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A study of absolute and relative growth on rat skeletal muscle. Shuichi
UcHiYaMA, Tetsuro Tamaki and Shoichi NAKANO (Department of Physiology Division of Hu-
man Structure and Function Tokai University School of Medicine Bohseidai, Isehara, Kanagawa,
259-11 Japan)

Standard development of plantaris muscle in Wistar rats in relation to growth (2-86weeks)
was studied to define more reliable criteria of muscle hypertrophy and hyperplasia. The follow-
ing variables were measured as indicators of respective factors ; body weight and lower hind-
limb length as physical factors, whole muscle weight and length as whole-muscle factors, and
muscle fiber cross-sectional area, total fiber number and number of proliferating cell as intra-
muscular factors. When absolute growths were plotted against age, two stages were clearly
observed for all factors. The transitional point for the two stage was observed at 10 weeks of
age (about 300g in body weight). The first stage was a “growing phase” and the second was a
“steady phase”. When the relative growth was considered in relation to body weight, most fac-
tors increased in logarithmic functions, while muscle weight and muscle fiber cross-sectional
area showed a linear relation. It was suggested, therefore, factors concerned with muscle mass
and transverse growth developed more with increase in body weight than age. Furthermore, the
increase in total fiber number and the decrease in number of proliferating cell in the “growing
phase” showed mirror images, suggesting that most proliferating cells detected in the muscles in
the “growing phase” may be myoblasts. These results assure the validity of muscle weight/body
weight ratio in the evaluation of muscle hypertrophy or atrophy. However, it is remember that
animals over 10 weeks of age (300g in body weight) should be used for correct evaluation of
muscle hyperplasia for comparative or developmental studies of Wistar rats.

key words : muscle hypertrophy, muscle hyperplasia, growth, Wistar rat, Plantaris muscle
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A E (Body weight) - T B £ (Lower hindlimb
length), —E D HOEE & L TH KE Muscle
length) « 5 E&E (Muscle weight) « 5D E B
(Muscle girth), ES5IC—HOBOBRERT
H % BEH MM (Total fiber number) - B KE
D 18 Wi TH & (Muscle fiber cross sectional area :
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A. BB E DIE4E (Physical Factors) M

BE

ZEBEED Ty P IEREEZWER, Sodium-
pentobarbital (40mg/kg body weight i.p.) Bk
BTICCTERL, BREOWEL L TS0
B - R0 D IREE TR = B &S0
SEEER T ToOTEE (Lower hindlimb
length) % ¥ ¥ 1) 73— 2 CHIE L 72 (Fig.1-A).

B. —@DE & LU TOHELE (Whole-muscle

Factors) DEIE

i E (Muscle length) & LT, THREHZEE:H
RRORET, KRB TFTWHRELYEREICH TR
THE oMY, Sl L TREROEICEK
LHERRTAHLEZLND RRMHEM. Ex-
tensor Digitorum Longus (EDL) % & &+,
& (Muscle length) & L C EDL OEA %
T8 & EAL AT O K S (EDL length) %
¥y Y N—ZTERIL 72 (Fig.1-A).

E512, MTH X ) RIEAM. Plantaris (PLA)
R L, HEE Muscle weight) & LT PLA
DBEELPIER, BRRICTFIATAZA—
TP YHTHEI LA YR 5 Y (—70T)
eSS L, — A I3EREFREIC, it
FHREROBER IR W

£ O B (Muscle girth) 1%, HAEREH R
& @) X R R 6 MoTEHE,S
P oYl ,

C. — D O E 3 (Intramuscular

Factors) O3RITE

FEREE 27U F A5 v M (—20C) T,
2BEETIZ 208, 3- 4 BRTIIISE, 5~
L0E# T 4 78, 1AL LTz 6 54IL,
FBEALZ L IZE S 10pm O&EFE 2R LI
EHEROBEBRIBELND L ST L
(Fig.1-B).

1. F#HE DA WA FE (Muscle fiber cross-sec-

tional area: C S A) DEH

BoN/-HBBYRIC H.E. 2L, %
R (X460) TEEHE L, EEELIC—EH
DR — v (66.5cd) & 3 Wi T, Ar—J
WNOGMERZE Y v ML, ZOFHEE M
B o EE (CSA) & LThRL
7=,
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Proximal
—11 10— 5 4-3 2 weeks
——
2—50° <D |
DD OO
Lower @ @
hindlimb C D
ength length OGO D
OO
D
A Distal B
Fig. 1. A : Explanation of the measurement of lower hindlimb length and Extensor digi-

torum longus (EDL) muscle length. B : Method of obtaining serial transverse sections for

histochemical and immunohistochemical analysis.

2. EiPERERAMIAL 2 (Number of proliferat-
ing cell) D& H

2 BE~ 1088 B £ 15 - 20880 T v b &
5 ML OF5IEIH L, KREZWER, F9,
FIVrOTFUrTH ) EERNOEIELR
(DNAE ) 125 5 MR ICHFRIICILY &
¥ N % BrdU (5-bromo-2-deoxyuridine, “\—
Yoy TH—e=oNnA0t:pHRER L LT
11.6mg/100mg BrdU D /KEELF + 1) 7 & % &
& 2ml O AEBEBAICER) Y %, 100meg/kg
body weight FEIEATR 5 L #h A R BE R EA MR %
i L7252, BrdU #%5 1 B, Sodium-
pentobarbital (40mg/kg body weight i.p.) FRE{
TIZTERL, THE - HikrilEkt mTR
& 0 RJKFM. Plantaris (PLA) Z3H L, BE
&£ (Muscle weight) % I E%, BHBAEIZ CHBE
R L, Fig.1-BIZ L729%> TR A = 7B,
P BrdU% Al - BEEpiRE (B 12k 3
RERBICFENEELZUTOFES 2L D
Toi.

WH 0% = % 7= VIZTISH BEE R,
0.3%H,0:% N 2. 72100% A & / — V23052 &
L, AEEXLVFF T =¥ 2 /HIEL 7.

0.01M") >~ Be#R M A= B AYE K (PBS, pH.7.4) T
Tk, 2 HEEBRTEIRICT605EMLE L
DNA ¥ %4T-72. PBSTHROBEE®R, LH
vy VI (NSS) 12 T30 FALER L, FEHFERP
MERARE 2 HIEL 72, v T, #1 Brdu
IR (Becton Dickinson FL3) % E T L, Moist
Chamber P TEiRIZ T604 B K, PBS T#E
¥ 1%, HRP (Horse-radish peroxidase) =% 2 K
Pk G~ 2kEra 7y YHK) 2ETL,
U Moist Chamber P CTZ R IZ T604H K
&7z, PBSTHE£, 0.02%DAB (3-3-diamino-
benzidine) & 0.005% O BWEEILAFZEKE &L
0.05M M1 R - V) EERER THRE L, KA,
Bk, &#, HALZ.

BEAL & D155 - ERYA 6 8, &F12~36
WMOA 2B 5% BrdU MR+ b2
BEWETICTHIT ML, 18R B2)0FY
HREAAMR A B L7,

3. HEHREHER (Total fiber number) DEH

BSOS, WEREIC X ) 2R
REMLTfTo72%. Tbb, #ELLR
#x, —B, BYKTHEMRL, 15%HBERTL.5
~ 3FFRILE, KEER4TTIREELKICE
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Table 1.

Use of the animals for each parameter following age.

10 11 12 13 14 15 16 17 18 19 20 21-25 26-30 31-40 41-50 51-60 61-80 Total

8 9

7

WEEKS

{Physical Factors>

343
268

12

26
21

32 32 32

29

5 7

10 17 23 22 14 .8 11 7

5
5

78
7 8

5
5

Body weight
Lower hindlimb length

18 16

27

20

9.

10 17 23 20 13 8

7 v FEBHOENRE L FEREE L LR EICHET 5875

{Whole-muscle Factors>

268
428

16 21

30

18
23

27

20
34

5

9

10 17 23 20 13 8

7 8 5

5

EDL length
Muscle weight

31

25

9 8 9 13

7

11

10 14 12 10 16 24 37 36 24 12 16 10 7

88

Muscle girth

{Intramuscular Factors>

55

CSA of fiber
Total fiber number

72
55

5

Proliferating cell

L%, 4°C 0.01M PBS B L2 &512,
BEAROHRICFGEL-EBEY Y3y Ta—
FAYT Lz y—L—LRiBL, EEEME
TCefBiErHBEL Y v M L7
BONITXTOWUEMED S, PR, T
bbEREEEL LRSI #E
&, HMKE, $obbREOHB L OBEL
HRET L 7=,

W, SIECHEWAEREY OB L L
Table.1 {Z7R L7z,

I. # R

A. BRI R OFEIE (Physical Factors)

1. A& (Body weight) DR

BRI REOHB % Fig.2 IRL .
G, T2 bR REOHERRE
i, E%1088, FETIE00EfHE T TAR
ZEIML, FRLABEREmARe > & % b SFIR
O TREN. T, SMLEERLRE
D2 0NBMIRENLZE LY, R
£ & TR B E D% 5 (inflexion point) 254
%1088 - RE3008 fHEICARO . S50,
A 1% 30EE LTI BERZEATK & & B HEMH
Roni,

2. TFBEE (Lower hindlimb length) DR
THER O BER T ) MR T, REFK,
BHABRE LETNREOEBANR O, 2
DDAT—=IVHBHIEIFRENL. Thbb,
BOREFICH L TIXERIOBETE $ THRE

T T T T T T T L
[o] 10 20 30 40 50 60 70 80 90
Age (weeks)

Fig. 2.
weight rapidly increased until 10 weeks of age and
the increase slowed down after 10 weeks of age.

An absolute growth of body weight. Body
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Fig. 3. A : An absolute growth of lower hindlimb length. B : A relative growth of lower

hindlimb length plotted against body weight. C : An absolute growth of EDL length. D : A
relative growth of EDL length against body weight. Two increasing phase were clearly
observed separated by an inflexion point in 10 weeks of age on A and C. The increasing
tendency shows a steady logarithmic curve in B and D. The changes in EDL length showed
completely the same tendency as changes in lower hindlimb length.

REEHTH Y, FRLUEOEMTIERICER
PERY, ZIZRBNOEEIET T AMEMIC
Ho7:(Fig.3-A). T/, KEOHB L O
BRETHE, REOBICEE ) 3 ERE# & 2o 7

(Fig.3-B).
B. —B®DOH & LT DIHEEE (Whole-muscle
Factors)

1. %% (EDL length) DEH

EDL &i, TREOELLIZIZFAKOHER
ERLI.Thbbh, R TIZ2O2DRA T —
VHERLN, £#1 0ERTBEEETHD
EEFFFEIRTTAEWIHEBAIIREN .
(Fig.3-C,D).

2. BEE Muscle weight) DHERE

PLA BHEE OB R E % Fig.4-A

iR L7z, BREOCELL R, £E108EME
T CREBICHEN, FhIEEmSEer %
5 SEROMMBMERL, BHEHMEE (BREH)
LEOEMEE (REH) OE#BA D ERI0EE
RN, EH0BEUETIE, i ERE
DREL ZHEMAPRENIZ, S5, KED
WREHEL LEBEROMTRETIE, K&
oI EWHES b ERAREML, MEERIC
BAEELZEMRBERP<0.001) 5BD S
(Fig.4-B).

3. HOEBEE (Muscle girth) DHERE
Fig.5-A,B 2 PLA \2B1J 5 BEEELOKE
MR L, HKEEZRLAZ. PLA OFHHE
HZEOHRE T, THE L HEL L - Emss
Roh, £BI0BEMEYERE L LB
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600
500 - S . 4 .
’;, 0.." h . .
= A ¢, .
~— 400 4. O * .
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@
=
@ 200 - N
<
Rd
; 100 - A | B
o T T T T T 1 T T T T
O 10 20 30 40 50 60 70 80 90 O 200 a00 600 s00
A ge (weeks) Body weight Cgd
Fig. 4. A : An absolute growth of plantaris muscle weight. This change was very simi-
lar to the change in body weight. B: A relative growth of muscle weight plotted against
body weight. A liner relation with a high correlation is observed (r=0.98).
20
=
E 15 .o, .« ° - . . .
. « ®
. « % . LY
= *hetaelot®e? Lole S DR
P . e o ® . N ') o
. ..
= 10 e - IR
RS I
(<4 ..' . 'l
: . ‘: ‘"..:
w 5 0 1w
=
= A B
o T T T T T T T T T T T
o 10 20 30 a0 50 o 100 200 30O 400 500 600
A g e (w e ek s) Body weight Cga)d
Fig. 5.  An absolute growth (A) and a relative growth (B) of muscle girth. The inflexion

point for increase was also observed at the 10 weeks of age (A), and logarithmic curve was

showed from B.

EPRONAHRENE, ERLEEMISREC
G HEEHRENREN:, 2, KEOHE
L ORI, B lRTRE R,
BEHLZEH L ofPr L EBSIIRD L NE
- 7z (Fig.5-B).

