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B - EETHOEHFHEED L DR 3HE
DHLDHPITE - T, ERSBERHMBENER
ERITTHENR L D2 E I IO TL, B
K & % DBEHD B, d-tubocurarine % fFl
2k %k, COA, NaHCO, S Cigia3 h,
HCl SiETHP L5 & L7 Payne O#EELL
*, NaHCO,, Na,CO, S TR n, HCL &
BTHEmEN L &L 72 Gamstorp H¥B L U
Hughes¥® #t4& =0, IR E N pH LTIt d-
tubocurarine DIERICE Iz % {, R#HE pH
LT3 Payne bR LBRTH o2 L)
Miller &%0#& % &b 5. F 72 pancuronium
= yecuronium T4, @ pH &1L & 10k
PH b TR MPIc B 2R 0 HES N T
597,

—%, ik, d-tubocurarine <° vecuronium
$IREBRT e T LBE DL 2L
monoquaternary {L-&4i3, pH»ET T 5 &
pseudo-bisquaternary {b8#% HE & 572012,
e D IEEE A N5 L BT 2 BRI H LYY, Z
DHEHHE 2 B &, @ pH Bl EiLe
WetE pH BIbn§E LB L Th A RN R E
v,

FHE TR, 7 v P ORBEHE — HELOE
Av:7z in vitro DEBE 2 T2V, HatEpHE
b 828 2 1Rtk pH (b e & el L 72,

=
&S
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X BR F

EARDEFM & LT modified Krebs'# (NaCl
113.0, KCI 4.7, CaCl, 1.4, KH,PO, 1.2,
MgSO, 0.9, NaHCO, 25.0, Glucose 11.5
mM) V% B+ 7z, modified Krebs {3 B i
BEM®ETHY, #npH |2 Henderson-
Hasselbalch HRic X > CHREE NS, - T
modified Krebs' #&iz 5% C0,-95% O,{BE&%
2BRT 5L, pHI27.47 CGER{E) 1o 3, 1P
B pH £1biz, WEF AW TEE5A CO,
BE*2.5% (pH7.77 . B%E) v 0r9%

(pH7.20 : BEmfl) IoB{b3 ¥ b ki d» 72,
— %, K # % pH E b2, HCO,# E50mM

(pH7.77: 5% CO, # @R L 7:BENIBRME) &
& 1¥13.5mM (pH7.20 . ® k) o modified
Krebs' EFSLAVEZ kit k-7, 2ol
&, HCOBEN®HIz L% > T4 41t Ca
BIUA AL Mg BEIELT R 215
NMEHA T REER, —ERHET L2010
FFFRERE L CROZ 21T - 12,

BE 7 modified Krebs' # 5 & 1 NaHCO, &
E#13.5mM ¥ 72(350mM (- #i% (NaCl BEE%
F 45 H) &7z 3B modified Krebs' #
T, 5% CO @A TICA A {bCaBL I
L Mg BEZIICTHIELZ. A A 1bCaBE
i3 Ca 4 # > B (Orion 4393 —20) BL U4
* > A—#— (Orion 8 EA920 pH/ 1 *+ > -
Tr T4 ) e AOTRIEL R, 4416 Mg

*
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BB MM A 4 > A (Orion +4493—32) 2
RAWT R, A BEAERCREL, 44
“MeCalBELDEYL L TRDI:, #DHR, 1
* 46 Ca BE (mM) {3, HCO,13.5mM, 25
mM 3 & U'50mM ¢ modified Krebs’ #iz &>
TE#FNEFN1.211+0.01,1.15+0.01,0.99+0.01
TH-7 (MeanxSEM, n=05), 724 4>
1t Mg B (mM) {3, #A2N0.7910.02,
0.76+0.01,0.63+0.01TH -7 (Mean+SEM,
n=5), ZNfE% b &z, HCO,13.5mM & L ¥
50mM ¢ modified Krebs’ 4 + > 1k Ca 5
U4 A ik Mg i E 4, HCO;25mM »
modified Krebs' # & Fl—ic e 5 & 512 CaCl,$
LU MgSO,nEE#FEIL 72, Bliz, ZnE 5
2L TREL 72 2 B modified Krebs' #D
M ERL .

