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Osmoregulatory Adaptation in Vertebrates. Masaaki ANDO (Laboratory of
Physiology, Faculty of Integrated Arts and Sciences, Hiroshima University)

X C & I

AR E 2 ERB LT - TEMEHER LT
WBR, COWERBNIEE LTKBE T
bhd. LichoTEELBRGER Y EFC
LE 5 EREBOEYIFCEETS. DX
5 e KB 2RI EMBFR L, A RRERL D EERL
SERELTERY, TOELELOEEE LA
VAT To R IR EE 2 B Dl D D AR &4
EltoTnd (R OBEHMEDOHER).

BHEBM L DA BREN BURIC B
> Th R L KGEERYRL, £0
MEDOWHHET D HFHBLT W 5 (#09%
NaCl iz #84). BIbEE R ATET 5B b
KARED BB b — T S D I %
ETHDTHS. 0B LT Macallum®
IR L E OB A R LI OO K
BLTWBEELZLN, LRI TWAS L
5 WHEHEIY O MFA & VBB KE OEKIE
EE 37 <, Robertson® 1371 0 DT & Tl
KM D RS NIcH CH MBI RE Lic

LEZTWE. LELVWTRECEIMEDA +
VRO R BEAOEKEFEECR LT
% (ko Mg* OEIERBCOREWER
D BB RO Mg H K BTA A
BiDThHBE bR TW5) OT, HKHE
PIEA CiA® bR TR 7s » o & W 5 BRBik
BURIR .

Wi (Adaptation) &AM ORTHRERCHE
BB, ZOo&PHOBURETOAFCHES LT
WAHZETHY, FLREOECHEELTY
ERTYHB. BT LT BEE oxt
BB TE L bh, BENS- TR LDTHE
EREETB E 2 5. BE L ARRACE
BROLHSNERIEETIED B, KBTI
K, BAKRDBIZELEE WS EBRE R E
L, & ZWBELHEMEEY DK & T 0 R
COWTHN%. BEERHSRE L LR
TR, WALE, BRE (B 2 mAET
KM, B (B 23, REESEEH TRE
&, HEEES, BHHECRBEIAEELTIh
i T 5.

£ 1  KEOEKEBFEDCEKRLOCCEHEYOMEHO A 4 v RE (meq/))

ZHV7VT  FAAFNEARE BHE O HHEY (Nat)=100 & Li-EoHZ
1 % v HiRoER* Howk™ B 09K o ¥ BEOCEK M B
Nat* 298 379 440 145 100 100
K+ 104 51 10 5 2.3 34
Ca?* 2 7 18 3 4.1 2.1
Mg?* 11 38 101 3 23.0 2.1
Ci- 398 441 510 121 115.9 83.4
S0,2- 54 40 30 1 6.8 0.7
HCO,~ 13 5 10 25 2.3 17.2
PO 2 2 0.5 14 .

*C OB HE L L EE IR T3 (#30M4H])
L ORIEHEYS B LI L EEIhT0s (95 RBER) P 2HE
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. BERABORREN

A. FkAaLiEka
HEEREOMKRBEER, K& 2300
mOsm//, ¥EKED 350~400mOsm/! C & %
DBET H B Bk (01~1.0mOsm/l), ¥k
1,000mOsm/l) ¢ Z 1L Bl T\nb. §EsT
BARETIMELTBKOBERCE IR TW5
LD, ZTTHRKFOBIIKEIGE A ERK
7, LEOEERYHT. oRES Kb
han, X vEEMCE VAL LI X b
MLTWA. —HigKERIRE KO &Rl
IhTWBT D, FODEKAIREK
A, ThEBI VBN TAZ LRI bk
HoTnd. ZOELERFEASTEIBEI Y
BB T 5. KA RMK & 13EE
RTH D, L DEIRAKADL/I0LIT CH 5.
BEE B IR AR A SO RK CEE T 55k
BRE, NEROMEREETEBIRERLND
0, SEOBIGHEF Y BEET 5 o AE
BIIRBLERMEchHS. UTHEERTHS
v > ¥ O KBIE P OICEELHED B,

