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PHARMACODYNAMICS AND PHARMACOKINETICS OF VECURONIUM
ADMINISTERED VIA THE INTRAMUSCULAR ROUTE
—— A COMPARISON WITH THE INTRAVENOUS ROUTE —

Hiroshi SunaGA! and Masahisa KANEKO?

! Department of Anesthesiology, The Jikei University School of Medicine
2Medical Museum, Graduate School of Medicine and Faculty of Medicine, The University of Tokyo

The pharmacodynamics, pharmacokinetics, and efficacy of vecuronium were compared
between intramuscular and intravenous adminstration. For the pharmacodynamics study, 45
rats were anesthetized and intubated, after which mechanical twitch responses of the tibialis
anterior muscle due to electrical stimulation of the sciatic nerve were recorded with a force
transducer to monitor neuromuscular transmission. Twenty rats received vecuronium through
the jugular vein, and 25 rats received vecuronium through the gastrocnemius muscle. The
median effective dose, the 959 effective dose, onset time, duration time, and recovery time
were significantly greater after intramuscular administration than after intravenous adminis-
tration. For the pharmacokinetics study, 64 rats received vecuronium through the intravenous
or intramuscular routes, after which samples of arterial blood were drawn periodically. Blood
concentrations of vecuronium were analyzed with high-performance liquid chromotography
and analyzed statistically with the two compartment model. The vercuronium concentration
was highest 13.9 minutes after intramuscular administration. These results show that onset
time and recovery time of vercuronium blockade are longer with the intramuscular route.

(Tokyo Jikeikai Medical Journal 2003 ; 118: 481-7)

Key words : pharmacodynamics, pharmacokinetics, vecuronium, intravenous, intramuscular

L g T P EHAWT, X7 AOANESDEH

oif

F22 L FEEIEESE I O W CEMIRNIR S & ikt

REEE, REEREBDEE OB 5 LB IREE 5 G- 0s— i L7z, BANEG OERASEREH, EERHE, 8%
BIZfTbTwd, HOEGDEROBE TR 5 X723 O Bioabailability 7z 2 DWW T D
S5NELSTHS, LrL, NEPAY R ET HwE/LZEWCED, BRTITbL T 5HA
FIRBEHECR ICHERE T 2 540 1E, IR OBmA WS ORMESOEIHOBT I LTz,
AEEPHAAONTET, N7 v=y LIHRER
T b b T 2 IEBSRMEFERE TDH 2
2, HANESOHEGEFIZEA LR, 2T,



482 ZHIK

I x5 & & H &

1. XEEY

EEAEIY 1L Sprague Dawley RS » b (H
KAz )y —, EW), 7-8EEZ2HH L. 8
VOB B L UEBRICOWTIF TN THFEES
ERER A B EEBTRE i > TiT o 72,

2. fEREY

WEHE L LT, Ryu= AV ) Utk 4
7 v8) RV, &8 FKFCiE Pentobarbital
(K EAHIZE, BHE), Urethane (BEGLER T3,
) 2Rz, il o 72 12 Atropine (H
WIBIEE, KB ZHFAL 7.

3. EERFE
Pentobarbital (4 mg/100g), Urethane (50
mg/100 g), Atropine (0.003mg/100g) ZEE

L, ARG LTI v » 2 BEEREE
WATEAAZ B L, $IREE 2 7 — 7 v (BD #h8d
Insyte 16G) %MW TRONWER FICKERE %
17y, Rodent ventilator (Harvard %! model
683) 12 &V 100% R T 1 | E 1 ml/100
g, WR[EI% 80 strokes/min DT ATHIS L
7z.

FHEEFAREL 25306035,

1) FEBR1: "7 o= ADRSEROE NI

AP VALt

RN 53 CIIEEBE R YR, HEkE &
Hl, BIREEY 7 —7 v (24G) AL, FEY
BEEE L.