UEDFHERIC > T TUTNERLTX
-7z,

1k E250g 7rv> L 350g DD Sprague-Dawley
FT7 oy b ERCT ERSE — GEROEEN
L 7. EX%EH¥ 9 modified Krebs' # (HCO,
25mM) iz L 237 CERE (F&100ml)
IZEEL, T#L0 5% C0, —95% O, BRARE
BRLUL., BEEOLRE7TIZAFy 7RTHE
Vv, CO,DBREREL 22, HERNERHEE,
0.1Hz, F¥#:0.2msec OB HEFKIC TERR
ML, B EREGIUEH P EFSX A

HCO, 13.5 25.0 50.0
Na 138.0 138.0 138.0
K 5.9 5.9 5.9
Ca 1.3 1.4 1.65
Mg 0.85 0.9 1.08
Ci 131.8 120.5 96.0
H.PO, 1.2 1.2 1.2
S0, 0.85 0.9 1.08
Glucose 11.9 11.5 10.4
Ca** 1.14%0.01  1.15%0.01 1.14+0.01
Mg** 0.75£0.02 0.76x0.00  0.75%0.02

%1 EED modified Kreds#& L UTHEERT
#%E L 7> modified Krebs' #oEREEMK
{mM)}.
FERIZ I3 # LF o modified Krebs' #ic 5
% CO%:BRLEBN CavBLUF Mgt ikE
(mM, Mean+SEM, n=35) #RL %,

&

Fa—4— (HAREHY TB611-T) i= THIE
L, ®Y 2777 (AFEEEHLR RM6000) 1T
SERECEE L.

HESRE L 729 LT ORELTh - 72,

£E5 1 (REMES L U1 pH &1Lic BT 5
Blank Study) : {038 pH 26T, BED
modified Krebs' # (HCO,25mM) %, FHE
BT{E8IL 72 HCO50mM & 5\ {313.5mM &
modified Krebs’ #ic A&z € pH # &L 3
4, 8041 i HCO,#B E @ & % % modified
Krebs' #ic ANEZ 72 (50mM 2 513.5mM iz,
$H5H:1313.5mM » 550mM i), & 62305
DPoEbEEEL, EbFEL 22 b o—)LEF
DOPIZHTHEE (%) & LTERDL (n=38).
MeRAE pH 2T, BEFED COBEL 5%
752.5%H 539 %icE 2T pH 28634,
80518z CO.IBEZEHM(2.5%4» 5 9%, »
5029 %252.5%) IcELdw, LT,
2512305 % N P OR{LELEREIC 2 Fo—
WEED Pzt 2818 (%) & LTRDR (n=
8).

£ 2 (G pH 2k, HHBRREER)
EB 1 T % » 20k BABEICEBE @ modified
Krebs' # (HCO:25mM) #, HCO,;iBENEL
% modified Krebs' #ilc Ai#:z € pH 2%1k
E¢72, 2057812, d-tubocurarine (0.654M).
vecuronium (4,454 M), metocurine (0. 17¢ M),
pancuronium (3.09xM) ¥ Rh—2 D
BELERELCHRAN Ty 7R E-T, Bt
BESREL C607RIC, A—RBECEHEE
# & A7 HCOBE M R 7% 5 modified Krebs’
Wic AREZ 72 (50mM 2 513.5mM ic, 5
131213.5mM 2 550mM i), 3 5123055187
2y 7JOELEBEREL, BIEL 20— NR
NPT 2HE (%) & LTKRDHL (n=8).
L BEEHWRENOEEIL, pHT. 4251 % EDy,
ST 5% B/,

S8 3 (MR pH 21k, Btk 58 .
EB 1 T X > 0 EABCRERN COBE
ES%PL2.5%HBVIEIRICEZT, pH %
TS, 2098, ER2 LAKCHE
K2R L THAN7T oy 2%E-72. 85I
6057z, CO.BE#MHME (2.5%D 5 9%,
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BBV 9% H2.5%)ICELE Y, 305D
POELEEER 2 L FEICKD (n=28).

