LEX-0,-CON WITH MODIFIED SYRINGE AND NEEDLE.

HASEG&WA,H. AND SATO,M.Serology Division, National Cancer Center Research
Institute, Tsukiji, Tokyo

The authors developped a new method of ultramicro-tonometry of whole
blood of 40 Ml in each: small siliconrubber tonometry tubes were handmade
,the tonometry was conducted in the modified old Astrup tonometer. The
CO.. content of the bombes was uniformly 40 or 50 mmHg(two series), but
thé 0. concentration ranged around 20,23,26,30 and 34 mmHg respectively.

The“0. content of the blood was measured by LEX-0,-CON. The transfer of
blood w%s made with reconstructed Hamilton syringes®which otherwise have
dead space at the tip and joint of the needle and at the side-hole. The
optimum time of tonometry was concluded to be 15 min. in our method.

The duplicate measurement errors were 0.45mmHg(S.D.), the normal values
of P_. were 25.8 * 0.2 mmHg, the Bohr constant was -0.483. As for the
post3ampling errors, the preservation of the whole blood over 4 h. in the
room temperature should be avoided, since P50 decreased with blood pH.
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THE RELATIONSHIPS BETWEEN BLOOD FLOW RATE AND SALIVARY SECRETION OF THE RAT SUB-
MANDIBULAR GLAND  NEMOTO, A., UEHA, T., HOSOI, K. and KIDA, T., Dept. of Oral Physiol.,
Josai Dental University, Sakado-shi, Saitama.

One of the submandibular glands (SMG) of a rat (SD strain) was perfused by the
method devised by Sprecher et. al., and the other gland (nonperfused gtand) was used
for control. Perfusion speed was fixed either 0.044 m1/min or 0.086 m1/min and the
blood flow rate through and the salivary flow rate from the SMG were measured. Simul-
taneously, salivas were collected from both of glands and the concentrations of Nat and
k* in these samples were measured. Secretion of the saliva was evoked by the intra-
peritoneal injection of pilocarpine (5 mg/kg body weight). Blood flow rate through the
SMG was increased with the increase of perfusion speed. Pilocarpine also increased the
blood flow rates through the SMG. Thus, salivary flow rates were increased in paraliel
with the rate of blood flow through the SMG. The relationship between the salivary
flow rate and the concentration of K¥ in the saliva from the control gland was similar
to that from the experimental gland. Different from the control experiment, however,
the concentration of Nat in the saliva from perfused SMG was not increased with the
increase of salivary flow rate. When ouabain was added in the perfusion solution,
salivary flow rate was decreased, but no change was observed in the relationship be-
tween electrolyte concentrations and salivary flow rate.
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EFFECT OF EOSINO-PHILS AND NEUTRO-PHILS BY THERMAL AND TOOTH PAIN STIMULUS,
KAZUTAKA GOSHI, TAMOSTU KASAHARA, SHINICHI OHKUBO.

DEPARTMENT OF PHYSIOLOSY, DENTAL~CLINIC,HOUSE OF REPRESENTATIVES.

It has been widely discussed that the number of the leucocyte in the blood
circulation fluctuates by various stimulations. In addition to the fin&ing
that the number increases / decreases by somatic diseases, it is also said
that the numerical fluctuation is caused by the disturbances, mental and / or
psychological, and the peripheral pain-stimulations. By using a male rabbit
of 3Kgs. in weight, we carried out several experimentations to find out

the characteristics of eosinophil and neutrophil. We gave them thermal shocks
as mental disturbances and the teeth amputations and the stimulations to dental
pulp as peripheral pain. We measured the numerical fluctuation of eosiniphil
and neutrophil during the experimentations and we would like to report our
findings.
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REDUCED DEFORMABILITY OF RED CELLS AT LOW TEMPERATURE
KIKUCHI, Y., KOYAMA, T. AND MIKAMI, T.* Div. of Physiol., *Div. of Biocontrol, Res.
Inst. of Appl. Electr., Hokkaido Univ., Sapporo

Flow characteristics of heparinized whole blood through a Nuclepore filter membrane
(5 um pores) were studied at various temperatures. A marked increase in the flow
resistance of human blood was observed below 18°C. It was almost impossible to make
whole blood to flow through the filter at 10°C. Further, this change in the flow
resistance was observed to be reversible. When the temperature was raised above 18°C
again, whole blood recovered its initial low resistance to the flow through micropores.
The change was small in the region from 20 to 37°C. Fcr the purpose of comparison,
fish (yellow tail) blood was studied under the same conditions. No sudden change was
observed between 10 and 37°C. The flow resistance gradually increased as the tempera-
ture was decreased. The marked increase of the flow resistance of human blood through
micropores was interpreted as a result of a reduced deformability of red cells and an
increased number and strength of red cell aggregations at low temperature.
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FUNCTIONAL IMPAIRMENTS OF IN VIVO AGED HUMAN ERYTHROCYTES. MAEDA, N., KON, K., SUDA,
T. and SHIGA, T. Dept. of Physiol., Sch. of Med., Ehime Univ., Ehime.

The rheological functions of in vivo aged human erythrocytes were investigated in
relation with the morphological and biochemical changes. The erythrocytes were
fractionated into the younger and older cells (ca 10 % of total, respectively) by the
density gradient centrifugation of Dextran T-40 or Percoll.

(1) Morphologically, the older cells were smaller (in diameter and volume) than the
younger cells, and showed the less biconcavicity. (2) The loss of lipids (with keeping
a constant cholesterol/phospholipids molar ratio) without change of protein content in
the erythrocyte membrane, and the decreases of 2,3-DPG and ATP (and the increase of
ADP and AMP) in the cytoplasm were observed during in vivo aging. (3) The increased
oxygen affinity of older cells due to the decrease of 2,3-DPG was observed. (4) The
membrane fluidity (observed by the motion of fatty acid spin labels) was decreased in
the older cells, probably due to the alteration of membrane organization and/or the
decreased ATP content. (5) The deformability (measured by the micropipette aspiration
technique) decreased in the older cells, probably due to the decreased membrane
fluidity and the increased internal viscosity (mainly due to hemoglobin). (6) Finally,
the increased suspension viscosity of older cells (measured by a cone-plate viscometer
) resulted from the decreased membrane fluidity and the decreased deformability.
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Effect of guanine nucleotides on adenylate cyclase(AC) activity and c~AMP dependent
protein kinase(PK) in the frog bladder epithelial cells.

Shimada ,H., Mishina,T, and Marumo,F, Dep. of Int. Med. Kitasato Univ. Kanagawa

The effects of guanosin triphosphate (GTP) and its analog Gpp(NH)p to vasopressin-
induced osmotic water flow (Vp-induced osmotic WF ) and sodium active transport were
examined. Gpp(NH)p enhanced Vp-induced osmotic WF of the frog bladder membrane, but
had no effect to short circuit current(SCC). To investigate this mechanism, AC, PK
and c-AMP binding to PK were assayed. Crude homogenate(for AC) and its cytosol frac-
tion(for PK) of the frog bladder epithelial cells were used for the enzymes. Gpp(NH)p
or Vp enhanced AC activity, mainly alternating of its Vmax values, and their effects
were additive. Pk activity was determined by the methods of Schlondorf and Franki
using [Yy32P]ATP and histone II-b as a substrate. 1uM of GTP and Gpp(NH)p activated PK
activity in the absence or in the presence of c-AMP (up to 0.01uM). The half-maximal
activation of GTP in the absence of c-AMP occured at 0.3uM. However, it was disap-
pered at the presence of 2uM c-AMP. Gpp (NH) p-induced increment of PK activity was
diminished by c-AMP dependent PK inhibitor. There was no effect of GTP (0.2-200uM)
for the binding [3H]c-AMP to PK. These results suggest that enhancement of Vp-induced
osmotic WF by guanine nucleotides will be caused by partly the direct action of GTP
and Gpp(NH)p to PK.
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Gy AND Ay GLOBIN-CHAINS BIOSYNTHESIS BY ADULT AND UMBILICAL CORD BLOOD ERYTHROPOIETIC
BURSTS AND RETICULOCYTES. TERASAWA,T.,KASAI,S. AND OGAWA,M* Dept. of Physiol.
Tohoku Dental Univ. Koriyama,Fukushima. *Dept. of Medicine, Medical Univ. of South
Carolina, Charleston, SC, USA.

We examined y-globin chain biosynthesis by adult and umbilical cord blood erythro-
poietic bursts in methylcellulose clonal culture and y-chain synthesis by cord blood
reticulocytes. Globin chains were labeled with '*C-amino acids and quantitated by
using autoradiography or fluorography. Alpha, beta, and Gy and Ay chains were
separated by isoelectric focusing in polyacrylamide gels containing 8M urea and 3%
Nonidet P-40(a nonionic detergent). Time course examinations of the y-chains synthe-
sized by the bursts revealed no changes in the Gy : Ay ratio between day 10 and 18 of
culture. The ratio of Gy/(Gy + Ay ) in cultures .of adult circulating erythroid pre-
cursors was 0.38 + 0.09, which corresponds to the known ratio in adult peripheral
blood erythrocytes. The relative Gy-chain biosynthesis in the cord blood bursts and
reticulocytes were 0.56 + 0.02 and 0.66 + 0.008, respectively. Both are intermediate
between the accepted newborn and adult ratios. Natal erythropoietic precursors
appear to be in the transitional stage with respect to the switching of Gy:Ay ratios.
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OXYGEN EQUILIBRIUM CURVE OF EMBRYONIC HAEMOGLOBIN PORTLAND (CZYZ)

Kiyoshi NAGAI, Yasunori ENOKI & Susumu TOMITA (Department of Physiology,

Nara Medical University, Kashihara 634, Nara)

Hb Portland is an embryonic haemoglobin which appears only in the early
stage of human development but persists in the blood of an infant with
Bart's hydrop foetalis, the homozygous state for a-thalassaemia, type I,
In this condition, the red cells contain Hb Bart's (74) as the major
component with Hb Portland (czyz) as a minor component and some traces

of Hb H (84). Hb Portland was purified from the blood and the oxygen
equilibrium curves were determined, The oxygen affinity of Hb Portland
is higher than Hb A but haem-haem interaction is substantially present,
The alkaline Bohr effect measured as Alog PSO/ApH is nearly halved which
may be attributable to the replacement of His-122 with Asx in Hb Portland
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ISOLATION AND PROPERTIES OF HUMAN GLYCOSYLATED HEMOGLOBINS. ENOKI, Y,
KANEKO, A., OHGA, Y. AND TOMITA, S. Dept. of Physiol., Nara Med. Univ,,
Kashihara

Four minor hemoglobins, Hb Arg, Ary, AIa-2 and Ary-p, were isolated
from normal adult hemolysates and their structures and functions were
compared with each other and with Hb Ag. The isolated hemoglobins were
homogeneous by ultracentrifugal analysis and gel electrophoresis in
which Hb Aqg, Aro, ATb, A1g-2 and ATa-] migrated with decreasing order of
net positive charges. Hybridization analysis showed the charge differe-
nces to derive solely from the B subunits. Hb A1a-2 and Ay, - showed
the presence of one and two mol phosphorus covalently bound to the pro-
teins, respectively. The intrinsic oxygen affinities and the effects
of such allosteric effectors as anions, DPG, H* and COy were all decre-
ased in the order of Hb Ag, Arc, AIb, Ara-2 and Ars-1. Subunit coope-
rativity was potent in Hb Ap (Hill's exponent n=2,81) and A1, (n=2,65),
less potent in Hb Arp (n=2.19) and much depressed in Hb Agg._5 (n=1.76) -
and Ara-1 (n=1,51), irrespective of the presence or absence of the effe-
ctors. From these results, conformations of the minor hemoglobins were
argued to be more shifted to and fixed in the T structure,
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ROLE OF 0,~MACROGLOBULIN ON BLOOD COAGULATION AND FIBRINOLYSIS

MIURA,R., OGAWARA,M., SEKI,T., YOKOUCHI,M. AND MATSUDA,T. Dept. of Physiology,
Division of Clinical Physiology (II), Tokyo Metropolitan Institute of Gerontology,
Tokyo.

It has been emphasized that antithrombin II is the most important inhibitor of
thrombin and az-plasmin inhibitor is the most important antagonist of plasmin among
five kinds of inhibitors of blood coagulation and fibrinolysis which exist in blood
in physiological condition. The purpose of this study is to investigate role of
ay-macroglobulin which acts as antithrombin as well as antiplasmin. Comparison of
antithrombin and antiplasmin activity between normal human plasma and purified
oz2-macroglobulin separated from human plasma according to method of Roberts et al.
revealed that about 367 of thrombin neutralized by normal human defibrinated plasma
and about 30% of plasmin inhibited by normal human plasma in 20 seconds at 37°C were
attributable to action of az-macroglobulin. From these results, it is concluded that
effects of az-macroglobulin on blood coagulation and/or fibrinolysis should not be
ignored especially in cases of DIC in whom levels of antithrombin II and of 0~plasmin
inhibitor markedly decrease and in patients with nephrotic syndrom in whom
concentration of 0,-macroglobulin in plasma markedly increases.
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EFFECTS OF SK-POTENTIATOR AND FIBRINOGEN ON SK-PLASMINOGEN COMPLEX IN THE PRESENCE OF
TRANEXAMIC ACID  TAKADA, A. AND TAKADA, Y. Dept. of Physiology, Hamamatsu University
School of Medicine, Hamamatsu-shi, Shizuoka, 431-31

There are two kinds of SK-potentiators which are eluted in two different peaks on
Sepharose 4B gel filtration. SK-potentiator A which is of larger molecular weight (M,
240,000) is composed of peptide chains similar to .0 and y~chains of fibrinogen on
SDS-PAGE, and crossreacts with anti-FDP-Y fragment in the ¢™-region on immunoelectro-
phoresis. The addition of tranexamic acid to the mixture of plasminogen and strepto-
kinase (SK)(called SK-activator activity) resulted in decreased extent of hydrolysis
of TAMe. The addition of SK-potentiator to the mixture of SK, plasminogen and trane-
xamic acid prevented the decrease in SK-activator activity caused by tranexamic acid,
thus SK-potentiator counteracting with the effects of tranexamic acid. Fibrinogen
potentiated SK-activator activity, but did not prevent the decrease of the activity
caused by tranexamic acid. Fibrinogen added to SK and plasminogen prior to tranexamic
acid prevented the decrease in SK-activator activity. From these data it is suggested
that SK-potentiator and fibrinogen bind with lysine binding sites of plasminogen part
of SK-activator, and SK-potentiator binds with SK-plasmin(-ogen) complex faster than
fibrinogen.
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EFFECTS OF w-AMINOACIDS ON THE ACTIVATION BY UROKINASE OF VARIOUS PLASMINOGEN
PREPARATIONS ~ TAKADA, Y. AND TAKADA, A. Dept. of Physiology, Hamamtsu University,
School of Medicine, Hamamatsu-shi, Shizuoka, 431-31)

Since there are many forms of plasminogen (plg) whether native (Glu-plg) or confor-
mationally changed (Lys-plg and Acid treated plg), the effects of w-aminoacids on
those plasminogens were studied. Increase in the concentration of w-aminoacids first
resulted in increase in the activation rates of Glu-plg of which the peak values were
obtained at 1 mM for tranexamic acid, 10 mM for 6-aminohexanoic acid (6AHA), and 100-
1,000 mM for lysine. Further increase in the concentration of tranexamic acid and
6AHA resulted in decrease in the activation rates. The activation rate of Lys-plg
slightly increased with increase in the concentration of tranexamic acid. The activa-
tion rate of Acid treated plg decreased with increase in the concentration of trane-
xamic acid and 6AHA. In the clot, the activation rate of Glu-plg first slightly de-
creased and then increased with increase in the concentration of w-aminoacids.

In conclusion, interaction of w-aminoacids and fibrin with lysine binding sites of
plasminogen may result in different effects on the activation rate by UK, depending
upon different forms of plasminogen. Role of lysine binding sites in the regulation
of fibrinolysis may be very important in vivo.
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STUDIES ON REACTIONS OF PERFUSED RAT-LIVER BY CLOTTING OR FIBRINOLYTIC ENZYME ADMINIST-
RATION. SAKAT,J. SAEDA,Y. YAMAMOTO,H. and SUGIE,I. Dept. of Physiol., Aichi Med. Univ.,
Nagakute-cho, Aichi. : :

This study was carried out to clarify the physiological function of the liver on stre-
aming clotting or fibrinolytic enzyme. Isolated rat-liver was perfused with saline or
Krebs-Ringer solution, and, perfusate and bile were collected for the calculation of
enzymatic activities which were measurement by chromogenic substrate. By administration
of Human Urokinase (600-60IU/ml) for 10 min., UK-activities of perfusate have not almost
change except for a little time-lag. In the case of 5U/ml Bovine Thrambin perfusion,
Thrombin-activities of perfusate were significantly agpeared an increase during its ad-
ministration and after that. However, in the case of 1 or 0.5U/ml Bovine Thrambin per-
fusion, Thrambin-activities were a decrease. Perfusion of Bovine Fibrinogen or Human
Plasmin, and collected bile were also investigated. ]

Fram these studies, there seems to be explained that reactions of rat-liver on Human
UK or Bovine Fibrinogen perfusion were not significant but rat-liver reacted with
Bovine Thrombin and Human Plasmin. It is suggested that rat-liver secreted thrombin
like substance on thrambin perfusion, and detoxicated enzyme activities on Human
Plasmin.

408
THE INHIBITORY EFFECT OF GARLIC OIL ON PLATELET AGGREGATION (II). OSHIBA, S. ARIGA, T.
SAWAI, H. IMAI, H. AND ENDOH, E. Dept. of Physiol. Nihon Univ. Sch. of Med., Itabashi-
ku, Tokyo 173

We reported in a previous paper that garlic oil shows strong inhibitory action on
the secondary aggregation of platelets. In the present investigation we attempted to
isolate an effective component from garlic oil and identify its chemical structure by
gas chromatography, mass spectrography and nuclear magnetic resonance (NMR). In addi-
tion, we tried to synthesize this effective component and studied the effects of a
synthesized compound upon platelet aggregation. The results obtained are as follows:
1) It was recognized that the garlic oil is composed of more than ten components. 2)
One component which occupied 4% showed a strong inhibitory action on platelet aggre-
gation. This component was determined to be allyl methyl trisulfide by mass spectro-
graphy and NMR. 3) We tried to synthesize this component according to Oaks Method
and succeeded to obtain a compound containing 24% of allyl methyl trisulfide. 4)

This synthesized component exibited a potent inhibitory action on ADP-induced aggre-
gation of rabbit plg&eléts and_gpinephrine—induced human platelets aggregation at a
concentration of 10 ' M and 10 ~ M respectively. 5) Another component which has
similar inhibitory action was found in the synthesized compound.

409 .
DETERMINATION, PHYSIOLOGICAL SIGNIFICANCE AND PHYSICOCHEMICAL PROPERTIES OF HUMAN
FIBRINOGEN SUBFRACTIONS. SASAKI, S. AND KITO, K. Dept. of Physiology, Fujita-
Gakuen Univ. School of Med., Toyoake, Aichi, Japan, Meito-Sangyo Co., Nagoya.