B. Xkegka ok

YK Y F F KB T EE HITHEK 28R4
WHBn. KEABIBTHE IBH Ao X
<5 WNTEEMEICETS. KA LEKDOTO~
80% BB bBIRE N 5. & DK ADF|
ESTin o T B DK FD Cl™ ThHBHo.
M HEPITH KRB BOTEHN TR TED,
MEEEWD 85 EREREN, £BAEEK
HEA LTHMEEZE T & KRRITEE 5.
FBRRKYVFFOMAPRT v¥FLAT Vo v
535 LGB CKRABRERTE L, 7
512y v (Ach) e 2z I viEE K X »
TUXTIER L KERARFEIh, 7Frvr Y v
RIAT FVUF Y VEX - TTER KRR
MebhbZ I RLRTWH20Y, FEMiTE
P ST L. :

C. BitEEIN

1. BEDUXBIL
B v FFORE ERZ—BOKKMIEL

EUsBLEEMRCELh TR Y, MEDRKE
LEGWA, BRIl BHUEEG Sy + ¥
DREE LR TR, HMRMRIBEROWT, £
ELCHEBoMEERMETELATEY, I
BLRIOEELTHS. 0L 5ok
WERBLTHEAK Y FFORBEIIALA AV
BEAEBI IS, Ky FFORBIREK
HHK BT Nat & Cl™ Zi 2EEAR
P TRBRCIR DAA TS, DX )
TR RE QBRI AT & 0 SA R KT AEER
PRk 12BE 2 cHED DR, BRBOR
A CcRERED bhvict, MK EIZITFRRE
DB ETDZ LI in 5%,
2. BoMEKES
BOXKBINEETAKSEERFALCED, ¥
> FCREEKBTE LBEARKTERURE
FIREBICE T 5. Ussing 0EBE XAV TH
KYFFERKYFFDOREDA & VK& I
LTRBE, BKYFFTix Nat DfEB%
& ClI” DREBIRREIIITE LW ORI LT, 1
Ko Feix ClIm ofEEm%Ed Nat © 253
B\ o ClI- EEEgXiE7ee 3 F
Mo Nat-K*-Cl- H#gteksdo0 ¢ h
D, KORREE Cl° #EE L OFEICH B 23
Bohz® R1cEkvr¥oBeksitsa
* VROKEGEDETARRT. AED1 + v
BEDEFME I VA DB TLREIRTSE
D, WEEETREDEDOERNL + v R
BThrtELDIRS.
3. MW

KBS BOE~2 O F i, MTH
th—EIE BB R DOZE & ZT T 519, R
Y FFOMF = —F Y METEBKBITH2~4
Ec25fEe LR T 5. L LD LRI —k
e d O CABREIBICITRAK T FFDO v &
TRS. 2 —FV VRRKT FFIESH LIk
otz —FV LEOHEIZhERETDH
5%, —FB s B KBRS R B A 1
HOeERREATS. colihfz—FY 10
— 7 BARKBINESAHEKRT 5 F CORMILZ v
Ry ERE—FEOCERICCET DR & F 2
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Seawater

X 1.

KAOE LB RT 5 14 vIlR L X OFE. BELNMTHHREER T, B

e A VOBBRBFR TR LTHD. BRBHRHEETO BT BT 5 RIMRHE IR T 5
SUWMREERER L, —LFoMEPZWT S, Ull: weF vy IL ANF L FEH: Nat FR

ESiE ‘

bhTuwb. HEMHEROMEDLE 2 bh b
2%, WKy FEFOBDOKENE Ach X »T
Mz BB EDHMBRTNWEDRT, AT =
—AT I VEDHRLERIT XD L. K
MEH VA TIR7 Frd U it cAMP D%
BELZRIDNE WS, KEEN VL OB
T EME Nat FIIREF (ANF) @ X - CTHifa
M cGMP 2% % b (cAMP 133 A XEEL
7\), Nat-K*-Cl~ gtgpeaiflz bhs & %
b THB0. 57 4 7 €7 TRRHT
TR OVSWMENE YTy v v (UL HRE
KE D iz o g & NaCl L KOBIR %%,
WABOBIizY e 5 v v v IHUN @
NaCl LAKDOBRIREED B Z ERWEZh T
570)~

D. &

1. MM (chloride cell)

BROIMRBECHHE LI, 7TVE
=TRRBRDOHHBETHY, RO
VRHERETLH S, —BCHER BRI TR
7% (secondary lamella) /2% b A # V4