UENERL NEL N BIELSEEHC
B L7z, Blank Study 3 & & BB KL 5.8
BT 3 P OE{LENKEICIE, paired t-test
A, BEOBESREICE, —To8SW
B & UF Student t-test Z w7z, & 512 p<0.05
PHEEELL,

% pH DRIER, M T 2 5H3EE ABL 4

(Radiometer #8) 12 TF7% vy, R Peo,
NELMEL 72,

= LS

HCO,i8%13.5mM, 25mM & 5v>350mM o
modified Krebs' #iz 5% CO, @5 L 1546
DAF AL CaBLU4 A b Mg IBE, &1
DOFERICTRLU 2L S icEmble o2,

% 72 HCO;#8 E13.5mM & 3 v» [350mM o
modified Krebs' #&i= 5% CO, %8R L 1254

(81, 2)8 L U#EE? modified Krebs’ 7
(HCO, 25mM) i CO,#82.5%, 5%H 5\

RI%DESREBRALSE (EB1, 3)

OpH BLUV Peo, D% F 2 IR L2, pHE

bR L, FaHE pH 2{00.53+0.01, MR

pH Z1k0.48+0.02 (Mean+SEM, n=10) T

H N, KHEE pH BbO B b ThIckED 72
(p<0.05),

EE1, 2, 3OBEREIBIUE4ICE
EDTURL 2, E2, RFEW L tracing 21 8
U2 I2R/L 7z,

EE 1128V OEE D modified Krebs' #

(HCO;25mM) # & HCO;i& ES0mM 7
modified Krebs' #I~ANEZ 5 &, 80714IC

HCO, o, pll Pco, (torr)
25.0mM  5.0%  7.42+0.01 35.1+1.0
25.0mM  2.5%  7.66+0.02 23.9+1.0
25.0mM  9.0%  7.18%0.01 66.0+1.9
13.5mM  5.0%  7.19%8.01 36.9%0.8
50.0mM  5.0%  7.72%0.01 38.8+0.8

Mean+SEM (n=10)
2 HXHTiIcHT2 pH B & U Peo, Dl

HCO; 50mM = 13.5mM % b & 13.5mM = 50mM % fb &
Blank 105.0+1.0 94.4+0.9 —10.6+1.5 79.4%0.7 87.2+1.1 +7.8+0.6
dTc 44.9£5.5 12.8%3.3 —32.0x2.9* 7.2+2.4 20.9%2.3 +13.6%1.8*
Vecuronium 87.7+1.8 50.9+3.9 —36.8+3.2* 31.2+6.4 56.2+3.8 +25.0+3.0°
Metocurine 40.3+4.8 43.3+3.9 +2.9+1.3* 43.3+£1.0 35.2+1.6 -8.0+1.1"
Pancuronium 46.8+6.4 58.3+3.9 +11.5+3.0* 41.0+5.6 23.56+5.0 —17.5£2.0*

#3 AaHEpH Bbic BIT 2 BUER (P) E1L

Mean+SEM (n=§)

E{bEi: HCO,25mM ¢ modified Krebs' #i2 5 % CO 2 BAL KN P £100& L TR, Bt
EIG 5 BOEEEIL Blank NELECL $XTFEESEH L (1 p<0.01),