FIRNBE SR, BIANRSEE L b GAattz
BHL, MPATA NEM (== X T 1AW
HE) 2EF U, HiIEHREEUML T, 71—
A NTZ7 YA Ta—¥%— (NEC San-ei Type
45196A) & #ife L 7z, PR ofl 5013 BE SR B 1
(NIHON KOHDEN 8EN-7203), 74 VL —
4 — (NIHON KOHDEN SS302-]) ZFH T, &
KRB GRIESAERE 0.1 Hz, HIE0E 300 usec) T
175 7z BUNGHE RS I3 R/ HEESS (NEC AS1202),
AikiES: (NIHON KOHDEN AB-621G) THY
L, 2=KVY 2777 (NIHON KOHDEN RM-
6100) TEIERL 7-.

AN G T, 26G F536CA S D
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1EH

HIRNBESEEIEIX 7 o= 40015, 0.020,
0.025, 0.030 mg/100 g # 5.4 5 B, HANESHEE
IR 7 o=v A0.1750,0.1875, 0.2000, 0.2125,
0.2250 mg/0.05 m1/100 g 5% 5 B & L7z,

BB BB SHI» SR L, TeEEn
Bohd F CEiiiek LTz,

(1) HARIE (maximal block)

WEEER 512, BIED 7oy 7 B R/NZ %5
7oEERD, ZORBO I > b u—nizxtd 20
HIRTERBEL, &5E - OBR(HEKIGER) 2
B moncHlif L v,50% & (EDsy), 95%
BzhE (EDys) %ZR®D7:,

(2) VEFFEHRR (onset time), {EAEHGRET
il (duration time), [EI{ERFfE (recovery
time)

BREE B RARIIROFEEL 90% UL kxRS
BE5RICBWT, 50 SRAKERICGET 2 E T
ORfH 2 ERFEBRRHE ) £ Lz, a> buo—u
D 25% W B8 % % T D EFIE & 1E 95T R R
) Lt e, arba—d 25% 5 75%
WEIHE T % F TOREHE % BERE (7)) & L.
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X 2 EYERES DTS

RN 55 Cld BB IE YRR, HEkE =
HU, BIREEY 7 —7 v (24G) ZHiA L, Y
BERE L.

RN R, ARG L & HER% &
L, BIREES T — 5V (24G) 2FEA L.

ANKREETIX, 26G ESECAMEER R
WERIL, EYEfG L.

HIRNE SR, BIANRSE L b, FER1 °F
S HEKIGHEE L D 50% BRIE O 2 55
ThHb, R7ua=2A0.040 mg/100 g, 0.375 mg/
100g =85 L7z, #505,1,2,4,8,16,32,64 43
B 4D, 3.8% (w/v) Trisodium Citrate
0.ImlAY DY) 212 09ml L 72, 4°C,
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WL 7z, EERWSIRYE £ L T 178-deacetyl-
OrgNC45 % V>, Paanakker 59 O FEEICD 5
Lo THEEWAR 7 o~ N7 T 7 4 —Z T
PEFELT. 4T ,1% Kaseisorb LC60-5 (4.6X%
250 mm, HEFALEL) ZHAL 7.
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1. #fEtEeaviRet

HIRNE S5 L AN SEICB T 5 50% B
i (EDso), 95% BRIE (EDys), 7ERIFEHIRERH]
(onset time), 1EAFEHiFE (duration time), [E
1815 (recovery time) ICDWTAF 2 —7F > b
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BEHZOMRE

RN SR, BRSO AR RS
Fig 1ok >k otz,

HARKAE S BT %550%F %) &1 0.020
(0.017-0.022)mg/100 g (95% Confidence Inter-
vals), 95% BxhE1% 0.034 (0.028-0.042) mg/100
g Thol. HANKRGIZE T 2 50% BRIEI
0.187(0.183-0.190) mg/100 g (95% Confidence
Intervals), 95% A % & 1% 0.215 (0.203-0.227)
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Fig.1. Dose response curve of vecuronium administered via intravenous and intramuscular route.