A new method for determining high molecular weight (HMWF) and low molecular weight
(LMWF) subfractions of plasma fibrinogen using glycine solution was developed. The
method is based on the fact that the subfractions are precipitated separately by
glycine with appropriate ionic strength. The method is simple and accurate enough
to be used in clinical laboratories. The method was tried at normal and pathological
human plasmas. The results were basically in good agreement with the results
previously reported by other researchers who used SDS gel electrophoresis. .The ratio
of HMWF to LMWF was approximately 7/3 in normal persons. In the cases of liver dys-
functions, HMWF was decreased and LMWF was increased. Physicochemical and biological
properties of the fractions were also investigated. The only difference of the
chemical structure between the two fractions is that one of the two alpha chains of
LMWF has only half length of normal chain lacking its C-terminal side half. To sum
up, the HMWF is an effective coagulant while LMWF is a poor coagulant. From the
results reported here, it is reasonable to suppose that LMWF is derived from HMWF by
the action of plasmin in the blood stream. However, the possibility is also remained
that the IMWF is synthesized in the place other than liver in the body.
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FIBRIN-BINDING AND IMMUNOCHEMICAL PROPERTIES OF DIFFERENT MOLECULAR FORMS OF URINARY
AND TISSUE CULTURED UROKINASE SUMI, H, KOSUGI, T. MATSUO, O. AND MIHARA, H. Dept.
of Physiol. Miyazaki Medical College, Miyazaki

1. High molecular forms of human urinary and kidney tissue cultured urokinase (HMW-UK
; MW 53,000, 97% active sites, THMW-UK; MW 53,400, 54% active sites) were highly
purified using affinity chromatography on [N“—(E-aminocaproyl)—DL—homoarginine hexyl
ester]-Sepharose followed by isoelectric focussing and Sephadex G-100 gel filtration.
2. HMW-UK was found to have a much higher affinity to fibrin-Sepharose compared to LMW-
UK. The fibrin-binding activity was not inhibited by DFP treatment. 3, LMW-UK had a
single polypeptide chain, while HMW-UK had two polypeptide chains (MW 31,000 and MW
18,000) linked by a disulfide band. The functionally-active heavy chain (H-chain; 87%
active sites) and the inactive light chain (L-chain) were first prepared from HMW-UK by
mild reduction with 2-mercaptoethanol and alkylation with iodoacetate. 4. Specific
rabbit antiserum against each purified material was prepared with Freund's complete
adjuvant. It was found that anti H-chain antiserum strongly inhibited not only the
fibrinolytic activity (fibrin-plate) of H-chain, but also the activities of HMW-UK and
IMW-UK. In contrast, no inhibitory effect was observed with anti L-chain antiserum on
H-chain or on LMW-UK, but L-chain antiserum partially inhibited HMW-UK. 5. The
immunological identity of HMW-UK and THMW-UK was confirmed by double immunodiffusion.

411
APPEARANCE OF N& AND HCOT IONS IN THE PLASMA OF DOG'S WHOLE BLOOD WHEN EXPOSED TO CO
GAS NASE, K., OGAWA, A., ASAHI, T., SHIMABUKURO, S., HIRAKAWA, S.

2nd Dept. Intern. Med., Gifu Univ. Sch .Med., Gifu 500

We examined whether sodium ions are released from red blood cells when dog’s whole blo-
©od was exposed to a CO,gas mixture(60%N,,25%0_,15%C0,) for various time-period up to 30
minutes at 371 °C. Bloog samples were collected at 5 minute intervals,and the whole blo-
od was examined for pH,pO.,pCO,,while blood plasma was examined for Nd}f1}and[K*]. The
results were as follows:(l?For %ime—periods up to 5(or 10) minutes after the stgrt of
passage of the above Cozgas,approximate Egt fflux of Ng'averaged 0.407 pmol/cm”/sec,
assuming a tota& su§face area of 1.51¥10 "cm” for a single red blood cell(RBC),and a RBC
count of 500x10°/mm”~. The net efflux of HCO, averaged 0.737 pmol/cm‘/sec,while net infl-
ux of CI” averaged 0.480 pmol/cm”/sec. (2)The sum of the net efflux of N& and the net in-
flux of CI agreed with the net efflux of HCO-,within error of #14%(coefficient of vari-
ation) under various conditions. (3)In view Of the time-course changes in plasma conce-
ntration of N&,HCOJ and Cl1”as well as approximate net fluxes of these ions,we postulat-
ed that at least two channels are in operation, (a)chloride shift and (b) transport of N&
and HCO, ions from RBC to blood plasma. IfsA means an increment of A ion concentration
in plasima,we found that-ACI=AN& andaHCO” =2aNd in the case of the above constitution of
gas. With this mefhod,we strengthened our postulation with studies,using acetazolamide (
20mg/Kg) ,SITS (10 "M/L),and C02—rich gas(SO%N2,25%02,25%C02).

s
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RELATION BETWEEN OXYGEN DEBT AND SODIUM EXCRETION
0GO, K. AND™INOMOTO, T. Physiol. and Hygi., Fac. Educ. Kumamoto Univ.,
Kumamoto, *Dept. Morphol., Inst. Const. Med., Kumamoto Univ., Kumamoto

Previously we reported that the Na diuresis was caused by full speed
running. In this time, the relation between oxygen debt and the urinary
substances, at the time when the muximum oxygen intake by bicycle ergomet-
er was measured, was investigated with seven male sprinters. There was a
very wide variation in oxygen debt in each subject. Urinary Na, K and Cl,
on the average, decreased after exhaustive exercise, but there were wide
variatiom. The mean of urine osmolality at the 30 minutes after exercise
was decreased but did not always decrease individually. The change of uri-
nary Na after exhaustive exercise (30 min./Rest) correlated with oxygen
debt (r= 0.858) and that of osmolality correlated with oxygen debt contra-
ry (r=-0.961). It is suggested that a decrease in excretion rate of urine
after physical exercise with small oxygen debt depends on not only the de-
crease of glomerular filtration but also the increase of tublar reabsorpt-
ion, and that as a result of the reduction of tublar reabsorption of Na
accompanied with high oxygen debt, the rate of decrease of Na in urine
after exercise becomes small.
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EXCRETION AND ACCUMULATION OF UREA GIVEN IN THE LARGE AMOUNTS TO THE DOG.
TANAKA,Y., NAKAYA,S., HONJO,R. & YAGI,S. Dept of Physiol. II, Schl of Med., IWATE

Med. Univ., Morioka.

Six dogs weighing about 10 kg, each anesthetized with thiopental and given with many
loads of urea ( 3 to 15 g/kg B.W., i.v. ) at a rate of 30 to 14 g/hr for 2 to 10 hours
by the i.v. infusion of 30 % aq. solution containing so much glucose 20 % as to protect
the animals from hemolysis and hematuria, were examined on the renal activities during
the experimental period of 6 to 16 hours before the death and then were excised of 15
different organs into 95 % ethylalcohol at the mixing ratio of about 1 to 7 ml per 1l.g
wet tissue. 'Another 2 dogs with no load of urea were treated similarly.

In the tissue urea contents ( mg/g ) obtained by Fearon's colorimetry of the alcohol
extracts, the blood and the urine, not only viscera such as the liver, pancreas, intes-
tines, spleen, kidney, lung and heart but also the trunk tissues like the skin and mus-
cles were found at the same level of 0.3 to 10 mg/g corresponded with the increase of
the plasma level of 0.3 to 24 mg Urea/ml, except for the stomach of 0.01 to 2 mg/g and
for the bones of 0.3 to 2 mg/g. In the sum of these values multiplied by the weight
were taken about 60 % of those given amounts, of which another 25 % or more were recov-
ered in the urine but 15 % or less remained in the blood.

414
RENAL ACTIVITIES OF THE DOG GIVEN THE LARGE AMOUNTS OF UREA.
NAKAYA,S., TANAKA,Y., HONJO,R. & YAGI,S. Dept of Physiol. II, Schl. of Med., IWATE

Med. Univ., Morioka.

During the load test of urea under anesthesia as above-mentioned by Tanaka et al, 6
dogs each having the left kidney prepared to observe the renal tissue pO, of 5 differ-
ent parts ( outer & inner cortex, outer & inner medulla and pelvis, respectlvely, 36
S5, 10 & 15 and 35 mm deep from the capsule surface ) with Yagi's oxygen electrodes, ex-
creted about 25 % of the given amounts of urea at the rate of 0.1 to 6 g every 30 minu-
tes by the volume of 1 to 200 ml and by the concentration of about 1 to 5 g/dl corresp-
onding to the increase of the plasma urea from 0.03 to 2.4 g/dl. However, between 0.5
and 1 g/dl of the plasma urea were found those figures of the excretion rate concentra-
ted into the peak values of 2 to 6 g per 30 minutes and oppositely those of the urea
clearance got down from the supernormal level of 1 to 3 ml/min/kg to the subnormal.

Then, those values of pOo in the electric term which were integrated into the figur-
es of mV-hours every second at a time interval of 30 minutes taken for collecting the
urine were found in a tendency for the deeper zone of the medulla to be so much higher
as the more increased excretion but for the outer cortex to be rather lower in the nor-
mal to supernormal phase of the urea clearance and even to do a rise in the subnormal
clearance.
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CHARACTERISTICS OF INSPIRATORY INHIBITORY REFLEX CAUSED BY THE CHEST

WALL VIBRATION IN MAN. .

HOMMA, I., KOBAYASHI, K., KOBAYASHI, Y., NAGAI, T. AND SAKAI, T. Dept. of
Physiol. The Jikei Univ. Sch. of Med. 3-25-8 Nishishinbashi Minato-ku
Tokyo Japan

The effect of lower chest wall vibration on ventilation was studied in
normal man. Two vibrators, frequencies 100Hz, were applied bilaterally
over the 7th to 10th intercostal spaces anterior to the mid-axillary
line. The vibrators were triggered by chest wall movement during the
inspiratory phase once, intermittently, every 3 to 4 breaths. The sub-
jects were not told what expect during the procedure and began breathing
of 4 grades of CO2 mixed gases, 3%,5%,6% and 7% respectively. Tidal vol-
umes of 'vibrated' breaths were decreased compared with preceding cont-
rol breaths and respiratory frequencies were increased. As consequences
of increased frequencies and decreased tidal volumes of 'vibrated'breaths
minute ventilations in 'vibrated' and 'non-vibrated'breaths were almost
equal. This reflex may contribute to control the depth and the rate of
breathing in man.
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FLUCTUATION OF REFLEX HYPOXIC DRIVE DURING THE MENSTRUAL CYCLE.
TAKANO, N. Physiol. Lab., Dept. of School Health, Fac. of Education,
Kanazawa Univ., Kanazawa 920

Oxygen tests were applied to nine women to estimate the contribution of
the reflex hypoxic drive to total ventilation and to see how it changes
during the menstrual cycle. The oxygen test was such that Oy was breath-
ed for 30 sec, by which ventilatory depression was measured breath-by-
breath. The maximum depression was considered to be the reflex hypoxic
drive (HD) and expressed as a % of control ventilation. HD was 10.3%
(SE+0.72, N=24) during the follicular phase and increased to 15.1%
(SE+0.90, N=24) during the luteal phase. Based on this result, we
estimated that a 10% increase in Vp occurring during the luteal phase,
which has been observed in our previous study (Takano et al., Pfligers
Arch., 1981), is accounted for in half by the increase in HD and in
another half by increases in other drives such as COy drive. These
results suggest that progesterone brought into the blood during the
luteal phase might increase the hypoxic responsiveness of the peripheral
chemoreceptors.

417

PULMONARY MICROCIRCULATORY RESPONSE TO REGIONALLY APPLIED HYPOXIA AND HYPERCAPNIA
HORIMOTO, M. AND KOYAMA, T. Div. of Physiol., Res. Inst. Appl. Elect., Hokkaido Univ.

The effects of regional hypoxia and hypercapnia on the blood flow velocity in pulmonary
microvessels, which were observed on the lung surface, were studied in anesthetized
bullfrogs, associated with the change in the vessel diameter. Before and after the
application of hypoxic or hypercapnic gas mixture on the circular area of 6 mm—diameter
of exposed lung surface, hyperoxic or normoxic gas was poured as a control. The flow
velocity was successively measured during the experiment by use of a laser Doppler
microscope and both mean flow velocity (MV) and pulsatile amplitude (PA) were determined
from the flow velocity contour. To examine the response of each pulmonary microvessel
to hypoxia and hypercapnia, the vessel diameter was measured through the microscope,
while the gas mixture was poured on the small area of 1 mm-diameter.

Both MV and PA in alveolar microvessels were reduced during hypoxia and hypercapnia
but were restored to their initial control values with the reintroduction of the control
gas. The reduction of MV and PA in capillary flow were -11 and -35% during hypoxia
and were -13 and -44% during hypercapnia. Since the time course of the velocity change
coincided with that of the diameter change in arterioles, the decrements of MV and PA
presumably resulted from the vasoconstriction of the pulmonary arterioles.
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ARTIFICIAL PACEMAKING OF BREATHING NMOVEMENT BY MEDULLARY STIMULATION IN ADULT
LAMPREY,
Kawasaki, R., Col. Bio-med. Tech, Niigata Univ.

A single, or repetitive (less than 5 Hz) pulses (4~-8V, 0.3 msec) applied ex-
tracellularly to the medial part of the medulla produced one-to-one movement
of branchial baskets (Bb), which is similar in shape, and as well as in bilat-
eral synchronization, to spontaneously occurring one; the driving stimuli re-
set the rhythm of breathing movement. Double pulses applied at various inter-
vals (1.0-200 msec) produced one-to-one or two-summated movement of Bb, re-
vealing that refractory period is less than 10 msec; applied pulses never pro-
duced active immediate relaxation of Bb., EMGs recorded from branchisl muscles
always correlated  to the phase of contraction of Bb. High frequency stimula-
tion (more than 5 Hz) produced sustained compression of Bb (expiratory arrest)
. After repetitive stimulation, spontaneous breathing movement transiently
disappeared (Bb sustained in relaxation; inspiratory arrest); driving pulses
applied during this period however produced one-to-one movement of Bb. Inspi-
ratory arrest also was produced by intravenous application of d-tubocurarine.
These results can be explained by considering an analogy between an respirato-
ry rhythmogenesis in the lamprey and cardiac pacemaking in crustacean heart.

419
FUNCTIONAL ORGANIZATION OF BRAIN STEM RESPIRATORY NEURONS WITH RESPECT TO RHYTHMOGENESIS
IN THE MEDULLA OBLONGATA OF THE RABBIT. HATTANMARU, Y., GOTO, K., TAKANO, K. AND
HUKUHARA, T., Jr. Dept. of Pharmacol. II, Jikei Univ. Sch. Med., Minato-ku, Tokyo.

In aiming to elucidate the functional relation of brain stem respiratory neurons to the
respiratory rhythm generating mechanisms the stability of the spontaneous unitary dis-
charges of respiratory neurons was studied with special regards to their anatomical lo-
calization in the brain stem. Experiments were performed in L0 paralyzed rabbits being
maintained by artificial ventilation under monitoring end-tidal O2 and CO2 levels. Co-
efficient of variation (CV) for period of volley was calculated for each neurons. CV
implied the stability of spontaneous periodic burst discharge of respiratory neurons.
CV for 85 units varied in a wide range from 1.3 to 14.L%. Correlation coefficient of
autocorrelation of respiratory unit activities varied from 0.09 to 0.92. A significant
correlation between CVs for volley period and autocorrelation coefficients was proved
for 85 respiratory units (r=-0.T74, p{0.001, N=85). Inspiratory (N=2) as well as expira-
tory (N=L) which were discharging stably with a smaller CV for volley period (1.3-1.9%)
and a larger correlation coefficient (0.83-0.92) were exclusively located in the later-
al region of the bulbar reticular formation. The result suggests that these 6 bulbar
respiratory neurons are playing an essential role as the members of the primary respir-
atory neuron group in generating the respiratory rhythms in the bulbar mechanisms.

420

PHASE RESPONSE CURVES OF THE RESPIRATORY NEURONS IN RABBIT.
KUSACHI, R.,MIYAMURA, Y., KOMATSU, A., YAMASHITA, Y. AND KITANQ S. Dept. of
Physiol. and Dept. of Anesthesiol., Tokyo Women's Medical College, Shinjuku—~ku, Tokyo 162.

In vagotomized and paralyzed rabbits, short stimulus trains ( 250 Hz, 11 pulses ) were applied
to the nucleus parabrachialis medialis at various time in the respiratory cycle and phase response
curves of phrenic nerve and bulbar respiratory neurons in the obex level were investigated.

When stimulus train was delivered during the inspiratory phase, transient inhibition was observed
in discharges of phrenic nerve and inspiratory neurons except early inspiratory ones. When sti-
mulus train was applied during the later inspiratory phase, cessation of inspiratory bursts of
phrenic nerve and inspiratory neurons occurred. Early expiratory neurons were activated by
stimulation during respiratory cycle but in early phase of inspiration.

The results suggest that early expiratory neurons act as an off-switch for the inspriratory neu-
rons, while early inspiratory neurons do so for the expiratory neurons.
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CERVICAL AND MEDULLARY RESPIRATORY ACTIVITY IN THE CAT.
M. AOKI. Dept. of Physiol., Sapporo Med. Coll., Sapporo.

In order to elucidate functional relations between the cervical and medullary res-
piratory neurons, spontaneous breathing patterns were altered in two different ways
and resultant changes in the discharges of simultaneously recorded respiratory units
were examined. Recordings were made from the intermediate zone of the gray matter of
the cervical cord and the nucleus ambiguus, using tungsten microelectrodes in lightly
anesthetized or decerebrated cats under spontaneous breathing. Both cervical and medul-
lary inspiratory-type cells showed a similar burst discharge in synchrony with the in-
spiratory phase of the respiratory movement. 1) When an animal was connected to a ven-
tilator and spontaneous breathing was synchronized with artificial respiration, the
mean discharge frequency of cervical units decreased quickly, with concurrent reduction
of the number of spikes within a burst, and cells often ceased to fire. By contrast,
the discharge frequency of medullary units decreased gradually, and bursts persisted
during artficial ventilation. 2) When a respiratory stimulant (doxapram) was given i.v.
to increase the rate and amplitude of respiration, cervical units displayed both a
greater increase in discharge frequency, and in the number of spikes per burst than
medullary units. These results suggest that cervical respiratory neurons are more
directly related to the generation of the spontaneous respiratory movement.