CO, 2.5% = 9% % b & 9% - 2.5% L E
Blank 99.0x1.0 89.5+1.3 ~9.5%0.6 89.6+1.8 95.2+1.9 +5.6%0.9
dTc 58.7%2.7 30.5+3.1 —28.2+1.6° 39.2+5.5 52.0+4.6 +12.81£2.2*
Vecuronium 68.5+3.1 45.5+3.1 —-23.0x1.4* 27.2+6.2 52.5%5.8 +25.3+1.7*
Metocurine 50.3%+6.3 51.5%5.6 +1.2+1.1" 48.4+4.6 44.2+4.8 —4.240.6*
Pancuronium 30.7+4.4 38.9+4.2 +8.3+1.5* 29.7+4.8 18.7+3.8 ~11.0+1.2*

F4 R pH B BT 25IUEN (P) »ZE1L,

Mean+SEM (n=§)

2Lz HCO,25mM > modified Krebs' #ii= 5% CO,#BRL BN P 2100& L TRz, Haig
IS ENLLEL Blank OB HL TXTHEESEH LN (* 1 p<0.01),
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P 13105.0+1.0%ic3mL 72 (p<0.001). — A,
1BE P modified Krebs' # T, EA&RD CO,
E%5%h 525%I1cT 53 &, 80#%IC P

HCO, HCO3 Wash
S0mM 13.5mM  out
| Blank } }

Vecuronium

Metocurine

{Pancuronium { s0g¢g

|

—_

10 min.

R1-1 R#%pH 2o E (pH 2#IET S &7z
HE)
dTc : d-tubocurarine

Vecuronium

Metocurine

} Pancuronium  §

10 min.

E2-1 MR pH Zbn#8 (pH 2{ET 3¢
£E)
dTc : d-tubocurarine

1&

99.0+1.0% &% ", Bl o7z, ThHD
b % i+ 2 & K3 pH 2L BN »F
HEHICKEH o 72 (p<0.01). T-BED

HCO3

HCO3 Wash
13.5mM

50mM  out

Vecuronium

Metocurine

Pancuronium

10 min.

X1-2 4@ pH E (b
%EE)
dTc : d-tubocurarine

(pH # LR & &2

Vecuronium

Metocurine

{Pancuronium

:
10 min.

®2-2 REE pH ZE{LNRs
%a)
dTc : d-tubocurarine

(pH 2 LR-&¥ 72
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modified Krebs' 4 513.5mM @ modified
Krebs' BEAANEZ 7245813, P1379.440.7%
WAL 722 (p<0.001), —7, &% % modified
Krebs' T, BERNCOBES, 5%5 59
%i= L 72354003, P i389.6 11 8%l L7- (p<
0.01). Z D34 L REHE pH 2L B Ko
BEICKED - 72(p<0.001), 35z pH %3
FHRENCEAL S w54, {8 pH &b L v
B pHELNE L LICBWTH, pH % L8 X
€5 & Pidml (p<0.001), pH #{ET &
5L PIEREAL (p<0.001),

KB 2BV 3R TIL, REHE pH ik
L UNREpH B b Y H 5T h,pH %
{&TF & & 2 & d-tubocurarine & ¥ vecur-
onium N{EMAIZEEL P oBFELI~, 2
{2 Blank o P E L ® i & L p<0.01),
metocurine 3 & U¥ pancuronium OVERE I FEHT
ANz (PoOEEIZ+, ELICBlankh P
BRIz L p<0.01). —F, K@ pH £t
S UMHRE pH Bk ¥ b L1 BWTL,pH %
L+ R &+ % k dtubocurarine $ & ¥ vecur-
onium NIEMITEI I N P OBFEEI+, &
4 2 Blank @ P L& 2 % L p<0.01),
metocurine 3 & (F pancuronium Ve |3 HE5&
L7 (PoZE(eEiZ—, & 4ic Blank % {bE
L p<0.01),