Data are expressed as mean=®SD.
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Table 1. Dose response data of vecuronium ad-
ministered via intravenous and

intramuscular route.

[ES

Table 3. Pharmacokinetics data of vecuronium
administered via intravenous and
intramuscular route.

Intravenous Intramuscular Intravenous Intramuscular
ED;, (mg/100 g) 0.020 0.187* Cmax (ng/ml) 6,058 3,449.8
(0.017-0.022)  (0.183-0.190) Toee (min) 0 13.9
EDys (mg/100 g) 0.034 0.215* .-
(0.028-0.042)  (0.203-0.227) AUC (min - ng/ml) 20,548 211,603
Cl (ml/100 g/min) 1.947 —
Data are expressed as mean (95% Confidence Bioavailabolity (%) _ 1.09

intervals). EDs,: 50% effective dose.
95% effective dose.

* 1 values differ significantly (P <0.01) between
intravenous and intramuscular group.

EDgs :

Table 2. Pharmacodynamics data of vecuronium
administered via intravenous and
intramuscular route.

Intravenous Intramuscular
Onset time (sec) 52+10 542 +289*
Duration time (sec) 101+32 856 +267*
Recovery time (sec) 35+12 233+57*

Data are expressed as mean®=SD. Onset time:
time from injection to maximum block. Duration
time: time from injection to 259% recovery of
twitch height. Recovery time: time from 25% to

75% recovery of twitch height. *: values differ

significantly (P <0.01) between intravenous and
intramuscular group.

mg/100 g Tho7z. 50% BEhE, 5% BUERE
LICHARNBEESHIIHIRNE SR LR THER
(P<0.01) IZK&EH»>7z (Tablel).

TERFEIRM I, BIRNESHETR2E108
(mean=SD), AN GHET 542289 W TH -
7z (Table2).

VEFIFFGC IR 1, IR G € 101232 7, 5
AN 5T 856 £267 B ThH - 72 (Table 2).

HEEREN, BIRNIESHET 35212 B, BRI
58T 233457 BT - 72 (Table 2),

YEFSEEIREE, R, BEERR L b
HANB SR TEIRNE S L R TER (P<
0.01) K& o7z (Table2),

2. FBR2: NOOZVLNDHRERBNEWNIZLS

EYBREZ DOIR

RN SR, ARSI MHIRE DR
Bz 2ay S— X rETVIZEILSHEEL
7.

Cmax : maximum plasma concentration of vecur-
onium. Tphax: time of maximum plasma concen-
tration of vecuronium. AUC: area under the con-
centration—time curve. Cl: plasma clear-
ance. — : not determined value.

O K, @ Kz Hv 7B ENR OFER, FHIRN
BESREOIMPIRE Co (1) 1

Cin(t) =1206 - exp(—0.07178 - ¢)
+4852 - exp(—1.295 - 1)

cRINK, ZORLY, FIRNES BT 25
e I R R EERT t=0 12 B 1) % 6,058 ng/ml &
XK 57z (Table 3), %72, AARWNHRSHE O T
B Co (01X

Cim (1) =5401 » exp(—0.02216 = 1)
+2540 « exp(—0.1696 « t)
—7960 « exp(—0.1690 - )

ez, ZORXEY, HRARNKRGICBT 5K
T MRy R 2R R 1X 13.9 20 C, R AR Ik
3,449.8 ng/ml R» >Nz (Table3). Zho%
T 7R LI:bDNBFig.2 Th 5.

BRSO SRR AR TR 1L, @ K s
20,548 mineng/ml T& - 7z, HRNES O EERE
AR TEREIE, @ RX» 5 211,603 mineng/ml T
H -7z (Table3).

