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BEET IR EIEMEHENE (e
B) oEJEMERICRITTEEICBE L T,
195148 Holmes &Y%, in vitro TIBEKT
12\ d-tubocurarine DEHPRHET A L %
B|ELTLE % OWE-2r L I N T 5,
L2L, TNLOBRIILTLI—HL Tni
v, FOEBE LT, invivo DEBRNEE, 1K
AR II RN ENE NS 6T, BLKEN
BT B L Ot o0BIE % &R 2 BN+
TN E L ZT 520 Bbs, $12 in vitro
DEBRTIE, BEETICLDVERELZBRTS
CO, NEBEYEIT 5 726, RERHCIZER
T3 CO, IBEZET 32U, BHE” pH
PET T 5. FEBL BRSO VER 11T
e, R#HEN pH &Bbic k> TRHEERITLZ
EHEIS LT E NI, GERD in vitro DEER
T, EREEBET 5 CO, BREIREERTR
2L IREE S L Wi, EBRFERIIKEST
TH G pH DETIC L 2B LZIT Tz E
ZbNb,

AWRTIE, 5 v F OEBHE—HELRYEH
v, RERCILBRT 5 CO, BEZEIET
Eiwo pH % —Eicffb, pH KT EM
BEAICE 2 288 R, BEET»ER
B R ENE RIS L B
BEF L 72,

® B 1
(5 #> Rahn 5943, KIEDETIC L D M,
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B pH 259k ER s FATICREITAZ L %
HBEL T3, FRETHOpHOEREMBEIRZEL
5, FNLEE—BETHETSEELL,
L7etio CRENRY 2¥EAN pH % BT 5
BE, MELFELIRE 37C) nBETRIET
kv, $in vibo & 0, & CO, #BRT
LA, KEROKEBENEIICHE ) pHIET
DEE L 2HITZEBRT 5 CO, BERKT
SRt biwv, 22 T2ICICBIT %R
B—EEA % ERT 5 modified Krebs' "%
pH #%, 37CicHWTIH% 0,& 5% CO, DiE
AEREBALLES (MR tHFL(%2L9
i, BRT 5 CO, BEXRET b FHE
BET- 7.

ErxOBENRAREFEIL 122TCHEHK
ENBOERBFEEEL LBRRL, £nFN
@ pH, Pco, M~ ZA7iTEE ABL4

(Radiometer #84) % Fvy, 37CDE&E CHRIE
L7z, #D%ER, BHRBIEH2TC O, #E CO,
BEE4%ETDE, ELIRLIZE IR
N pH, Pco; HIZIZEL B Z &L
iz,

YLD FHRERICHE - TUTOERFIT- 72,

#%1 Modified Krebs’ # ¢ pH, Pco,

pH Pco, {(mmHg)
37C 5% CO, 7.337 £ 0.002 45,7+ 0.3
271C 4% CO, 7.343 £ 0.002 45.3 £0.3

Bl THE + 1ZHERE, n=16,
pH, Pco, L bHBETEEELL
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#1457 BN Sprague-Dawley £5 v + %
Ay, HRfE—mEReefl 2, g2
{EIRHE (FE100md) i BEE L, 37°C% modified
Krebs' i T#F, Tk D95% 0,& 5% CO,
DREREBEAL . BREOBEIZEREN
TBiREOPEL IR CERL TERFL, BER
7 CO, WX, ME (BE120379—A—%
—) BEWCHELL, BEEOL®IE T 2
F v 7R THEY, CO, DBEREREL 12, FiE
AOERALEZ0.1Hz, ##80.2msec DIEFHK
TEAESHEL, BoNEREHINEN %
TA—ATAATVARAY b TV AT 22—
+— (BFREHE TB611-T) ik TRIEL,
R 757 (HAREHE RM6000) o TERK
BICELER L 7=,