C. —1f@® & O K & F (Intramuscular

Factors)
1. HFMEOBMER (CSA) DR

FHAED CSA IZBIT HHTHRETS, o
BREICRONA L) R ZER L 0ER
HH, ERIGEBMNIEIC S L Z LD LR

(Fig.6-A). %7:, REOHR L OMHMEET
i, HEELER, AEZERBERP<0.001)
»ERw o N7z (Fig.6-B ).
2. FEEHHER (Total fiber number) & FHMH
14 58 BA A0 B $% (Number of proliferating
cell) DHEFE
PLA OMEFEMERE, 7% 3 B8 (8740.0+
129.9) 2 5 1038185 (11086.7 £612.5) (22> T
L, #hllfE2 58 TlX110004H & T
EIEF—ET S LW EHmERL. KEOHR
RS MR E T, REINZIZI0EICEL
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Number of Profiferating cell

Z v FERHOT IR L REL EHE L LMK EICET A5 13
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e
' A e B
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o 5 10 15 20 o 100 200 300 ao0o0 500
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Fig. 6. An absolute growth of relative muscle fiber crosssectional area (A) and a rela-
tive growth in relation to body weight (B). The inflexion point for the increase was also
observed at 10 weeks of age (A), but linear relation was observed in B as in the change in
muscle weight.
(x100)
120 - . - .
. . . . . . .
ot v e : . : . . *e :': M
110 ,:.0":o' . ¢ T :'.:.'..:
. . .
. A4 . . . . . . ‘0
. .
[P .o . *
100 1 tie. . . - AR . ‘.
3 %o
90 - . 4 e
i A N B
80 T T T T 1 T T T T 1
300
s 1
. .
2004 -1} 1ty
i MO
100 - e -1 * e
. i § .
: c ! L D
[} .
°i., LI
o T ! 1+ * 1 T T e M t 1
o s 10 15 20 25 o 100 =200 300 400 S00
A ge (weeks) Body w eight Cg)d

Fig. 7. An absolute growth of total fiber number (A) and number of proliferating cell
(B). A relative growth of total fiber number (B) and proliferating cell (D). The pattern of
change of the two factors showed a mirror image (A vs. C, B vs. D).
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Fig. 8.

Localization of anti-BrdU positive cells (proliferating cells). A ; 3 weeks, B ; 5

weeks C ; 8 weeks-age of muscle. The three photographs were taken at same magnification
(x414) . Circumference of fibers gradually increased.

LR ETHEMSEILET 2 EEAR S R
(Fig.7-A,B). Thbb, MITEERUHENH
RizBWT, BEMNEE (BEH) L#Erm
E () »rsh, EREFERI0EE -
HREIOEMNEIEDONIERE 2o 72
(Fig.7-A,B).

—7%, E#3 -5 8:E#D BrdU FBHM
B (PItesEsimife) % Fig.8(A,B,C)IT/RL
72, HERAEDRBIC BrdU # B A A 2R
MAERROKICER L LCRDONE. 20
BT ORI, BRI D MR
ETE, £ 3:8E 5 1088V THRKRIR
AL, 10BRLDETIRIZEALBESN 2>
7z (Fig.7-C). F 7z, HMMEAMREIC BT
LEREOHR L O EETIE, HE300L1
L CHABA L, YR ECizEA
FER SN o2 (Fig.7-D). Thbb, &
FRRMERL & 5 PR TE MR o Mo BB sl R OF
M REMAIL, SHRELEL T,

V. % =

— B T, BELREEREICRE D M
BEOKEEL LT, 72, KEZHELBICE
FAMEEOREL LTELHVbh, B
HoRkEmBIL, STERMBETRINLI LR
S\ KEFRTIE, T4 AY—RBERT v
F O TEEAS, 2 PLA 2B L TFDMExT
BEB L UHEREE 2R Lz, ZORKER,

MR EHBICBWTIR, TRTOKETSE
ARBEHE & 7 BAEAASR S, AERL0EET LI
75% 5 (inflexion point) 25880 bz, Zhid,
B OBRERPICA S A IREIBE & &Il
AONLEENREDEBELEZON, V4
AY—FT v VERGORERIZAERI0EE
THRWTWwEdnEEZLNZ, T, Fv
N O EFEREEE D O RAERA & b —H T 5
12)

LaL, hEZEEL LANEETE, B
EE - MO CSA ZB MO T RTOREE
T, U LANBBEENEEI RS, #TRE
BRICR O N ) ZBELRERRIIR O
Mol MAT, HEERUHEMED CSA &
OB TRERBERAE Lz, ThdidfFE
FTEOHBEEOEMIA 206 THEY R
LTWBIERRTHIDTHA. HIZEEILH
WHIB OB RBIRATAL L 72 ZHICB L T,
FREIC X BB, ThOLEMNAELLZY O
HED BEECENTHHI L 2 E®RL, B

kBB VIIERTHET 5 ETEMETRT

HorrEZONS. T, BE—HREROEG
—HEBOHEINEETIE, 30AMDBEICBNT
BEEIKRE R BERIREN. TR
EHLUREIC EHVWTEZ 2 EBOARTH S
MEBREPOEETHLELELZLNS. L
Fedio T, 4 AF =T v MIBWwTi,
1088 & F30E F TH, BRBHL LT
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BKOEELIEHTH A Z LITRB SN,

7, TRR:HR (EDLER) o#HE
AR R MR E & MR, &4 RO
R —VERLTW, I ki, TERE—
EDL ROMMBEMBHIERBEHRERT L
EERTAHLDOTHY, EDL O ELMZZ
BThE, ZORENTROBTOREIKEL
TwbdDeEZONS, T2, REH (E#
10:8#5 % T) IXBIFA2MBEOHEB 2 EHRATER
L7:%4, THE (Y=3.50X+15.8), EDL &
(Y=2.14X+10.8) &£ 2 V), ZDEEDPSBD
B A% EDL OBERICRREIT L TAH I LI
k. $hbb, BORMAMNOBRED, &
DEMAHNOREICETT P2 L 2%
TH5LDTHY, MEBMOREBEFRE & 5108
RTBbD0THHEELLNS. 512, TH
FR U EDL RIZ10BELAEIZ & A L BIEL T
RV EDE, T4 RY—REET Y FPOT
BEX O EDL OREFIZ, £#%10:88 % 8 X725
HTIEBETLERECS EEZONS. F
7z, PLA DR E R EHICHZET A L, #
DREBL»LHEETH L Z L5 EDL DE
SEBRLLTHUELLY, 20k %25-%
DBBRIL, PLA #SL TRHEBICELTE S
bDEEZOLNS,

—7, BOBEXTRTIEE T2bbHoE
FEB L UMD CSA Tid, HH%10E# L
e d BRI 5 2 L0, EBIGERUED
HEEOHME, FHERE - HHMEOCSA 2 &
TRENLFHOWEIKF L TwBb0EEL
L.

E 512, PLA 2BV 5 BHHEMEE DK
R R ORE & AR BRI T, £#10
HE - ARE300 0 F TIRIEIERICH Y,
ZHRUBERIZIZEETAR/EL o7 BKEI
P BB OBILICEE L TIE, ZhETwnL
DPDMEDN R ENTVED, FOIFELEAED
EREELLZV, HDVITEREDL %L (2
~ 6 BEY) KEZLPZILETHELDTHS
10133920 gL, Zhb0RFFEETE, M
REDFr 20 S B RMER RO THB Y, ZoHE

TREHBELZ U LicEB s L3 L
W ENHEREENBY, BRD SV IE/NHIE
T AEREHIE A X VIO KEFZE CII AR
MEAZHBEL, WM Y XY IEREICH Y b
THIEWRED. ZOFERDECD, BE
RS hi-bnlbEz oD, E512, 50,
BRMEOBIE L RCBRT AL EZ SN TS
PRI 42220 % BrdU % i\ 7=
ML FECLIVAIE L. Z0RE, &
BEIZ BV TER RO BrdU BHERIE BN
WA RO b N, FoRIIHE R
MCIAERL0AR, AAXTHE R TIZAES0
g F CHRIEA L, FhLEITE A ETHE
TAHEMOTR SN, BERMEROHRS L IR
REBER L. IS, BREHO/ICIIHEE
HARERG (B 3E IR & 2 3 e LR 5 2 M)
FEEIN, BEHICTT 2EE 2RI
BT 5 L9 Allbrook et al.?, Moss &
Leblond'” D5 & — KT 5. 72, AW
BWCREE L 2B S, Z0RE»SH
WEMBTHLEELLNE3HITIE = L
5, HEHIGERTE T THEREOEIMAR S
BIEREMTELDZLEL NS,
DEogis@srs, w14y —2M%ET v VB
R OBEE E OB RR UCREOHR L O
SRR RE LR, LTOFEI LN
7=,
1) ERIGERTESREN L ZREHOEB S
Ths.
2) RELZ L AHEBOBENISHORK - &
MEERTAEMRIGEL 2 5.
3) THRIBIZBORERUHOREIR, 4
FIEKTIZIZET T 5.
4) HOREBZEL, E£HRI0BETEREIED
N5 b0D, FRUEDEREMT 240
iZd 5.
5) FRAED CSA LHARE L OBICIZERER
PRIALT 5.
6) MAHMRMES & S TEEA MR & D BELR A
5, FRMERIIERIOERN T T T Bk
msaEmcH by, FRLUBREET 5.
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) BREBICRONAHEREOZMLEING,
R, B CSA RUHEEOHEM
X BHORABEROMEN, ThabbHORE
ROREOREHREETHY, ThED
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B, ThbbHEHEORMKICLZEDTHS.
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LERT  HAHZARAVRN (EHEEE, WEER SRET

L 5y bOBH L UERARERIC RIZS HEEOR
g

BARET, EHEER RRHEAGET, BEME
)

T Vs VKB, ATRRRTOS , r&EWT B&
[ D BB BRI R TR DRDR & T D R
Fa#at L.

Bx O BBIB A N2 ok =5, EEOHFE
TEEERIE L, B RO IE B) 2T L
fo. Bk X O oBAIHL B BB TEL, BX
BLOKEMEIER % 7 L. SR oOSAIBLEEN
DYFIRIEEE) &G L, REHCBEN TR OB B
EE 2 IE Uic. o6 ORIBIL R B oD - o,
SRPIBCERAL D BUE 36 X ORHIe 2 703 B itk 1Rk O
EEEFIBC X 0 IoHE L, BRI 5 A5 B
TIN5 & B 5 X OB R AR %) B
ALK L.

LlEoBEEL b, FHENE R X OB OB
CRIETHRIT, FIBEALORE & Gih b O Mg
EROBE L, B X OBEMEL T 5 HBEEYE
DB ETHRGERIETH S Ehbod ot GFIH
O FITFIBT AR H v, Bk LR
Pl 2R & A LT, S oisnskE
kA UCEEBR /A L, B LTir&iig
PO FREREEL N U lERT 52 £
i oY o

2, GIEBERIEAS A— 2 — DRI L BERM
BoER

HHE—, ANKE—, HHET, AFRZ (X
e, 4H)

[Ef] EHZESHHMTSL, BERSIOERC
F L7\ prepain E R FREIND. ChboRE
W, RIBGEE, H5CIRBIEE L EONB DT 2
— 2 =B AREICH LR L VEREL ST 5.
b MCDWTI T - o R LI EE O RIS & B0
THLBERENMETTALHBEIRTVS, LL
b P ERAWEHRE T, ERABCIF S HNE

“WIEKRERT

5. T, ABFEE i, Kenshalo & (J. Neuro-
physiol. 1990) A FA T\ B HRREME LA &
A 7B, WERIBAT 2 — % —DEVCHBREE
MEE ORI L, Wit 588y RISTH
oW, R VFRINAREBEL LY
RATEB LS P v—= V7 LIy rieDOWT, B’
FEmz .

(7851 LB, Mtk B A 1 (Macaca fuscata)
RV, A, BRick»hicikrborz v
T L, Kz vol» izl ARLEERTIEC
oA E BB EE%Z N LT, duration 0.2 msec &
BERENES S bhDb. PBGRE Y, wENEC X
DFER IS0 RS ORBEME (1.0T) oL, 05
T~30T K&eE+5. i, FIBHEE L 1Hz~10Hz
&L, YANEZ vEBT LR 25 (I1). 2~
B, HADRKRE vER—-—ALFTHE, 11 L, &
bic 0.3 T~20T g (12) iz bhsd. H ik
ZORIEFRINIBREREERCERALT £xv
#3743, CORRECT TRIAL i3, +An12fI8Z1L
FRHILTHEL v 2L, B2 B Trial Th 5.
COEBRTIE, 12 Ok—n FEEEE 3BIEHE L.
DD, 12 2352 bhTob 3IBLAKREL v x K
¥, ®|Bi» 5% H5h 5. QUICK RELEASE TRIAL
W, A 12 FIBELRTE, Hx Rk LTLE
W, Trial 2&#% ¥ CEEL T, AfTERPTHKE
LTLE o Trial Th 5., = oBawrit, BEs
ZbhT, cue light REITTHE TR, BHEELSL
b interval iwing, 308 @ interval oiLE,
¥ b, penarty time 2 jn& X 5. HOLD THROUGH
TRIAL %, +a2% 12 PIBEBERE (LR ER L TR
v LT Trial Th 5. ZoBRKd, £BD,
QUICK RELEASE TRIAL [, SB35 % Hh,
penarty time 2 INE I h 5.

[FR] 11 ofBEE L& LB E, R
R Lz, 12 ok E vz y, ARIRREILERE
L. 11 28 3.0T o, AT HAC S
D, I1 2N 05T X0 20T oRfcHE L, EEL
fc. quick release (X 11 ORBERE M FEV T L, F i
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hold time AR\ vz &, HinLic. REHEEH, 1Hz
F X 2Hz DRy, hold time AT it - T,
quick release {33800 Lic. WBEHHES 5Hz IO
10Hz oRicd, hold time A3E31ICht - T quick
release (XM L7-A%, 1Hz X0 2Hz o0 X 5
T, KEREMIBD LR, 7%, 11 53 05T
B30T D EDHBERHTD, 12 F{AKE IR,
FRFIBBE, BV E, 5B hold time 23R\ 3
&, hold through (&4 Ui-.