£ %
AHE T O R, ALUH 1% pH % 1L £ d-tubo-

curarine, vecuronium, metocurine 1 X U¥ pan-
curonium O §F SRR I BT B8, rpaki
pH b8 & 12ZENTH 3 = L »% invitro
THEE I n sz, * 72 d-tubocurarine * vecur-
onium NFHHARVEAIZ pH 25T 5 L H®ES
n, pH» L&Y 3 L BHINLOIIHLT,
metocurine & pancuronium ¢ % 3th 42 B i
PH ETT 2 L EREN, pHHX LA T H L1
AN, ZoLHRBREROBRICL T
pH ZhIZ N 5 RISH R % - 2 B2 T,
Ono &2 130k pH L THEL TED, 20
HEr HEROBE LB IR T3,
d-tubocurarine & vecuronium i% 3#k7 > €=
TLELABRT I LEE DT 2HD

monoquaternary {b&% T4 9, metocurine &
pancuronium |$##1F N d-tubocurarine B L Uf
vecurcnium ) bisquaternary analogue T &
549 monoquaternary {684 pH 295 T4
¢, ST EYLENER WL T
pseudo-bisquaternary {t&# > L THEET 58|
ArE, TFra) v e7 89—t s
BRI T2 DIC A IR E 115 & Ono HY
(3FHBE L T3, 3512 Ono 594, bisquaternar-
VLA TEZ DL ) BEHRRE b2 ieoic,
monoquaternary {b&MNHEIC I HHBES
HOBMEERLICHLEI N W T2 F
) > v 7y - oFA g L 5 BErEN,
RERADAZVHYHEARIGERT EBNT NS,
ACEHE pH 2B BIT BABIZR04ER L, 2R
Biokn, L#HBEEING,

B - EETFH OB IEB I BIE G R ED
YERIC BT 28U BIT A PE RN EIE, in vivo
T bz DS W-1 UL, invive T
NEIZ, BRGBIBAMOEAKSBIUVE
B 2k’ &, pharmacodynamics D&% &
¢ pharmacokinetics DZ L L - T 5, 72 &
2 ¥ Hughes¥ D i&Ic 81T 2 EB T3, CO,KA
R Na,CO A v-mEHSFRL, BRAP
HCl EALFECIEMETL Tw5, 272 Miller
599, IC BIT 3ER T, Na,COs% NaHCO,
EACEIEB L NaiBEO LR KBESLY
Ca BENET, HCl EAILE ) K BEN AL
BOTWD, ThoDHEFERICANT WS
12, B— L EBREE»EBLN L2 E2
5B, 72 ARBFFE T, pharmacokinetics
DB LI 72 invitro TOEB ST - 72,

e in vitro DS TIE, HCl 543 Na,
CO % &R TMT 5 HETRAMEC pH 2210 E
BT 3™ KR TIE, HCOBE & s
728 L VA modified Krebs' # % fESIL,
EhicA A b CaBiUr A b Mg BES—
FICHIEL CTHWAZ Xic &0, f8HEI pH %
T &7 HCO. BENIEMT 22 Lz k54
F 4t Ca BENETIE, [CaHCO,] % ¥ ik
A EBRICEBZEPRESINTED®, 4 4
Mg DBALERTH A 5 LEERS LT
3, 4 A1t Ca B L U1 * 1k Mg {3125
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R & BB SRR IR B
BERITT RO 2 0L —Ei R
RBREETHD, EBREICLLA AL Mg BE
NEZRREITTIETSH 575, modified Krebs'
B 2fERBA 4> & LT Ca & Mg L&A TW
Twize, R2ERA 4 BELENL, 4
AL CaiBE L L L TR A +>10 Mg
BE % Kbz, Foldes'!d modified Krebs
DA X AL Mg BEXHEICL - T0.8mM L #
BLTEY, FRENPEE. 76mM > 13i13—
L 72, B L FENLEES (coefficient of
variation) |3, HCO;i813.5mM, 25mM & &
UB0mM (2 B TE% 2 S 10% LUK TH - 72,
HCl ##&mL T pH 2K T &7z Crul 599 in
vitro M#EE I3, pancuronium HVER IR
WEENTWB, £, Funk 579 invitro
BRTi, HCOLEMIC & 32 pHIET T vecur-
onium NYERIZBEEIC M S 172227, Na,CO. %
ik % pH ER C3ARLERELEEH T
v, s A A CabBlrf 2L Mg i
E#HEL Thlndi, HCl % Na,CO; 25 m
L72Ba, TRLTEBA 4> 0BEIELT
BT LHTREN, KFELRYIHERIES
NrBERHHO—DEEZ LA,