BN E®R, EAENRE(n=120), K
BE (n=120) n_&icoF, UTo®REET
oz, WNREETIE, ERREZ3TC, BX CO,
BEZLRICHREL (HHEEZREL, K2
BT, EREEZ27C, BRCO,BE*4%
b, WBTRICHMEEELRE L TH
STy 7 EERL 7. BHEE L LT, pancur-
onium, vecuronium, pipecuronium, d-
tubocurarine (LT dTc), metocurine, gal-
lamine N\W§ 2 HEV2, 03BN Ty 7
DD FHMERR SIS 28E (%) &
LTREL ., ZoBE—MRHEE:, &HH
B 4 FBEOBEICOWTENFNS HT D,
R ZATRACTITE Y, FR20B0ERD -
BBEFEEC L ) ZGHEEOAE— IR
2RO, LIl TRHEHHRED
HE—RIGHBROMEE & ED % SHRE, KR
DM THE L 2. BEI2E Student’s t-test
v, p<0.052FFL L7,

GE OB X1, R2icAEEN BTG E
EoRE—RICHi#HE, 2 Fho ED, % RL
7z,

TRCOBGMERIZ BT, HEEE (KB
OEBECARMBOEE CAEERRI L, 512,
EDs, i3, pancuronium, vecuronium, pipecur-
onium T, {KBHETHEELET (p<0.001)
hi& A, dTe, metocurine TIZ L Las A
LT -7z, F72 gallamine TiX, EDgid

=2 EHEFHSEERMEIED EDy,

EDso (}IM)

xS HREE iR

pancuronium 2.92 2.00*
(2.78—3.06 ) (1.88—2.12)

vecuronium 4.92 2.94*
(4.68—5.16 ) (2.80—3.10 )

pipecuronium 1.68 1.02*
(1.61—1.75) (0.99—1.06 )

d-tubocurarine 0.704 0.723
(0.668—0.743) (0.685—0.762)

metocurine 0.227 0.237
(0.208—0.249) (0.213—0.249)

gallamine 08.1 126.2*
( 94.6—101.7) (121.4—131.2)

BB, FHME (95%EWER), n=20

* . SHRBEHC L C p<0.0010 MR THEES 1 (Student’s
t~test)

EiE#TERICEA LR (p<0.001).

Z I &6 pancuronium, vecuronium,
pipecuronium T, {KiRE CHE—KICHERD
EZF L FMEND, *7 gallamine TIRREEL
AHEBEDES Lz, dTc, metocurine Tl
WMENMBRTERLEIEA LN o7z,

= B 2

EE 1 D#HRH» L, pancuronium, vecur-
onium, pipecuronium ? 3 FEN AR IEN LD,
iR (27C) 2 &) FoiERHEBLL:. o
SIEVTRLRAT oA FREROEUNEYT
H 5. —HERAH»PE(LL %&b 72 dTc, metocur-
inelFEVITRIPANAV R RTHD, F
72 VEF %S L 7= gallamine 2, a3y s i
S R EBERRD. 29 L HtEENE
EiCL, RENEEFrRLDLIIEFEZLN
%, % Z T, pancuronium, vecuronium & [g]
HiczxTaAd FeRoznethof@Ehz
AWT, UTnERE2T-7,

K 8> EBR1 LR T v P DEREE—
HIEAR % v, EFRBEEL37C, BRCO, BE
%5 %ICHERL, BIMESEEL 2%, B
EL 5L THD7 oy 7 2ERL (n=40).
¥ 5.3 ¥ | TiE, pancuronium & % DfEE
WThsb OrgNE3S (3-Bi7 & F NARHM),
dacuronium (OrgNB68, 17-IR 7 F /L 434),
OrgNA96 (3, 17-Bi7 e F MR8, %12
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CONCENTRATION OF PIPECURONIUM (n M)

N1 AIEBSNER MR E—SUTH R
sl 7oy 7 OME, BEICARE) 25 50T, OINER, ORMKEMERL, TNLIFY
6 + EmHEE n=5r%¥. UTCEFRHBROMEE 277, BEITFHE L BERET, »INL@

BETHEEELL.
pancuronium
vecuronium
pipecuronium
d-tubocurarine
metocurine
gallamine

SRR
byt

256.6 + 30.0
217.5 £ 28.0
252.7+24.2
236.4 = 30.1
93.3+11.1
303.7 +27.2
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210.2+£32.4
156.7 £ 20.0
237.3 £20.4
219.9+29.2
90.7£12.2
242.2 £ 20.4
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Org 7268