BALRT % R A — vk 1R 3% #% (primary la-
mella) &b 5. WAKADOHE CLEEMBTIED
DB THB. BKRYFFREGRCBTE
EEMRRACEELHEL, T~100CcAFOM
B LA ORI EHL 2. & O R o
Na-K-ATPase #&#: P17 LTz TW5. —
FgKe 2 BEEIG S Rl v F FRRAKRT
&, Na-K-ATPase $EE ML 15 AL Lo
FT@ o< hERAT 59,
RENLTOL 4 vOBEZE LTE, 0
R EM T B, RoXESNER ERTH
b, BEMAREAERNC 0T, Bbhik
HRINEEMEO 1 F VEBRERRE L T 5
ESpERMThoTe. L LESER e - THEE
@ _E Bz (opercular epithelia) 23 8E¥EME % % <
BULZ LhbhoT, DSREE A 4 Vgt
BRELICR - TEL®. H2RRT IS5
%KD opercular epithelia % Ussing D%
Bkl &, MEAGBEORE EEREMAZTRL,
ERERL CI- o EE L IF% L < ko
T3, oo CI7 gEEhg s Nat-{kEic7
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# 2. WAKAORZ LK (Opercular Epithelia) @ 1 #+ v#xs
PD Gt Le Jon  JSL I TR IR N
Fish (mV) (mS/cm?) (peq/cm? hr)

VIARH
Fundulus heteroclitus®52 18.0 6.3 514 6.49 1.70 —4.79 195 2.00 0.05
F. grandis®® 8.0 5.1 197 244 078 —167 366 3.72 0.06
~
Gillichthys mirabilis?® 1476 15.2 14 0.78 0.53 010 —045 044 040 —0.04
A=
Sarotherodon mossambicus®* 21.3 3.9 375 260 050 —210 097 098 0.01

PD iR (1) b3 5 SERER (03%) DBAL, Gt k= v &7 & v A, Lo WEEEM X b HEEAI~

DERBERMBEERT. Jom TIERMD SHER~D 1 F VTR,

Tms VZKEIEQUD B SEBEGI~D 1 + Vi

TR (Tnet=Jms—Jem)., MBEBITFOAL F VBN L 0 Ml GWM IR T WD 2 &R FHRT 5.

vl FEREZETHDHC LD, Nar-Clm i
R EBLE 2 b Ty %22, Evans &
Cameron®j Na+-K+-Cl™ ft#g% o K+ o Hifir
w NH* 23 & LT NH,* o#fH L LT
BrEZTC5. Clm EHEOBESLE ST
bh, ClIm o45W% R LT 5 EEERILE
KB > THR LTS LY, Bbhickk
LEBEMII IR E T TE LR T EER
BAIEV- 0T, opercular epithelia (Zff o
1A VISR BT HEOBRRETALELT
B TcEs.
2. ClI” U FHE
% 2 /R X h- opercular epithelia ‘¢t Cl™
OHWET Fvr )y AR/ A7 Frr )y
(NA) e k- Tz bh5s®. EFLEHZR
BHETLRLRTHAE®. Ach 37 3 2 &
-~ @ opercular epithelia © CI- &Mz %
%, fREATIL Ach ORRITA BRI,
TRIIFURT 4 FETRERKR 5T 5 &
opercular epithelia © Cl™ £ 3MTET 3 %%
vasoactive intestinal peptide (VIP) 137 Vv
FYV vk s Tz bhic CI7 5WeE D %
AEMOBEITIE . Fio~E D CI- 4%
Ul ckotEdbh, U XI-THzbR
BB, san=avi 7 Fuvr ) vz bhic
74570 Cl SWEEDB®. EleqV S
RF L —ADRER B-T T AL I X o T
Bapy cAMP BENED bhickie C 4

EEDHI LMD, BT cAMP vl
BThECl HWbEESEELLRTND®
3 L) Fo#ERITE L7 opercular epithelia
TELRCLDTHBHN, »vA OERIIEKR
Th Clm e X AREEREMLSI Y v ) v
(B-7 ==A¥), 8-cpt-cAMP, forskolin iz X
S>TC2fECEmED. S I/VA T VIIRIRE
MAEDY < P AZFVIETIREEND
Shuttleworth®iz b 2O 7+ Fic X
ST Clm SWHRRSHIhTwB EEZ T
5. XbrBIE A VA ORI S T v iE—
V2 b AR F VF—REGEYE DO R A
T, TEEHEEY IRy BREEHRECES
LTCWAHEEEYE 2 TS, ZhBE#ELT
Epple & Lewis? i3 v+ ¥ O ¥KRET S &
WARFCTOEENEE L /b LHRE LT 5.