422

CHANGES IN RESPIRATORY PATTERN OF THE RAT BY ANESTHESIA
FUKUDA, Y. AND HONDA, Y., Dept. of Physiol., Chiba Univ. Sch. Med., Inohana, Chiba

End-tidal Pcoy (PgTcop), ventilation and respiratory neural activities of cranial and
phrenic nerves were recorded in the rat anesthetized with halothane. When anesthesia
level was deepened, minute ventilation was decreased accompanying by a rise in PgrTco2
although the COj output was reduced. Halothane induced a progressive decrease in resp-
iratory frequency (f) with almost constant or even slight increase in tidal volume (Vr).
Decrease in f was caused largely by the prolongation of expiratory time (Tg). Changes
in inspiratory time (T1) were small and the mean Vp/T1 ratio remained unaltered. Tidal
inspiratory discharges in vagal (laryngeal), hypoglossal and phrenic nerves were well
maintained or even augmented when the level of anesthesia was deepened. Injection of
pentobarbital Na caused also similar changes in respiratory pattern. These changes in
respiratory pattern induced by anesthesia were in contrast to the simultaneous de-
crease in Vg, £ and Vp/Tr ratio and apparent changes of both Tr and Tg in other spe-
cies. Decrease in Ty/T1+Tg with constant VT, peak phrenic activity/Tr ratio indicated
that in the rat, respiratory timing mechanism was preferentially influenced and mecha-
nisms regulating the overall tidal activities of inspiratory output neurons in the
medulla seemed to be resistant to anesthesia. Roles of Hering-Breuer reflex in the
determination of respiratory pattern were discussed.

423

EFFECT OF INACTIVATION OF SINUS NERVE BY COLD BLOCKING ON INSPIRATORY ACTIVITY IN
ANESTHETIZED AND VAGOTOMIZED CAT. S. KUWANA AND T. NATSUI
Dept. Physiol., Teikyo Univ. School of Med., Itabashi-ku, Tokyo.

Integrated phrenic nerve discharges were recorded as an output of respiratory
activity in anesthetized, vagotomized cats paralyzed and artificially ventilated.
The effect of cold blocking of the carotid sinus nerve (CSN) on phrenic activity
at varying end-tidal Pcpg, under normoxia or hyperoxia was investigated. Phrenic
nerve discharges reduced during blockade. Reduction ratio (RR) was 160 % at Pco,
level of threshold Pco, +3 mmHg and decreased with increased Pco,. Then, RR became
to be constant to 17 % at above +25 mmHg under normoxia and 9 % at above +10 mmHg
under hyperoxia.

Pcoo-phrenic_amplitude curve in CSN-intact rose steeply at the lower Pcpg, level,
and at higher Pco, the curve flattened out. When this flat amplitude was taken
as 100 %, diminished effect by blockade was 15 % under normoxia and 7 % under
hyperoxia throughout the Pgg, range that we studied. These results indicate that
CSN conducts a constant respiratory drive, being independent of Pcg,, and that
relative contribution of peripheral drive is large in respiratory system at lower

Pco, Tevel.
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ESTIMATION OF IN VIVO HALDANE EFFECT COEFFICIENT.
TAZAWA, H., TAMURA, M., NITZEKI, K, AND MOCHIZUKI, M. Dept. of Physiol., Yamagata Univ.
Sch. Med., Yamagata 990-23.

The in vivo Haldane effect coefficient (in vivo HE), which implies the amount of
CO7 output attributable to blood oxygenation in the pulmonary capillaries, was estimat-
ed in 5 healthy young adults. Simultaneously, the COy dissociation curve (C0DC) of
deoxygenated and oxygenated bloods of individual subjects was determined with Natelson
micro-blood analyzer. A subject rebreathed air and 3 % 02/Ng gas for 20 sec, respec-—
tively, in a body plethysmograph and thereafter performed Valsalva maneuver to determine
lung gas volume. From the 02-COy rebreathing curves measured with a glow discharge gas
analyzer, blood Pcop's (Pacor=PAco2 and Pvegy from Defares' method), Vcop and Voo were
determined. Then, vaDco? in normoxia and hypoxia was estimated from blood Pcop's and
CO9DC. avDoy was calculated from Vop and Q, where Q was obtained from Vcoz and vaDcoj.
The average value of cardiac index of 5 subjects was 3.4 and 3.2 for normoxic and hypo-
xic gas rebreathing, respectively. The in vivo HE, which was estimated as a ratio of
vaDcoy difference between normoxia and hypoxia plus arterial Ccop difference between
normoxia and hypoxia to the avDop difference between normoxia and hypoxia, was 0.291 +
0.053 (N=5). The value for each subject agreed well with his in vitro HE which was
estimated directly from CO9DC (0.280 + 0.045, N=5).

425

pH MEASUREMENTS BY MEANS OF A FLUORESCENCE TECHNIQUE AND ITS APPLICA-
TION TO STUDIES ON CO2 HYDRATION REACTIONS. UCHIDA, K., NIIZEKI, K.
and MOCHIZUKI, M, Dept. of Physiol., Yamagata Univ. School of Med.,
Yamagata 990-23

Fluorescence intensity of 4-methylumbelliferone (4-MU), excited at 346 nm and ob-
served at 454 nm, increases with increasing pH and vice versa in the pH range 6 to 8.
A dilute 4-MU solution (40 #M/1) of which the solvent consisted of nearly the same
ions as in plasma was mixed with laked RBC at different ratios. Half-times of the pH
change were measured by monitoring the fluorescence intensity of the sample layer after
a sudden exposure to a gas containg 11 or 57 torr of CO2 and 24 torr of Oy. The half-
time for rise (57— 11 torr) is always longer than that for decay (11 -+ 57 torr) and
they increase linearly as the laked RBC ratio increases. The extrapolated half-times
to the pure RBC are 5.5 and 4.4 sec for rise and decay, respectively, for 35 fim layers.
The time course of the pH was calculated by solving numerically the following one di-
mensional diffusion equation and assuming the Henderson—Hasselbalch equation:
o'dPco,/?t = [*Dcoy + (4'-d)DHCO3472PCO2/?x2, where o is CO5 solubility in RBC and
«& = dCCOz/dPCO . In order to fit the calculated half-times with the observed ones,
the diffusion goefficient of bicarbonate ionS’DHCO§U was required to depend on Ccoa -
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CHANGES OF RESPIRATORY RHYTHMICITY INDUCED WITH PHARMACOLOGICAL AGENTS.
SHIMADA, K., IKUNO, H., MIYAOKA, Y. AND YAMAZAKI, H. Dept. of Oral
Physiol., Niigata Univ. Sch. of Dent., Niigata.

Effects of picrotoxin and strychnine on respiratory rhythmicity were
investigated in urethane-anesthetized, vagotomized and paralyzed rabbits
being maintained by artificial ventilation. Respiratory rhythmicity was
disturbed by i.v. application of picrotoxin, and phrenic activity
discharged almost continuously. But auto-correlogram of integrated
phrenicogram revealed two types of rhythmicity. One type resembled
normal pattern, and the other showed higher frequency and smaller
amplitude than normal. Small amount of strychnine increased amplitude
and frequency of synchronization of phrenic activity which was observed
during normal respiratory state. The synchronization changed sometimes
into strychnine bursts. This finding suggests that both synchronization
of phrenic activity and strychnine burst are brought by input from a
system of non specific neurons other than respiratory center. When
strychnine was applied into only respiratory pattern generator structure,
tonic phrenic activity was observed, and rhythmicity of respiration
disappeared completely, and any strychnine burst was not brought.
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Estimation of homeostatic control activity in chemical regulation of ventilation
with increasing dead space. Honda, Y., Yoshida, A., Hayashi, F., Sasaki, K., Masuda,
Y., and Oyabu, Y. Dept. Physiol. Chiba Univ. Sch. Med., Chiba.

Eight healthy subjects were tested by breathing through plastic tubings with volumes
of 250, 500 and 750 ml, respectively. Averaged increments in Pacos (APACO2) were
observed as 2.69 + 1.44, 4.88 + 1,64 and 6.29 + 1.82 mmHg, respectively. On the

other hand, APACOZ expected from the measured "gain" of each subject were 1.23 + 1.78,
2.66 + 1.35 and 4.96 + 2.49 mmHg, respectively. The difference between observed and
calculated APACOz seemed to be due to low Pco, — ventilation response in tube
breathing. When Vc02 was calculated from body weight by using allometric coefficient,
overall "gain" of Pcg, - ventilation feed back system could reasonably be estimated
from the measured APcp,. Estimated "gain" from actual Vco, and APpco, were 18,0 +
17.7, 19.3 + 12.1, and 22.9 + 9.8, respectively, whereas the one from allometric
coefficient and actual APACO2 were 20.6 + 11.4, 22.1 + 13.4, and 25.5 + 11.1,
respectively. When no ventilatory response was elicited in response to increasing
dead dead space, expected PAC02 increments were 34.1, 84.4, and 145.3 mmHg,
respectively.
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TRANSIENT RESPONSES OF RESPIRATORY AND CIRCULATORY SYSTEMS AT THE START AND END OF EX-
ERCISE. MIYAMOTO,Y.and MIKAMI,T. Dept.Bio-Med.Control,Res.Inst.Appl.Electr.Hokkaido
Univ.,Sapporo.

Cardiac outputs,ventilation volumes and metabolic rates were simultaneously measured
in healthy men before, during, and after a step work load of light to moderate degrees.
Stroke volumes,heart rates and cardiac outputs were determined automatically with the
aid of a computer from an impedance cardiogram. Respiratory and motion artifacts ap-
pearing on the impedance signal were canceled adopting an ensemble averaging technique
in which the R-wave of ECG was utilized as a trigger pulse to start the sampling.
Breath frequencies, tidal volumes, minute ventilations,end-tidal pressures of 0, and
C0,, O, consumptions,CO, outputs and gas exchange ratios were also monitored on” the
breath-by-breath basis %y the other computer system where the second impedance plethy-
smograph measured respiratory signal and a mass-spectrometer analyzed the gas composi-
tion of expired air. It was found that the transient responses of the respiratory and
circulatory variables may be simulated by an exponential function. The time constants
of cardiac outputs ranged from 30 to 60 sec and increased with increasing work loads.
The time constants of ventilation distributed within a narrow range Between 60 and 80
sec and were independent of work load. These responses initiated within 5 sec after
the start or end of exercise. There was no difference between "on" and "off" responses.

429
EFFECTS OF PHYSICAL TRAINING ON THE VENTILATORY RESPONSES TO HYPOXIA AND HYPERCAPNIA.
MIYAMURA, M. and H. MATSUI
Lab. Work Physiol., Res. Cent. Hlth. Phys. Fit. Sports,
Nagoya University, Chikusa-ku, Nagoya

Ventilatory responses to hypoxic and hypercapnic stimulation was determined in the
8 healthy male students before and after physical training for 30 weeks.

Maximum oxygen uptake and maximum ventilation were measured during maximal  treadmill
exercise. Hypoxic drive was expressed as the difference of ventilation ( AV_ ) when
subject breathed with room air and low oxygen ( about 10 % O, ) during submaximal
bicycle exercise for 7 min. In addition, hypercapnic ventilatory response curve was
determined by the rebreathing method.

It was observed that maximum oxygen uptake after training was increased signifi-
cantly, and the slope of ventilatory response curve to CO, was decreased after
training, while hypoxic drive does not changed before and after training.

These findings indicate that physical training for 30 weeks have an effect on not
only maximum oxygen uptake, but also the slope of hypercapnic ventilatory response
curve.
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THE EFFECTS OF ISOPROTERENOL ON LIPID METABOLISM IN LIVER AND SALIVARY
GLANDS OF YOUNG MICE. _HONDA,S., NAKAMURA,H., INOMATA,K¥ AND KURAHASHI,

M., Dept. of Oral Physiol. and Physiol®, Higashi-Nippon-Gakuen Univ.
Sch. of Dent., Ishikari-Tobetsu, Hokkaido, 061-02

The present study was conducted to determine the effects of isoprotere-
nol (IP) administration on the cholesterol and fatty acid metabolism of
salivary glands(submandibular, sublingual and/or parotid gland).

After IP(0O.3mg/mouse) was administrated s.c. dairy to young male ICR-
JCL mice for 58days, the animals were injected with acetate-1-'*C, one
hour before killing the mice.

The results are as follows: in salivary glands,IP treatment resulted in
hypertrophy, decreased cholesterol and fatty acid content,increased cho-
lesterol and fatty acid biosynthesis, and decreased stearic acid of
fatty acid composition. In liver, fatty acids content were considerably
decreased, whereas cholesterol content and biosynthesis, fatty acid bio-
synthesis and composition were unchanged. From these results, it is con-
cluded that changes in lipid metabolism in salivary glands after IP
administration are closely related to hypertrophy.
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INHIBITORY EFFECT OF CELLULOSE-PHLORIZIN ON THE GLUCOSE ABSORPTION IN
THE SMALL INTESTINE OF RAT. KASAGI, T. Dept. of Nursing, Tottori Univ.
Col. of Med. Care Technol. Yonago 683

A novel compound, "cellulose-phlorizin", which was synthesized by cou-
pling phlorizin to insoluble cellulose (MW. 90,000) via a "spacer arm"
was examined for its ability to block the active transport of glucose
by means of the circulating method in vivo. The state of the glucose
absorption was detected by measuring the decreasing amount of glucose
(ImM) in the circulating solution, to which phlorizin (0.083mM) or cel-
lulose-phlorizin (equivalent to phlorizin of 0.083mM) was added.
Phlorizin showed the inhibitory effect on glucose absorption at rates
of 68% (for 15min) and 53% (for 60min), while for the novel compound
these rates were 57 and 53%, respectively. Cellulose did not show any
noticeable effects itself. Then, we are led to conclude that the pre-
sent novel compound has an inhibitory potency as powerful as for phlo-
rizin.
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STUDIES ON PENETRATION PHENOMENA THROUGH INTESTINAL MEMBRANE — relationship between
intestinal penetration and normal bacterial flora — NAKANO,S.,YOSHIOKA,T.,NARUSAWA,M.,
NAGAMI ,K. Dep. of Physiol., The Tokai Univ. Sch. of Med., 259-11 Isehara, Kanagawa.

We have investigated a series of experiments on penetration of insulin as activepolypeptides,
L-tryptophane and its related active transport of glucose and Na* through everted intestine
of a rat. In the present study, also using our divised circulation apparatus, intestinal
penetration phenomena were investigated under each following condition. The obtained ex-
perimental results are as follows: 1) In Germ-free(G-f) rats of Fischer strain, histolo-
gical features and intestinal penetration of the above substnces were no defined change
in comparison with conventional(C-V) rats. This phenomena showed different findings from
Wistar strain rats. 2) Intestinal penetration of the G-f rats orally monoassociated with
Escherichia Coli(E-C) or Bacteroides distasonis was suppressed in comparison to C-Vrats.
3) On the other hand, the patterns of penetration of the representative substances used
to everted intestine in C-V rats showed a certain similarity to those obtained in E-C
monoassociated rats. 4) In the immunoelectrophoretical observation on the seraor intestin
al mucosa derived from G-f rats, the intensity of precipitating lines obtained in® and¥
regions decreased in comparison with E-C monoassociated ratsor C-Vrats. 5) As the results
it will be suggested that the intestinal absorption of various substances wouldbe influ-
enced by the existence of intestinal bacterial flora.
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THE ¢St UF THE PILOCARPINt REFLEX OF RABBITS'SALIVATION
KANOGAWA ,H .  KOUNO .M. ,MURATA, M. ,KOBA, T. ,HIRABA,H. , SAKAI,T. sHTRUSE ,H.AND SAIKI,M.
Dept.of rhysiol.,sch.Dent.univ.Nihon

The authurs made a new viscometer which can measures a 3UOul sample three times
and had a trail or it's accuracy.

Firstly, they measurea the cSt{centimeter stokes) of Aqua Puriticante from 31°C to
49°C with the new viscoreter, and evaluted it's accuracy by comparing tne mewsured and
the theoretical values, which subsequently turned out to be satisfactory.

Secondly, they measured the cSt of salivation for 30Ominutes after injecting the
Pitocarpine(Img/kg) into the retroauricular veines of a rabbit(about 3kg ot weight)
with an artiticial parotia fistel.

Results were as follows:

1. The cSt was hight b minutes arter injection of the Pilocarpin.

2. The ¢St dia not indicate any signiticant difference between salivation of rignt
and 1eft parotid.

3. 1he ¢St values of a three days experiment remained the same
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SECRETORY MECHANISM OF D-GLUCOSE IN RAT SALIVARY GLAND. TAKAT, N., YOSHIDA, Y. AND
KAKUDO, Y. Dept. of Physiol., Osaka Dental Univ., Higashi-ku, Osaka.

The mechanism of glucose secretion in rat three major salivary glands was studied.
The concentration of glucose in parotid and submandibular saliva evoked by parasympa-
thetic, sympathetic and Substance P stimulation was less than 1.0mg/dl, but in sublin-
gual saliva evoked by parasympathetic and Substance P stimulation was much higher than
in submandibular saliva. Sympathetic stimulation had not only any effect on the glu-
cose secretion but also on the salivary secretion in sublingual gland. And the rela-
tions between the glucose concentration in sublingual saliva and salivary flow rate re-
vealed the rectangular hyperbola, but no statistical correlation was found as to the
concentration of glucose between blood and saliva. Ouabain and Diethylstilbestrol
raised glucose concentration in submandibular saliva, but have no effect on sublingual
salivary glucose level. Mannitol which did not enter the intracellular space was se-
creted in submandibular and sublingual glands in the same pattern as glucose secretion.
The above findings suggest, 1)intercellular pathway of glucose secretion is present in
submandibular and sublingual glands, especially it plays an important part in sublin-
gual gland, 2)and the glucose reabsorptional function, which is secondary transport de-
pending on sodium influx of the luminal membrane of the duct cells, is present in sub-
mandibular gland, but is lacking in sublingual gland.
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COMPARATIVE PHYSIOLOGY OF THE PANCREATIC EXOCRINE SECRETION IN THE HERVIVORA, THE
CARNIVORA, THE OMNIVORA AND AVES. HARADA, E. & NAKAGAWA, R.,Dept. Physiol., Fac. Vet.
Med. Hokkaido Univ., Sapporo 060, KATO, S., Vet. Med., Coll. Dairying, Ebetsu, 069-01

Secretory responses induced by vagal stimulation (15Hz, 5ms, 5mA), intra-venous
injection of pancreozymin (2U/Kg) and intra-intestinal infusion of the synthesized
trypsin inhibitor (200mg/Kg) were examined in the exocrine pancreata of the
pentebarbital anesthetized rat, pig, rabbit, sheep, mink, duck and chicken. Among
these animals tested, the vagally-induced secretory response of the pig was the largest,
whereas the pancreozymineinduced response was prominent in the rat. The pancreozymin
—induced responses of the mink, rabbit and sheep were larger than the vagally-induced
responses. Aves showed a higher resting level of pancreatic juice flow and the vagally
—induced response was similar to the pancreozymin-induced response:.