Org 7402

X2 Pancuronium, vecuronium & % NfUHEY

Ac: TeFnE

vecuronium & % DEHEM TH 5 Org 7268 (3
-7 = A Y), OrgNC58 (17-L 7 & F L
a), Org7402 (3, 17-BL7 & A3
DEF8EHOVT N EAV (K2),

#5605 %ICHFIMED 2 BIE L /- 1%, WK
B%27C, BRCO, BEZ 4 %icE(L3, &
51003 BERAIE 21T - 2. ZNENDHIN
WhE, HrHEERERICNT 58S (%) &
LThHbbl, —D0FEYZDOWT5 RNDES
PR DIEREACUT- . ZRBmRES
5T, ERKRLBRCO, BESITENLS
Wi xtBOBIGEN LREL 2. #RIT paired
Student’s t-test # v THEEHEBGICREL, p<
0.0 FF & L1,

£3 [EYOHHBRER & HWHEH OEL

#E5E B S (%)

(M) 37C 27°C
pancuronium 2.92 57.6+2.9 17.1 £ 3.0**
OrgNE 35 6.00 46.7 £ 4.3 29.6 £ 3.3**
dacuronium 100.0 67.6 £5.2 98.4 & 3.5
OrgNA 96 140.0 14.3 £ 4.0 45.3 £ 2.9**
vecuronium 4.00 63.2+3.0 15.6 £ 2.3**
Org 7268 8.66 43.0 £6.3 27.0 £ 4.4*
OrgNC 58 57.0 37.1+7.9 65.9 = 8.3**
Org 7402 108.0 28.3 4.5 62.7 = 2.8
blank — 100.7 £ 0.9 107.7 £ 1.7*

BRUHE ST DYl T HME + RAERE, n=5
*, **137CICKL, #NFh p<0.01, p<0.0010EKRET
AHEHY (paired Student’s t-test)

G B RICEEYOBRER L HE6071HE
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(37°C), 10043+ (27C) oHIES (%) *
ALz,

Pancuronium, Org NE35, vecuronium, Org
T268NFAET Tid, 6044 (37°C) ixtL 1005
# 27C) CREBCHIEAETL Tz,
% 7234 (blank) & dacuronium, OrgNA 96,
OrgNC58, Org 7402 FFHET Tid, AFEICHIN
WhomL T, ERPOBRRY Y b —
A& 3ICRT.

* 5
AEER 1R, KB (27C, pH—®)ic &

") pancuronium, vecuronium, pipecuronium
T BMSIERL MBS N, gallamine Tl
ICVERA55S, £72 dTc, metocurine TIZ%
LR oNT T2, ZHOZ EHLHIBERTH

37°C  Muscle
5%C92 5e10xant

FERA R R 52 58I, BHRE
&> TR B EPHERINL, BEKTIC
v, EEREKRE D DTFLa ) v OBEE
L § 528 FERCa) Yy AT 7 —EEE
LIET T2 EMLNT R, &1 EBI#IR
rto7eFra) v SRENDF ¥ > R LDEEDO
BELIERET 2720, NL5NRERELTIE
BRI B DT 2 (K3 BLUR 3),
L& L, &HiEdkic s VEEERT»RIZTE
R 2HRIE, k) R —HEAY
DEFHEZT TREHETE T, HEED
HERSEERE OBMENE, F/ERABFD
BV KICRET RSN H B,

% ZCSEBR 2 T3, pancuronium, vecuronium
EENFNORBEY BT, REEKTYH
KNIz 52 28 e L /2. £ DR, pan-

27°C

M%CQZ wgsq out

e —._‘

Org NE 35 §

Dacuronium

Org NA 96

Blank

X3—1
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Cnd

10min,

B EE{f T A¢ pancuronium & £ NRBEYOESF 7oy 71252 2R
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37°C Muscle
5% CPZ ﬁ?loxont