BIRNE S ORERMEE TEEE AT, ®
Ko7 )77 A2EHHT 2 L 1.94Tml/
100 g/min T& - 7z (Table 3).

AN S OWRERFR A T, 1mEr ) 7
7Y AERWT, ® X o HRNERSGICB T 54
BANFIHEZ2EH T 2 & 1.09 TH-o 7z (Table
3.
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Fig.2. Time course of plasma concentrations of vecuronium administered via intravenous and
intramuscular route. Data are expressed as mean=+SD.

V. %

AWEiE, HRARSECBT3X70=7 A0
BRMERSHE L, ERICB W T ORESOMBEO
B2 L To7z2,

HRNERES L BIRNRESIC L 270 =Y 40D
2, YFREF DK X LE VLIRS Lz, Fig.
212A N5 & ICHIRNESHE L HANE G
T EREZLOHER T S I > T3,
FIRNBE SRR L THANBRGETIZ® - <D
ELMTEED LR, ZhiciEi®-<DEL
Y DOMBEINRENT WS, YRR D5
A —F —TIRHANES O RS E 2R
MN139HTERENTWDS, ENFICBLWTIE, 1F
FFBFHEPHRNE SR EHIRNE SRR A
TI0 RV E WS FERBETw 5, ZOERFE
Rt S G I b BB RN T Th 5.
ARG 21Tb & 2 2820k T, Al
HEshRAR D SN D » o THD, ORI %
WD LD 3REGHEEERT LLESD 5,
BEICBEAT BHADEIRTH 5, HE5EALZ
EZ5HIe2ky, EAFKERMEERET2 L
WHREIC 22 b LRy, EMZBWTIER=A
FCIRIBNA L wERESNTEB DY, ZDOEK
LT, BESIAOMIMIEOMEI & 2 HENR

i

B Tw3?, SEflE LOBGR S BRI
BE UM, ErOBRICES LK, ZOfEH
FERFHH E 2R H 5. 72 OREE
EoTiE~yH—YOEMI X 2EEDEND
WESNTBYY, MEORTHET VDB DR
RBENDL, RZO=ZTARCBWLWTINORTFIZ
X BEDFRILEN TIIE VD, SHBRSTL T
HHMEIED 2 L Ebid, Eici3Rks5E w1
RFTIETHD., £ MNIBWTHEINZHAN
BEOHBRY 7 vy=ra ) v CREBIRNESD
WI3-4 59D, I 7 0= ATIEH 1559, o
7= ATIERI6FTH-7219', & FDOF
IRNE 512 BT, I FEERIRF 13 RARAER
HEDZEDPHESNTEYY, HIANERESICE
WTHRILZ EMFZBTH 29, BZICIER
WEEZ25ZETH5, Naganobu 5 1%, 4 X
EBWTIZERTY ) YOKENRSICIZEHRE
RED HFEEAKDFI PRI LW L RFHEL T
W3, INEFEBEEMEWERKEHRAVWS Z LI
X0, WNNHEL %5 2 E2ERT S5, R HIE
R IR AR 2 Tl W T w308, MEE0E L
EWRDWTHFARLZLEND 5,

IIHWPN T A — 8 —OIEFAFEGRER & [BIfE RE
I ANE S TR EIRNESRHO ZhEh
85f%, 6.6 Tho7:. FAEKIGHIRE VKRB



486 K

EDso, EDos i3RI S8 TIFHIRN B G HED
FNETNIME, 63fEERL TS, Zho A
MOEYINEET I LI ERLTWS, UL,
Bioavailability 281 TH % Z & 1F, KEIZIFE S
niex7u =y ADK % 2217 T, MR
TINEND ZEZERLTWS, Lo T, K
INZHPMICT B 2 enTENIE, ‘582D %
{TBHZENTE, T4bB EDg, EDgs /&<
%Y, (RN, BRI AT 2 e
TRETH D EEZ NS,