3. A TIEHBERER ORI Y X LD
AFERE, RERE, *John E. Remmers* (BEE
K, B h K Y —K, B, £E*)

ek, WRAROWMECA GBI TE e FEHIAE
OB TR, RIEMEECRETHY, £
D CAEF Y ELPREFESHIVThIR BN TH
b, RABY CHEINDHEHE L TR HHE R
gk —vER LI, §E, »=n Rana pipiens ‘T
RE R TRE I B A R EBL L, in vivo T
BEIND b 0 LRAKROBKA L B RMEPR RS &
R RS % — v G Lic, KESHELih =L
TR, EB X v L NREAR L, HEE
BERINS & R % TR T 5 TR & B L ik —1f
BREAD 2BOMEBEA X ER LA, 1004 BFET
ff1 L= pHT7.9 © HEPES &##rt20~22°C T
Ll HEEXE,1D, 5~20E/min ORE LicHR
PP AR ILL bicdote D EH Xh, R
BEANMER (4C) T3~7BH, BETETH-
fo. PNE—PREATEE A D 8E X BN MIRME IR B 1 X A D
FEH -z - vER L. ETHROBEEEHE O
BUEBREIHHEETH Y, ETHREROES L HR
B AEBIR% R Lz, Strychnine 10 uM 13, =0
FARBBIRE RN, Wi 2 — v iR e &
%27. JE NMDA A D 7vx=x=2}F CNQX
(0.125~2 uM) OBAC L - THREEABTAREE W
CHEREL, YR ABREBIMEL Ui, RREH DO 2
— v glycine [RIFEIMEEE OB, R Y X
LATEBIC BN T 3 BIFBIME D v T A AN DB
Engx bhi.

4, FE oD AN M 515
BHEX (B, B, F—4EH)
BT % F (Prehensile hand) 13 ZE EEH OEET,
FOBEIAB TR L{BELTWS. FLF0E

N

o B HREORIIFEFRC L O THERHEYNEL
Th., o TFOEBRECAMEE cHEIh T
5LEELNLREIRNETHS.

KB > v OETRE ST, FOREERNC
BOE LiciEB e mTMlan b %, ZohFERBED
o —v VOHRRIEHBEFED 2 — v OEE), Bz
VIR R SRR X B REEIRIE ORFICEIRANICTEEN T %
=a—vVYRpD, TZTWAWARBOASL , F%
BeT 2 BHREL YV CETIEA b =2 —r v
EEAREE L. FEEAHFO=2—r VY ORIGK
3, ERERDSMCHENERNB LD DT OWE
o0 CESHBME, HEEMLH, 8% EPHRo=
DD &4 TSR L. BERRIGOPEIRSY LR
LB TRED OB H D, HROEMPHRHEY =
— FLTWB EHA X RS,

= ORI T RIFEHBE = - — v VIXECHIENE
B OBBEC ST 5. COREKRCHE E o & v
E-AEEATHENGORCF O LA bR D
Preshaping DEENFRE -7c. X HICIEAEMEEE
BREETHE ORI D 3 RITM T AL AT S = 2 —
r YBRERR IR §8 o THEEEOHIITN G 02
FRBE LB T 2EE =22 VB DT, ZTIh
LFEF= o —r VERDBERES L - T B &
LT 3 (Rl

5. a FOohF REBEY o014 FEHE LR

KR—F (FK, E, £4H)

T4 XK Ee Jasper D10~208THE Li- &R
BUERE » VBB EEG REH LY Ui, K%
B X5 EEGiZ a gD v -2z & 2Hz ),
T OXMIEE %o 8 L. EEG 2Hz LT ol
omega I THHEEHE LK. EEG # 1 FHsE L
e, BAREIR O 1 REG L OHEOANE R
LTHBARBTHRCEANT S 7+ AR HRE > § o
U— b LickER, T=2~4m oL &HEC EEG &
BoOH A AFEL 8 OFEME LIz, T OMEsRE
iz X b, STRANGE ATTRACTOR 0 5\ Rt
B Eb T, MEEMOGEIBAT S HFREE
b, Bl ORI R &S A ERSERET 5
4 o Lyapunov {850t « I 0.03, 6 T 04 &7
Lic. (MM oGEE(LZ TR TR D 5 &1,
T=25m BIEE LT, SFREHRDOI + AERERA
Hfe. BREEFEECH 4 O A+ ABRHARERENRT, V.,
FY VIS DRITHBEY & - VBT LA AL L



DR R % BFIHE . H o A% & — VEREHE
BREECTERAIC S A A% - T eBERIERAY
FKic. KRR, EARRE S 4 AXLEL -7 .
Ap—vk T=25m WIFMZORER L - TN
ERAESY LT\, £612 DNA o&EHY AL
CiE#E =entropy % H7) LCHEKE 5. omega it
ERDERERTH D, HFEOAHIERICH A AN
RELTNT 24 AGHRO—FHEF 1 704 ¥
DEMIREICE S X h.

6, £ELIFLVITIATAY MoRITBIFLY
BERRD ATP [C L 2EZ 0B FEMB T DR

KL Hl, *“AEETY, KB B BEk GF
WK, B, £H .51k B, JRr . wRA, §, &
bhbh3RE BAREFHRASHEHMORER “» =
FHIFBE" 2T £Ehitrvvr 452y
FED AT VIR ATP LS LS VOB
BEORMECRT) L. EBRARNLA ¥ 1 BAESS
DL LI id Y v a TRy FERGO 3
AV VEREEIRICR I Y YT 454V EHAN
o TO7 452V ED Ay VEEOS0K 23K
EEMOEA Witk (Sutoh &, 1989) R f+E X ¢
EH ORFESNT (ER 15m) 2A4EIe5
CERXOMEAD I F v VEROEBE TR o, &
DRKE LT ATP FFEE T BHESABE e~ v
v L, BBEHRicKER (25~30C) 2EREe3
LRI DEABER - REBIED. ZoRFIER
B ATP #85 Lic &\ 1 4~ VS (&%
F) ONBOBEEA 2 -2 vy 7 L— b BRAR
BOESE FELBMTIo—) ko ®E L.
ATP ®EHID ¢ 7+ v vERHMZB R AESEZOH B N
TEL Uit Dicic LT, ATP #5ick b s+
VEENL 7 4+ 5 4 v BECFETIC 10~30 nm BE)
ToHZEdbh ok, TORBL s v v (M)A
ATP Lf#5E LTRIGHREME (M« ADP - Pi) %50
T35E07 4 54 v FEBARK 10~30 nm &< =
EERLTA,

1. 1RGHETAIC & 1T B HIRI54EA Ca & ek
A Ca o1&

BHE B CBEERMTY, EEE-EIEEX, 8
—HH WK, B, F—4hE* NT TEBETHE)
Tl S B R BN SR R M TR, Hif

W & 19

o CagAvEFIAIRTHBZ LIZEGR TV,
Lirl, HREEEOBRMMERD Ca 14 VALK
RERETHECSELHE, TOWHT O P Ca
14 vIREOBINIRERR LT 5L E5%2H
BRI LTED, WELRBERTHS. SEbhbh
3, FHAEAES YR ERLFTRETA L
X b, BEL>DH2BHERD % BIRMZ Cafree
BCEETHCENTIEL Inote. T8 &, #fast
Ca 14 vE IR L b 5T, WERHETEE X
DREFL, TORRREALU it o TR L.
R I N RHET, IEH OBHEDTI~80%DEXTH
500, REMAMEOMAE BEOHBCRE LD
biisds »te. —7, itk Cafree ¥ T, RHER
SRIEE Ca R THRETHE, BF RERIEC
B3, FlZh¥ THRE LTWicEERRELEL L
to. MfatkErG o Ca-free BB A ERTC S &3
&, BOREEINBIA Lic. ZOBEMMNE, MG
BEZHE LT3 0 Mifagifs o Ca 1+ VIiRA
Thbh, HRRHERS D Ca 1 4 VAL, BREOK
RIEXEREREZ LT Z W LTt - .
X T, RMERS OMIEA Ca 1+ vBER, BXA
5% Flou3 % fiVCHIE Liz. 35 &, Cafree T
BRE LIcREECiafiiaA Ca o 4 viBE 2 50~80 nM
TH b, EFKRFORME50 nM) D 1/2 TH -7
ZORMIREA Ca 14+ VBEOE T Ca 1 #+ VAN
BIELIcz b XBEELDRD, 5T, Mg
W, Mt Ca 1 o+ v, Lasdh #ilapy Ca
EMETLTWTh, BEREHEF RSB Z EXHL
Eilgote.

8, 73/ MEEMEDIE

s BB (EREX)

Bife GABA L7z s VL, HRMERCET
SEERGEYE L EZ bh, TOBEECOWTIL,
TRFENOREDL G F v A DN T, FEEA
VEIETThRTWA, L L7 § 2 BEEWE,
BECEL T TORBERACHLE, R LUTEALD
DTRIEh -7, Bz 3 VBT, FEFRAEE
RV FTATH TS BEREEYE CH DL, F
DRBCIIEDEEYBE LT, BRI DD
ol ZTOBHO—DF, 715 VBRI RETH
DR TWIGEWE L, i ESMERR -3
LERLDENSE . T ORBOREMY, FORTE
DEEBEWU D A HE L, ILIFRADRERBICOL
TEEL TR,
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$45E BALEFSPEMNEMLSR

B KPR 511A12H
% O IRERRE

L FJIFERKE BN &K

1. MEARSCEET S0 b=y LS 2—

YREHRER, KATE, BRI, AhARELA*(FL
X, B, BTEE - S48 - Il TEA, XEE
)

WEARH o LTHEELEEE LT, BRARS
DOFROBKCES T3 5-HT veFx -7 x4 7 (5-
HT_, v 7 & —) Xk, vyvavirsrsn—
ACHEEL7cAd XC, B 10em DB &40 « o
ML, DfmOEBEESE L, P OB L EE L
THIEAR S O LfTfmEai s L, B bR
THRMES - BIREBR L, B ZRBIROS B2
LIPS B ik R fl~F « fE R &, TPl
methiothepin (1.4 nmol/min), ketanserin (14 nmol/
min), DAU 6285 (14 nmol/min) T/ Lk o LT
P HE OIRIEE, ThFRNRBO 98.6+£11.1% (n=4),
905+55% (n=4) 3 X 0*87.9+105% (n=4) THh-
#-. ondansetron (1.4 nmol/min) & ICS205~930(1.4
nmol /min) it _EFFHINE R 425+85% (n=5, P<0.01)
X0 50.0+7.3% (n=7, P<{0.001) 2T #%l L.
—7%, Loy cnflyaE LT, ETERE
BRI ERich o7 D EOFERIX, 1 20/
TIL, ERORIEC X - TEET 5 HIEARE ORO
By 5-HT; Lt 5-HT ve s/ & —+7 x4 ik
BiE L\ 2 &R TRE LT 5.

2, BRECAEONBISR2—EOERARTRFR
M FL YLV EE 2 —DBREHRICONT
ARELT, *RAOBEET, *BREEHR, “BEILX
(BILRILKA, H#3])

R ROSMER T HRB MY TV AV
e €z — (UT]) o547 a8 L.

[58] UTI (mol. wt. 6.7 55, S.A.2,700 U/mg %
H) OFE%, BRI ORE IS (Thromb. Res. 47:
14, 1982, B.B. A, 966 :1, 1988) o<, *iciM:
Eds13. Peffer »F3: (Surg. Forum, § : 248, 1957)
TR L.

(e MBI 10O R T ¢ FEET
T T TIRB T, BELIESL 6 ~ ISR RIBICIEI T

“BIFEARTT

¥ex R L, 4w MeOSuc-Ala-Ala-Pro-Val-pNA R
° pyro-Glu-Pro-Val-pNA TH~Nfz= 5 A & —¥iE
PR B N T 6 LA E (n=5, p<{0.01) JTH L
=03, UTI o i, v. 58 (2~675 U/kg) TIXZ 5 L
FELIT AL Sl (=5 A & — L iEH65~
789, p<0.001), %7, BABHO=F A5 —+¥
OEMLS =7 AF vEEA L 165 U/ks BE5T
9%t (n=5 p<0.005) &\~5HHEXZT
ZEMbhote. LasL—F, =5 Lk UTI o
1% in-vitro T—EEIEMIL LBEREN LUiae<R
BbhRWT Enb, B4 ve € —ERKc s
HEEFEOWEMEIL S B I iEEIEER ol R~ Dl
LT “HEMRE" 20 Tnwbsb0L R S h
7o,

3. MEEOEMEEICOUNT

NEEE R, *V o+ — 7 R 1¥ *BRBEE 1
THE* (BRA B, &% S v o -k, E,
R RO MR * - FH, FHLMAARR + v
}; _**)

PR T =N, TIIAY AF =N, =hVYT
H=n, =kvAEVEERBEIBIOE FEEH2E
2fER A, RHEFEEAFEEIAUEL A =X A
DEBETCIIEE > T EE X b TE TR
(Mellinger, 1881 ; Borison et al., 1981 ) DM@ H-FE &
HUt. BRBR7HEEALT 4 VTRT 7 VIV 2 A=A
RV L V= FATAF =R IERL, & O
Arrr75 3 Tz bR, BEBRACHEAC X
5 BRI ELBETHThOBIC L B LVER S
bhhi., 7 =Tl AR OBRRRIE &
HAEE B I, MAEEERTESRER CEH:
THEGND bbb, BHEELTL, BELRY
b7 bW ES RS T A TEN A bR S.
zheix, CTZ, HLE, MIEL A RIABEER CEH:
RIS EMALE TR D, FAEH IR OIEEIIVE H DR
Erdbo bR LT\ 5, FEROBHEIREL
T b, WHIE S ENRIREEERRLERIC AT
HERMUE VLD, &<y 2 VMBI LRV,



BAIH VY g vy ASERREEC X % BRI TR
H Ui, AREGERIHNGIC, ERECEEBICE
HEELEETA ERRLTW A,

4 WIMIERICHTDRMEKD/5 S 2 — MERE
BARER, AEE, BAEX, HHEB(FEX,
&, $_4F)
ARMFETHEFORL h S PIVAROEMME
EBTH. o LSS RMERCA A N - T
LERTHNCERTESLE WD ZLREETH 5.
BhMEN TORMKYBET 2 EMGCILE TS
Va— MIREHLTOBDORREBRE, £2T, 2
T a— PIRERT BGOSR EHELE LIS
Fe kMR % v TR

Btk LicikBk%d 0~4mM o diamide T37%C,
OB LAY b ) vEBLMCEALIR T, kK
MEROEBELET Ik, KET Ty ¥olE—I5
R A B U, SR U7k MR 2 V0T L, R
MEROEE, mERBOEZLHE L, BMIERTO
FRIER DB DR L BRI EE Y e
RIMIRA 25 ¥ o — b BEEHT B R REN,
Bem PUFC, RVIEHH 2dyn/em? LS ESETH
sle. A7 b U vEBCICEAL IR TRILKD
BEHERETIREE, 7 v o — HBEHSLER
A YISINEHEINL, ComENRS NIk
MERICET HRMIRD T ¥ 2 — VEIERE vt
A2 — ZHETRE Uic RIMERETARE & DRI % 7B
RobHDZ ERELMETR 5T

5. 7oFYUERREBRRECH(TDHRHEILE
HoEkmiEe

“BEAE, AMER EHMEY (B B, 8
—43 . [BEPY)

BERR CMBEE C R TEMEOEEY LB - &
BT, TOBRCBELTHE IR Ih T
v, SE, kK27 VT I VAERACT TRy
BRI B 5K 3R O R IR FL AT IR ER A o vkl 2
R, BEOCEE L N T, TOEREECOWT
BEt L.