Vecuronium §

Org 7268

OrgNC 58

-
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Blank
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X3—II JBE{KT A vecuronium & # DAABMEHNERS 7 0y 71252 R85

curonium, vecuronium & 0 3 -7 £ F /AR
HOFEE T T, (KRERIC & D BEHET
L, 17T-BT e F RS, 3, 1T-IRT7 e F AR
FHWOFET TIX, BB EMLL:. 2o
LI AToA FEEALENOBELZ L T
T, BEVER DV pancuronium, vecur-
onium B &8 L U%D 3 -BitF /U HY & 5t
BEERAOHVIT-BHT v+ R8s L v, 3,
17-B7 2 F VR BY i, KB 3 RKGH*
A7 -7z, L72# - T pancuronium, vecur-
onium, pipecuronium ) g /A A9KIRIC L
NEHEINLEEEL, FnaTo /1 MEdicR
HLTCwBDTIELZWEEZ b,
FERSBIERGMEIED L - ICHE—HEEE
IERL, FIEGEEZIHT 2% C DB
B#ERFE LT, EFKRTHOTEFLI) L

DBEAEMEIZ, FrrRNT oy 70
BEICBITATF ALY OB E FEIEIT S
ZEBHLENTWED, FrrAiN7ay 713,
TreFral) ok VN4 A F 2
WAL 72w 75540 T, EBE
DFHAREE 5 L 2B A 5 1, neostigmine
rofa) vz AT 7R LN EHREN
%\, Gallamine T, BEAMEEE F 5 R
7uy 7nEER»REZEICR LN, F/dTe
BRERE T, FrrAiN7ay 7%5882
TONT-BLT = F RS S 03, 17-BT ¢
F A#HIE, pancuronium, vecuronium H
BBIUVZDI-BHT7 2 FARBWE ) L EoR
YER»53<, FREN7 v 7 215 NIZER
ErELR Fhro7Toy 2 3EEET, B
BoR@e & bictkr ot 2EmsResn
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7z, Ohta®Vi%, vecuronium D17-§ 7 & F 4L
B LU3, 17-T e F L RENED 72
7%, 1uM ®neostigmine iz & ) #EH 2 e
oI EEBELTEY, ZALOERITZ
DYERBFED, Fr> i L7Tow 2 THBI L
PROTBELTWS, 2ok IBEETRC
BRSUAR R 50808 S AL BRI T, F > R
TRy 7 EDVERIZEE L T 2 TEE A
Hb. LrL, FxrAn7oy 7ER4ET
LEY DG AR R R EE T IR N
WEEFICOWTIL, SEOERTIIEL AT
v,
$72 dTc & metocurine (385 B /EE 134
<, BRET7ay 7%E£T 55, ZOERIZ
BEECINEEL2S T 4o/ ALD
Wi, EERIR LD T FLa) SRk
BARRT %+ 7 AERAL N, gk
REE, TeFal) r OEREhre &R
MADOBEHHET 2/ +72EH2ET 2
ZEBBEENT B, ORI+ 7 RERAIL,
Standaert*™ic & 2 L KR KRICHEFET L ET &

4 BEETH»ERIBEEGMBEERICS 2
LBICBET 2 (in vitro)

1951 Holmes" rat d-tubocurarine 5%
diaphragm
1974 Foldes® rat d-tubocurarine 3%

diaphragm  pancuronium 3
1981 Farrell® mouse d-tubocurarine 1§
diaphragm  pancuronium b1}

1983 Horrow' rat d-tubocurarine 55
diaphragm pancuronium E

gallamine 55

metocurine 55

FLa) rEERKEF e FNTOy ITTET
LIZENEL S, Lizhio TRIBRICIZEL F
TAERIIRESIND D, ZDF AT
v 2 & BETS T T AERIZHHEI S 115 726,
ZORERGHBERLELL v d LItk
BEKTIHERICE 2 58Iz o0 TE,
in vitro TW{ D DB|EBLEINTEY, £
LI FNEBREREP I LHLLDOTH BN,
Foldes 592, 7 F OERHE—HELZ
s, 27°C T dTec, pancuronium O{ER H 154

TB5ZLEREL T3, $ 7 Farrell 593~
7 X% Fvs, 25C T dTc, pancuronium DR
DR TEZ L2 H|EL T3, LA L, Foldes
% Farrell L 0EBR T, BRT2 CO, BE
ZARIERHC LB 87 - 727285, Bartkowski
LPstai L2 & 9 i, FOEBRRERIZIEEKT
N&HTY% <, CO, DEBENEMZL £iz & 5 pH
ETOHE2ZTTwBEE2 515, 0n0 519
13, Wk pH LA IER S B 5 g2 o
TERICS 2 BB >WTHELTW23, 21
2 & % & pH HET iz & » T, monoquaternary
1b&4TH % dTc, vecuronium Tl Fyitiig ik
FH* 8858, bisquarternary 1A% 7T% 5 pan-
curonium, metocurine T2 L T 5. F
72 pH O ERATIE, RNDHERBLN T B,