The components of amylase, trypsin and chymotrypsin in the pancreatic juice were
different for each species; Omnivora showed a higher ratio of amylase, carnivora had
a higher ratio of trypsin and chymotrypsin. Rabbit showed a higher ratio of trypsin.
Sheep showed a lower amylase and a higher chymotrypsin. Aves showed a higher ratio of
amylase and chymotrypsin. The results show that pancreatic exocrine secretion adapts
to diet composition, gastric function and food intake behavior in each species.
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EFFECTS OF TONICITY AND DIVALENT CATIONS ON CATECHOLAMINE SECRETION FROM
FROG ADRENALS. KITA, H., NARITA, K. § YASUGI, E. Dept. of Physiol.,
Kawasaki Med. Sch., Xurashiki, Okayama

Catecholamine (CA) secretion induced by exposure to K*-rich solutions was
studied using the in vitro frog adrenal. Above 40 mM the secretion was
an increasing function of [K*], up to 120 mM which was the highest con-
centration examined. In the absence of extracellular Ca2*, the stimula-
tion with high [K*], was ineffective. Hypertonic solutions made by adding
100, 200 and 300 mM (540 mosM) sucrose or osmotically equivalent amounts
of NaCl inhibited the secretion of CA in response to 40 mM K+, the higher
tonicity producing the stronger inhibition. There was no difference be-
tween the actions of sucrose and of NaCl in depressing the response. The
high K*-induced secretion was CaZ*-dependent and the relation between

log (CA secretion) and log([Ca2*}y) gave a straight line with a mean slope
of 0.64 in the range between 0.1 and 1 mM. An average Michaelis constant
of 0.84 mM was obtained by Lineweaver-Burk plots. In the range from 0.25
to 0.5 mM [Ca2*],, the secretory response was always larger when the solu-
tion contained 0.1 mM 4-aminopyridine. Up to 10 mM Mn2+, Co2* or Ni2*,
when included in place of Ca2*, suppressed the excess K*-evoked responses
and only Mn2+% diminished the basal secretion as well.
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EFFECTS OF OSMOTIC STIMULI AND VOLUME STIMULI ON UNIT ACTIVITY OF PARAVENTRICULAR
NEUROSECRETORY CELLS AND THEIR INTERACTIONS WITH ANGIOTENSIN IT (AIT). NEGORO, H. AND
AKATSHI, T. Dept. of Physiol., Niigata Univ. Sch. of Med., Niigata.

Unit activity was recorded from antidromically identified PVN neurosecretory cells
in the rat and the effect of hypertonic (0.3 M) NaCl or hemorrhage (1 ml/100 g body
weight) on the activity was examined. Fifty-one % of 106 identified units were excited
both by hypertonic NaCl and by hemorrhage, 25 % of them were excited only by hemor-
rhage, 20 % of them were not affected either by hypertonic NaCl or by hemorrhage, L4 %
of them were inhibited by hemorrhage and 1 % of them was excited only by hypertonic
NaCl. The injection of hypertonic NaCl during subthreshold stimuli of hemorrhage (
0.5 ml/100 g) induced a marked potentiation of the response to the hypertonic NaCl of
the unit activity. Intraventricular injection of AII potentiated the response of the
unit activity to the osmotic stimuli but did not affect the response to the hemorrhage.
Tn addition, AIT antagonist (Sarl-A1aB-ATT, 1-2 pg) inhibited the effect of osmotic
stimuli but not that of hemorrhage. These results suggest (1) that osmotic stimuli
and volume stimuli converge on more than one half of the PVN neurosecretory cells, (2)
that the neurosecretory cells could be controlled by interaction between osmotic and
volume stimuli and (3) that AII is involved in osmotic control rather than volume
control of the neurosecretory cell activity.
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MODIFYING EFFECTS OF LACTATION ON THE PHASE ANGLE OF PLASMA CORTICOSTERONE RHYTHM OF
BLINDED PUPS. WATANABE, K., HONMA, K. AND HIROSHIGE, T. Dept. of Physiol., Hokkaido
Univ. Sch. of Med., Kita-ku, Sapporo 060

We previously reported in a mother-pups exchange experiment that about half of the
blinded pups showed the phase angle of the foster mother, while the rest that of the
original mother ('scatter effect'). To clarify the effect of lactation, further two
experiments were designed. (1) Restricted nursing: pups born from LD mother were nursed
by the LD mother only during light phase (L group) or only during dark phase(D group).
(2) Full time nursing: pups born from LD mother(LD pups) and from DL mother(DL pups)
were nursed all time by pairing them with the 1ight phase of either of LD or DL mother
during the lactation period. Only D group showed a typical scatter effect at the 4th
postnatal week. However, the scatter effect in D group was abolished by the end of 6th
week. In Exp. {2), both LD and DL pups showed consistently phase angles of their
original mother. These results indicate that an oscillator for plasma corticosterone
rhythm starts to oscillate prenatally and its phase angle is set by the original mother.

Furthermore, it appears that the foster mother may transiently modify pup's rhythm
mainly through discord between maternal nursing and pup's feeding phases.

(Supported in part by Grant-in-Aids Nos. 544023 and 520901 from the Ministry of

Education, Science and Culture of Japan)
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COMBINED EFFECTS OF MELATONIN AND ARGININE-VASOTOCIN ON THE CANINE
PITUITARY RESPONSE TO LUTEINIZING HORMONE RELEASING HORMONE

MIENO, M. OGAWA, ER, IIMORI, M., AND YAMASHITA, K, Dept. of Pathophysi-
ol., Atom. Dis. Inst., Nagasaki Univ, Sch. Med., Nagasaki 852.

We have demonstrated that pineal factors melatonin and arginine-vasot-
ocin (AVT) have a direct inhibitory effect on the anterior pituitary
gland of the dogs. The combined effects of melatonin and AVT on the LH-
RH-induced release of luteinizing hormone (LH) from the anterior pitui-
tary gland of the dog have in this study been determined using the rate
of secretion of 1l7-oxosteroids by the testes of anaesthetized dogs in
vivo as an index of LH secretion,

Melatonin (100 pg/kg) and AVT (0.01 pg/kg), injected into the carotid
artery, were almost equally effective in suppressing the effects of LH-
RH, The administration of the half the dose of melatonin for this given
inhibitory effect with half the corresponding dose of AVT caused rough-
ly a given effect. It seems to be that in the dog, melatonin and AVT
have an additive inhibitory effect rather than competing with one anot-
her on the anterior pituitary gland. This suggests that the two subst-
ances act different sites.
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CIRCADIAN ADRENOCORTICAL RHYTHM IN THE ADRENALECTOMIZED RAT WITH EITHER AN .AUTOTANS-
PLANTED ADRENAL OR AN ACCESSORY ADRENAL GLAND

TAKAHASHI,K., MURAKAMI,N., AND TAKAHASHI, Y. Depts. of Medical Chemistry and Psychology
Tokyo Metropolitan Institute for Neurosciences, Fuchu-city, Tokyo

Circadian rhythm of blood corticosterone(CS) in adrenectomized rat with (AT), or
without, adrenal autotransplants was investigated. Blood samples were obtained indi-
vidually at 4-h intervals for a 24-h period per week for 5-7 consecutive weeks by the
tail tip incision method.

CS responses of the autotransplanted adrenal gland to ACTH gradually increased with
time after the implantation, and by 5 weeks had attained a level comparable to that of
intact rats. Concurrently with this change, circadian adrenocortical rhythm in AT be-
came evident and they were able to respond to a reversed photoperiodic enviorment. The
effects of constant illumination or food restriction on the corticosterone rhythm in
AT were indistinguishable from that of intact rats in every aspects.

In some of the adrenectomized rats, the daily rhythm of the blood CS levels reap-
peared 5-7 weeks after surgery owing to the hypertrophy of accessory adrenal glands.
However, the accessory adrenal gland remained quiescent in the AT. This fact admonishes
that, in long term experiments with adrenalectomized rats, an analysis of the accessory
adrenal glands at the termination of the experiment can not be ignored for evaluation.

441
THE ROLE OF AMINERGIC NEURAL PATHWAY IN THE SEX-STEROIDS MODIFICATION OF SLEEP RHYTHM
YAMAOKA,S. Dept. of Physiol., Saitama Med. Sch. Moroyama-cho, Saitama, 350-04.

We have demonstrated that the circadian sleep rhythm shows the sexual cycle dependent
alteration and gonado-hormone induced changes in female albino rats, and that this me-
chanism correlates with the positive feedback mechanism of sex-steroids via forebrain
limbic system. There are vast reports which demonstrate the correlation of noradrener-
gic tracts with the positive feedback mechanism of gonadal hormones. And Yanase has de-
monstrated that adrenaline auguments the estradiol(E)) sensitivity for female sexual
behavior. In the present results, the intraventricular administration of 6-hydroxydopa-
min(6-OHDA) or the posterior deafferentation of hypothalamus (PDM) caused the reduction
of night appearance of paradoxical sleep(PS). 20ug E2 administration of ovariectomized
(OVX) PDM or OVX-60HDA treated rats showed the delay of Eg induced elimination of night
PS appearance. The propranolol but not phenoxybenzamine injection with'Ey for OVX rats
abolished the Ep effect. On the other hand, 2ug Eo and 1lmg progesteron(P) treatment 72
after E2 did not show any changes in the most of OVX rats, but simultaneous adrenaline
injection with E) showed the elimination of night PS appearance on the night of P treat-
ment. From these results, it is suggested that the Ej induced elimination of night PS
appearance may correlate the B-adrenergic tracts and adrenaline also enhances E2 sens-—
itivity and results the P induced night PS elimination.
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MODIFICATION OF THE CORTICOSTERONE CIRCADIAN RHYTHM BY RESTRICTED FEEDING SCHEDULE
HONMA, K., WATANABE, K. AND HIRQSHIGE, T. Dept. Physiol., Sch. Med., Univ. Hokkaido,
Sapporo, 060

The modification of the circadian rhythm of plasma corticosterone (B) by restricted
feeding schedule (RF) was examined in free-running or entrained state in the rat.
Characteristic changes, namely attenuation of a circadian peak in plasma B level
('masking'), extraordinary secretion of B just before the time of daily food supply
(feeding peak) and rapid decrease in plasma B level after food supply were already
observed 4 days after the initiation of RF. Usually these modifications disappeared
rapidly after the cessation of RF. However in some rats 'masking' and feeding peak
continued to exist over 3 weeks afterwards. Participation of the brain cortex in the
modification was excluded by the observation of unchanged B response to RF when a 25
% KC1 solution was applied to the cortex through chronically implanted cannulae
(cortical spreading depression). It is concluded that an oscillation induced by RF
does not influence an operation of the circadian oscillator but modifies an overt B
rhythm. The modification persists not only during RF but also even several weeks
after the RF cessation. Probably the brain cortex does not participate in the genesis

of the modification. (Supported in part by Grant-in-Aids, Nos. 544023 and 520901
from the Ministry of Education, Science and Culture of Japan)
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EFFECTS OF MASTOPARAN (A WASP VENOM PEPTIDE) ON THE RELEASE OF CATECHOL-
AMINES AND ADENINE NUCLEOTIDES FROM CULTURED ADRENAL CHROMAFFIN CELLS.
KURODA,Y.,YOSHIOKA ,M.* ,KUMAKURA ,K** ,KOBAYASHI ,K. AND NAKAJIMA , T***

Dept. of Neurochemistry, Tokyo Metropolitan Inst.for Neurosciences,

Tokyo 183, *Fac. of Pharmaceutical Sciences, Univ. of Tokyo, Tokyo 113,
**T,ife Science Inst.,Sophia Univ.,Tokyo 101,***Inst. of Medical Engineer-
ing, Tokyo Medical and Dental Univ., Tokyo 101.

Adrenal chromaffin cells were isolated from fresh bovine adrenal glands
and cultured. The release of endogenous catecholamines(CA) and adenine
nucleotides (AN) from the chromaffin cells was measured by high pressure
liquid chromatography. Mastoparan (a mast cell degranulating peptides,10
pg/ml) increased the release of both CA and AN. In contrast, a similar
histamine releasing peptide, granuliberin R, at the same concentration
did not change significantly the release. The ratios of adrenaline/nor-
adrenaline released spontaneously or by mastoparan (both 2.7) are remark-
ably similar to that in chromaffin granules, reported by Winkler (1978).
The ratio of CA/AN in chromaffin granules isolated bovine adrenal glands
(3.1) is also very similar to that in spontaneous release (3.0), suggest-
ing that both compounds are released by exocytosis of the granules.
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EFFECTS OF HORMONES ON THE NEUROTUBULIN CONTENT IN DEVELOPING RAT BRAINS. TAKAHASHI,T.,
GOTO,K., KANEDA,T. AND MIYAMAE,S. 2nd Dept. of Physiol., Kanazawa Med. Univ., Uchinada-
cho, Ishikawa.

In normal developing rat brains, the level of neurotubulin per unit DNA was increas-
ed in soluble fraction from cerebrum and hypothalamus and decreased in that from cere-
bellum during the first 10 days of birth.

Thyroid hormone(T,) administration raised the neurotubulin level in cerebellum from
10-day-old rats, when T3(50 ng/g body weight)was injected for 10 days. The treatment
of corticosterone and gfowth hormone showed no effects on the neurotubulin level in 10-
day-old rat brains.

When thyroidectomy was performed at the first day old, the neurotubulin level re-
duced in the three portions of brains from 30-day-old rats. But, in the case of thy-
roidectomy treated at 10 days old, the neurotubulin level did not changed.

In neonatal rat brains, the thyroid hormone seems to play an important role on the
neurotubulin synthesis.
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SECRETION OF ADRENALINE FROM THE PERFUSED RABBIT ADRENALS BY NITROPHENOL DERIVATIVES.
YAMAGAMI K., NISHIMURA,S. AND SORIMACHI.M., Dept. of Physiol., Kagoshima Univ. Sch.
Med., Kagoshima

Nitrophenol derivatives including 2,4-dinitrophenol (DNP, 0.1 mM) induced exocytotic
secretion of adrenaline from the perfused adrenals. Secretion was dependent on the
concentration of Ca and was saturated at 2 mM of Ca. When the glands were perfused
with Ca-free medium and were stimulated with Ca introduction plus DNP, the response
was blocked by pretreatment of the glands with DNP and monoiodoacetate(MIAA), but not
by MIAA alone, indicating that the stimulating effect of DNP is energy-dependent, but
is not related to its uncoupling activity. The latter was also shown by the fact that
secretion was induced by trinitrophenol having no uncoupling activity. The response
appears to depend on intracellular MNa, since it was reduced in the absence of external
Na, on one hand, and was potentiated in the presence of ouabain, on the other. The
response was markedly potentiated in the presence of high K. This potentiation was
confined to the stimulation by DNP, since the response to carbachol, histamine or high
K(150 mM) was diminished under the same condition. The results suggest that DNP incr-
eases Ca influx therby inducing secretion, but the mode of action is different from
other secretagogues so far known.
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SECRETION OF CATECHOLAMINES FROM THE PERFUSED CAT ADRENAL GLANDS BY SUCROSE MEDIUM IN
THE PRESENCE OF CALCIUM IONS. SORIMACHI,M., NISHIMURA,S. AND YAMAGAMI,K. Dept. of
Physiol., Kagoshima Univ.Sch.Med., Kagoshima

Na deprivation was previously shown to induce secretion of catecholamines(CA) from
the glands perfused with Ca-free, Mg-free medium. When the glands were treated with
Na-free(sucrose) medium containing EGTA, the response to Ca was reduced, the longer
the period, the larger the inhibition, and the second response to Ca was abolished.
The response was reversed when perfusion of Na-containing medium was interpolated.
Ouabain treatment potentiated the response provided Mg was included in the medium.
These results suggest that secretion is due to Ca entry in exchange for internal Na,
the level of which is expected to be raised in the absence of divalent ions. On the
other hand, sucrose medium containing 0.1 mM Ca induced exocytotic secretion of CA
even when the glands were perfused with medium containing 2 mM Ca. The response was
blocked by Ca channel blockers. However, the following findings are suggestive of
involvement in the response of secretory mechanism other than reversed Na-Ca exchange;
1) other Na substitutes are ineffective in inducing secretion, 2) the different ratio
of adrenaline to noradrenaline, 3) more sensitive to inhibition by tris, choline or Mg
4) persistence of the response during perfusion with sucrose medium.
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PARTICIPATION OF PLASMA-BORNE ANGIOTENSIN IN DEHYDRATION-INDUCED WATER INTAKE AND
VASOPRESSIN RELEASE. YAMAGUCHI, K., SAKAGUCHI, T. AND KOBAYASI, S.
Dept. of Physiol., Niigata Univ. Sch. Med., Niigata

The possible existence of an intrinsic renin-angiotensin system (RAS) has been pro-
posed in the brain tissue. The present study was undertaken to examine whether endo-
genous angiotensin - which has been suggested to participate in increased water intake
and vasopressin release under dehydration by stimulating the central nervous system-
is derived from the brain or from the circulating blood or from both. Water depriva-
tion for 46 h in the rat markedly raised plasma angiotensin II (AII) concentration
(P€0.002) from 61.6 + 11.5 (mean + SEM) pg/ml to 322.8 + 49.5 pg/ml. However, neither
the AIT concentration of the ventricular perfusate nor that of the hypothalamus was
affected. Both the perfusate and the tissue were extremely poor in -AII (<35.5 pg/ml and
<h6.7 pg/g wet tissue, respectively). The ATT content in the hypothalamus of the dehy-
drated rat remained unchanged even after bilateral nephrectomy which significantly
decreased plasma AII concentration (P<0.002). These results may suggest that
angiotensin formed in the circulating blood rather than in the brain is involved in the
dehydration-induced water intake and vasopressin release, and that the activity of a
possible intrinsic brain RAS is unaffected by that of the renal RAS.
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443

EFFECT OF CATECHOLAMINE ON cAMP ACCUMULATION,cAMP-DEPENDENT PROTEIN KINASE AND o-AMYLASE
RELEASE IN RAT PAROTID SLICES. YOSHIMURA, K.,NEZU, E. AND CHIBA, A. Dept. of Physiol.
Hokkaido Univ. School of Dentistry, Sapporo

The role of cAMP and cAMP-dependent protein kinase(PKase) in &-amylase(A) release by
catecholamine(CA) was studied in rat parotid slices in vitro. Isoproterenol was much
more potent in stimulating A release and cAMP accumulation than were norepinephrine(NE)
and epinephrine. At low concentration, each of the agonists stimulates A release with-
out detectable accumulation of cAMP. The effect of NE on cAMP was markedly increased
by isobutyl-methylxanthine(IMX) and this effect was correlated well with the degree of
inhibition of phosphodiesterase. The effect of low dose of NE on A release was potenti-
ated by IMX, but that of high dose was not. The effect of 1 M NE on A release was much
higher than that of 0.2 PM NE plus IMX, while the reverse took place in cAMP accumu-
lation. These results suggest that if cAMP is a mediator of A release, cAMP in cell is
compartmentalized in at least two pools and small increase in much smaller compartment
may be related to A release. Consistent with this idea, cAMP accumulation by NE was
much more sensitive to inhibition by g-adrenergic blockers than was A release by NE.
Conditions for homogenization of parotid tissue and assay of PKase were examined.
Changes in PKase activity by NE correlated relatively well with the changes in A release
by NE.