E. BEo&EIS
BRAKBITIE WK EORIOBBEZET X »
THx TRBKOERCEINTW5. ZOFF
DKEZEER X BT A DI BB RE L
DTH T, BRIZRKBCZ DR EFSL
ShTws. ROBEEXMKE & E © 1/10
BET, ER+o Na*, CI- 09%5% L iz ER
RINT B, Ky FFrlkeBts, R
EILBBCES U6 BRI IRK 4 15 K ©
183 Trisn, T LThREKELAEE
(GFR) $ AT 5. & brcipKic10 B EEE S
®5 ERERST OB LIRKEFERD 1/5 LA
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Tl 52, GFRITBFO LA $+5%. % hig

KU FFTCRIRMETOKROBRNAEF - T

WHZEEERLTWS. FhboiERiE
KBIECHE S REE M BEL B LR L
Tw5b. F—EECIIMEETE X ARERE~
OMmFEENEZECKS L, GFR L REx [ K
CET 5. EEEcRmEEIRE R
BT 50, REETOKOBRIRAZESZ &
Lo TRERSDREATS. z0kdK,
BREOZE KT 3 BISBRCIZ, REPC—K
HYTSIEA a0 b, WER] D 530 B fEH B T RIS
ZHERLS OBREBETHS. HiE wEIRNEL
(immediate adaptation) & B\ ~#3% % JlE{k(ac-
climation) &\ 519, —F = o= 24 ¥EKICHE
3 € B & GFR L RENKCEADT 52, B
—4% 7 r v ) GFR(SGFR)IZET LTwinwhz
Einh, KBRS THEI AR 7Y
DEBWAT 5 ek iR GFR RUREN
WAHTHEEZ LR THBS,

GFR RURELHHTAERFLLTR T v
FrFvov, TAF=vy v (AVT),
AV vy, TR+ ) vERMIBR TIN5,
TvFEFTvovILizgk<20 GFR L R &
HHRIET 2590, —FfgK~A2AD{E GFR
7 v¥EFT v ViRl % captopril TR
ETHLER IS THRAKYAD VAR ETE
AT5%. BEHOMTEMEITAVT L4V b
YRR BIBED, AVT 44V v v v in
wAKvr¥0 GFR L REZBA I 5Y. 7
Frr)vid=v~=ADRBEHE L, FHE<C
o Na*, CI° OFBIR A+ 510,

BE BN —BC B TIE DS b A
<, WA XS CERER TR L LK
KRG 7 v SO X S REL, 0%
DHFHE L. WERKEBKICHEIL Ui %
~H VA DEENEE DIEL, KOBEERE 2R
TBLTHRDEWRI VA DIEIPERKI VA D
BEBE X D S D BVKBINE 2R, Nat &
Clm OBIRBEIISCIHEAK Y L1 DI 5 28Kk X
W THRBKIVART 0T 75 v REHT
5 EXDBERITBKECEL D, KOBRIUIE

T L, NaCl oI #5525, zoZ &
REKBEEL v ORI B BERERE
ELTENTE DY, RKBEIGL v T 725 /h
FERBEVELTSZ L ER LTV 5.

I. REZEEEH (Ureosmotic animal)

A. EEREEE

R F TR T A + VIBED K X
DEL - TcE DO H % b DIRXMKICRE %
BREDIEC IS THEORBICHEE L TWo
fo. VAR = EOWPEI I h bRFREN
By o REFWL—BET, KESRMEETHDHH
—HHAPC L AR LTW5. WEREEOIM
BRBEEK L heem L fich, TORE
WA A+ vh0dDY, WFEMN3DY, MY AFALT 3
vAF v F (TMAO) 23 10% % 5 o 550109,
TMAO D BE >\ TIE R H, B M D8
BEXBOTWBHRTEEL LR TELD, &
HRFED 2 VR 7 BOBEEREZ B A OEEY
fHLTorext L, TMAO #RED 1/28mx
HBER IS TREOELHT B Ldibdr o
T &, WFhic® XIREEO MR EEIL
WKEZIFEFELOLDHPREETH DO THK L
DECKDHAREBDTHIe. Licdis T
KEHKDZ T WEEZBRTWS. LiL
Mo Nat, CI° RoOv Mg?t BB 3K X b &
WDT, ThBDA F+ VIXZERNCEAA -
TL%. RGWA-T&E% Nat & ClI” i2EB
MREBEY vEEH IR 5. BB QS WK
WEIESERETH BN, MPRIZRENSDD
T NaCl 2D 2 fE S EBEE LTV B &
Cith. Zhiex LT, Rfo NaCl g m
FEELL Mg #BECERLCNDZ &h
b, EBEE NaCl o750, B Mg* o4
WHEBE LTEETHH EELh 5. kiR
FRE O T EAEN & £, Na-K-ATPase
DIEHE DB T &0 B2 B OO BREIAYEEH
CIXSEMSEH 5.