ERIIL 6 7 Bl v+ FA8m % Vi, BERRIT
I2B5F A8 7 R v 80 mg/kg w5 L, BERFM
BT 200mg/dl LA ExRT S O Fuvi. 4 v
AV Vi e 85 Ligh ot BRBRIRESRL D
4BH, 128, 4BV, NBEIIEREA

w % 21

DEHFEEL24BRAET Lica v b v — ARSI,

EHEBE 10mmHg TFCi, BERR 485, 128%
BIOBEOGHEALET oM EL, EEFHRL
Va v r—A24BREL NCEERERED LN -
oo L L, BERB24EME = v+ v — A 248K
L TR 25 mmHg, 35 mmHg, 45 mmHg & JEk. EH
SR 2B, BWRFEHOHTFERCMILEDOH A
B 7.

BRI CUBIEIE % 32 7o R 32 & 48 #EE LA
CEREEEZELLTEY, EBERXAM LR
RTREMICH b3\ 2 & HFRE Shic.

. TEAA F Y BREOENR B ERGIRE
BICRIFTHE

RESHHE, fE % HFEERZ @R L &INE
K, HEoH)

FINRIFIB SR e NaCl 2758 2 FFEEL, PRI+
NaCl BE» ERT 5 &, #hERFD NaCl BELE
b3 580, B &0 NaCl Heh s 5 F—&
B, BEH b0 NaCl B B3 5 F—B R 4
FETHZERRELTCER. SH, BEAOA A+ v
REZCSBEEBECRIETHERHRE L

FAVTE-ARBTHER R OB % 005M,
0.1M, 02M, 05M o NaCl, KCl, Glucose % T
BERL, BEREMARRET S EIE L. NaCl, KCl 5%
TILBE O EF ol CROPHRIBFENI B Licahs,
Glucose HFW TIRE Linh 7. b, Z oMt
PESHET AL, WEOKAE IEKE LTURE Na
Bt EoWma B L E0 KR X b, BEA
NaCl REM#EMNT D&, ROHEREE A H L,
NaCl 2B Eh 58, Na oHEtE2H o X 2 %
feedfoward fyis =2 v b v — ADEEET B ATEEM: A 7R
wI i,

1. 4 BHRERAN S 9 LBAFREDLOD
WRECADROHI bV KUY 7 OMEREEE

W OBE RAE— B 8 F Z(ELUX,
B, sS4

1 2 GHEARETROBEAR 4 Tyrode % i
HWTHZ eI oIy MBEMTREL 2 EH L
7o,

By ABARALLTE, IEEOEETHS
Emax (32 v b e — A RHERTLOYES Lic. Fi,
—MEEBFEER (Vo) L EAKER (PVA) i1E
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BEIEAE R L. = @ Vo,-PVA BIGo YHEIGH o fE
1%, PVA JEKEM:, Tinbhb BB INEHEE &
HHeMBINhD Vo, OMEET. » vy sBAK
Rl Tirz o Vo, B L. LEOEBROKT
B ZORELOBEELG I b2 v Y 7OBEYN
By, BREBCHEL, $bav Py 7 OMRERESE
BN Thbba~ rBERE L Lok
gk (RCI)
I R (State II1 O,) wsRobde. Fie, fEM0T
KROEFELIEOBEEOH I + =2 v Y 70 RCI, State
MO, N, H ATy 2BETHALLD RCIE X
O StateIll O, 1%, EFLIEXEREK (P<0.05) 7
SWEERR L. BEOERMS, LERENETOR
BRBRLNLT, 3 F2 v ) 7ORREEET, T
b bELR ) VRGO I B Shte.

8. BHTEMICIIT IR ENFROELAE

IWTFEE—, RETEE, ZE%Z, @R 34 @BIE
K, ETHTE)

FOABIR IW-RE, Rl CEDAXMRER LV —F
— PSS —Mfs 7 e -7 Ay, BET Y +F O
KEMREZE L. BT TS r—7%AT Vv
FEEy, 7 ICMEECHAL EEFCEE L.
2BMBRE L RmBEAIETED o L 2R L,
KFEHA2 V7 I vATHE LMOEE v—¥—F
75— CHRIE Uit & & b8 U, JEHE I X\ HHB
w187- (tHES(EEL : 0.84 7 0.7). Z v A FAxH
B 1B OB I3 E Bh A I k13 5 Nitric Oxide D%
#| %45~V Nitric Oxide SFAEX TH % L-
NAME (N-nitro-L-arginine methyl ester, 40 mg/
kg, iv) ZEi# 5L, Bim (5 mi/kg/min) #{7\, L-
NAME %#5F il U 7o SREE L 2 i Ui,
L-NAME ##5-+5z Lick b, BROE R FEC
ERL, MOBEERCED L, ik, Bk -
THREHOMMITIEI—ECfieh ko s L L-
NAME 58 ClMnfEEemd L. B E X
b, Nitric oxide |ZR4IMHEDOZEREHERE, 3o X OB
FEBASEEES LT 5 2 Ll .

9. EMEES v FOE—KEEF
ARETER (BEX, B, $4H)

v b DIEHABIRK S ICHE DA AT occluder &
IVIMFEEZ ATy FREER IR, Z0& Zomio
B BHRTEICRETICLRL D, 2HTRS

BT EERLEOEMERET S State.

& ¥ &

DRERMEO»SZE—HERFERDHZ L 28 R
5. [EEABIIRAK SR (hindquarter area) (% ift FE
BTFR ol EE >R BR A E L Cohi
13 5§k (hindquarter compensator)Ch %5 5,
roHRRET ORELT WS L E X bh 5.
occluder = X AEAE OFFEIL 20sec & L.

MmE% P & L, KEMmKEx q & L, occluder & X
HIEMABNRFASRC L 5Zbx 4 L L, ¢c=(44q/q)/
(4 P/P) %3 Li-. autoregulation 2352 L D & X ¢c=
0Ly, MEAMECLFTEEE c=1 &k,

EREEDIERE 7 » MICk\ T, hexamethonium T
M D Db, B oW it EEH 06 TH D,
RYPALEZ - VREEODL, ThiX0l &t o
LEMESRLK TN SOMHEL 23 £ 19 TH- T
Zhuk, BEOWES, MESER Lcs XA
B AT, MFEEF2ERNT5RELF-> w5
LxRT (ME EFERTS compensator, L, &
B B IEHTEEN ).

10. 5-HT 3 LU phenylephrine oEILE v b
HHBRERARICHT IR

RiARSERL, LR R, & WE, HREREY K
BHE>, BT B REERN, =R A, A
&, THE= X, SR So4m . m
TFEK, BRYFERFT)

EAE , FBEERAEEOEENC X T DBk
WEFHTH BB TS, SEFAELE
» MEHIEER AL AT 5-HT % X 08 phenyle-
phrine OFHRIOERH LicDTHRET 5.

BIRERKFLRME L, %73 control & LT 5-HT
¥ %% phenylephrine X3 5 RKIGHEE Lic. K
&, prazosin e ICS205~930.atropine » £ f& antago-
nist & X ARLE 0%, FE 5-HT %72 phenyle-
phrine ##5 L, antagonist BB L 5 KIENDE
fL2BE L.

5-HT = X 5 TR ICS 205~930+atropine ¢
HECER IR, prazosin CRIARETH -7z, —
7, phenylephrine € X %A% E 1T prazosin«ICS
205~930.atropine i X h B ZICE I iz,

ThboOFERL b erE, HRHERAIOETH
Wi 5-HT, X0 a-Z8/GEELThB
EDRBE A,



M. 4v42—-04%v 18580 ACTH #XRIS
FF+ e YA yBBEICKYEBETD
WOk, iR, WHA%T, HE BUUAX,
B, A3

SE, a4 v —rAFv1(IL-1) BB\
vz 5 vy, v E(PGE) oey#b5 X h BE
3% ACTH Rk OM: C NS L5
DEMCOWTKRE Lic. ERTEROECHEMELE
LA TE v 791 Y VREER T oo, £
8, IL-1 5\t PGE 0# RN 5 X 5 ACTH
WARIGIE, HohLdF v 791 ¥ vREEET -
TR EBARIEIZND Z EX G ot ¥ —2%
BA L VARAT LicRicBE h s ACTH AKX
HNEF » T4 v VBRI X 0 [ SRR S e
wiz. CRF /g (0.5 pg/kg) O#IRPT G 3
ACTH BRRIGEF v+ 71 v VIRRIE OB E % F
Fizdoieh’, CRF ok (5pg/kg) #HE5T5&
Fop MY VBRREES , P2 vir -5, P X
DEBIAE ACTH AKX % 2 L. LLEDfE
Bry, £5853ht IL-1 5% PGE (35
POBEEE RO CRMEL B L, = hd ACTH
ARG O PR IS L BRI b 0L HEX
5.

122 A =a—-yYy v Boisoform(81, 82)D
7y MEEAST L ZO4IEPNEE

AL, BR—C, BIFHE, vV y=req7,
Fr—aoimA, RHELL EHEEEE HERL B
B 1B ®IIEKX $£—4H

Ca/nmnEv o V) MRFEHRLY vIBLBER TH D A
Ny=a—=Y VL, a BD2ODHF==, + X bz
BAFuFL<—ThB., “OB¥T==, FiCiL,
WBREBRNITA V74— BILAFLEL, Zhizk
B o> Western blot ¢ X % developmental study 7 5
7y METEABIARHOE®R 3B L VHE, REK
WnTsZExWbhicLic. ¥, Bl =— 17
5 cDNA %7 e —72 1Lk , P ERRET S
Northern blot © 35kb & 0.8kb 02 ADERRE
Bl Thick b, B1 o alternative splicing 23R
Wahd BEARCRTS B, B2 ORBULBEYR
{4, L insitu hybridization OF & I\ T Lic
FORE, BL B2 13, BFEAHRBCERNCEE
L, iz B1 % spermatide iz, B2 i spermatogonia
25 spermatide 12\ 7o BTN TR TELE MK

23

FH—KTh ThfEar Rt Ueo o &hb,
B 112 spermatide D¥EF~ D maturation, 5\ (%
HFETRE, SHEOBTOREEMEST5LFER
i,

13, F+3 b v EBEABEROIE

F OEE B FBA, MO B GEoEX £—4
)
WMIRCIEAT A4+ v b v vl REF o b
DEREMYHS. ¥l d, BTOMERCERLS
WERE D EEERIBANRERIC A~ b v RN X @ A
h, #F Vv vERETHLAMTHNEERRE
DHEN BB B THE, KK = 2 —r VIHT D
AFEVEY V.- vOERAEWALMCT D D
w vvAVEBRTOMS » F&BEWT, ETFEREK
OfEiEMiE & ERNMRO¥— = - — v VIEBIHT 3
PR TEHESK (PVN) 0OBSKRBOREL R Lic
PVN o#igk (100 Hz, 10~30%%) 1, B (#930%8)
TEEMREIE L, BERARYRE S, 0%
B, A¥vbvv7vaa=2 OBRBRAEAR X
VA&~ b v vHoMEARSIC L - Tl S h
7o ®ic, PVN FIBOBHRD, 4% b v DNE
ARSI - Th, % v+ v vOBIKBNERSC
Yo THERERLY, SV 7v, v v ONMEARS
TRBE Ihied ol PVN JilEogh#ix, R~
DEOMERHEDOEER & LT bh s Pl
AR ~RFTREA 2 A LT s S i - 7.
AERIE, PVN F+o b vvz.—nm vhbHEA
B &Rt v b v vARERPIE B I B B A F
D EBRRELT5,

WV 5 METRERRTODBRIHFFCS T DM
BBAATR calcein Dg)