#HixZnHEE & LT, monoquaternary b4
Wi pH KT T2 3BT > 2= 7L ENE
4588 L C pseudo-bisquaternary 1b&4 & LT
BETL2EEGYHEZ, TEFia) o SBEIC
XY 2B T RoHER BRI NG, &

AL T3, FFEETIE, KERCERT 2
CO, BEZET IR THERMEN pH 2 —Fi2 L
T 228, RERNEIRICET 2 EBROEAICIL,

BRBENDPH IZT > F—2 RIZMBNT w5, IF
BT > F— 22k N, dTc niemitEa L,

pancuronium N{ERIIEFET 2 Z &5 5, KFF
FekE R, Foldes % Farrell 5 0iEREFEL
TwvaZevs, 372 Horrow 51935 + kR
E—HEA T RIS L ER L 72 R, Foldes
% Farrell 50RERL Y, dTc % EnEH
REL koo o8l L2d, ZIZEER
T & 2RI RE R e B4 R T 72720
EEZLNS,

&

1. 7ot OEBHE—HERZHT, Eif
#OpH #—Ficikb, BERET (27°C) 259EH
DRIER AR D F R I RIS B %
i vitro TRRETL 72,

2 . Pancuronium, vecuronium, pipecuronium
T3, HHREAINBEEIC LSS TS
I L 7245, gallamine T3 A &I 55 L 72,
%72 dTc, metocurine TIXE(LL Zeh - 7=,

3
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3. Pancuronium & vecuronium NEHEY
75 b, BHRER DR 3 -7 = F 8
i3, BEETICHECZOERIMEEL 205 &
WRIEHOT/CIT-RT 2 FAREWB L U3,
17-BR7 2 F A Tit, ZD1ERDRTT L 72,
4. BREERT»ERIBEHHEENERICS
ZBRENT, BREEICLVRL), BEEKT
I & - THBBRIER R I N WY T,

X

X‘E—

FrrANT 0y 7HENOERICES LTS
WHEE AR & /-,

a2 Bichizn, BO% sEEE, KMz
B L7, EUKFEEERE: - #2858/ MR
TEREURICREHMBL T, o, RHEED
el L M S W P W NI R B2 3 L
RSO AMcHELERLET.
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The influence of hypothermia on the action of
nondepolarizing neuromuscular blocking drugs in rats
Masakazu KiMURrA
Department of Anesthesiology and Resuscitology,
Okayama University Medical School,

Okayama 700, Japan
(Director : Prof. F. Kosaka)

The influence of hypothermia (27C) on the action of nondepolarizing neuromuscular
blocking drugs was investigated using rat phrenic nerve-hemidiaphragm preparations. The
pH of modified Krebs’ solution was maintained constant by reducing the concentration of CO,
aerating the solution to 4% at 27°C from 5% at 37C. Log dose-response curves were construct-
ed for pancuronium, vecuronium, pipecuronium, d-tubocurarine (d-Tc), metocurine and
gallamine at 37°C and 27C, respectively. The slopes were not influenced by temperature. The
ED;, of pancuronium, vecuronium and pipecuronium at 27°C were significantly smaller than
that at 37°C. However, the ED;, of gallamine increased and that of d-Tc and metocurine did
not change when temperature was lowered. In addition, the effects of lowering temperature
(27°C) on the partial neuromuscular blockade produced by pancuronium, vecuronium and their
3-deacetyl, 17-deacetyl and 3, 17-deacetyl metabolites were studied. Neuromuscular blockade
produced by pancuronium, vecuronium and their 3-deacetyl metabolites increased, while that
by 17-deacetyl and 3, 17-deacetyl metabolites decreased when temperature was lowered. In
conclusion, the difference in the influence of hypothermia among the neuromuscular blocking
drugs, is not attributed to their steroidal structure, but may be due to the differences in their

mechanism of action.