B. EElE(rectal gland)

Lo X 5 wEBR 7 NaCl s s
TH5. NaCl HUWBEL LCxEERORE
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Blood

Epithelium

Lumen

—
Rectin *

>cr

4 2. A DWEHIBIIC KT D A 4 VRt & LT OPES. A 4 v ORI AR KT &M
C. SHEIN T O H 0w iettsh A 754, VIP  Vasoactive intestinal peptide,

B 7 ClI7 E@pimE( 7 » 2 3 FlZtk:o Nat-
K-Cl” g2 ) A E 2 bhTunwap®, 7735
Y A B U ELBIR O MR i dB-
CAMP 547 4 V) VHIZ 5 EHWH &
55 cCGMP 1342371990, Stoff S92 35
i VIP 5 Cl- 04w @b 2 L x RO T
5. VIP(1076~1078 M) 1342/ CAMP s
D, TH 7 4 U VIRINC X - T cAMP 1%
XbrEES. ¥ VIP R XoTEDLR
Clm- pwhizy =+ 2z v (14x100"M) 1 &
S THEECZ bR, L LY R bAXFV
BiicMEpRIzabhicn1L, 74749
v cAMP 1z k& »TER S ClI7 St
BEAEEE LI b, VX FAZF YV
'3 VIP i X 5 cAMP a2 siz s 0
L2 BRT W52, cAMP 28 Cl™ 25 % o
LB ERERNC Cl™ 5 5 Z AR5 2 &%
Greger & Schlattert3-%y 7 5 v 7H:ClE
BERTWS. HEXEREAED CI- ofl2
MxlioBEe, Thit K o mgfl~o§
R L, W U7z K¥ i3 Nat-K+-Cl™ ik %
TR L, oW R THIE N T Ao7 Nat
% Na-K-ATPase %Gt b3 % & LT 5.

—7J5 Marver 517 v+ 3 F¢ Nat-K*+-CI~
JLE A 2 e B Td cAMP RNy v.ig v
WEAMEOR LRI L 2 b, cAMP 11
Na-K-ATPase 1§k b FIEFCE S5 & 2T
5 (K 2). 7o Stoff 9Lk, HE O E B
X VIP WX TRichaseELLRTER
2, VIPIZr Ss¥FxenvF=a OBEBROS
WAEDI DK LT, P IFADBFL hih
WX Wi BB WS 75 F (rectin) 127 7 5
VIR, NI R, HFo g OEBIES W
AERTED AT LD, I T rectin OFF
DRREOEBENBERTFE LTEE NI TH
5. UL rectin OB DWW TILHBESR
1w VIP LB BXTF P THDHT EHBHML
T B DR TEMMERHETH 512,

. mtEEOREERS

A EEAOBERK

KEBHEY D BRERED =T v E=Th
LIRFCYI Dz, MERBEEAN D
() &b, FPFMEE AT, BELAR
MDARRIC It ote. L LIEE DL IR KB
W D—IBAEAT VIR EDKE A+ vOEERH
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ABTH DR TEIKREBYOUELE LT
5. FRBRAKWAEOREERTRE D RKA
EEATWS. DFEhKIBHRIDAD, A
ST KIMERR E LCHH I hE. BRinb&kb
544 VAR L VEBRCR AL LI
Xy, FL—HIEHI VBHELTWS. e
Ho RS E it 200~250 mOsm/kg H;,0 ©
WAL DEWD, ThBBRKPFTORDOBA
wH7ed L, AL TCORKCH LTTFD
HNCKEITBTA2EREZ DD LEELDR T
76)3).

PR b2V % &, WIRHE 5 KDOBRIIFEF
PHEERTEB LSOO, KEDOKHEHE X
DERL T L. L ANRHEEITABERIK
R ETY (AEB IOMREREN ETKkKLE
BRETAIZENMORTHB T vFFTF vV
I 2HELTY, D=tk ukE 72 9),
BEZN L THFOKRZEBRMCI VA Z &
CXOKEBELTWS. o TRPTOWA
BRI DR CORETRTE WD, EE7
CTD=V IS —-THBC WA= 4 H
RAERACRRERFET A LRI - T (RER
BB ), BRETOAEELAEICLT W 5.
FRRBECEDL D = VIR HAEDIL TS
EsKEBHAcl 2T, B RORTE
RLTW3%. WAEEORE EBTCELTRD
BEELBEL YR TREIEE TS, BTH2
R CREZBIR L, JRIRD85~90% 13 TN
Tha (&) 2, oLy FFoUEKE
B DENREG. D& XABCERTDK
BN EEDN, ThbiirrevOBELYS