EH OB % TEL PERES, PR, Sk
i ERREVEER H EB - ABREKX, $£—4
H*)

7y VETFBEROCETROSEREMRACAT L
JeE K FE calcein iE, 2 2 Y vHESHRBERDY a &
BERB X v filaRs vy AREERENLTH
Wah, BRIBMKCIABANDWE RS WEIESY
T, MBS AT calcein DB R BEEMIC TN D 1,
FTROERRERZHA L. ERRCMER
AT Lic calcein 13, EFIBFRHERKFC—EDES
TRE L TR D, BEFIIAHE hEEH X h it o,
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carbachol 10-°M ¥ TR MBS WAE &R C
Xh, calcein X roWHlicORZW I NI, T
W AR % calcein WA, WA 1 A2 &
bhic, BWHREOI A S AR BRELLESEERY
K*-channel blocker ¢ quinidine P U7z 35 &,
carbachol Fj#kic X RS W —@MKC 7505, E
a0 calcein S UMIEB I is\ . Lich - CTHE
RPN AR LB YR calcein i, 222 ) vHER
O a BB X BEERR S I ORI REE R 5 S h
= DWW 1T K*—channel blocker JLERRG7: & il
HEINB5WEREIBEORRDIIDTHDLEEL
b,

15, FLXT + VIR EBHMEREGRE LALE
AR < v 2o MEEH L TMFA > 2 Y VEED
ik

“nEEEL, BHER (BEK, B, #—4H)

1 VFREDY AMEYF L5 < « YARR K DEE
DAY (GS-W) BIVF AR ~BEHELEL &
fr= 2 ) — A Y (GS-E) R EIC RIS THEY
8 B 5 BRI THRET L.

ICR = v A (fff) % 4 BREIFAE L, APV I H Vb
v v (STZ) THERFRFREI L 8 BAHAT L.
GS-W (X% GS-E) R R ®BAL LIcH, FRI»H
BE LcH, EREFHCH, T CHERT, SE- A&
R« MUBEE « MiEA v A ) VIBEREIE L

GS-W |2 R AR 2 Lisd - o, ERFE%
RAE LB 1200 CHE Lo A, GS-W 5 0F
BiEEREREFC AR TERECET L. ¥
foo, PHIMEA v AV VEBERESHOANIERSH
D2fELED oTe. —FH, Frix~BEIoEE
GS-E TR RMFIER S R Shiend, GS-E
X 2 PHMEEAE TR SRS, FEmEa v A
) vEE b GS-E 0 G HFR G O TEX A -
7. GS-W & GS-E ORI BT, Fait
<~ ISERRRBENFEABH A& S h e, ik,
GS-W »5 GS-E 7T 2:8BCHEIhIGHE
Ik F AR OfEE R b o RMOYE OFIEH
R hio,

16. HMEFIEO <72 MARD 'H-NMR %k B
3

HWE, REMEY CAEEBR (#EX B
H—EE .« FUREKX, F£—4£E  BEEH*)

<A MEED 'H-NMR 27 b LGN O
WERIEESENRDLLALIVDAL I XS —LERD
C2-H % X0 CA-H DIIBHAEEIRNK A & Vi
¥ (13315 A RFI) TRETE 5.

%R (Nippostrongylus brasiliensis) % #& G &
BTy BB~ A bHifla% Hanks BWRCIEE
X, BROWEHEB XL % /o & phosphatidyl-
serine (25 pg/ml) H % 7-1%, SO « PR
SR (10 pg/ml) 2545 &, HHe A% 3
v OFKEHHSHE Ui, FERC 1.3 ppm OFLIRE O
EDHM L. & OB lactate oxidase(8 U)%
Mz 3 EHEL TORICEHTHD Er e VLK
WTEk, cozZbhd, L3ppm OEEHITABI
BT 5 LR TE. ok, RIGEDTHHE
BRLAREREL fedbieh &2 5 — % (150U) iz fo.

Blbss, HUEMBXb~A Mllaoezxx 3 v
FWOBCIEROTTET B LB LRI e

11, {ERARACHE S il R RERAeE 0 1L

mfE B, mREECE, I, EAREEF UeA
H fESX, B, £—48 . EEEA —REEY)

%< OB TIHERBRCREE T % L EABCHRE
By, %ok« T 584, Reguratory
volume decrease(RVD)2 2z % = & AHEI R T
%. Hela S3 fifa%zf\-C, RVD ofilasEL o
compartment FEIT-7cs A, RVD i &% @
first compartment & % D D slow compartment 0
2 compartment T 7. T, first compart-
ment {3 Ca®t KM K* channel DOFIEH|THS
quinine (1 mM )R O #ifgRy Ca** DF v —2—-TH%
BAPTA-AM (10 uM) T PHE I Wiz, Rie M #f
SEIRAY M MFRE 2 V- CRFAEE L 1T\, first com-
partment OMFIBHE(EE Y, MRAHOZHT
WE Lic, 75& S YPAMHE T quinine BEZMRS,
BAPTA-AM REEZMSHcR/MERZ L H G1
FETRABERE D ENGD T, il py Ca2t
BECMEEHCHE S BRIt LiEX D
MR AR DT - THRABERS BRI L,
= OBkt Ca?t KM K* channel 8¢ R0BE5
BRI hi.

18, BERS A REMY 32 b—2 3V FOMmBEsN
Ca* J{ARS 0N
MEsA, =8 B FHMESA EEX B, $—



A 3H)

Ca¥* =M 7e704mr 2 b ) —EOFEXHEG, &
FRRIBEATAACEBR - Brv2— A%
(Bt~ 3 2 V—v g VIBART B E, —EOERO
Ric gk /s Milapr Ca® B ((Ca?)i) o LRIEE
Iha., HxZ, CoFmisc EHET5 Ca¥t o
L LTHIfRRA Ca?t 2+ 723 b o Ca?t HHIEENE
BReBEHBE L TW5EE2 bh w58, S0, &
% D#fast Ca* AZXIFEITAAER LA, Em
Yialb—¥ g VITREFTS (Ca¥]i LRAKG DS
HLoMast b0 Cat FABRS IOV THH Lic

NBQX #¥nd5&, [Ca?); LRITIZE A VEE
HRFEM ok, —F, MK-801 ¥ iEnd 5 &,
[Ca**)i LR OBMOER, JELAEOET, ¥-—
7ECHT2IHHRELBESh, 747 P VDR
mtd, (Ca*t)i LROBROLEER L ©— 7B
HMHBBNRES W, ¥, TAF Y Y v E
MK-801 %fff4% & 2lk7r (Ca¥)i LAMNMHEL
oo 2Oz EEY, BRIV ER IR D AIE R
(Ca*); ERwix#iiast 2 & o Ca¥t A, Hr
NMDA #5 4 vAARANTS Ca2t FHAMN L Y —
ELTOREEZRIL LTV EEL Bk,

18, 7:x0EVOEREBCRATERBEOI N E Iy
ket |

e FA, fin B EGEEX F—4E8)

e A, TREBESIEEE LIRBHEFOM
DR 7 2 e vieTAEBEYHRL chicko
THED 7 = v VOIRIRIE I EA 2 BV IE®» 5. Tk
bbb, TORBIERYRIEL ST THS. b
hbohil, ZORRS/BRERORDMOPMETH S
BT IhsZ L emRT e bic, BIRERDOMH
TEAIRE & BRI MRR & bR/ > > 7 2 = 223w
WOBTHHZ LEmBLTE. B, - BN
aoBRERCREE 7 1 5 ¢ VEES K (mGluR)
DHT 24 FTD—2>THS mGluR2 NEHLT\5
ZENHBULTWA., T, ZOXA SERBRT
T=AF (2S5, 1'R, 2'R, 3'R)-2-(2, 3-dicarboxy-
cyclopropyl) glycine (DCG-IV) AAEE I D & & B
2, ZOFEHT mGluR2 %iEM(T5 L, HEim
hibD GABA o A IIHIhAZ L bREEDS
hTw5b. T2 Thhbiul, mGluR &R 7
T=A & L TH bR B trans-l1-aminocyclopen-
tane-1, 3-dicarboxylate (tACPD) 341shn= &, =

25

D DCG-IV %, #7 = v v~0REhic, MO
RERA LS IR C2@MEAT S L, RABAL
RID7 = v VICERWREESIERIhSZ L
Ak, AERIT, BEO mGluR 47 2 1 A g6
KRRt ayr S ATEBCERECH A Z EERLT
W5,

20, NEMERLBRMBEEMEO 14V F + 2
MARR=, ARBE BHEKX, #H48)
AEMESLREIA Y v 200 LML EREM O
AT - T B, Ml VA TOER L DB DR
M ELIBEAEBBP IR TN, AFFR I OR
B b M8 G0 F B e HEBMIIR T 5 % 201G Ml & Bk

L, SRTERAEDyF275 v I#B—F 5 X AR
GrRrARicL oA, BTRBR3=@EEO1+ v+
FAMBOD 5 fe.

(1) FEBRABBAI A vF v RN a2 v E I 2 VAR
%9 25pS, Nat & K* ok % FE@MIRIiT % LA,
Ca R4 AFEBHITIZE A LT\,

@ Cl- 40 avydsarvAiiy 90pS. v
<y bAED Cl- BEXBELIRALLEDBHEEE
BARD NS Cl- F 4 A A THH L X ER L

In vivo PR X b A EEME 0N CE
MEMFEAER T ENRERTVA, SEHEL
T IEFEIRHIG A A+ v F ¢ R AR OBRMAEBE DD
CEE5 %, ¥ Clm F 4 ZARBA A+ vl B i
BEEE LTHEEEL T\ L2 .

21, v AERHO2ERES O LR
“MHEE, EARBD, BE B ARz
(BEKR, &, R« FRB* « Fo4gm)
BRI, SFEBERES Y bt it 5+
A=B—R=,—mryv (OPN), A=z } =, —r v
(BN), A=At br—=, 7 =a.—nrv (BTN) 23EZE
TAM, VARSI 5B L CoBRG14
s\ &E, REGES) (EOG), Mk (EEG), B H
EX (EMG) AEBLIEDIAR, B—=.—n vl
RAOF ¢ v A —%RE LcBEEF 22 ER LT, BB
YEBHICEE L, BERESHcHEE Lc=2—rvD
Mgt A1 v BB R KRR b v AEIRL ¥ cHEk
EELTRE L. 2hb OPN & BN oRkHER
i, BEEHE v ABERAOMCERMN Lh 57, OPN
TEEBRERM T OREFRE AR KIE L, BN 1225K
ﬂﬁﬁﬁ%mﬂ—zr%kkﬁbt.~ﬁ,Bﬂqu
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HE O SEBEESFIC -2 P RAL, TOED
b—=y 7Rk Liz. UL, vaERBTIZA-2
FREKTBN, TOED L — =, 7 RKEELES L
e, ThbOFREL D, vaABRREOZHERRE
Bk, OPN oZkkil (Bifsl) wk v, BNz HE
LTHET B, BIN Ob—=, 7BKOBL I ERN
—RE T, BESVBEETETC VAR ORE
R IRERE B ET 5 & Bbh k.

22, BIEFREBRENDANERITIEEK=2 -
[22LT

“BE B CEBEEY, MRELTY BRIt
(BEUK, B, BRAM « B4 « REY
B—FE MRS ERE (PC) =2 —» vid
BREEE oMM, EEMHRRESHRREOLOOKE
HERTH D - BMESTCEREEY, SHYW
floBR b ERPEET = L 2 FEORSE S THRY
L. = ORRIHEEN PC = » —» v REKEE ©
RELUACHIEREORBCEEET A L 2RE LT
Wb, ZOREERIET S b SEO ERE T
oo EEBRKIT a-7 v 5o —ATREELickx 2% B W
fo. B E ABCERCRST 2 HEE PC = o~
vEREL, TOAAL 7R MY I LUTRKA
TEEBMLOMERY Tk 25, BEKOBEAKEA
TREERETE LD, REKLEPC =. —r 23
BEHBEOMEY BE IR ENRE IR KkiIC
SR RE % D BSURIEK & BEER > noseup [HERIC X b
BIEIN5 = o —r vERKROBEASE % RO file
NEFBCIVERL, coFER VEE LLEEK=
2 =B VEDOWT, ABMEE X BT ESRE LT
WEIERSH OB EY T ZOBE, ThbOHK
= . —r ik, BEABEEEAUBERGES i L Tk
D, —HLKEDH v Ay ALEEEBHTHRM I
Haz LB L. ThoDFER» b, HES
PC =. —r v HEREORMCHS T2 2 &20R
B hie.

23, HEBE 7 1 — FN v VICEDABHRICD a
REEDR

B W, BEAES K 87 #MdE GRE
X, H—hH)

BAMRBR I RIEBAEHIM % 52 5 &, BHEERERL
& R LM BT 5 (EBRBIRIG ). B 41,
WREVFET D a HrhmlzoRBELEREES

OEECER LT a FEHRORERK CHBE LTI
THEGIEKI L 5 HEFH A 74 (LUIF PFB »
AT L) RAWT BREOEMOY S 72—V gV
¥BLo LR BMET D a WORRERELEY
Ko,

i) FEBH1T41205H o PFB v 2 5 4 (1)
BUAKS 10Hz) # 1 B 2 @I1EET, BIERO a
WORPEHD SD B 10+05Hz © a HoOHBEERE
PRIE 2 JE Ui,

(58] PFB o2 5 AR o HoOHERT 1
| H bt L21E B (R4 E ) THEn L. (p<0.05)21E
Ho PFB > 25 ATk, ERER 0205 B OMRE
HERCE L @ WoREHD SD OETRUEHBEED
Hhn& FHEREOHAN R bR, (WTThd p<0.05)
i, OBBRRGOREKO 3SEIEL PFB 2
7 ABIRE R O 3 5 HITAER O SD REAIETL
72 (p<<0.005).