449

The characterization of rat growth hormone secretagogues. Suzuki, M., Ishikawa, K. and
Kakegawa, T. Dept. of Physiol., Inst. of Endocrinol., Gumma Univ., Maebashi

To analyse thyroid hormone action on rGH secretion, the effects of 3 secretagogues
were examined by a perifusion technique and microinjections into lateral ventricle (LV)
and ventromedical hypothalamus (VMH). Clonidine, an agonist to ag-adrenoceptors (2.25
and 11.25 uM) had no effect on GH secretion of anterior pituitaries from eu-, hypo-
and hyperthyroid rats in the perifusion experiments, while the drug injection iv (15 ug
/100 g body weight) induced a clear rise in plasma rGH. On the contrary, DB-cAMP (0.98
mM) could stimulate anterior pituitaries from normal rats to release GH, while the
pituitaries from thyroidectomized (Tx) and T4-supplemented (Tx-T4) rats failed to
respond to the stimulation. Also, prostaglandin Ej (50 puM) stimulated GH release of
the pituitaries from normal, Tx and Tx-T4 rats. These results indicate that clonidine
affect GH release entirely through the CNS, while the latter two secretagogues stimu-
lated directly the pituitary. However clonidine failed to stimulate the GH release
when administered into LV (3 ug) or VMH (1 pg) under urethane anaesthesia. This seems
to be due to urethane which is one of potent stressors. Presumable clonidine could not
overcome the urethane effect, for a-MT pretreated, conscious rats could respond to the
drug stimulation.

450

MECHANISM OF HISTAMINE ACTION ON ALDOSTERONE SECRETION OF THE PERFUSED
DOG ADRENAL GLAND. AIKAWA, T., HIROSE, T., MATSUMOTO, I. AND SUZUKI, T.
Dept. of Physiol., Nagasaki Univ., Sch. Med., Nagasaki

The left adrenal gland of hypophysectomized-nephrectomized dog was per-
fused in situ with Krebs Ringer bicarbonate glucose solution (KRBG, sat-
urated with 95% 02 + 5% CO2, Kt=3.6 mM). After perfusion with KRBG con-
taining 0.033, 0.1, 1 and 10 nM histamine over 5 min, the secretory rate
of aldosterone and cortisol significantly increased at 1 and 10 uM and
that of corticosterone at 10 pM. The secretory response of these 3 ster-
oids to 10 pM histamine was almost completely depressed by continuous
infusion of 10 or 100 pM pyrilamine maleate, but not by that of 100 uM
metiamide. On the other hand, after i.v. injection of Comp. 48/80 (75
ug/kg), blood histamine increased from 0.18 + 0.02 pM(n=8, mean * S.E.M.)
to 0.74 +0.17 pM and the secretory rate of adrenal aldosterone also sig-
nificantly increased in hypophysectomized-nephrectomized dogs. These re-
sults suggest that histamine acts via H)} receptors on adrenal cortical
cells and a direct effect of histamine on the adrenal cortex may play a
pathophysiological role in stimulating aldosterone secretion.
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451

EFFECT OF LONG PHOTOPERIOD ON THE TESTICULAR CONTENTS OF POLYAMINES IN THE JAPANESE
QUAIL AND GOLDEN HAMSTER. §S. MATSUZAKI, Dept. Physiol. Inst. Endocrinol. Gunma Univ.,
Maebashi

Changes in testicular concentrations of polyamines and nucleic acids were studied in
both Japanese quail and golden hamsters. When immature animals were exposed to a long
photoperiod (16 hr light and 8 hr darkness), the testicular weight and DNA increased
greatly for the first few weeks. 1In the quail testis the concentrations of putrescine,
spermidine and spermine increased 7-, 3- and 2-fold respectively within a week after
exposure to the long photoperiod. The putrescine level remained elevated thereafter,
while the spermidine level declined and returned to the initial level at 25 day.

The change in RNA concentration was very similar to that of spermidine concentration.
Repeated injections of ovine follicle stimulating hormone (oFSH) resulted in an
increase in testicular weight and polyamines, but ovine luteinizing hormone was without
effect. In the hamster testis, the putrescine level decreased while the spermine level
increased gradually during postnatal development. The spermidine showed a biphasic
change, which resembled the circulating level of FSH. These data suggest that
pituitary FSH stimulates both testicular growth and biosynthesis of polyamines,
especially spermidine.

452

EFFECT OF THYROTROPIN-RELEASING HORMONE ON RAT MYOMETRIUM.
TONQUE,T. Dept. of Pharmacology, Tokyo Women's Med. Coll. Tokyo.

The effect of TRH in vitro was observed on electormyograms and isometric tension
changes in the uterine horn isolated from the rat. TRH induced a transient prolongation
of duration of spike bursts in the electromyogram and an increased tension in cont-
raction of diestrous uterine horns. No distinct response to TRH was elicited in pre-
parations from rats other estrous stages. TRH produced a contraction associated with a
burst of spike potentials in the quiescent horn from the estrogen-primed ovariectomized
rat. Priming with progesterone was not a prerequisite for responsiveness to TRH but
modified the response of the estrogen-primed uterus. In a medium with a high calcium
concentration, diestrous uteri were quiescent but a transient contraction associated
with a burst of spike potentials was induced by TRH. In a calcium-free medium, TRH
failed to elicit any response in the diestrous uterus but acetylcholine induced a cont-
raction without associated spike potentials. It appears that TRH stimulates calcium-
influx into the uterine smooth muscle in which responsiveness is dependent on the
estrogen-priming.

453

INFLUENCE OF ESTRADIOL ON SEX DIFFERENTIATION OF GONAD IN QUAIL EMBRYO.
YAMAMOTO, N. Dept. of Physiol., Sch. of Med., Gifu Univ., Gifu.

The effect of estrogen on the gonadal sex differentiation of the quail
embryo administered with 0.02mg estradiol during early embryogenesis was
studied. The sex linked marker gene, sw, was used for the determination
of genetic sex of embryo. The gonad of the genetic female was accelera-
ted remarkably in its ovarial differentiation. However, the testicular
development of the genetic male was not only retarded but also modified
into ovarial development. The epithelial tissue of the left female gonad
was highly competent to precipitate hypertrophy, whereas that of the
right gonad was rather incompetent to the administration. The medullary
mesenchyme in the female gonad was competent to be accelerated in the
lacunal formation. On the other hand, the left male gonad was modified
into an ovarial structur which showed the secondary proliferation of cor-
tical cord. But its primary sex cord showed degeneration to some extent;
in some case, medullary lacunarization was observed. And the size of the
left male gonad was increased to or over that of the control, while the
size of the right male gonad was decreased. Such a change of relative
size in the male gonad was similar to that seen in the female.
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CATHECHOLAMINE'S EFFECT ON EARLY PHASE OF ESTROGEN INDUCTION OF FEMALE
SEX BEHAVIOR.

YANASE,M. AND MURAKAMI,N. Dept. of Physiol., Yamaguchi Univ. Sch. of
Med., Ube, Yamaguchi , ‘

Estradiol benzoate (EA) and progesterone (P) induction of female sex
behavior was expressed by lordosis quotient (LQ), a percentile number
of female's lordosis responses to male's 20 mounts. 50 pg of adrenaline
(AD) or 1.5 mg of apomorphine (AP), a dopamine (DA) agonist increased
LQ 2 days after EB followed by P, only when given during 4 h after
the EB-treatment. These effects were blocked by 100 a9 of propranolol,
a B receptor blocker, or 0.1 mg of haloperidol, a DA antagonist.
Therefore, cathecholamine systems in the brain may be involved in the
regulation of brain EB sensitivity for the female sex behavior through
their effects on the early phase of EB action.

455

EFFECT OF PORTAL INJECTION OF D-GLUCOSE ANOMERS ON EFFERENT PANCREATIC
VAGUS DISCHARGE. SAKAGUCHI, T., YAMAGUCHI, K. AND FUKUDA, A. Dept. of
Physiol., Niigata Univ. Sch. Med., Niigata

The levels of efferent discharge of the pancreatic vagus nerve in the
rat were significantly increased after portal injections of ®-D-glucose,
B-D-glucose and optically equilibrated D-glucose (OEDG) and the
glucose solutions in order of potency were B-D-glucose, OEDG and
o-D-glucose. The effect of the three glucose solutions was abolished
after hepatic vagotomy. The injection of vehicle, isotonic solution
caused no change in the discharge. Since D-glucose in blood has been
known to exist as an equilibrium mixture of the two anomers (36%
o-anomer and 64% @-anomer), the results suggest that a vagal system
existing between the liver and the pancreas may be predominantly
activated by B-D-glucose in the portal blood. Considering the result
together with our previous finding that hepatic vagal stimulation
affected plasma levels of insulin, it may be suggested that such a system
participates in the regulation of insulin secretion.

456
CLUSTER ANALYSIS OF GLUCOSE TOLERANCE

NAGAI,T.,OHTAKE,K.,MORI,H. Dept. of Physiol.,Kobe Univ. Sch. Med.
KITAMURA,S. Fac. of Engineer.,Kobe Univ,

Periodically sampled blood glucose and insulin time series data through
glucose tolerance test from 140 patients of Diabetes Mellitus and other
metabolic diseases (including normal subjects) were processed by one
compartment model of blood glucose regulation, Rate constants gotten
from that model, and glucose and insulin level of 120 minutes were used
for parameters that represent a status of each subject. By cluster ana-
lysis of these parameters 9 clusters were gotten and each one was
enoughly able to represent a type of glucose tolerance.

This is a new method for classifying a glucose tolerance abnormality.
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MECHANISM OF GLUCOCORTICOID ACTION ON PROSTAGLANDIN E (PGE) GENERATION BY HUMAN PERI-
PHERAL BLOOD MONONUCLEAR CELLS (PBMC). YAMAMOTO, M., OGAWA, K. AND MATSUI, N. 2nd
Depart. Res. Inst. Environ. Med., Nagoya Univ., Nagoya

We have shown some evidence that PGE released from PBMC may be important in the pa-
thogenesis of autoimmune thyroid disease, and that cortisol (F) suppresses PGE genera-
tion. The mechanism of the suppression of PGE is suggested through inhibition of
phospholipase A,, using mouse fibroblast, but 1ittle is known in PBMC. The effect of
F in PBMC, therefore, is studied in this report.

PBMC was obtained from healthy male donors, and cultured for 3 days in 16% FCS-DME.
PGE in the medium was assayed by RIA. Physiological concentration (1078-107°M) of F
suppressed PGE generation. Phospholipase A, inhibitor para-Bromo Phenacy] Bromide
(p-BPB) also suppressed PGE generation at the concentration of 10 6-10"M. Suppression
by 3x107°M p-BPB was partially overcome by exogenous arachidonic acid (ArA), but the
suppression by 10"°M F was not. 3x107°M p-BPB showed no effect on *H-thymidine uptake.
SH-ArA dincorporation by PBMC was enhanced following 20h pre-incubation with F, while
the enhancement was not shown during 0-60 minute culture with F. F enhanced radio-
activity accumulation during 24h culture with ®H-ArA, whereas p-BPB reduced it. These
data suggest that inhibitory effect of F on PGE generation does not simply result
from phospholipase A, inhibition.

458

ACTION OF ANTIINFLAMMATION & PROMOTION CF WOUND HEALING WITH CORTISOL-

CARNOSINE-SYSTEM
MNAGAI K.,SEGAWA M,, ISHIZUKA T,

SECTION OF PATHOPHYSIOLOGY,INSTITUT OF DENTAL RESEARCH,NIHON UNIVERSITY

Carnosine works in the direction of protein assimilation, whereas cor-
tisol works towards protein dissimilation. It is maintained by the pre-
sent author that carnosine-cortisol system is involved in the maintenance
of homeostsis that is responsible for the physiologic function of connec-
tive tissues. In a difficult extraction of the mandibular third molars,
it takes 200 to 250mg for inhibiting and, at the same time, promoting the
extracted wound when carnosine is singly administered. But when carnosine
~cortisol system is combined, an amount of 10mg carnosine and 10g has
been confirmed to be sufficiently effective. Pharmacological effects of
this carnosine-cortisol system are in their antiinflammatory and promo-
tive actions of spontaneous healing. For this reason, unlike previous
antiinflammatory and anti-granulation chemicals, the carnosine-cortisol
system may be said to be a unique preparation that will prove to be most
effective in the field of oral surgery,
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459
RELATIONSHIP BETWEEN VOLUNTARY MUSCULAR EXERTION AND RESPIRATION BY
MEANS OF RESPIROMETER. MIYASHITA, M., MIURA, Y., FUNASE, K. AND SATO, Y.
Inst. of Health and Sport Sci., Univ. Tsukuba, Ibaraki

The respiratory phase and volume in the voluntary muscular exertion
were examined by means of Benedict-Roth's Spirometer. The vertical motion
of spiro's bell was recorded as electrical potential. Subjects were re-
quired to grip the hand-dynamometer voluntarily to the maximum, and as
quickly as possible.

The results were as follows: 1), The respirogram's pattern was divided
into 5 types in the voluntary exertion, and that of the quick motion was
divided into 4 types. 2), The inspiratory phase was observed upon the
onset of the voluntary exertion and its over-tidal volume ranged from 21
to 2279ml. The respiratory phase at the maximum grip strength was breath-
holding in the inspiratory phase, and its over-tidal volume ranged from
477 to 2574ml. Although the respiratory phase of the quick motion was the
inspiratory one as well as the voluntary exertion , there was no tenden-
cy about the inspiratory volume both at the onset and at the maximum
strength of the quick motion.

460
VOLUNTARY SINGLE HUMAN MOTOR UNITS .
KURATA, H. and OGAWA, Y., Lab. of Sports Med., Jikei Univ. Sch. Med., Chofu, Tokyo
MASUDA, M. and MORIMOTO, S., Dept. of Physiol., Jikei Univ. Sch. Med., Minatoku, Tokyo

Firing characteristics of voluntary human motor units (MUs) were studied before,
during and after isotonic contractionms. Action potentials of single human MUs were
recorded by use of coil~shaped inserted electrodes in the medial vastus muscle. In
the isotonic contractions at 10, 20, 50, more than 50°/s and maximal knee angular veloc-
ity loaded 2.0, 5.75 or 9.5kg of after loading weight at the ankle joint, the interspike
intervals of single MUs were prolonged just after the onset of muscle shortening. The
threshold forces of single MUs were decreased after repetitive isotonic contractions at
10 (x5s in every 10s) and 50°/s (xls in every 2s) knee angular velocity loaded 2.0 or
9.5kg of after loading for 5 - 10min. When the muscles were suddenly unloaded to be
allowed movements beyond 1, 10 or 20cm or more at the ankle joint during sustained iso-—
metric contractions at various force levels, the interspike intervals were prolonged
after the unloading for 500ms. During this period, the MUs tended to be fired at the
decreasing phase of the oscillatory force. The threshold forces of single MUs were
changed due to the unloading during successive sustained contractions at same force

levels. It is suggested that the reflex control by the gamma system play an important
role in this type of motor control.
461

MU RECRUITMENT PATTERN DURING ISOMETRIC CONTRACTION BY MEANS OF THE SURFACE MYOELECTRIC
POWER SPECTRA

NAGATA, A., MURO, M.* & MORITANI, T.**, Dept. of Bio-dynamic, Tokyo Metropolitan Univ.,
Tokyo, *Tokyo College of Pharmacy, **Texas Univ., Arlington, USA.

The aim of this study was directed towerd the elucidation of MU recruitment character-
istics based upon the changes in the myo-electric signals from different MUs during iso
metric contractions at various fractions of MVC. Eight male subjects volunteered for
this study performed isometric contractions at 20,40,60, and 100%MVC with their biceps
brachii and rectus femoris muscle on a separate day. Myo-electric signals were picked
up by two miniture electrodes over the motor point area of the muscles. The mean power
frequency(MPF) was calculated based on the EMG power spectral density which was obtain-
ed through the generation of auto-correlation function of the myo-electric signals and
the fast Fourier transformation(FFT). Reliability of this method wes tested by correla-
ting the MPF obtained at two separete occations and found to be highly acceptable (r =
0.961, p¢0.0007). Results indicated that there were significant changes.in the MPF
during isometric contractions at various levels of MVC, suggesting the existance of
significant degree of MU recruitment shift. A typical set of data with respect to the
spectra at different fractions of MVC is shown below in which increasing contributions
of higher frequencies as a result of increased "phasic"MU activities seem apparent.
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462

PHYSTOLOGICAL RESPONSES OF ATHLETES AND NONATHLETES DURING WALKING AND IMMERSION OF
THEIR LEGS INTO HOT WATER BATH IN 30 °C.

TSUJITA, J., MAYUZUMI, M., TANAKA, N. AND HORI, S. Dept. of Physiol. Hyogo Coll. of
Med., Nishinomiya.

Physiological responses during walking on an uphill treadmill and those during
immersion of their legs in a hot water bath were observed on 20 young male athletes and
12 nonathletes. Experiments were performed in summer at around 3 p.m. in the room of
30 °C, 70 % R.H. and a wind velocity of 17 cw/sec. The subjects, dressed in shorts
only, walked on a treadmill at a fixed speed of 90 m/min and an angle of 3 degrees for
30 min. On the other days, subjects dressed in shorts only immersed both legs into a
stirring water bath of 42 °C for 60 min., The rise in core temperature, sweat volume
and increase in heart rate for athletes during a treadmill walking were considerably
less than those for nonathletes, while differences in physiological responses between
two groups during immersion of legs into hot water bath were small. Heavier subjects
showed tendency of great differences between rise of core temperature and sweat volume
during a treadmill walking and those during immersion of legs into hot bath. These
differences might be caused by smaller heat load per body weight for heavier subjects
due to smaller ratio of skin surface area of legs to body weight.

463

URIC ACID METABOLISM AT EXERCISE IN HYPERURICEMIA (2nd report)

ITO,A., FUJITA,S., MIKAMI,T., YAMADA,T., KURIBAYASHI,T.,- SUMIDA,S. and
IKAWA,S.* Institute of Health and Sport Science, Tsukuba University,
Ibaraki-ken. *Clinical Laboratories of Medicine, Jikei University, Minatoku,
Tokyo.

Hyperuricemiéb serum uric acid(SUA) showed decrease after 30~40%002max. exercise
(First report). This report was evaluated diurnal rhythm in SUA. The work load was
30~40%V02max.ex. (added 20 min., A.M. and P.M.). And was evaluated in normal male
students, the effects of 30~40%ZV02max.ex. immediately after 100%VO2max.ex..

The results was as follows: 1) Hyperuricemia's SUA diurnal rhythm (keeped bed rest)
showed lower values in the morning and higher values after the noon,but SUA levels
in the afternoon of daily work and exercise day showed decrease. 2) The effect of
light ex. immediately after exhaustive ex. showed lower levels compared with control.
3) Their serum CPK activities showed higher levels,but uric acid clearance was found
higher. 4) Serum essential amino acid at light ex. showed decrease,but 3-methyl
histisin showed increase.