5.
B. P4iBiRER
1. "y ir>v

FAEEOBIK T L h N TEARIECHEFR %
TR AVT &2V b v v RBRS.
#BEHDO AVT BERBEAD e 7= THL
BKED T o H = AGhERERED < » Fo2y
v — (Necturus) TR, Fih =&l
KIRREC % LHBEL v AVT 20 &R
el L67)’ mlq:.z%}gﬁ‘; 10—11 ZFB 10—10M k:_tﬁ
?69’25’84’91)- U\_l:@%%ki/\ Vi ], < ‘/f);@_t
AECERRBREA B TWHT EERLTY
5. s AVT oBimfoREEER LD
LIMEBEOWAC L » T X DB FEIND™
84)

AVT e & LTIRRERGE A MBIIR % IX
HEesoticx v GFR @btz L,
EARME, JEh, BE ST 5 KOEEEE
BB ENMBLRATWS. GFR OETIE
BEOWTHLHEREY THhAEALh TV B,
KT D BERIREE EA TR & BB b - T
5XO5RBLS. KEEEOE(TBEN M
TEBCHETELN, AVT 3 AKHH0ERE
BEOBMOKERE ZERIRDZDRN LT,
KD Xenopus K3 DEBRE TIXEDE)
ERR BRI, FBRETOREEDD
OTIE AVT OFRERR R ST BN, —5F
KFFOBEFEORESL X AVT I X hKDFH
B AT, Ko Xenopus O FRETILA
HEBEREA LW, AVT 2 RERR
M o Bt Nat EERED & O 5 45,

# 3. H = OpEEFGCHES ARGESEE (GFR), RERVEBETOX
OFRINEOZEL
= i 2]
‘ GFR R B maps
A= BIELEMH (ml/kg « hr) (%)
Bufo marinus®® K h 50.0 40.0 20
zasm( 2 BR) 30.0 3.0 90
Rana clamitans®® K Hr 34.0 13.0 62
zask ek ( 2 D 19.0 3.0 84
Zegirb (5 ) 5.1 0.8 84
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Xenopus DFEED X 5 kBEMEN R Lk
W b Na*® SEEfRs TR T % o co s,
Na* REBhRIE O BRI EEY: D BEK & 130T
LIcfERARZEZEZ LR T WS,
2. LV AT r YV

HEADEBNLEDT A FATF v v OSUWAE
M NaCl iz 32z ek v#llz bh, 1L
FIEBEAEL T LI > THEMEh LY
18,20,107) 77:“—/1/@'%}]@01 V= ‘/“Z/Eu\ﬁlzf‘% 617’
. Freva vEERHTHI L LS TT AN
AT R YDBWNEELDTY, 7LV AT R
VOSUWNI V= VL s THREIRTWA ER
bhs. HEERI=ABZBERKCBTEOFL =V
BEHEADT 5. Ui L 06% NaCl 3k 2%
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WHRF B ERATE0T, WThoBE
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Role of Cardiac Nerves in Determination and Modulation of Blood
Pressure Oscillation Pattern. Michiyo KANEKO (Shinshu University, School of
Medicine, Department of Environmental Physiology)

Effects of autonomic innervation of the heart for blood pressure oscillation(BPO) caused
by a side pressure exertion procedure in rabbits were studied by intravenous administra-
tions of atropine or S-blockers (metoprolol and propranolol). When relatively large doses
of these drugs were injected the oscillation disappeared. Atropine injection caused three
types of effects on BPO : mostly abolition, diminution and sometimes augmentation. In the
diminished cases, the oscillation waves were subjected to a successive decrease in the
height and the gradient of ascending limbs. And the extent of bradycardia on the
descending limb was less than that of the control. In the augmented cases which ac-
counted for one fifth of all the results, the injection enhanced the BPO in wave height
and gradient. Meanwhile, the administration of f-blockers resulted in disappearance or
a decrease in wave height and gradient of the ascending limbs of waves. From these, it
is suggested that cardiac sympathetic and vagal discharges accelerate blood pressure
rise of the ascending limb, and vagal discharges contribute to active descent of each
wave. It is suggested that the BPO is influenced not only by the periodic change of the
total peripheral resistance but also by the concomitant changes in tones of cardiac nerves.