[E2] PFB v AFA%RL DELITSZLT, 20D
KRR TIE o FEYRNCRECTE, EEHO S
CHEHMDYV S 7 e—v s vEbIBLI Db DEEL
5% (B

24, 4 DORRICHITDERHETL

B &, EERE—E K B (B B K
BHHE)

VR, ANOEFERELBLLRENREB VT
BEIN, BRVBAORBE T V& Te B AHEML 51
ThTwb., 46, ROPRMEROEBEELID
WTKRERNT 5 BB CREBIE 21T - 7

FRIITIL Y ~18F DERIOFIELFA L, BEE LA
LOEHE X ANELYTE L. ToOKE, 2B
BRI EARIBR Y OEF IR 5 — v ThH-Tdd, 56
TRIBOBET AL LR, REETOFELWHITILIIE
SEHEREEATE IR, Fie, REMEI CHNE
DIENRRD bt LT3, foEFRE~TIEE
OWINA A S, EEOHBRIE, 11F oflTik
BT BERN R SRS, 2 FICIRE A e b
<, Mo 7FITRBESTAEANRELRI., ST —
ARy A X B Total power (3&fl& R
PN TH 1/2~1/10 DEfEERR L. RS
i, 1.0~35Hz 0 ) 60~80% D\
B EBHTRED, 26Tk 13.0~180Hz KUt 18.0~
300 Hz DEBEHIMNE LEMHETH -7

BEHEEAZES bt 7 flo ERG Tk, 2 #ICRIE
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EEEEIhT, o 5flicis\ T b FEOIRIE I
RBREC AT 1/2~1/20 DfEfEE R L.

25, Sy MEOREHEEEICEXIZT NG L B0
R

HREY BAES, B 8F #EdEGERE
K, B - LY SORbE, BEs B

TSI E OBSEERM Th B faF /A eafgiER i B
L, Z0OEEOMBELL EFOME OV THREL
7o,

[J7E] 5 ~86BMDE « v 1 A& —FK 5 » b
avie—A(C)RLERE)Besd, Thbo
A5, IEIFERE RS A7 v <+ GC/FID #H
2B CHIE L.

CERY KB N s % 850,/ REaFilg s Ea:
g bl - GEEER A8 L (P<0.05), ke
OB/ CHERER AN (P<0.05), SRk DE
B AT, SRR (P<0.05), /MiK,/Bd# T,
EETMEM L (P<0.05). hbomT, LB
B Fa v ~F = VB OB FEERIERE
F/MMCIEREB] (r=045 P<0.05), pnkhE #AMR
THIHEB L (r=—075, P<0.05). =A{ 24~y
2= VB OWHE AT EWME B/ MY CA B L
(r=—0.64, P<0.05), pnih C BFCIEWHBI Liz(r=
0.84, P<{0.05),

(ER] Kot/ FAafBBeEEomKELs
EBHORENL, NMORERE L Lo EY 52
DAEEMLH D LEZ BRI

26, ERMMPRIET Y RONAFEBRFEHEICOU
T

BEASNR, SiFgxd, MERL, BAEHY HE
BE BIEKX, £ A8— VEE)

Bx DBEECREFHLEAR LT T35 ddN %
MBRB <Y AT, RREPRRRE~Y A LK
REHE~ 7 AL OMOTHOERRD I, SEIL
FERBINST RS EAEREATEBR AT, 28D
BALEfTBI D 5 — vl Lie. BRBAHRE %
Auvd s, EREMERB~ Y ARFEE ORIV FE
CERTCEARERENAFRE L AV ICBERwmE
OEICERTZD bR o . NEPHERE Y AV
BEHELBEET 2XBE~NEFR S ADDILH L,
FERIEKBE AR D EWRBRIB~ Y 225 v & 2k
BrBATCALEAVED bR

21, &I LF FOTREEEBICRIZTHREZOME
RA#FICDT

WRERY, 54 B BEEEkX BHEEHh, BKE
B B B(BINEX, 48 LA x-vE
S

A LF F (CLT) k=2 v R b*= v (CCK)-8 D
7Fe T, NESC2E0o7 3 7RI T
5. FOEBERZ CCK iR EHEIh T
b, BEREIWCIZT 4 AF 2o 7EPLE LIEEEOTR
MEEHCEYN THD. SEIAA—FVY VEFLE
BAWTEREIT, FREZRE7VvET=A 2
WTEDL 5T CLT B THBLEH L
L. 7y b O AIREBREEC 6-~1 Fr¥ v ¥
RIVEREL, FAiveaa—w vREETS, F
RIVDT =R THBETREAT 4 vEERETH
ERlcmEEER Y s o3, KTHRES L CLT ik
50 ug/kg H b 200 pg/ke CTHEREMK - OREY
40% % %3 5. wkic CCK-A LCCK-B nrh %
hoversg—e«7vxa=AFTH 5 L-365 260
EFAEE PR 01 ¥t 1 pg/kg B 545, RiER
KB [THIE A, CCK-A 7 vz =X RET
it CLT oRM ELKMHEL L, CCK-B 7 v %
T=AMIEHTH . Lo TCLT 33—F vy
vETFNOTHEEEE 2 MH L 0% Fik CCK-A v
w7 A —FNLTERALTWAZ LB bLA R L.

28, hT ) BEREI D Ca**-activated K*
channel |14 % Mg2*, ATP © modification

=EHE, TE HE, BELU—I “EARZERY EH
BY “RIES*(REAX, #H—4H - #£—RR)

#H4xi%, Zh¥T Bullfrog oF EEMROAIEE
[l cholinergic agonist “C# % bethanechol | X
DiEM{E XD channel AFEETBHZ E2HE L T
&7, &ENL, < channel DOEM(LOTFEETE #
KT B Mg X ATP ofFfx K L

B Uk B BRI patch-clamp 2% @8 LK
1A VEHREZAIET 5 L, Inside-out patch ¢ slop
conductance A% 455 pS @ Ca?* ik v AERIGHIC
EH{L I 5 channel REE IR, Zhbit K+
selectivity A ZE X h, Ca?t-activated K* channel
EEx bt oo channel FAIMPNERII ZhFE
Mg?* Bifhss T O° ATP B {EH &% L Ml 4
bive. L L MgATP HAEG L LTERAZR S E
HEBHERBICESEE IR, TORMBRIFRNTH-



28 ¥ &

7. MgATP #HA&#wrX % channel oyEM:(LIL, =
¢ channel @ Ca* X % HERGHEZ LK shift
ST,

Ca?*-activated K+ channel jzit Ca?* 1ok 5iEH:
{EERAL & Mg®* 8 L O ATP h e X 2 IHETAL
DFFEEL, MgATP &M Mg X 2%
BTsX5fFALTWBEEL bhi,

28, 5%/ by (GTX) [CLB M HEXRWEE
F MUY LF v V2 NOEHOBRKEM
BehET, WIU—IE (BBK, &, #B—4H)
GTX ©X % Na 53 VR AR LY LT
Bleb i EBMEEELY AV CERY T -7, BEEA
u —150 mV i2fft » T\ C GTX ZERPICHES L
THBHIIEZ o » 283, +20mV AD F Lo &
DEREBSB ANV AT E 2 5L —110mV 352 B
< & L Na Effirifinic. HHFEAM —150mV
b —T70mV A0 NVAK L - THihb Na Bl
FURAADEICKELTAKEL R-TVE, Z0
L GTX AREMRAL Lics » VR A LSBT 5 ES
ARLTWS. ZOBMioETERL GTX 0BELYR
{THERBENL, Zhit GTX M54 vi A
CREATHABEYEL VWA EELDRSE. Tt —
AMBZ L DECRERGEBRER B B0k
TNRRELL e BEND, GTX 2BV Na 74 v
HFESRE . Fle, BRI S v AL ADBEMID
BHELTWB2, Na F4 VR ADOERIIRES X
DILBHICEWER (—110mV {35 ) 0 HE&is
Shifew, GTX 2HRED Na + » YR AL BT
SEETLTVS. BHitk, BWEMLLEIHEO2EZD
R - T —70mV ARG B L AR X DER
BN oTnE, GTX 28 Na F 4 vERAmbid
ThaERES, ZhbBAIOETT, [EEORREES
REMEABVER,

30, 7 FOEYREFCRESHESAFETHER
INB 1 XD 0ddi FEHNEOIERISE Z20 NO #7
il

HIER, AEBE*VIFEL, £248 . )I|KHE
BEIEALA « BRIR ™)

BRI vernsa—ARBOEREN 4 2 & A
W, REMREAGOBERML ORI T, +28B,
Oddi #E#9H (R ER L) EFRERIE X H R
Lic. ZhbDRERGE 1.0mg/kg, & Lk 05

w &

mg/kg+05mg/min © HBO7 e vHERID
DIV LD, 7k, BEORIGHERF L. &
b, NOABMHER CHhHsr=tr-L-7A¥=v¥
05mg/kg BT 5L, 1~358c B, 0ddi
BRMoBREBNEET B L L biIT, REMEETN
BB X IRERIEHFEBCHER L. = ORER
SO R 10mg/kg © L-7A¥ = voRsir
X oL E K, FEO D-7A¥= v TN
hhhote., Ff, 7hrbEy, =br-L-71¥=

VGt OREMBEENERBIC X B0 X G,
1mg/kg OF vV vRLAFwLY FILE 5T
¥, 5~10mg/kg D~FH 2 F = v AfE © &
DR L.

DlEofERy b, NO EEE g+, Oddi
EOROES LRl L b2 L, i, £
OMFOBEC L vREMEELN LT b e & ViIER
HOEZERRRERIEVREAT S Lt ERREIhi:

31. 4 X @ retching ROFHFHMIC L Y HH
& 1 % EHEHEF © EHEE) central pattern
generator (PCG) imi1D;EF)

BHEEZ, HEmE OIGEX, $4H)

BSREFE T 2Tk, retching (b1 T&)
CHBZMEIEL, MFRREY AP HBECET S Lo
HEBNFERIRS. —7F, BHEBjo pattern i,
HERE O BIE AL R B AR R FE T 5 CPG X
DR INhD, ORI, ko2 EAXHER A
%. (1) A CPG o#ptimiai:, R H 5\ xRk
ZEBHHANEZTB. (2)CPG MaEdnL, 1k
SZREED D OATHHRELB L K, retching Flas 5
ek HEBN ) b 5. AERIL, 0 2 D0HER
BHED D D DT,

SEETIL, FEBIE, BRI % ORMHREE- L AR
AR 2 R T IR M 35 X ORI CPG #ifg
DENIEB TG L, 7R ISk e ik OpE 18K
12X h#E#E Lo retching &, retching shoiFEE
B X DEER LicH BRI &0 X 5 IniEBh-< % —
VERNTRE L, 13/43 filan & retch i FHA L
EHEENREHEY R L., ToRO 7 ME(7/13)03, E
Bz FLE & AR, HEE RS SRR R
AL, BH o 6/13 fifair, BilEERE Ak, o
HEB ORPET CORBHRER R LR L.

ChEDRRITLERED 2HIEE» DD DEE R
7.



32, BREE T B L & Ca F+v b &/ ik
Ca H#F v » )l OHEEHES

PSS (IIFEERLK)

ER IR & 0 Ca o EANRBE T &
IREAKAENE Ca 7 » A VEEREIC X % & X h, #ile
M Ca 14 vtk » TR T 5/AGBEE Ca ks +
FARIBDTRIgEINTS. LasL, 20 Ca
FpE s v+ ik T BREEMEKFN Ca + v 21 LT
B EFCHEELT5L 80, W Ca #4210
EEMEEPTRE IR TS, KERZZ D Ca 14
Ik 5> THBT 5K Ca s » * L2
ryanodine 2 EA L, ZDOFEEBERT + F L DBEO
BEL-FTHL2BEALTCRTEER G, 5
Triadic junctional vesicle ¢ [3H]-Ryanodine #&
% T BEEMEEY: Ca 5 4 F L0 antagonist TH
% dihydropyridine (DHPs) I X » T ¥ D X 5 %1k
THEERRET ToRBR, MMEE Ca #EEgs &
A0 [*H)-ryanodine #5& izt DHPs (10-5M) ¥ Kd
B Z L X7 I Bmax DE T %3 &k Lic. L
L, v +FE#L ryanodine EEELRE X @ -
Chinese Hamster Ovary (CHO) Cell 7Bl L =
ryanodine #% & & H © (°H]-Ryanodine #&1Cix
DHP 1 & » THEREZR Db o7, Zhb
ORI T FEEMKFE L & Ca 5 4 & 1M
AL D (PH)-ryanodine o5& %4 5%
RELT\W5,

33 3 FEZHERY » v TS0 Caffeine,
Ryanodine [ k3%t

HeREERL (IBEX, HRImuEsR)

2 L F BT F ML EES e, Gap Junction T
BELTVD I EMWRIN TS, 2k, BREEY
BNtk — e 2 5 v 7k T capacitance D1t
I hiEm H* B, & Ca¥ BEC T2 A+ BTF Mk
fij> Gap Junction 23835 = & WME IR TS
(Sato, Santos-Sacchi, 1992). 4@, #MapyEs Ca*
RET®, Gap Junction OFLELHET 5 1o b,
Caffeine, Ryanodine % #ilapyi¥ 5 Li-.