[E CIERi RIS D 787 a=v 4, v
7u=v ADHRHNES T % O Bioavailability
AT HED D B, Reynold & DL 13,
FR7u=y AOHANKRS TIE56% T, vrno
ZUATIE86% &, Fx DEIE L DEWEEZRL
Twb, ZOEHBELT, FIKIHANCERS
SNTER B IMAIC A S BNCANERAL T 2 0Tl
B, B2 ICRHANICES S L b O S
ZRFLE DEIICHTLUES O TR B WH, v
STODFERMNEZ 5N, F—0RERIZE, HA
PICEA & R ESC & 2 NHRIMORE O
M, HEREIMEIC & - TRIE LS 2 AJREED B
25, TSI AT A NRIEMS R RS
THY, R¥INVAYVF ) CRHEED T b
SV ADES %) I AT IT—XIZk B
7 LI EAEA SN WO Z OR[REM IR
WhknweEzons, LikBoT, FLiE
HE AR LE DR L 2bDEBbh 2,
Reynold &1 |3 & #H 23K 21G 2 Wiz 7z
DIz, FERIOBRC EFIMC—ERD A LTz DTIE
mnd, FEREYNTDOBREENLS VDT, M
BNOESE S FRIFLE D HEN B DTV k
BRTWD, Fx DEBRTIE 26G OV E % v
T3, FlREL Y OfFHEIZ 0.05ml/100 g
B Thol, REAOHEENE IV wEEbN
5. L7255 7T, Bioavailability 2581 Th - 7z
EEzZon5,

BRRTlE, FLAZnT, BRIEHET %, T4b
HIAED J WEINEEN S, L LHRAE
S50Wen% WEEE, HIRRES 2Tbhidlk
SV, RRICPENOBFLEROBG TR H
205 ThHb, [IBHERD OICKENHE »H
T2 EM%L, FCIE—Z bR ER

[ES

PLBETHS, LU, HIREEHERIEE L VR
BH 5, & I/NBRREE, BRBOBSOHER TS
W, ERFEERMYE T H 2 Bt Hitig 3 o v
Y=)a) riFZOEMO IR B ES NL:
tiESE T H 2 0%, BHEEROHERICL 274 L
SFDHEAEREZLEZ L LWk, Z 1L
WA TIEIANZ Y TA®, o= A, T3
7wa=v iz EHEERM, FRRERMEOIED
SRR AR DO RN S O T T &
7B, 2o OEYIBELETEHEENTE S
¥, HHTBEZENTERYL, £2T, Jv b %
e, BERK R —BRIcELh TwsIE
PR AESE Th 2 X7 0 =7 LA DFHANE
S o3y L EYEhRE22 1 O W TR S & Hhig
&t L7z, Bioavailability 1X 1 Ti3H 228, B
NG TITEBWERAFRERRH, RvEERFER
Iz,

VI. #% 5B

FEBLB MRS RESE T B B X7 a0 =7 2 Dk
WG L AN G 0S¥, EYEREFICOW
TR 21T o /2.

1) BRWNES O 50% B2hE T IRES 0
9%, 95% BRIEIIFI6FETho 7. 1FAFKTE
M 10 5T, TERAFRRRERIZ 855 Th -
7z,

2) BHANESICBT 2 e IR 5 SRR
X139 Th- 7.

3) WIANESG CIFRFERR2E <, [1E
SRV, Ihs 2%ET 2 HidER o IRk
BEOHERBR T2 I ENSHBOFETDH 5.

a2 21Dz, HEDO ZHEEEZHY & LI AAIK
REWBIRCER 2 EERLE T,

X [

1) Paanakker JE, Vandelaar GLM. Determina-
tion of Org NC 45 (a myoneural blocking
agent) in human plasma using high-perfor-
mance normal-phase liquid chromatography.
J Chromatography 1980 ; 183 : 459-66.