key words : blood pressure oscillation, side pressure exertion procedure, cardiac nerves,
atropine, B-blocker

7o BB AN 4 . 1955 T Iia sl o

[. ¥

il

MED RBHEHT IO & b7 58 1%
Wi & GEED & (W — R CHE T 5 5 2 fE)
f, Th X b RWEEICEET 25 3 By
mohTw5b. 23 REIImER ) & %X
o, IMORIRTEY SEOBIIRILT CTHIE T
L. Fiho, W B, B RRGECERA
T 5 MFEGE & 5 4 BT & PO, SHicH
WNAEE® AL CTAT) T 2 BHE 458 5 RETE
EMEST L H5Y. MEREHC DT O B 38
i, i Q121865481 Traube 23, R AMEUING
%, 77 VOB EARE & LicA 2T EYR
BN T 5 RS LY. 7, 18764
it Mayer 7B FEWFIRT O v £ i EYRE)
WHRETH EERE LY, ToRAROWT,
FOHEL OWRNV IR TEL. L L, E
T ) X AT O LB EIRIC OV T4

(FEFN634E 6 JI30H SZ44)

TUFEAREL & o T hq v ¥ BHEET
MEIREIFAET D & HE LYY, ToRt
B, bR ZOBESEFIA LCEREED
MEEPEREBF T oW TE L DY AT - T &
fo. T X b L MEIRE O FEEC L, DIEe
TAG AV ST % B T E ARSI & Hhiih
& LTc &I o B Y. X b, OiaHIE,
DI, DR ARIERAR SR & &
L, #if% & JERRRAEE OB HME 7 A TR B R A
MELTWBbDEELbRD. Fio, EHM
EEBY P L B AR LA s LTS
2D =2 —m VAFEL, TD=a—"
VIR A ST EL LT BAT R ) L
BBk LTk, OEREFNCIIIRE) & F—
BICERT 52 EAMEI R T AU, &
DR M EIRBYI O AR & RGO IEE), I
CEBHRHARCA LTS L OPRATedhTE
7ot PR O MRS ENC G U DA o G
DA, IMERE ORI RO



I FEHREI 31T % DAL i o 1l 685

TRBEDC L ZAREIRTW L. £ TS
[l D S CLk L EEIRE DT B 7 & ST K
ET ORI RE O R E ARG B, B F
BRIEWTED, 2 AN Y vERAAENFI A EA L
T, WZIME X - THE I 2 ERE O
TACD RN 24T - Tz

I.% B % &

A. FERENREOE A

EREIYCITAEE 2.5~3.6Kg DM % fo 131k
DALY FHEPE A 0% T v i v
¥ 8mi/Kg % B T EST LCRE: L 1o 8, B)
Wy 3T Ceff - e BRFMACERL B2 L
7o FRE, FTAKRBBIR < AR L5mm
OARVEY = - AEREA L, MENEMRE
+ 5 v A5 o —% — (Century Technology Co.,
CP-01) = 2% L, EIESR (AABKZHE
123671) # /v UC RS i mEE AR 2450 L
foo =05, KRR EGEARO R Y HEL
= =V (B Lomm) 24FA Lz, Wb
THEIME R TRE LR, 7= 2 — Vg

Y
Transducer '
[T e 7

Injection
of Drugs

Fig. 1,

ECG Electrode
for Cardiotachograph

L, = VORIEAMETZZ LRI ST,
B R R R A RRaE L. DI ELL, TERS
ETELOBERORES Y — & LTERD
I (AREE=NE 21308) » A TREE L
fo. SOLRAEREHRALSEE L, NEARERE
Xy e, W & F (NARCOMATIC
Electromagnetic Flowmeter, Model RT-500)
D7 e — 7 REEE L, BEEIRNAE (R
) R IE L.

B. mMEREIDERE

EDRE Ll AL T ¥ T T
HE, F T Uk = SEAE o> i 4 oD 5 25 o0 i TR v
EER 25mm OFLAEEE ¥ vThg, o
D /NFLIZ bone wax T H — ¥ EEED T,
HEBBIIR O Mk % 554w Lie (Fig. 1), %
TR SEE IR % R AR AR & 0 0 HE LI,
FERTEEIRIIEIRE 7 v 2 2B T % L
7o DLEOMER X » T, MM ABE
BRI R s h s C bl b, ZoBkc
AR SR 22555 Lic. AIEAREER, &
X 6.5cm, BEEE 2 cm OLRBELOEO iz A

Common Carotid
Artery

~Recording of

Respiration

Diagram of side pressure exertion procedure.