(5] B@ELE, bE-~we VKRBT B 5
L, 24782, trypsin 1 mg/m! &ickifastg
ARRE LT, #9208, Hensenls cells, Deiter's
cells % 5 ERMHOMIE I CTERE L. ERPBH
SE1: TEA 20 mM, CsCl, 20 mM, CoCl, %42,
pipette ¥¥ki1cix Cafleine %X (¢ Ryanodine #¥%

w & 29

BLTES L. ZLTHEALT -2 2 5 v 7T I
—20mV OEMEi %5 %, capacity current ZJIE
L, time constant %#EH L, Gap Junction Of#
WEREE L.

[#ER « £2] Caffeine 5mM, Ryanodine 1mM
12 C time constant A% 0.46 X b 0.37, ryanodine 1 mM
KC0.86 L hO0B2ICET L. Lo, Ca* BED
Ziboioe, Gop Junction AfEHELicdh & Bbh
5.

M. b MFRICBTIEEBFERATENA AV OB
LizoFnos vy VEHERSUIC TGF-8 & OfS&E

EJFHARE, (RHISEM, ERK # KB R BNE
& BHFEE, RER BE B @IIEKX $£—
AEBE)

[(Bf] #» F~) vidfifakiEscils T sE0E
TH5. B4ie rFFRBCETBED K~y volis
LI, FDFr vy vEghe TGF-8 & B
o R L.

[75#] e r#E, Hep-G2 53 + PR A 6
HL LE »F~y v, i TGF-8 £/ 7r—7 1
Hifkic & 5 Western Blot & kLM% T -
fo. FrYvY VBB OWTIL, Y vEMEF R >
VR BTSRRI X D T L.

[#HR] XE» F~V vAEEFCERFECR W
THA LTI, XEH F~Y vosFr v vy vigfk
BBV TERD b, X TGF-§ 3HEI B
TELACHEE L T\, XTGF-§ gl ssrv vy
VAL OFRETEREN R Sk,

[ZE£] E»r~Y AiEFFHEROEEES
BlELTWB eE2 bR AT OELcL h 2D
BENBOTH ENRE R FREB OIS
35 TGF-8 237 F~V vDFu v vy vELEEE
LTWwBZEMNRENA. e PFBRRTEH F~Y
vORHBI OO Y vEMERIL U LT B EWE
{eh fifafiEd REPEE LA L ORGSR EE
DEEXRITOTHA S LRI

3. GEHICL D REMEKH ORI

BARE—, WF # GREX $£-48)

RSB L 5 R ES R OEERERECGE
BHOFEDRHBHh E > i Bt Lic. GTPrS, GDPS
It Genetransfer % {#f L CHRGLKICAT L. ™
FEAIREMER H % 8 K & % %o, Frequency
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Augmen tation-Potentiation oA r — %%k X
fedrote, v FABETO ACh Bt FEYZ
Fiths »to. GTPyS, Genetransfer B ClXzhRHM
ot 7 9 b7 A 3 =y AMEEYBERHCEE
Lish o fc, FHEREIO A v AV AT ELERD
T o,
GEAVNAA Y Y ABHREAM L BTN H
B 0T, REEEESME(NG 108-15) o BEH: R
3% GTPrS oRELHANL. HEEKBR 7Y vEA
th (P2U) FIBc X 5— B0 7 v vy 2IINDH -
&y, 1 v ARG ENR L) .
BB ORHBED» L vy MBI & KBERED
WTEhHCESTFEGEHAOHFEOH S Z LHFRER
hic, BEMKFED vy AR RSES
tDT, YFFANEADO LY — X4 A+ & DA
SFEGEANVEKRLTCCAAREEL D B.

36, #MEEA Na*, K* & furosemide EZi#: K*
el E

WEEE, SF = MWIKRT, E4x8F* LAk
H (EEKA B F—EE . HEEA —BREFY)
BREch o Hela fifaic 10 M w754 vz %
&, FEEBE &b MlRA K Bl L, Nat &
ML, LrLl, W44 vEofMmEMlanCl-&
BELEN 5. £ TY VA1 AERRE 4
& % T Rb* BUALEE (Jro) ZRE Lz, Jro 135+
¥ o Rb*, Nat o X v {REFAEZT . ¥l BE
BT, Jre MEE SR BN, S Rb i3 58
A3 EDH 6T, BRABKEEOXNE M LE, £ L
T, R K (K*e) wxiid 5 Bnid o Km &g Nat
(Na*e)iesid3 % B o Ki ot (Kke/Knac)ik, 1 X
DAELSI T, ThbDF R, F2vb, Kreld Jro
e, Natc 2o h#EL, i Ktce e+ 58
Fites? Nate w322 & bbb ThfEuno &h
ot DEX b, A+ VBT 5 Jre DEREH
BRYEE, BEXEeFA2 8B L. Kk ko &
furosemide &0 K* BEHEE (Jk) OFRRRIE %
17\, WEEEOBRFREFEN. ke 1L, AEAF YV
H ((K*)e/[Nat)c) ot~ T ER L, LFEAR
Rk —H L ffigs B ohic. ¥ Jk LA
WA 4 vBELROBRE, AN O Nat, K, Cl-
CXBExRT vy VAREFLOBERIZL S —FK
Lz BB Jk i Jro DEEE IR - TV B EMR
X hie.

W &

3. 4y bO VY HEFORER7 I /=2 —nD
YEECHTDIHMR

HEEEE, WIEEMAY, B OEY =8 BN R
WE—EF*, FREO(FEL B EREERS
VR — o B Y BRA, T, BRSALE)

VY ) o VvRIAA Y I AT —AINBEDA LYY LE)
BEW%5 £ v e Ly in vivo systemic #5
ORBEBET B, MK« MEFTL@EE LES X
51, FWBOe XV A4 v N k<A 7 Lo
OFBHEPER L. AFXX I WEATA AR
NMDA % 2 5RIfER I e FER Ehs CAL 4
WMo (Ca2t)s ERZ <A1 7m 744w 2 b Y —CEH
THERYHE, £vieLvBIV0EoFEEORE
BRI, AvievyBEEOEONL, £/ bR
VOB RIS WA, JEREREICE X (Ca?t;
LRRIHT AHERR L. ¥, MESTCT34
FRME &R LicAFr R X I A v e v vEEks
REIMAT « 30 A5 LIcB a1, ¥ CAl
HEAHRROERME = o —r VERH L TE v IR VY
DIMBARRGOHERERE Lic= 2 —r YREDHR
3B shinh ot

38, #RRA KT BEL G1 HIERESKICOWLT

MNECF, IURARE, £ EMH &8 = WBER
%, BAET(ESX, B, #£—48 - #ELEX
—EHE*)

g RS (K-CDM ) CHE%E Lo 3R Hela fifg%
FWT, ffER K BE L cell cycle {7 & DBtk
TonTHiE L. #ilal K* % Rb* CTE#L,
N K 2 FEEOH20ZET S % & Ml
LIS Xh, Mk Gl CEIELTWS., &
O, insulin & LDL #%¥ind 5 & HHLEE L,
128180 S ~EEFT Lie. —37, RSB OMasR
3, EESHEESUERKE RIS G
LR ETIE LML, £ LTSHTR—E
fExRL, G2 JITHOHEMER 2 = Lk Ei,
Rb-CDM T, G1 H#foBINEREDd bhich -
7ot G2 B ToBmMEBIRFINERRRE 0=,
bulk protein &FIIFEIH S hism» - . °H-
leucine B ORAZEENBARTh, WM EEEK
FiEwR Lic, RFETHO 3REUACERERERT
NEET R LE K £ETTh MRk S HckETd
B LhTE, H-thymidine DB DAZEED b &
7= DNA AREZEFREDLRED >7—F, M HFE
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Fo% 3BT insulin & LDL %Kk LTH, HBAE
BointgscEE L. HEoz enn, E Kt
AT G1 #io 3EERMLIAK insulin, LDL ©FfF
ETTERINAEAED S PI~NDOHETEE L E%
hHoTBIZ EHH ST,

39, RHkFAAIE =2 —nvcHT BV bR F
v OER

B M, MREMEHE B R REILK B, £
43

RtkfEiciz, Y <1t R &% v (SRIF) BBERS A
LT3 & EDREABRIILENHEL B S h T v
5. ¥i, Rk SRIF SREOFEELBRE IR
Twb. ThbomRILREkMEEEIC BT 5 SRIF
BEERRLTV5, AHETE, RBRERAE= -
—r v T5 SRIF ofFA%i <. fhE 180~
230g o Wistar RfEM: S » 2 bRkGL S LM A
FTAAERRERL, BEAUK =2 —= v oM
MRS EER LT > 7. BREEED Y RT8IEDCRBE
Al =a—r vD5b, 63H(78% )48 SRIF wif L
THHIFIEZ R L, PEROACEESH B CIZEE—IH
RIGHES bitte. SRIF oI B LR i
nHY, TOMRERFLIE 107~108M TH 7.
RBAARE = » — = vz 5 SRIF 0iDSIfERT
YFTAANTESTHLELLRDEI LY T A
B~ 7k vy afPCR W THLBEIRE. Chbo
faRL, SRIF 2 RskiEAAI = 2 — » vEREENC
METHZEERLTVS, FRAHRERL
MEBkfE SRIF BECBTA2MBEEL bbb L,
ZOMFEIERASREB ST CEEH LT h, SRIF A
R TR EEYE £ IS E & LT
WTWBZ EERRET 5.

40, KB EETHIKICE D Fos 4 v soHoR
b3z

Nadira Islam, #ifpRz, RiB=KE B FE (B
WK, B, #H—48)

7 v P RMEEO—AIREESTRTIC BB % B i
(B8REE © 0.3, 3.0 F /=% 30.0 A, #f: 3050, 904
MEAL IR 2BUHEEEXNLCIERE L. &
BOISHHEH HT2EMEH £ ToOMc, £OB X hER
BEE L, fHHk6EE 40 pm OFTHRERERSY
hefEg L. Bohiyi % cfos Hifka A,
4 CTABRERET 1 v 2 _— b L7c#%, ABC HTHE

Huta ke Toie, Fos 2 vy BRERIGE, HIEE,
WIREE, FUREE, B8, swRECsWT =a2—
v Y DBEBIED bR, Zhb oMMk 5%
Btk =2 —r vECROBEAIEEL L THA N
Fos # v s s RGEERIGOBE R, EREELL > T
Wil L. & ORERIGHEL, BEAUMSME
FHEACEN~NVER X UHRIREEESh, 03pA
% SHE5RT, 3.0 A % 30515 5\ i3 9053, 30.0 A
#3045 HEE Lk, 305505 6 BERIEBHRIC A DR
1o, TedyTh 3.0 pA % 305 H B\ 05 REE
Lt 1RERBRCR L FEECH . —BIER
L7z Fos # v 7iRGERINT, £ OBKREBIET
L, 24RERIci3Ba &R bhien ok, Zhb okl
i, KIMEE OB BRI - OME & FHRRE
FLTHE = - —» vE—BEOREBHER 2 RIET
ZEERRETB.

41, BERTHERINAF v PTADAEDHA

AHEZERS, TWE—M (FERIEREA, £H)

SD R3S, CHBERCI ) TALARELYFTREH
K5 DHH5., %7, Bemegride % subconvulsive
level (10~12.5 mg/kg ip) THRET 5 &, BHEERH
(ultra-sound stimulation ; Ul-s) iz X » spike-wave
NHERTEDLL Db -, BIEERYE(FC), TGS
(DHPC), EHBEE Tz chikdE « OEXER
A A, = x 7 2 X O ERCEHHETE) T CREE
BZE L. 1:40kHz o Ul-s T2~ 58H#T 5.
2 : DHPC % sub-convulsive B #)8 (60 Hz, ##Hi:
0.5 ms, 200~300 uA, 1~5s) 3 5. BEES ., Mk

LB BLEEICHEL, ROLA{TEIR L,
kindling & R#f/cfiEREZ 2 L, Bkt spike 23
ZEXh, FlEA subconvulsive THBZ EHFER L
oo 3 BREMELRYIRL, LE2EORBET
HIFEBBRRIHROLHEEE L.

LT DORER, BT » F OLHIET, BEEBES
350~400, F7EhRF 4001 &, REARRE: 280~350, 3ff SHAE
fRME 280LL FTH B2, Uls TLIT 2R 5 =
L d B o dloh spike-wave HELCRAMER 23 & 5 h
7. DHPC EXH#Ic & 5 spike-wave B Ci ke
CRA DI B ic. bemegride 5 Tl Ui A E
[aR Lichy, GREMEDRCHEMLE (bl
L#). Zo&# Uls, DHPC BEHET % & 21X
h, DHEEIEFE R L.

LLED&ERM S, spike-wave HEILOLBOERIC
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% UCHIHIE B L, HkaiE s ST 2 R
R MR /ERT 22 L2 TR LT 5.

42, IRV v MERREEICRET DFRE=
a—Aav

MAEL, “BE B *EERST(EIK K,
TR - BARK - B RERIER)

2 QESRBZCIIREBMHC—FH LTS v LR
HETIREM =2 - vEELTIERM = -
VYREET B L RRIEERE L. 4B, EHRR
BOBKHB IPEER C RE TSRO W TR
fo. FakAk v 7 a— VCREEL, ESIEPIRCHEN
BEEFIAL, BREFRTEBREM = —» vFE4E
MfasL RS Lic. £k, ESAEELYPHERCY
Bz, ToOMBHREHBEEGER YA THEK L
7z 200Hz, 8pA OBUNERMIMZI0MEML S &,
FIME S RRESER ORI L, REEn
Lic. ZoH%IRBEM LR LM LIt ETH
oteht, FIBMKT &R R -7, 200Hz, 16 gA
DORBTILZ OEMIECEECIL -, ERFIBHE
BEEET & RRERNIRBA CELE L. DR
b, WREE O —MREEORRM: = . — -
VOB EhB L LR S TEIRR ShbZ EAVR
®Ihi.