2) Zener JC, Kerber RE, Spivack AP, Harrison
DC. Blood Lidocaine levels and kinetics fol-
lowing high-dose intramuscular administra-



10)

AN GICB T 27 0=y AOFES ¥ L EYHRES 487

tion. Circulation 1973 ; 47: 984-8.

Evans EF, Proctor JD, Fratkin M, Velandia ],
Wasserman AJ. Differences in blood flow to
human muscle groups as a possible determi-
nant of drug absorption. Clin Pharmacol
Ther 1973 ; 14: 134-5.

ReRlE e, e s, EkSAN, IR, K
HER, RN 10, 2TV 44 ¥ VT
IR DWRAN « BRI B S ESEL ~ v b — Y D
w2, HMbESEE 1988 ; 36 125.

Schuh FT. The neuromuscular blocking
action of suxamethonium following intra-
venous and intramuscular administration. Int
J Clin Pharmacol Ther Toxicol 1982 ; 20 : 399-
403.

Liu LMP, Decook TH, Goudsouzian NG, Ryan
JF, Liu PL. Dose response to intramuscular
succinylcholine in children. Anesthesiology
1981 ; 55: 599-602.

Sutherland GA, Bevan JC, Bevan DR. Neur-
omuscular blockade in infants following
intramuscular succinylcholine in two or five
per cent concentration. Can Anaesth Soc J
1983 ; 30: 342-6.

Reynolds LM, Infosino A, Brown R, Hsu J,
Fisher DM.
infants and children.
91: 1285-92.

Denman WT, Kaplan RF, Goudsouzian NG,
Uejima T, Barcelona SL, Cote CJ, et al.
Intramuscular rapacuronium in infants and
children. Anesthesiology 2001 ; 94: 3-7.
Reynolds LM, Lau M, Brown R, Luks A, Fisher
DM. Intramuscular rocuronium in infants
Anesthesiology 1996 ; 85: 231~

Intramuscular rapacuronium in
Anesthesiology 1999 ;

and children.
9.

11)

12)

13)

14)

15)

16)

17)

18)

Kaplan RF, Uejima T, Lobel G, Goudsouzian
N, Ginsherg B, Hannallah R, et al.
cular rocuronium in infants and children.
Anesthesiology 1999 ; 91 : 633-8.

Ginsberg B, Glass PS, Quill T, Shafron D,
Ossey KD. Onset and duration of neuromus-

Intramus-

cular blockade following high-dose vecur-
onium administration. Anesthesiology 1989 ;
71: 201-5.

Naganobu K, Hasebe Y, Uchiyama Y, Hagio
M, Ogawa H. A comparison of distilled wat-
ter and normal saline as diluents for endobron-
chial administration of epinephrine in the dog.
Anesth Analg 2000; 91: 317-21.

Reynolds LM, Infosino A, Brown R, Hsu ],
Fisher DM. Pharmacokinetics of rapacur-
onium in infants and children with intravenous
and intramuscular administration. Anesth-
esiology 2000 ; 92: 376-86.

Reynolds LM, Lau M, Brown R, Luks A,
Sarma M, Fisher D. M.
intramuscular rocuronium in infants and chil-
dren. Anesthesiology 1997 ; 87: 1096-105.
Rosenberg H, Gronert GA.
diac arrest in children given succiylchoine.
Anesthesiology 1992 ; 77 : 1054.

Goudsouzian NG. Recent changes in the

Bioavailability of

Intractable car-

package insert for succinylcholine chloride :
should this drug be contraindicated for routine
use in children and adolescents? Anesth
Analg 1995; 80: 207-8.

Cauldwell CB, Lau M, Fisher DM. Is
intramuscular mivacurium an alternative to
intramuscular succinylcholine ? Anesth-

esiology 1994 ; 80: 320-5.



		2004-03-02T14:45:15+0900
	Editorial Board
	東京慈恵会医科大学雑誌編集委員会承認