686 HFEIRENC S 17 5 DB S EC ik o 78]

N=VYBASTEY, "=y avFa
— T RN LTKEE~ 7 2 — & =D T hnFEs
Br#Eish, COROFIIKTHL IR T
B, ZOWEBDA L — VO A EBEEIRIC
BT oipcEE L, MEEE OELXNL S
LRI ST, —EETHREYEETSZ ENT
5. ZOTHTERI - THAD I ¥F 4 #5
W, EECHER & —EREL OME R X
> THIRICT bR BT 5.

C. HEWRENRIOEA

WRMFEDO 7 P v U IR B-v & 7 &
—EMTIE L LT 2 + ¥ = » — 1 (metoprolol
tartrate, SIGMA Chem. Co.) & 7 'r 75/ =
— /v (propranolol hydrochloride, {:7Z{L2268),
e, AAN ) VEREKEHMEL LT rRY
v (atropine sulfate, FHIHIIE &) V7. T
THEBRORER, RKEWE O GW, 7rery

(1.8x107'mg/Kgiv) B T O A b Fewm—1

(5.6mg/Kg iv)DEBEAK L - T, #EXh

Respiration

Heart Rate

Va4 A’A

Left Vagus Nerve Cut

Fig. 2.
the left cervical vagal denervation.

i

Systemic Arterial Pressure

T I ERENI L L (Fig. 2,3). $65T
SEIOERY, EHEAC X - THERB O
WeEh BHE xRS BRI, EAZLIM
FEIRB Mk 2 EAHAL. HEREIX A7
ve—03~20mg/Kg, “ 7S5/, e —n
0.1~1.0mg/Kg, 5 XU'7 bt v & v1.4~58 pg/
Kg & LT TORBRET - .
£ 1150 H 1 vy Frext LT 1 EfF
D& 1~3E, FF30ED MmEREE
YL, ThZholEREFRE:
7 e vOBMEARTS .
B 201050 H 4 v Frew LT L EK
D& 1~2[E, &F18E D MEIRE
L, ThFPhoMEEB KT
B-7 vy B — DEPEA BT - o
WP DO5H5F/ L AT re—
N, SP T e T T v - EREA
Liz.
FFEBRAPIF CHEYER L, EHEASD

il

- 200
mmktg

-4 100

-0
4 360

240
beats/min

1

1 min

-0

Changes of respiration, blood pressure waves and waves of heart rate following



M FEIRTNC V3 % Dol ST HE R o> 21 ‘ 687

Systemic Arterial Pressure

200
mmHg

MMAL

Atropine 1.8x107'mg/Kg I.V.

Systemic Arterial Pressure 4200
mmHg

L z i "' 100

Metoprolol 5.6mg/Kg LV. o

Fig, 3. Blood pressure waves abolished when
a large dose of atropine or fB-blocker was in-
jected.
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Records of atropine effect on respiration, blood flow, blood pressure and heart

rate. In this example, blood pressure oscillation and waves of heart rate were abolished

immediately after injection of atropine.
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Fig. 5. Records of respiration, blood pressure and heart rate. In this example, blood
pressure oscillation and waves of heart rate were diminished after atropine injection. The
wave height of blood pressure oscillation and the gradient of ascending limbs became
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smaller significantly.
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Records of respiration, blood flow, blood pressure and heart rate. In this exam-

ple, blood pressure oscillation and waves of heart rate were augmented. The wave height
of blood pressure oscillation and the gradient of ascending limbs became larger slightly

following atropine injection.
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Fig, 7. Effects of propranolol on respiration, blood flow and blood pressure. After the
injection, both blood pressure and carotid artery flow oscillations were abolished. Periodic

pattern of the breathing also disappeared.
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Fig, 8. Effects of metoprolol on respiration, blood flow and blood pressure. After
metoprolol injection, blood pressure oscillation was diminished. The wave height and the
gradient of ascending limbs became smaller significantly. Periodic pattern of the breath-
ing was also depressed.
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Table 1. Changes of wave prameters in blood pressure oscillation. In the cases of
the inhibitory effect of atropine and the effect of S-blocker the wave height and the
gradient of ascending limb became smaller significantly, and in cases of the aug-
mented effect of atropine the wave height and the gradient of ascending limb became
larger significantly.
Wave  Wave Gradient of Gradient of Level of
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ns : not significant ; p>0.05
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