464
URINARY ELECTOLYTE FLUCTUATION AT EXERCISE WITH MUXIMUM OXYGEN DEBT.
INOMOTO, T. AND *0OGO, K. Dept. Morphol., Inst.Const. Med., Kumamoto Univ
., Kumamoto, *Physiol. and Hygi., Fac. Educ. Kumamoto Univ., Kumamoto

Relationship between oxygen debt and changes of renal reabsorption or
excretion of electrolyte and water were investigated observing fluctuation
of urinary Nat,K%,Cl~,Creatinine and voiume after 300-meter full speed
running.

The muximum oxygen debt correlated with the running speed (r=0.679,P<0.01),
The volume of 30 minutes after exercise urine increased than that of rest
time. This diuresis canrt be due to increase of GFR,becouse the exeretion
rate of creatinine was not found changed remarkably. At the same time,Na+
excretion rate increased and its change was closely related with the max-
imum oxygen debt. It indicated that the tubular Nat reabsorption was dep-
ressed, and that the permeability of water was redused.At rest,Kt is sec-
reted conjugately with Na+t reabsorption and competitively with HYion at
distal tuble. After exercise, K excretion in urine was decreased accompa-
nied with Nat-diuresis and acidosis by exercise. In ordinary,urinary Cl- .
changed with same manner as Nat, but after exercise, Cl~ excretion was
decreased by increase of HCO3~ of excretion, consequently Nat-Cl- balanse
was losed largely.
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Changes in Water Content in Plasma and Erythrocytes of Mice due to Prolonged

Exercise
*
Goto, E., Kogawa, H., Sudo, K., Imai, H. and Kageyama, K.

*
(Dept. of Health Science, Osaka Kyoiku Univ., Tennoji-ku, Osaka; Med, Sch.
Osaka City Univ.)

It is postulated that the water content in erythrocytes decreases along with the
aging in circulating blood. In the present investigation the water content in
plasma and packed cells of trained and nontrained mice was directly measured by
Gas-Liquid Chromatography. The intracellular water content increased evidently
following prolonged physical exercise, while the water content in plasma did not
undergo any significant change. These results indicate that young erythrocytes,
containing a large amount of water, emerge in the circulation during prolonged
exercise.

427
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HYPOXIA INDUCED CHANGE IN HEART RATE AND HEAT BALANCE: EFFECTS OF HYPOXIA ACCLIMATION
HAYASHI, M., SUGANO, Y. AND NAGASAKA, T. Dept. of Physiol., Kanazawa Univ., Kanazawa

Acute exposure to hypoxia (9.5% 02) produced a tachycardia in hypoxia-acclimated rats
(HX: 12% 02 for 2 months) and a bradycardia in control rats (CT). The rats were ex-
posed to hypoxia (9.5% 02) after either parasympathetic blockade (PSB), beta-adrener-
gic blockade (BAB) or double blockade (DB). After PSB, acute hypoxia increased HR in
both groups. The increase in HR was significantly higher and more persistent in HX
rats, in which a great enhancement of the beta-adrenergic stimulation was suggested.
After BAB, hypoxia produced a significant decrease in HR in both groups to the same
extent. Excitation of the vagal nerves was suggested. After DB, hypoxia slightly
increased HR in both groups. Hypoxia produced reduction of heat production and colo-
nic temperature in CT rats without a significant change in HX rats. After BAB, hypox-
ia decreased heat production in HX rats.

467

EFFECTS OF PHYSICAL RESTRAINT AND PARTIAL BODY SUPPORTING ON HEAT BALANCE IN THE RAT
NUNOMURA, T., SHIBATA, H., HIRATA, K. and NAGASAKA, T. Dept. of Physiol., Kanazawa
Univ., Kanazawa

Metabolic responses to chronic exposure to simulated weightlessness were measured in
rats. Weightlessness was simulated either by confining the rat in a metal mesh rest-
rainer or by suspending the animal in a harness. Metabolic rate was increased in the
rat after suspension and physical restraint. The increase in metabolic rate was
significantly higher in the suspended rats than in the restrained animals. The ele-
vated metabolic rate gradually decreased through 28 days of continuous simulated
weightlessness. However, metabolic rate was consistently higher than the control value
in the suspended rats. Similar changes in the total heat Toss were observed in the
experimental animals. Wet weight of the adrenals was significantly higher in the rat
continuously suspended for 28 days. Mass of the M. soleus was decreased only in the
rat after chronic suspension. Mass of the M. gastrocnemius and M. tibialis anterior
were not observed after chronic suspension and restraint. Food intake and body weight
were greatly decreased in the rat after suspension. The increased metabolic rate
could not be explained on the basis of energy intake or skeletal muscle mass; body
suspension itself accounts for a significant increase in metabolic rate.

468

ADRENERGIC MECHANISM INVOLVED IN THERMAL SWEATING IN MAN.
OHARA,K., OKUDA,N.,SATO,H. AND ISOBE,Y. Dept. of Physiol., Nagoya City Univ. Med.
School. Nagoya

Effects of locally applied sympathomimetic agents were studied in man upon sweat
glands activities responding to the central sudomotor impulses which were elicited

by heat exposures in a room of 38 -40 °C. Sweating was recorded continuously in fore-
arm by VAISALA hygrometers using sweat capsules of i.d. 10 mm. Potentiation of sub-
liminal central impulses (or facilitation of neuro-glandular transmission) were obser-
ved in skin areas of intradermal administration of 0.1 ml of adrenaline 10-6-10-8 |
noradrenaline 10-7-10-8 , phenylephrine 10~ -1078 or isoproterenol 107°-10"%. The
potentiation effects were similar to those by intradermal methacholine 10-7-10-8,
being observed by earlier appearance of enlarged synchronized sweating waves in the
test areas as compared in the control area(0.9 % NaCl sol.) High local skin tempera-
ture caused enlargement of sweating waves responding to suprathreshold central impul-
ses, while only slight facilitatory effects on impulse transmission. It was suggested
for thermal sweating in man that minimal dose of adrenergic agonists, when previously
exist locally, may exert facilitatory effects upon neuro-glandular transmission of the
subliminal central sudomotor impulses.
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EFFECTS OF POPULATION DENSITY ON DEVELOPMENT OF CHICKEN PECTORAL MysCLE

TAKAHASHI ,F. , YAMANE, Y. ,HATASE ,0% ,MATSUI ,H¥*TOKUDA ,M** AND KUROSAKI,T:~ Div. of Food.,
Sanyo-Gakuen Jr.Coll.,0kayama, Dep.of Physiol.Kagawa Med.Sch.,Kagawa* Dep.of Physiol.
Okayama Uni.Med.Sch.Okayama**

Two chicken female groups were bred for 9w in open house at Okayama; in summer (Exp.1),
early autumn (Exp.2), and autumn (Exp.3), 1980. The birds were divided into 2 groups;
Ist group, 15 chickens per 3.3m2(A) and 2nd group, 60 chickens per 3.3m2(B), respectiv-
ely. Their pectoral muscles were used for studying the post-mortem changes. 1) Average
of body weight and food intake decreased as population density increased. 2) The pH
changes of muscles were less in (B) than in (A). 3) In early post-mortem phase, the
myofibrillar fragmentation of (B) was higher than that of (A), but in later phase,
these values were opposite to it. 4) Ca2*-activated myofibrillar ATPase and actomyosin
ATPase activity were not so different, but myofibrillar ATPase activity of (B) at Oh
post-mortem time in low ionic strength solution with 0.3mM EGTA was higher than that of
(A) in Exp.1. 5) These differences were remarkable in summer system. These results
suggest that the increase in population density inhibits the development of muscles and
that certain physico-chemical changes in Z-T1ine or Z-I junction of myofibril might
occur during the post-mortem Storage.

470
CHANGES IN PITUITARY-THYROID HORMONES AND CATECHOLAMINES IN MEN UNDER HELIOX HYPERBARIC
ENVIRONMENTS. TAMURA,Y., OKAZAKI,S., SUEDA,K., OGAWA,K., YAMAMOTO,M. AND MATSUI,N.
2nd Div., Res. Inst. Environ. Med., Nagoya Univ., Nagoya; NAKAYAMA,H. AND TAKEUCHI,.H.
Marine Sci. & Technol. Center, Yokosuka

Changes in serum thyroid hormones and urinary excretion of catecholamines (CA) were
examined and compared with changes in body temp. during exposure to heliox hyperbaric
environments at room temp. which makes subjects feel comfortable., Compressions (Pc)
were performed by He, mixed with 0, (0.4 atm) and N, (0.8 atm), up to 16-21 ATA (4 men,
11 days at 32°C), 26-31 ATA (3 men, 14 days at 32°C) and 31 ATA (4 men, 14 days at
31.5°C). Thyroid hormones did not change during 16 ATA at 32°C, while serum TSH and Tz
elevated during 21-31 ATA. At 31.5°C, TSH, T4, T3 and rT3 significantly elevated during
31 ATA decompression (Pq) period. Urinary CA excretion did not change during 16-21 ATA,
but increased during 26 ATA and reached the maximal value during 31 ATA. Adrenalin
fraction of CA increased again at the end of Pd. Transient decrease in noradrenalin
was observed on each Pc day, probably due to acute 0, increase. Skin temp. decreased
significantly during 21-31 ATA at 32°C and more remarkably at 31.5°C, while rectal
temp. elevated during Pd following 21 ATA and during 26-31 ATA and Pd. Thus, heliox
environments above 21 ATA at 31.5-32°C Towered skin temp. and elevated heat producing
hormones, inducing increase in heat production.

471
CARDIAC OUTPUT RESPONSE IN MAN DURING HYPOBARIC EXPERIMENTS. §S. MORI, M. SAKAKIBARA,
A. TAKABAYASHI, S. TAKAGI, G. MITARAI. Dept. of Aerospace Physiol., Res. Inst. Envirom.
Med., Nagoya Univ., Nagoya.

Effects of hypobaric hypoxia on cardiac output (CO) was studied by impedance cardio-
graphy in 6 non-atheletes (group A) and 12 volunteers from members of the Himalayan
Mountaineering expedition (group B), during stepwise 0.5-1 hour exposure to simulated
altitudes of 3,000 (14.4 %03), 4,500 (11.9 %02), and 6,000 m (9.6 %03) in a decompres-
sion chamber. A tendency to decrease in resting stroke volume was noticed in both
groups during exposure. The resting CO tended to increase above 4,500 m in group B
while it tended so at 6,000 m in group A. Moderate exercise with a bicycle ergometer
(300 kpm, 3 min + 450 kpm, 3 min) which was given to 5 subjects of group B unaltered
the CO at 3,000 m; acceleration of heart rate was fully compensated by a fall in stroke
volume. But at higher altitudes, CO was increased markedly with the same work load.
This CO increase at high altitudes was mainly due to elevation of heart rate until the
heart rate reached a peak of 150-160/min. Two volunteers stayed at 4,500 m for taking
a overnight sleep. One of them showed a lowered CO pattern similar to that for the
control sleep at 0 m, but the other did not. Neither the baseline thoracic impedance
nor the hematocrit value changed significantly during sleep in both subjects.
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ANAEROBIC GLYCOLYSIS OF RABBIT AORTA MASUMURA, S., HASHIMOTO, M., HASHIMOTO, Y. and
SATO, T. Dept. of Physiol., Shimane Medical Univ. Izumo 693, Shimane

In arterial wall, lactate accumulation is dominant under anaerobic conditions. ( the
Pasteur effect ). Indeed, we found that when rabbit thoracic aorta was incubated
in an organ bath at 37°C for 3 hr under anaerobic conditions ( 95 $ N_, 5 % CO,_ ),
the lactate level remarkably increased above 10 times the level of thils metaboiite
observed under aerobic conditions ( 95 % O., 5 % CO_ ). In the process of lactate
accumulation, the activities of phosphofruCtokinase” (PFK) and lactate dehydrogenase
(LDH) increased by 40 - 90 % of the enzymatic activities observed under aerobic con-
tractions. Thus, it is probable that PFK and LDH play the leading role as regulator
of glycolysis and site of operation of the Pasteur effect.

In a previous study, it was found that adrenaline stimulated lactate production and
glycolytic enzymes in the contracting aorta under aerobic conditions. However, this
catecholamine failed to stimulate the glycolytic activity when lactate in the aorta
accumulates remarkably under anaerobic conditions. This finding suggests that lactate
accumulation in rabbit aorta supress the activation of glycolytic enzyme in the con-
tracting materials.

473

EFFECTS OF VARIOUS INTENSITY OF MAGNETIC FIELDS ON THE ALBINO RATS DURING AND AFTER
HYPODYNAMIC EXPOSURE. SUDOH, M., NAKAYA, M., ABE, M. AND SAIKI, H. Space Med. Lab.
Jikei University, Minato-ku, Tokyo

Hypokinetic albino rats of Wister King strain, induced by orthostatic suspension tech-
nique, were exposed for 3 weeks to geomagnetic field (Ca 640mG,GMF), low magnetic field
(Ca 4mG,LMF) by active shielding and high magnetic field (Ca 200G,HMF) by ferrite magnet,
respectively. And after their liberation to ambulatory 1ife under GMF, the recovery
process were observed for 7 weeks. Several physiological parameters, suchas bodyweight,
blood pressure, daily urinary excretion rate of K* and Ca2*, resting metabolic rate,.and
urine volume, were determined through all periods, before and during hypodynamic expo-
sure period, and recovery period after the liberation. The data of 3different intensity
magnetic field exposure groups were compared each others. The findings on each para-
meters were summarized as follows: 1. HMF have a tendency to increase the effects of
hypodynamics exposure in such parameters, as urine volume and resting metabolic rate.

2. LMF have tendency to attenuate the effect of hypodynamics exposure in such parameters
as urine volume and K*, Ca2t excretion rate. After liberation, the recovery to the
control value is attained earlier at LMF than GMF and HMF. 3. Decreasing of resting
metabolism was found in all the subjects of each group. during the orthostatic hypo-
kinetic exposure by suspension technique with special shelter.

474
ON THE DISTURBANCE OF THE SENSORY AND CIRCULATORY FUNCTIONS IN THE FINGER TIP OF THE

WORKERS USING VIBRATING TOOLS.  TAKASHIMA, S. SATO, S. FUNAHASHI, A. AND AZUMA, T.
Dept. of Physiol., Sch. Med., Univ. Mie, Tsu

Functions of the periphral sensory and circulating systems in the finger tip of
the workers using vibrating tools and healthy subjects were investigated by testing
depth sense, two-point discrimination, pain sense, vibratory sense, and nail press
test. In addition, motor function in the upper limb of the workers and healthy sub-
jects was studied by examining pinch strength, hand grip strength, hold hand grip time
and tapping test. These peripheral nervous functions were compared before and after
hand immersion in cold water (5°C, 10 min.). The results showed that significant dis-
turbance of all peripheral functions, except for hold hand grip time, were observed in
vibrating tools workers. On the other hand, degree of symptoms due to vibratory work
(asymptomatic, numbness and blanching) was significantly correrated with the lowing of
the peripheral functions. These peripheral functions, especially the ciculatory func-
tion on the nail press test, were deteriorated markedly by the cold water immersion.
These findings suggest that vibratory work seems to affect functions of the peripheral
nerves at the finger tip. -
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OXYGEN UPTAKE IN SUBMANDIBULAR GLAND SLICES

SAKAMOTO, Sf, KOMABAYASHI, T., ENDOH, S., KOFUNE, K., SEKIGUCHI, XK.,
KAWAJIRI, Y. AND TSUBOI, M. * Dept. of Physiol., Showa Univ., Sch. of
Med., Shinagawa, Tokyo Dept. of Physiol., Tokyo Coll. Pharm., Hachioji,
Tokyo

Oxygen uptake in rat submandibular gland slices was measured by
utilizing adrenaline, noradrenaline and pilocarpine. Oxygen uptake sig-
nificantly increased by an addition of these agonists. The increase of
oxygen uptake was not observed in Ca2*-deficient slices (treated with
2 mM EGTA for one hour). The reversibility of oxygen uptake by these
agonists was recognized by an addition of 5 mM Ca2+. When Kt was re-
moved from the experimental medium, no considerable change was observed
in oxygen uptake. On the other hand, when choline and Lit were sub-
stituted for Nat , the increase of oxygen uptake was significantly
blocked. '

These results suggest that oxygen uptake induced by these agonists
is dependent on the presence of Ca2+ or Nat.

476
OXYGEN UPTAKE AND AMYLASE OUTPUT IN RAT SUBMANDIBULAR GLAND SLICES
TREATED WITH ISOPROTERENOL
TSUBOI, M., KOMABAYASHI, T., SAKAMOTO, S¥%, ENDOH, S. AND KOFUNE, K.
Dept. of Physiol., Tokyo Coll. Pharma., Hachioji, Tokyo * Dept. of
Physiol., Showa Univ., Sch. of Med., Shinagawa, Tokyo

The effect of noradrenaline, phenylephrine, isoproterenol and pilocar-
pine on oxygen uptake and amylase output was investigated in rat subman-
dibular gland slices treated with isoproterenol. The change of subman-
dibular gland weight was not observed by continuous injections(s.c.) of
isoproterenol (25 mg/100g) for 3 days, but was apparently observed by the
injections for 6 days. In the slices treated with isoproterenol for 6
days, oxygen uptake and amylase output due to noradrenaline and phenyl-
ephrine significantly decreased as compared with those in nontreated
slices, but dose response was observed both in the treated and nontreated
slices. On the other hand, oxygen uptake and amylase output due to
isoproterenol and pilocarpine considerably decreased as compared with
those in nontreated slices, and dose response was not observed.

These results suggest that the decrease of response was caused by the
change of receptors in acinar cells.

AT7

SEASONAL CYCLES OF GLYCOGEN CONTENT AND SIZE OF PINEALOCYTES IN THE WILD MOUSE,
PEROMYSCUS LEUCOPUS : A SEMIQUANTITATIVE HISTOCHEMICAL STUDY. KACHI, T. Department
of Anatomy, Asahikawa Medical College, Nishikagura, Asahikawa

A seasonal change of the pineal body was examined using 39 wild mice, PEROMYSCUS LEU-
COPUS, captured in the wood in Madison, Wisconsin, U.S.A., from 1976 to 1977. Histo-
logical sections of pineal bodies were stained with PAS and hematoxylin. The glycogen
content of pinealocytes was estimated by the hitting point counting method -~ glycogen
score ——, and the cell size by the nuclear density. Seasonal changes were statistically
significant in both the glycogen score (p<0.,005) and the nuclear density (p<0.001).
The glycogen scores at 9 AM were 78.7+17.3 (MtSD) in winter (Dec., Feb.), 30.6%t15.2 in
spring (Apr., May), 47.74+28.8 in summer (Jul.) and 18.6+14.3 in fall (Sept., Oct.).
The nuclear densities were 54.7%3.2, 43.816.9, 36.3t5.3 and 46.548.8 respectively,
indicating that pinealocytes were largest in size in summer and smallest in winter.