T AR T, RSB RENER
LT 2icH), B BEFHEHIEL
YHIMENERCRIITRECEEL 2. B
whEeEnZE iz pH L2 T 5 L 85, pH
PETFT B EMWBLE, L, HCOBE RS
mM % 550mM % 72i313.5mM I2 B S04
23, COBES 5% 52.5%F 2139 %IcE
b3 2BHaL L, BRMELINEIZXE (,
B LIZ80FRICB W TLFERENELN L,
w2, 0L S ICE - BEFHOELHIHIE

b4

1&

B RITTRBD, 1 pH £1b &P
pH ELTRE » 72, BR-1EHEFHNOELLHHH
RENERICRITTHELFHEY 554, UL
D& 5 L HKEH BENELE ERICEET 5
BEEFH B,

#

1. 7} oBEEHE — HEREHWT, A8
HEe - BEFHOE LI ERTRIEHHREN
fERRIZTRE:, A X bCaBlrt Ay
Mg BEL: —CicF-727 ZTHCOBES
EbE¢5Z Lz & Y in vitro TRETL, R
HER - BREHOBIhOBE L B L 72,

2. EMES L UREN VT NOEE - IEEF
#oz{bic B\ 4, monoquaternary 1L
® % d-tubocurarine # & UF vecuronium NER
i3, pHETT5 L8, pH2* AT
#BHE N/, —F, bis-quaternary b8 TH
% metocurine 8 L U pancuronium DYERIL,
iz pH »MET T2 & HHEN, pHA LHET 2
L,

3. ACHHMERR - IBRTH OB NS 458D
RSB R ENERIC T T8I, 12
BMER - BEVEHOELOBE LIZZEHTS
B5IEHFBLDE LT,

B

WERZBI0H720, BUL HHEE, BRME
BB N & L7, BIIAERFEIRE - BREFHENK
TERBIRICR BB 2T, 24, REAEREO
bR i L ARSASAIRYAG R S i E ¢ R -J > QM)
RHEELMICHTELERLE T, Soiz141b
Mg BEREIC AL, FRLEBE LBGHZ VL
2Tz HERF, REBARHFRCICHE R
BOMAETRIC L L VLB L Eirs ¥
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The influence of HCO; -induced and CO: -induced pH changes
on the action of non-depolarizing muscle relaxants in rats
Osamu NaGcaNo
Department of Anesthesiology and Resuscitology,

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

The influences of HCO;-induced and CO:-induced pH changes on the action of non-
depolarizing muscle relaxants (MRs) were investigated using a rat phrenic nerve-
hemidiaphragm preparation. Changes in pH were induced by varying HCO; concentration of
the modified Krebs’ solution (mK’) or by varying the CO: concentration in the gas aerating the
mK’. Changes in [Ca**] and [Mg*+*], associated with changes in HCO; concentration, were
measured and corrected. A change in HCO; from 50mM to 13.5mM or a change in CO; from 2.
5% to 9%, augmented the partial neromuscular blockade produced by d-Tc or vecuronium (p<
0.01), while inhibiting that produced by metocurine or pancuronium (p<0.01). A change in
HCO; from 13.5mM to 50mM or a change in CO; from 9% to 2.5%, inhibited the partial
neuromuscular biockade produced by d-Tc or vecuronium (p<0.01), while augmenting that
produced by metocurine or pancuronium (p<0.01). These findings suggest that the HCO:-
induced and CO.-induced pH changes have a similar influence on the action of MRs. A
difference exists between mono- and bisquaternary MRs with regard to their response to pH
changes.