EBHI, R VTR BERERTDS » b D
HEBATE Frific o\ CRAFRIR A B IR O 158D & W U Aon
Btk = o — v vREZREHCERLAER, o1
TR BN, KE—MFE phase-spanning Hl%/R7 =
2 — B VHETHERRZIC R TR IR

43 E423VB, D5y MERICHT ZIHE | BH
BiRREIC L B85

5 (B, BHEH FHEN(EEX B, £
4 )

€ 3 vB, (VB 2235 3 V) ORESIRES
X35yt OfERICRIETHELTH. v ALK
—RHET » b (210~240g, n=6) ic, [ER~Y 75 &
(PSG)ZGHFMET, 2 BRIEARA 7F— 74
BEE Ui, REESROBEAETABEREK (&
/) % 3mi/hr OFRETEHKEAL, 7T HELEER
& L4l oo PSG EEXRTV, B A O BHIBRNR
ThA% VB, (500 ug/kg/day) tfiz k. VB, @
PSG Z&ti% VB, HEA 1 A2 5 3 AMELRCTT -
fo. RSB T AR, HHRML, HCRE Lt

& ¥ &

LBEDT , + (0=6) bAULLHTEARES8H B
Biil, VB, ofitiEEL®Zzh ZhillE L. VB,
BHERLEARS R (FEER) S HELT, VB, &
Sl 58RIk 0L 5 ThHSE. 1) BERROWT
3, 1 B RO BHAORIEER (SS) RonHiaElR (PS)
FHEEHENERL, B SS OINIEZTH - 1.
Z o SS o, 1EM7 h OFHRHERR O
Cr33DThH-t 2) 1ERED SS RU PS &
DHAY RARDWTL, PHKOLABEBECRELT
THEBRD ORI 3) B, HEROMA VB, BE
BERHOTHRI VRGO EAER L. BlEofk
Bk, VB, OXRBEEL VIERGERRIHS
T ENRB I NI

4. BNHRIEHCxT D MK-801 ofHR

E O =8 B RFEES @ B H—
)

MR I b 3 X OV M t% D RMIE 23 T DR R4 T 5 1HRE
fEErBEREEYRIFT LA abhTw5, A
FRIRFVTUR, 2 CHEMEIICE b #7 5B CAL
Bz & % R i B R MR MR SR 335 L < Ml X
hb. APt PMlFrvr—-x— (E3Ple,
Mini-Mitter ##) AW CHBATH TOAFF X 3
DEFEFROMBEH AMER = — Lith b, I
MR EMASE R T 5 & LR I h T
53 MK-801 DR 5HELBRELL. 5
SN A AT LB Ci, BmmdMEx 1 TR
BEETL, MEE2~155%EmeE e ®E L.
MK-801 (0.1, 0.5, 1.0 mg/100 g) %545 &, #5
E#%# 05~15CREE 0— B BMEILSREL, &
Tladi-, CoERMIL 2 AM E# L . MK-801
(0.1, 0.5, 1.0 mg/100 g) H5 L KR 5 45 RN ML %
AR LB i, BMERT05~15C DERL
R, BIFMETISI~2 CEEET L. £
D%z OEBIRSERTEMCERLL, 2~4H
R L. BB R\ THZE X h o MK-801
DIEAIR LT A M Fe P A ZE et L
THIHEIZNR%E b 7o b TR TR S hie.

45, Jkrpuk BRFO/DEE & EENRIMFLRE OF AL
£ OEMNK URAKE FEILE, HPLZ, =G
=, BOME, MICT, wREEE R FNY K
HEBEA*, BAET (SR B B—4£B-T, &

KRBT« EEXEK, —BEFY)
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B > TELAERROKIG, W 5K
REZERIR, RBMEELOREM, ROKBMERD
ETEOREZE TS, BAKROEKKFOE + O
EREEBICOWTL, BEAETREIR TRV, &
PR TR ToLER & EEINR M FTEE ORI 7 v
APV —TvRAT ARG, 8HADEETRAT TR
F5EHUEERRK BEBKROEBKEKRTOLE
X & SHEDNR M 0 A BE Uie. TEBDIR M R B %
1t HHERE Utk rh Ik B B4 I BN AR O\~ T
DRK, KB TOEBOEILROERC X 5HELR
R

HIEEOKERE T, BH LIEARKE A, IERM
BRO—HolMmptg i & » EFcEm L, O
PNEECETT 5720, —4H oK CiRED
BE R U, BEAT R OERAL O RS T, D
D MR S AR A BIRA A R Ui, BKEkEs
T, B LIABUREEM Lch, MR REEC
BEimLign ot LLEOKEN L, OB OMRIMH
BT, HEBKROKPEHOMENHDZ &, K
FRBOTITEE M ELYRIFI R EERE L
T3,

46. BERIHES v MexiT B £L 57PNz A
Er 2 /-l oREHkS okt

“FE Ot HTEW, BaER(BEK, B £
4 38)

REE - BEHRCL VAT LICEEEERKS » b
BT, Faikve vz xEKMEY (GSW)
OREIMEE, MEEXET IR, EEE - &5
BARCTRBE LEER YA AZ—RT, b L F & %
e UARARE== & ) —LiHY (GSE) & 5L
bz b, ERAREROBRERBERLL I,
fhE, MEEE ST ELr % oz bk
DRD2ODZ LEL bhic.

1) GSW i3, ERERES » PCHLEEET »
MK LTHHEREEEA, BEEMNIGIERY 55 &
Wz B,

2) GSW L b GSE ~ofi:8R s Tkbh
B O, MR, EENIHERY
HORFIAETh T k.

1), 2) WMEOEABFEELTVHDL, Ebbh
—BHOER DR THBOML, SEORFEYHLRE
bt

w & 33

41, JKOMEETAKP b Ly KIASHITHROOHE
BEMREBNBICRETE

NEFFER, BEHILE(IEERELA, BEGFE)
KA ds U ALK OB oWBRN N o 8
ZF, BEELGRABEBRMRIEEYRT. Th¥ITK
o, HTEEhOBRERE, GHK, PRE,
HREENHE SN, ILIEE, KE KEEOBRK
BHELACINTHA, ZRE TKROBMECOWTER
LB ERiowv. e el od g
DT L. BRABFS5 %, BALF2LELNR
ek, Kep, HMEORWKBOIFHETTH LV, ¥
I ABTRIGHEThE, FoROOHEE, BFEER
BRHE L. KoMK 1 BiliEEr» e 2 5
N rm— A%, KR, 30C, #17E E 13
4km, KAZE, BRAETE L. HBEOBWKFT
OHTHhOBKIEREL, MoO24&4X v bRAECE
WMER R Ule. BE BT E KRBT E OB EEE
BRBRID o fe. DIRBITH Btk OR K OFTO
BT, MO25&HX Vb AEBCE CEYR L. B
BT EKFHETEOMCERLERLZD W2 »
foo KEHITHOBERBIGE L =3 L& — x4
BKR, KL, BEOHENTTIRMBI TV BA,
KOS OF - BERBIGE L =2 4+ ¥ —Rhe
BEYRITTZ ENRE IR

48, MICHAELIS-MENTEN £ 5 [C & 3{5EH
B0 Ca? BiFOfFh

BHEFE, B8 JIREX, $£—4H8)

HHREGEW B O v > 7 A/ PMRBRES LT 5
L, =z MICHAELIS-MENTEN oJ% Jiiisks 4 24
TEd B EAHES. Tibb, BHHEXTRWES
v 7 AN (S*) & ERWGIE Lo ACTIVE SITE
(A) 23EA (SA) LEMA LicRER, EEWH O
Q)2 v, ZoORIGHEEORFTHREIhID
DOIBUIMEIRBEM THDH DT, BHER IS QDN
(RUGHEE) MM EAN (MEPP) JiE L E2 B
ENRTE S,

MEPP fHE 12, EHHELZRENHTA L X
b, & Ca PP CTHHIBCEE - THEAT HH, Bh
114 > CABTHH. REMNB > MEPP 7
k% HANES-WOOLF 7w , t Thickz 5, &
Ca TTIREZLBLRADIF LT, A o Ca?
HEIREINR B 7o (0~03mM) 5, = DEEEHE T
B0 5 2 RBE~BT L. 2hab, 1) & Cat
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TTR1ARET, Ca?* FET TR 2RRIGE 7t %
X 5 BB EE TS, 2) CaigRE LT
KEL ST THIA « A0 2 EREHTHB, ED
Ex bh, 4% BAPTA %AV -EBRTE &
DD LENE B,

49, EHRISHOEE L Wi

gy, B4 3 (IFEX, #£—4£H)

7 &kt e FEIROREE202 & BEITH72031%,
BB ECKsVCUENU LTl ), BRSO
intermediate type O¥EEE A% T\w5, T D type
OFREMET, small EJP #3415 axon & large
EJP #4735 axon LItk » T HEKE IR TE
D, 2025 L2035 L AR THB. K () D028,
AG2 o (£) e fifafs 5o 2 D 0EB) ki
> TERER TS, ThbOBMBORKTHS

w &

AG3 oM R1 ofBuc X b, F—@iiEs s,
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Guiding Principles for the Care and Use of Animals
in the Field of Physiological Sciences

The Physiological Society of Japan

Animal research requires detailed planning and must be executed incorporating not only
scientific principles, but also ethical considerations and a regard for animal welfare, Important
regulations and guidelines to meet these requirements are contained in the following publica-
tions ; —

‘Standards Relating to the Care and Management, etc. of Experimental Animals,
Notification of Japanese Prime Minister’s Office, 1980’ ;

‘International Guiding Principles for Biomedical Research Involving Animals, CIOMS,
1984’ ;

‘Guide for the Care and Use of Laboratory Animals, DHEW Publication No, (NIH)
85-23, 1985 ;

‘Guide for Animal Experimentation, Japanese Association for Laboratory Animal
Science, 1987’ ; and

‘Guiding Principles for Animal Experiments using Non-human Primates, Primate
Society of Japan, 1986’ ;

In furtherance of these objectives and in response to enquiries from members, The Physio-
logical Society of Japan (hereafter called “The Society”) recommends compliance with ‘Guid-
ing Principles for the Care and Use of Animals in the Field of Physiological Sciences’.

Animal experiments are an unavoidable necessity in pursuing teaching and research activ-
ities in the field of physiological sciences. Results obtained from such programmes have
contributed much to understanding the scientific function of the living body. Their applica-
tion to medical and veterinary science and therapeutics have played an important role in the
development of human and animal health and welfare. So that even greater developments in
education and research in this field may take place, The Society urges all Japanese Physiolo-
gists to adopt these guiding principles. It is The Society’s intention that all animal experi-
ments should be designed and conducted on a valid scientific and ethical basis and that

sufficient consideration must be given to animal welfare.

I. General Principles

(1) Animal experiments are to be undertaken only for the purpose of advancing physiological
knowledge, and enhancing the well-being of humans and animals.

(2) Consideration should be given on a scientific basis to the most suitable species of animals
to be used and the numbers required.

(3) Investigators should employ anesthesia, sedation and correct handling techniques appro-
priate to the procedures to be performed in order to avoid unnecessary pain and stress in
the animals. In particular, before investigators proceed to conduct an experiment using only
a light level of anesthesia, or employing a neuromuscular blocking agent, an application
should be made to the Animal Research Cominittee in their institutes. This procedure is
especially recommended and where permission is given it will be on an assurance that the

intensity and duration of the pain are estimated to be minimal, consistent with achieving



the objective of the experiment.

(4) When animals are to be disposed of after experiments hav¢ been completed, they should,
in accordance with notification issued from Prime Minister’s Office (1980), be killed hu-
manely by administering a lethal dose of anesthetic or by some other recognised means
taking into account their species and size.

(5) Experimental animals must be accomodated in proper housing, and provided with suf-
ficient food and water, thus protecting their welfare and maintaining them in a hygienic

environment,

I. Specific Recommendations

(1) Animal experiments must be performed in specially designated areas where adequate
facilities are available in order to ensure the welfare of the animals. The organization and
management of the experimental animal facilities must be well planned and the animal
caretakers concerned with husbandry and routine care must be competent to perform their
tasks in a satisfactory manner.

(2) In conformity with a well-defined experimental protocol, each experimenter must have
assessed the suitability of the species of animal to be used and of the experimental method-
ology selected. Animals maintained in satisfactory conditions should be used., Consultations
with, and advice from, experienced laboratory animal scientists are recommended.

(3) The experimenter must select with care the species and strain of animals most suitable
for the experimental purpose in terms of genetic and microbiological quality. The person in
charge of the facility is responsible for seeing that the relevant regulations and internal
rules are followed.

(4) The experimenter should inspect the aﬁimals and provide for quarantine conditions in a
proper manner. Records of the animals both during the breeding stage and when issued for
use must be maintained. This work may be delegated to the Manager of the animal facil-
ities,

(5) Full consideration must be paid to the avoidance of compromising results by protecting
the animals from environmental contamination in the animal facilities. The safety of humans
handling physically and chemically hazardous substances or pathogens must also be as-
sured. In addition, special attention should be given to the maintenance of good hygienic
practices throughout the animal facilities, with due regard to the fabric of the building and
its equipment.

(6) All experimenters must comply with regulations and decisions made by the Animal
Research Committee in that institute.

(7)  All experimenters are urged by The Society to conform with these guiding principles and
recommendations, That they have done so should be stated by investigators when they

report their experimental work for publication purposes,
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