In fall, the glycogen score showed a trend of diurnal change, with values at 6 PM
being higher than those at 9 AM, but in winter it did not. However, the nuclear
density showed a circadian change (p<0.02) in winter, being smallest in value at 1 PM
and greatest at 9 PM. It is concluded that the pineal body of the wild mouse shows a
marked seasonal cycle in the glycogen content and the cell size of pinealocytes.
(Supported in part by grant from the Ministry of Education, Science and Culture.)
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EFFECTS OF PRECHIASMATIC ANTERIOR HYPOTHALAMIC KNIFE-CUT ON THE CIRCADIAN RHYTHMS OF
FEEDING, DRINKING AND LOCOMOTOR ACTIVITY IN THE RAT. KUBO, K., YAMASAKI, M. AND SASAKI,
T. Dept. of Physiol., Inst. of Constitutional Med., Kumamoto Univ., Kumamoto.

The effects of prechiasmatic anterior hypothalamic knife-cut with a half-dorm shaped
knife on the circadian behavioral rhythms were studied in female rats being fed with a
powder diet and housed under LD 12:12 schedule in a metabolic cage with a running wheel.
An automatic digital recorder with photosensors and a microcomputer was used for the
simultaneous recording of feeding, drinking and locomotor activities. Duration of feed-
ing and drinking behaviors and number of wheel revolutions were determined. The knife-
cut resulted in a loss of the typical light-dark pattern of behavioral rhythms, while it
did not affect the amount of daily food intake. During the light phase, the rats with
the knife-cut consumed more than 30% of the total daily food intake, and showed a vari-
able degree of increases in feeding, drinking and locomotor activities. Two rats, in
which the septal region and fornical pathways were largely destructed, showed a free-
running pattern of behavioral rhythms. In some cases, a deviation of the pattern and
phase of feeding rhythm from the rest of the behavioral rhythms was noticed. These
findings suggest that the neural connections between the hypothalamus and the forebrain
structures are involved in the maintenance and integration of circadian behavioral
rhythms in the rat.

479
TOLERANCE TO HEAT AND COLD FOLLOWNING A MOVE FROM SUBTROPICAL CLIMATE (OKINAWA) TO
TEMPERATE CLIMATE (KUMAMOTO). Sasaki,T., Tsuzuki,S. and Koga,R. Dept. of Physiol.,
Inst. of Constitutional Med., Kumamoto Univ., Kumamoto.

Progress of acclimatization was studied by observing tolerance to heat and cold after
moving from Okinawa to Kumamoto. Fifteen male subjects who were born and raised in
Okinawa and who stays in Kumamoto for 2-20 years, along with 6 male students as control
who were born and raised in Kumamoto.

Tolerance to cold was studied by exposing thinly clothed subjects to an environment
of 10°C for one hour, and by observing the increase in heat production (AM) and the
fall in mean skin temperature (AT). The cold tolerance was evaluated by an index,
M/AT, a lower value of which stands for higher tolerance. The cold tolerance for the
first winter was high, but after that no difference was made between the two groups.

Tolerance to heat was studied by immersing both legs in a water bath of 42°C for one
hour and observing sweating functions. No difference in the density of active sweat
glands per unit surface arem was detected between the two groups, but the loss of water
and electrolytes was considerably small in subjects from Okinawa. The tendency was
found to be maintained for more than five years.

480

ENDOCRINE FUNCTION OF PANCREAS IN TEMPERATURE ACCLIMATION
DOI, K., OHNO, T* AND KUROSHIMA, A. Dept. of Physiol., Asahikawa Med. Coll. Nishikag-
ura Asahikawa, and*Div. of Nutr, Physiol., Hokkaido Educational Coll., Asahikawa

Role of endocrine function of pancreas in temperature acclimation was investigated in
rats. Plasma glucagon level increased and plasma insulin level decreased in cold-accl-
imated rats (CA). On the other hand, opposite results were obtained in heat-acclimated
rats (HA). In pancreas there were observed no changes in glucagon and insulin in CA,
while decrease in glucagon and increase in insulin in HA. Insulin/Glucagon molar rati-
o (I/G) in plasma declined in CA and rose in HA. Acute cold exposure elevated plasma
glucagon, but did not affect plasma insulin. Pancreatic glucagon and insulin were not
influenced by acute cold exposure. Plasma I/G decreased, while pancreatic I/G was not
modified. Plasma I/G was inversely correlated with both blood free fatty acid and glu-
cose levels.

It is well established that relative concentrations of these two pancreatic hormones,
that is, I/G, play a major role in determining direction of metabolism. The present
results, taken in toto, suggest that endocrine pancreas is closely associated with me-
tabolic acclimation to cold as well as heat through regulating metabolic direction to
catabolic phase in cold acclimation and anabolic phase in heat acclimation.
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481

DEVELOPMENT OF THERMAL SALIVATION IN YOUNG RATS. FUJIYA FURUYAMA & KOKICHI OHARA.
Dept. Physiol., Nagoya City Univ. Med. Sch., Nagoya 467.

Rats(0, 15, 30, 60, 90, 180, 360days) were exposed to 42.5°C. Survival time, body water
loss, saliva spreading, and wet weight of submandibular gland were measured. Strain
difference in development of heat tolerance was observed. Heat tolerance of the heat
tolerant rat strain(HTR) developed just after weaning and continued for many months. HIR
was more heat tolerant than Sprague-Dawley (SD) which included many heat tolerant indi-
viduals. Newborn rats(0 days) tolerated heat slightly longer than sucking babies(]5
days). Body water of heat nontolerant rats(30-90 days) was lost more than of babies and
older rats(]80-360 days) during heat exposure. HIR and SD lost their body water more
than heat nontolerant strains. Saliva spreading was graded by the modification of method
of Maling et al. Saliva spreading developed after weaning and was more active than older
rats(]80 days). In HTR and SD it showed high activity through all the ages. Wet weight
of submandibular gland/]00 of body weight decreased according to age, in spite of highly
activity of thermal salivation. These findings suggested that development of heat
tolerance depend on the development of salivation system after weaning, because response
to heat stimulation was observed in ]5 days old rats even in heat nontolerant strain.
The other factor affecting thermoregulatioh in heat can not be excluded, because of
strain difference between HTR and SD. These factors are controlled genetically.

482
CHARACTERISTICS OF 3-ADRENERGIC RECEPTOR IN BROWN ADIPOCYTES OF TEMPERATURE-ACCLIMATED
RATS
KURAHASHI, M. AND KUROSHIMA, A. Dept. of Physiol., Asahikawa Med. Coll., Nishikagura,
Asahikawa

Characteristics of 8-adrenergic receptor in brown adipocytes of temperature-
acclimated rats were investigated by the use of adrenergic @-antagonist (-)-[%H]di-
hydroalprenolol ( DHA ). Both acute cold exposure and cold acclimation significantly
decreased number of DHA binding sites. Heat acclimation significantly decreased
number of DHA binding sites, while acute heat exposure did not affect it. In these
experiments, equilibrium dissociation constant of DHA was not influenced. These re-
sults indicate that @-adrenergic receptor of brown adipocytes responses to thermal
stimuli with changes in number of binding sites, but not in affinity. Changes in 8-
adrenergic receptors of cold-acclimated as well as cold-exposed brown adipocytes
could not explain enhanced thermogenic response of brown fat to norepinephrine in cold
acclimation, but such changes would appear to be adaptive to increased secretion of
norepinephrine through down regulation. Decreased number of 8-adrenergic receptor,
probably caused by hypothyroidism due to heat acclimation, could explain depressed
thermogenic response of brown fat to norepinephrine in heat acclimation.

483

ZYMOGRAPHICAL STUDIES OF LPL INCREASING IN BROWN ADIPOSE TISSUE OF MOUSE UMDER
COLD-EXPOSURE

KOBAYASHI, K., KUSUMI, H.* AND MATSUSHITA, H. Dept. of Physiol. and Kidney Center*,
Wakayama Med. Ccllege, Kyuban-cho, lakayama

Two types of LPL were found in lipase zymograms. One was named F-LPL which did'nt bind
with any substances and the other was named S-LPL which was binding form of LPL with
heparin or heparin-Tike substances of cell membrane. F-LPL existed fundamentally in
several organs e.g. BAT, heart and white adipose tissue. S-LPL was observed to increase
in BAT after cold-exposure and easily released from BAT to circulation by heparin
injection, and such LPL releasing into circulation as 'post-heparin 1ipolytic activity
(PHLA)' was also observed as S-LPL in zymogram. S-LPL could be easily shifted to F-LPL
in vitro by addition of protamine, and F-LPL also be shifted to S-LPL by heparin.

It is conceivable that the increased LPL in BAT of mouse under cold-exposure may be
located on the surface of cell membrane binding with heparin-1ike glycosaminoglycan,
and may be coincident with so-called 'heparin releasabie LPL'. Therefore, S-LPL can be
easily released into circulation as PHLA after heparin injection in consequence of
competition between injected heparin and LPL-binding site of cell membrane.

The increase of S-LPL was not showed in BAT of obob mouse which had a poor
resistibility for cold stress.
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COMPUTER ANALYSIS FOR COLD VASOMOTOR FLUCTUATIONS. UEDA,G., TAKEOKA,M.
AND KOSHIHARA,Y. 1Inst. of Adapt. Med., Shinshu Univ. School of Medicine,
Matsumoto, Nagano

Vasomotor fluctuations take place in the rabbit's earlobe when the tip
is immersed in -4 to -7°C liquid. The computers used in the analysis of
waves were DEC PDP 11/60 and HITAC 8800/8700 and L340. The programs were
written in Fortran language and each contained 100 to 200 steps. In the
first place auto-correlation coefficients were obtained and the results
were compared with visual impressions for the pattern of fluctuation, in
which as wave characteristics the height X and the period Y were noticed.
Secondly, the coefficients of variation (CV) for X and Y, were calculated
successively for each pattern. One pattern generally consisted of about
10 waves. The meaning of CV was enlarged by using grand means and stand-
ard errors. The inverse of CV was regarded as measures of regularity.
Thirdly, the contracted parameter W was obtained by principal component
analysis. The time course of W was also obtained. 1In addition, the
physiological meaning and relation of CVX and CVY in the left and right
sides were considered by variance analysis. All the methods were per-
formed either by the remote-batch or the real-time processing.

485

This study was done to examine the physiological loads by exercises under a hot and
cold environmental temperatures.

Five normal males were subjected to run ( 60% of V02 max) on the treadmill for 30
min. in a cold(6+0.9°C), a mi1d(18.6+1.3°C) and a hot(32.9+1.1°C) environments,
respectively.

Mean heart rate during run was 156.4+10.8 beats per min. under a hot environment,
but was 140.9+8.8 in a cold and 140.9+13.9 beats per min. in a mild environment.
There were no significant differences in the oxygen intake during run in these three
environments. Diastolic pressure after run in a cold and mild eﬁvironments remained
normal but was found very decreased (74.0-29.2 mmHg) in a hot environment. Plasma
angiotensinll, aldosteron, WBC counts and blood glucose level increased conspicuously
in a hot environment and at the same time urine volume, sodium output in urine and
glomerular filtration rate were found decreased significantly.

486

EFFECT OF ALCOHOL AND ITS METABOLITIES ON THE HATCHING PROCESS OF
CHICKEN EGGS

SEKI,S. KAWAMOTO,K. NANBA,H. YUYAMA,N. ASABA,H.AND WATANABE,N. Dept. of
Oral Physi., Kanagawa Dent. Coll., Yokosuka

Alcohol orally taken is metabolized first to acetaldehyde and then to
acetic acid. To study the toxicity of these three agents, They were
injected into eggs during incubation.

The course of chicken egg development was divided on the basis of ob-
servations covering 21 days, into three stages-early, middle, and
terminal. Lethal eggs occurred mainly in the early stage. The toxicity
was the highest for acetaldehyde, followed by ethanol and acetic acid
in decreasing order. Chickens with some deformities were found among
those hatched from eggs so treated. Hypoplasia of the eye was noted in
some of the ethanol-treated chickens.

A strong resemblance was shown between the deformities in the chickens
during the early stage of development and the fetal alcohol syndrome in

man at the third month of gestation.
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AMINO ACID REQUIREMENT IN ADULT MEN. KISHI, K., KOMATSU, T. AND INOUE, G.
Dept. Nutr., Sch. of Med., Univ. of Tokushima.

Rose reported low value of 3.5 gN/day for amino acid requirement of adult men with
excess energy intake of 55 kcal/kg. In the present study, we determined -amino acid

N requirement for N equilibrium at maintenance energy intake of 45 kcal/kg and com-
pared with egg protein N requirement. Total 15 young men were given amino acid mix-
ture of egg pattern as N source for two weeks and the same amount of egg protein N for
one week successively. Intake N levels were 75, 100 and 130 mg/kg. N balance was
improved by changing amino acid diet to egg protein diet at 100 and 130 mg/kg of N in-—
take. Fecal N output was lower but total urinary N, urea, amino N and especially
ammonia excretions were higher on amino acid diet than on egg protein diet. Following
regression equations were obtained between N balance (Y: mg/kg) and N intake (X: mg/
kg); amino acid diet, Y = 0.347X - 44.3 (n=13, r= 4+0.72) and egg protein diet, Y =

0.252X - 21.6 (n=15, r= +0.58). From these equations, N requirement for zero N bal-
ance were estimated as 127.6 and 85.7 mg/kg on amino acid N and egg protein N, respec-
tively. It was concluded that the utilization of egg protein was better than that of

corresponding amino acid mixture.

488
EFFECT OF HEIGHT RATIO ON THE BASAL METABOLIC RATE.
HIGUTI, K. AND INOUE, M. DIV. OF FOOD AND NUTRITION, NAKAMURA GAKUEN COLL., FUKUOKA

The BMR in forty-nine college normal female subjects was measured with a electrometa-
bolor(type 600, Fukuda). It was found that the BMR was closely related to height ratio
which is defined as height in centimeters divided by body weight in kilograms. There
was close relationship between the BMR in kcal per day and height ratio(correlation
coefficient r=-0.70, the standard error of estimate from the regression line S,,=66.3
kcal per day). Correlation coefficient between the BMR in kcal per kg per day and
height ratio was r=0.75, S,,=1.0 kcal/kg/day. Moreover, we examined data on metabolic
rate of seventy-seven adult males reported by Takahira in 1925 and found that there
is close relationship between the BMR in kcal per day and height ratio(r=-0.79). A
close resemblance between the effect of age on the BMR and the effect of age on height
ratio was noticed. We proposed a formula height ratio(h/w), which provides the most
simple statistical fit of basal metabolic rate to height and weight.
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DIGITAL VASCULAR HUNTING REACTIONS TO LOCAL COLD IN AIR.

WATANUKI, M., IHZUKA, H., HORT, S. AND KADOWAKI, I.* Dept. of Physiol. Hyogo Coll. of
Med. Nishinomiya, *Dept. of Hygiene, Kyoto Pref. Univ. of Med. Kyoto.

Digital vascular hunting reactions to local cold in air were compared with those
observed in ice water. Experiments were performed on 40 male university students in
winter at around 3 p.m. in the room of 25 °C and 70 % R.H. The left hand was inserted
palm dowrwards and finger extended slightly up to the wrist into the cold chamber of
-10 °C and a wind velocity of 20 cm/sec for 30 min., On the other days, the left finger
was dipped in stirred ice water up to its base for 30 min., In both series of experi-
ments, the skin temperatures of the back of the distal phalanx were recorded with
copper and constantan thermo-couples. In both series of experiments, the temperature
of first rise after cold exposure and mean skin temperature during cold exposure tended
to be higher and time of temperature rise during cold exposure tended to be shorter as
the skin temperature of finger before cold exposure rised. These results indicate the
finger temperature before cold exposure was dominant factor in determining sensitivity
of appearance of cold induced vascular dilation. Values of temperature rise and mean
skin temperature during cold exposure in air correlated positively with corresponding
values in ice water. The individual differences in reactivity of blood vessels
cbserved in ice water were much greater than those in ice water.

490

DIFFERENCES OF THERMOREGULATION BETWEEN INFANTS AND ADULTS

ARAKI,T*., TSUJITA,J**., TOHORI,M**. AND HORI,S**. *Dept. of Hygiene,
Kobe Univ. School of Med. **Dept. of Physiol. Hyogo College of Med.

The differences in physiological responses between infant school
children and young male students during heat and cold exposure. The
experiments were carried out in the controlled climatic chamber. As an
heat exposure, an air temperature was changed from 20 °C to 40 °C
taking 20 min., and after then fixed 40 °C during 20 min., while as a
cold exposure, that was changed from 28 °C to 15 °C taking 13 min., and
after then fixed 15 °C during 32 min. The relative humidity was
controlled at 50 % in the both experiments. Rectal temperature, skin
temperature at 8 sites and heart rate were recorded continuously in the
both experiments. The onset of sweat at 5 sites was measured at heat
exposure. In adults, metabolic rate was measured at two times, before
and after exposure, in tne both experiments. The skin temperature
increased during the heat exposure and decreased during the cold
exposure remarkably in the children more than it was in the adults.

491

METABOLIC MAPPING OF THE BRAIN STEM DURING LOCAL THERMAL STIMULATION OF
HYPOTHALAMUS IN UNANESTHETIZED RATS. MORIMOTO,A., SAKATA,Y., TAKASE,Y.
and MURAKAMI,N. Dept. of Physiol., Yamaguchi Univ. School of Med.,
Kogushi, Ube

The [14C] deoxyglucose method developed by Sokoloff provides a
means to measure the rate of glucose utilization simultaneously in all
the macroscopic structures of the brains. Because functional activity
and energy metabolism appear to be closely correlated in the nervous
system, local alterlations in glucose utilitation accompany and reflect
local changes in functional activities in the brain. In the present
study we utilized this method to ascertain what changes occur in the
metabolic rates of different regions of the brain stem during thermo-
regulatory response induced by a local cooling or warming of hypo-
thalamus in unanesthetized rats. Hypothalamic warming increased a
local metabolism in ventral thalamus and decreased in habenula, while
cooling increased in dorsomedial thalamus and habenula. Metabolism in
hypothalamus altered not so much during thermal stimulation, but in
ventromedial hypothalamus local cooling slightly increased metabolism.



BODY TEMPERATURE AND SWEATING J. Physiol. Soc. Japan 43,1981 437

492

EFFECT OF LOCAL COOLING OF VARIOUS REGIONS OF THE BODY ON SWEAT RATE. ASAYAMA, M.,
SUGENOYA, J., MIYAGAWA, T. AND OFAWA, T. Dept. of Physiol., Aichi Med. Univ., Nagakute
Aichi.

The relative sensitivity of different portions of the body surface to cold stimuli
was investigated by measuring the magnitude of sweat response. Five male subjects
were exposed to an ambient temperature between 38 and 40°C for 2 to 3 hr. Rectal,
tympanic and skin temperatures and the sweat rate at an unstimulted area were conti-
nuously measured. A cold stimulus was applied to an area ranging 100 to 200 sq cm with
a cooled thermode. A total of 20 areas of different regions was tested. The skin
temperature at the cooled area was decreased from the control Tevel of 35°C to 20-25°C
by the end of the stimulation period. The change in sweat rate was corrected for dif-
ferences in size of the stimulated area and those in change of the skin temperature
and was compared with that in response to cooling the chest area. The forehead showed
a much greater sensitivity than the other areas including other facial areas such as
cheek and chin. The present results indicate that thermal sensitivity may differ at
various skin areas not only in different body regions but also within a certain region,
and this should be taken into account for calculation of the mean skin temperature of
physiological significance.

493

FURTHER OBSERVATIONS ON THE SPECIES DIFFERENCE OF NICOTINE SENSITIVITY OF SUDOMOTOR
NERVE TERMINAL IN THE DIGITAL PADS OF PRIMATES.
AOKI, T. AND IZUMI, H. Dept. of Physiol., Tohoku Univ. Sch. of Dent., Sendai

The sensitivity of peripheral sudomotor nerve to nicotine was investigated in the di-
gital pads of 6 species of primate. In chimpanzee and grand galago typical axon reflex
sweating was produced by local injection of nicotine, indicating the high sensitivity
of sweat nerves to nicotine. In contrast, crab-eating, pig-tailed, red-faced and bonnet
monkey, all of which are macaque, failed to respond to nicotine. Cholinesterase (ChE)
in sudomotor nerves was examined histochemically. In harmony with previous report, the
nerves insensitive to nicotine as in these macaques contained both AChE and BuChE,
whereas the nerves in chimpanzee and galago, which were sensitive to nicotine, showed
only AChE reaction, suggesting that BuChtE might play some role in blocking nicotine
reception. The effect of inhibition of BuChE in sweat nerves, which could be achieved
by intravenous or local injection of iso-OMPA, a selective BuChE inhibitor, was tested
in some macaques. No discernible effect was observed on the nicotine sensitivity. Thus
it seems unlikely that BuChE is directly associated with the interference of nicotine
reception mechanism. It may be that nicotine receptor site is surrounded by a diffusion
barrier, in which BuChE is casually localized. The lack of nicotine receptor in nerve
terminals also cannot be excluded. Definite elucidation must await further studies.

494

BODY HEAT BALANCE DURING HIDROMEIOSIS. OGAWA, T., ASAYAMA, M., MIYAGAWA, T. AND
SUGENOYA, J. Dept. of Physiol., Aichi Med. Univ., Nagakute, Aichi.

Hidromeiosis occurs in association with wetting the skin. Heat-acclimatized men can
be near thermal equilibrium in spite of progressive reduction of sweating. In the
present study, three male subjects were exposed to hot, humid environments of various
degrees for 2 and a half hours in each season of autumn and winter, and body heat
balance was examined in the course of hidromeiosis. Whole body sweat rate {(the rate
of weight loss) and the rate of sweat dripping were measured and evaporation rate was
calculated. Rectal and skin temperatures were measured continuously and metabolic rate
every 30 min. Hidromeiosis was revealed in association with substantial dripping of
sweat. Evaporation rate was hardly affected by hidromeiosis which caused only the
reduction of dripping rate. Rectal temperature was either retained constant or only
slowly elevated during hidromeiosis except in extremely hot and/or humid conditions.
The change in metabolic rate was mild and inconsistent. Seasonal differences in body
heat balance during heat exposure were conspicuous only at a high humidity, although
evaporative heat loss was alike in the two seasons. Since hidromeiosis does not affect
body heat balance, it appears to be a reasonable phenomenon in a sense of preservation
of body fluid, but this concept contradicts with phenomena associated with heat accli-
matization such as increased sweat rate and decreased hidromeiosis.
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BLOOD FLOW IN SKIN AND MUSCLE, EVALUATED BY SIMULTANEOUS THERMAL MEASUREMENT WITH
TISSUE TEMPERATURE AND HEAT FLOW, AND !®3Xe CLEARANCE. TAMURA, T.*, KUSANO, H.*,
TOGAWA, T.*, MORI, Y.** AND KAWAKAMI, K.**. *Inst. for Med. & Dent. Eng., Tokyo Med. &
Dent. Univ., ** Dept. of Radiol., Sch. of Med., Jikei Univ.

The regional blood flow in the calf was determined simultaneously by thermal measure-—
ment and by the 133¢e clearance tachnique. Calf blood flow (Ft) by thermal measurement
was accounted for by the equation of the form Ft=(CdTd + H - Mo)/pc(Ta - Td), where
Cd is thermal capacitance of calf compartment, Td is the change of calf tissue tempera-
ture, Ta is arterial blood temperature, Td is calf tissue temperature, Mo is estimated
metabolism of the calf tissue and pc is the product of density and specific heat of
blood. Ten healthy men were chosen for the experiments. Total calf blood flow was meas-
ured by thermal measurement, and calf skin and muscle blood flow were measured by 133%e
clearance method. Obtained total calf blood flow was 1.10-5.17 ml/(100ml calf:-min),
muscle blood flow was 0.92-7.27 ml/(100ml muscle'min) and skin blood flow was 1.79-
15.87 ml/(100ml skin.min). On the basis of the results, an estimate has been made of
the proportions of the calf volume which can be ascribed to skin and muscle respective-
ly. Estimated muscle and skin blood flows were correlated with total calf blood flow
by thermal measurement.

496

INFLUENCE OF MEDIOBASAL HYPOTHALAMUS STIMULATION ON PREOPTIC-ANTERIOR HYPOTHALAMIC
THERMOSENSITIVE NEURONS. HORI, T., KIYOHARA, T., OHSAKA, T., SHIBATA, M., NAKASHIMA, T.

Dept. Physiol., Saga Medical College, Saga 840-01.

Single-unit responses of preoptic-anterior hypothalamic thermosensitive neurons to
electrical stimulation of the mediobasal hypothalamus (MBH: ventromedial and arcuate
nuclei) were studied in urethane-anesthetized male rats. Out of 188 units studied,

69 units responded to a rise in hypothalamic temperature with an increased rate of fir-
ing (warm-units) and 28 units responded with a decreased rate of firing (cold-units).
The remaining 91 units did not respond to temperature changes (insensitive units).
Thirty-nine per cent of these neurons (46.4% of warm-units, 50.0% of cold-units and
29.8% of insensitive units) were markedly inhibited by MBH stimulation with latencies
up to 51.2 msec. Orthodromic excitation of spontaneous activity was observed in 17.6%
of the units (13.0% of warm-units, 14.3% of cold-units and 22.0% of insensitive units).
Response latencies ranged between 1.0 and 41.3 msec. The high incidence of orthodromic
responses in the preoptic-anterior hypothalamic thermosensitive neurons to MBH stimula-
tion suggests that rostrally directed axons either originate in or pass through the MBH.
A small proportion of neurons (5.3%) were antidromically activated by MBH stimulation
and the estimated conduction velocity of these neurons ranged from 0.10 to 0.67 m/sec.

497

RESPONSE OF NEURONS IN THE FEEDING CENTER AND THE SATIETY CENTER TO PREOPTIC THERMAL
STIMULATION IN RATS. YAMAMOTO, K., NAKAYAMA, T., ISHIKAWA, Y. AND IMAI, K.
Dept. of Physiol., Osaka Univ. Sch. Med., Kita-ku Osaka, 530

The effects of preoptic thermal stimulation were observed on neurons in the lateral
hypothalamic area (LH) and the ventromedial hypothalamus (VMH) in rats. In LH, 12
neurons out of 22 inhibited by iontophoretically applied glucose were facilitated by
preoptic cooling, 4 were facilitated by warming and 6 were not influenced. In VMH,

16 neurons out of 22 facilitated by glucose were facilitated by warming, 4 were
facilitated by cooling and 2 were not influenced. In contrast, most of the LH and VMH
neurons which did not respond to glucose were not influenced by preoptic thermal
stimulation. Thus, neurons inhibited by glucose in the feeding center are facilitated
by a fall in preoptic temperature and neurons facilitated by glucose in the satiety
center are facilitated by a rise in preoptic temperature.

These results indicate that changes in brain temperature are detected by the thermo-
sensitive neurons in the preoptic area and then the temperature information seems to
be conveyed to LH and VMH, especially to those neurons responsive to glucose. This
means that thermal signal influences feeding mechanism within the hypothalamus.
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498

ACTIVITY OF HYPOTHALAMIC THERMOSENSITIVE NEURONS AND THERMOREGULATORY BEHAVIOR DURING
CORTICAL SPREADING DEPRESSION IN THE RAT. SHIBATA, M., HORI, T., KIYOHARA, T. AND NAKA-
SHIMA, T. Dept. of Physiol., Saga Med. Col., Nabeshima, Saga 840-01, Japan.

The effect of cortical spreading depression (CSD) on single-unit activity of the ther-
mosensitive neurons in the preoptic and anterior hypothalamus (PO/AH) was examined in
urethane-anesthetized rats. The firing rate of 22 of 25 warm-units tested started to de-
crease when ipsilateral single CSD, elicited in the occipital cortex, entered the front-
al cortex. By contrast, all 13 cold-units examined began to increase their firing rate
when CSD invaded the frontal cortex. Critical areas of the frontal cortex were determined
by observing the time courses of corresponding responses of units toCSD induced indiffer-
ent parts of the cortex. Area 8 and a part of area 13 of Krieg were most critical for
both warm-units (n=7) and cold-units (n=2). Finally, the effect of unilateral CSD on
skin-cooling behavior was studied in rats with an unilateral lesion in the PO/AH. A
single CSD contralateral to the lesion produced a strong and prolonged inhibition of
cooling behavior. On the other hand, CSD ipsilateral to the lesion caused only a slight
reduction in the rate of cooling. These results suggest that the frontal cortex may
influence thermoregulatory behavior and thermosensitive neurons in the preoptic and
anterior hypothalamus in the rat.

499
TEMPERATURE AND LOCAL BLOOD FLOW OF THE HYPOTHALAMUS IN HEAT-AND COLD-ACCLIMATED
RABBITS. N. OHWATARI, T. INOMOTO, M. KOSAKA. Dept. of Enviromment. Physiol. and
Epidemiol., Inst. for Tropical Medicine, Nagasaki Univ., Sakamoto-machi, Nagasaki

This study was designed to explore the role of extrahypothalamic deep body
thermosensitivity in central mechanisms of thermal acclimation. In an environmental
control chamber, heat—-and cold-acclimated rabbits were submitted to surgical procedures
for measuring local cerebral blood flow and temperatures of the hypothalamus,
reticular formation and spinal cord. A hydrogen clearance method was used to measure
changes in cerebral blood flow during external heating and cooling of stereotaxically
restrained conscious rabbits. Blood flows were calculated from the initial slope of
the hydrogen clearance curves. Hypothalamic blood flow was increased by 20% during
external heating as compared with cooling of normal rabbits. After intravenous
injection of LPS-pyrogen (from E. coli), the cerebral blood flow was either increased
or decreased, with similar biphasic shifts in hypothalamic temperature. However,
increased and decreased cerebral blood flow observed in thermally non-acclimated
rabbits vanished in heat-and cold-acclimated rabbits during external thermal
stimulation as well as during pyrogen-induced fever. This suggests that blood flow
changes in central thermosensitive tissues may play an important role in both
thermoregulatory mechanisms and in the process of thermal acclimatiom.

500
THE EFFECT OF AGING ON OPERANT THERMOREGULATORY BEHAVIOUR.
ASAKI, Y. and IRIKI, M.* Dept. of Physiol., Tokyo Metrop. Inst. of Gerontol.,

* . . .
Dept. of Physiol., Med. Univ. of Yamanashi.

Thermoregulatory mechanism is one of the most important regulatory mechanism to
maintain the homeostasis of the body. Analysis of thermoregulatory mechanism of free
moving animals can be performed through operant thermoregulatory behaviour which is
classified into behavioural thermoregulation.

The effect of aging on operant thermoregulatory behaviour in rats was investigated in
order to elucidate the accuracy of the regulation. The experiments were performed
with adult rats of 3-6 months old and aged rats of 24-25 months old. After they
learnt control of external heat source thoroughly, experiments for 60 min were
performed by means of Skinner box of heat escape type with infrared lamps and cold
wind, detecting the temperature of abdominal cavity, tail skin and ambit, and the
response frequency of reinforcement. Even core temperature, controlled variable of a
feedback control system; of the aged rats was more unstable than those of adult rats
especially during the latter half of 60 min experiments.

The results indicate decline of thermohomeostasis function reducing extraneous
disturbance on operant thermoregulatory behaviour in aged rats.
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501

VASOMOTOR RESPONSES TO SCROTAL THERMAL STIMULATION IN HEAT-AND COLD-ACCLIMATED RATS.
TSUCHIYA, K. Dept. of Environment. Physiol. and Epidemiol., Inst. for Tropical
Medicine, Nagasaki Univ., Sakamoto-machi, Nagasaki

Scrotal skin was heated selectively by a water perfused thermode, of which tempera-
ture was changed stepwise 30°C to 42°C (2°C/3min) in heat-, cold- and thermally non-
acclimated Wistar rats anesthetized with pentobarbital (50mg/kg, i.p. and 13mg/h,i.v.).
Changes in heart rate and arterial blood pressure were recorded during thermal stimu-
lation in three groups of animals, respectively. Heart rate and blood pressure were
decreased during scrotal heating, and mean value of heart rate decreased markedly in
scrotal temperature at 38°C in three groups. Heart rate of cold-acclimated rats was
set on the higher level as compared with that of control rats in time course of the
experiments. On the other hand, heart rate of heat-acclimated rats was the lower as
compared with the control animals. The most strong change of heart rate due to thermal
stimulation was recorded in heat-acclimated rats and weak change in cold-acclimated
rats. Decreasing responses of heart rate to scrotal heating were also observed in
bilaterally vagotomized rats, though the mean value of heart rate shifted to higher
level as compared to intact rats. It is concluded that cutaneous thermoreception in
rat scrotum changes the activity of autonomic nervous system which control the
vasomotor functions and that thermal acclimation affects on these responses.

502

CHANGES IN SKIN TEMPERATURE AND THERMAL SENSATION DURING A LIGHT EXERCISE.
OSADA,Y.,0GAWA,S. ,AND YOSHIDA,K.* Dept.Physiol.Hygiene,the Inst.Publ.Health, and
*Dept.Publ.Health, Sch.Med.,Showa Univ.,Tokyo.

Six young females, wearing Bikini-type swimming suits, were exposed to ET* 20, 22,
24, 26, and 28°C for 90 min on separate days. Humidity was 50% and the air velocity
was less than 20 cm/s. Subjects kept rest on a bicycle ergometer for 60 min and then
took an exercise at the speed of 60 r.p.m. for 30 min. Neither cool nor warm sensation
was obtained at 26-28°C at the end of rest period while at 22°C at the end of exercise.
Such a difference could not be explained by the change in skin temperature because
the warm sensation developed very rapidly by the start of exercise but the mean skin
temperature did not change considerably. Body heat, calculated by the heat balance
equation using variables such as metabolic rate, rectal and skin temperatures, body
weight Toss, etc., showed positive relations with thermal and comfort sensations dur-
ing the rest period but the relation was lost during the exercise. The reason of this
discrepancy between rest and exercise situations might be that heat balance equation
was applicable only to the steady state of rest posture and other equation was needed
for exercise condition and/or that heat balance at the end of exercise period in this
experiment was of rather transit nature yet.

503

FALL IN FOREARM SKIN TEMPERATURE DURING UPHILL AND DOWNHILL WALKING.
OHNUKI, Y., NAKAYAMA, T. AND NIWA, K. Dept. of Physiol., Osaka Univ. Sch. Med.,
Kita-Ku, Osaka, 530

Thermoregulatory responses were observed in 7 male subjects during uphill and downhill
walking at different speeds between 0.5 and 9 km/hr. The total heat productions (H) in
the former and the latter exercise are metabolic heat production (M) - work (W) and
M + W, respectively. During 60 min exercise at 20°C, r.h. 40%, rectal temperature
increased to levels dependent on M, but independent of H. Sweat rate varied in
proportion to H, but not to M. During 10 min exercise, the environmental conditions
(28°C, 40%) and work intensities were set so that changes in skin temperature could be
observed without an involvement of sweating. The results indicated that the fall in
forearm skin temperature was correlated to M, but not to H. Our previous studies showed
that cutaneous vasoconstriction persisted during exercise and increased work intensities
spread surface area of lowered skin temperature. These findings suggest that the rise
in core temperature during exercise results from the decreased dry heat loss due to
fall in skin temperature. '
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INFLUENCE OF BAROMETRIC PRESSURE ON TEMPERATURE REGURATION : STUDIES AT 2 ATA.
KONDA, N., SHIRAKI, K. AND SAGAWA, S. Dept. of Physiol., Sch. Med., Univ. of Occup. &
Environ. Hith., Kitakyushu

In a hyperbaric chamber (2 ATA), body temperature and body weight loss.were measured
at 30, 31, 32, 33 and 34°C of ambient temperature. Respiratory gas was collected at
the start and the end of an experiment. Metabolic heat production and body heat ex-
change was evaluated. The reactivity of the finger vessels to extreme cold was also
measured in other series of experiment. Subjects were 9 male volunteers.

The metabolic heat production was not changed by either barometric pressure or ambient
temperature. As the convective heat exchange was increased at 2 ATA, the mean skin tem-
perature was lower than that at 1 ATA in the range of ambient temperature of 30 to 33°
C. The water loss from skin was relatively Tower at 2 ATA at a given mean skin tempera-
ture. At the ambient temperature of 34°C, the water loss from skin was not markedly
increased at 2 ATA while sweating was initiated at 1 ATA. So the mean skin temperature
at 34°C, 2 ATA was as high as that at 1 ATA. Eventhough the reactivity of the finger
vessels to cold was Tower at a lower ambient temperature at 1 ATA, that at 2 ATA was
rather enhanced. Considering facts above mentioned, the possibility of direct effects
of barometric pressure on neural vasomotor mechanisms is suggested.

505
BODY HEAT BALANCE DURING A 4-DAY SATURATION DIVE AT 4 ATOMOSPHERE ABSOLUTE (ATA)
Shiraki, K., Konda, N., Sagawa. S., Nakayama, B¥*, and Matsuda, M*. Dept. of Physiol.
Sch. of Med., Univ. Occup. Environm. Hlth, Kitakyushu, Japan.

Five male volunteers, including 3 scientists, were simulated to a dry saturation
dive for 4 days at 4 ATA helium oxygen environment. Partitional calorimetry was
performed during 2-hour balance period in various ambient temperatures (Ta). Heat
production (¥) during the period at 4 ATA was identical to that of 1 ATA air.
Convective heat exchange (C) was greatly increased with a concomitant decrease in
evaporative heat loss (F). The mean skin (Tsk) and mean body (Tb) temperatures
were lowered significantly at 4 ATA in comparison with a given temperature at 1ATA air,
and a slight reduction was observed in rectal temperature (Tre). A calculated
coefficient of conductive heat transfer from the core to skin was reduced by probable
vasoconstriction at 4 ATA. Sensation of the thermal neutrality of the subjects at
rest in 4 ATA helium oxygen environment was around Ta=32°C.

A temporal diuresis was observed at 4 ATA, but it disappeared with increase in
chamber temperature (Ta). A reverse relationship of daily urine flow was observed
with mean skin temperature. An increase in urine flow at 4 ATA might be attributed
to cold stress due to lowering skin temperature cuased by increased convective heat
loss.
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