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FE R 20 R Ve At BRI X % AR AN T & PO UG H D BE £

SRAFELRELIIRE: - EFRE G4 B8
o E #

B{tw 7 r =% & (rocuronium bromide, RB) {%, H L < AR I N cIER OB HMAZIR T, STV I SRICEE KIS 2 e
ThTws, BEBERKTHFAIEATWBR{LAX 27 5 =17 4 (vecuronium bromide, VB) ¥ X O E{t-tv 7 v =v 4
(pancuronium bromide, PB) 7t & DIERH 4 WU HMBE T2, BEC X - CTHEDEMOBRE L WEK G (train-of-four
ratio, TOFR) QBRI EDO S5 Z L BRHHR TV 54, RB oW TEBH LABREITREY O, ¥, FROBGERER
BEFE LT OTRBA IR TV, AR TIE, RBIC X 2MEHENORE L TOFR OBEMRY, £ENEREFEENSE
BTHEL, ThoOfRREY VB L0 PBICX DR & B Uiz, SEARBRTIZ, HBLCT v F OSEMEIREHE
A A EGRMA20REE L, BREINIEIFESIOCELEEDOHEN (T1 8L T4 & TOFR (T1 w32 TL o
BAR) 2RIE L. -0, SRHENOBEL, @S iio Tl w2800 Tl o&45E (%T1) TEL..
¥, RB, VB %73 PB RE#MEEL, ¥T1 205% 1 Lic. Z0O%, BREOHRELHIE L. %T1 260%CEHE L
BT RB # (n=8) ® TOFR 12 40.0% (Fi#{E) THbH, VB B (n=8) DfE (32.6%) & DM FEELTDIcH - 2%,
PB # (n=8) DME (14.6%) THENTHEBEZE VLD TH -7 (P<0.01). MK, %T1 »80%EE Lk ATD RB BoD
TOFR i260.5%C& b, VB BDME (57.1%) L OMCAEBELRDIeh -, PBEOME 27.2%) KERTHELE SO T
Hot (P<0.01). FFEMHARRTIE, BEZ V7 ABEFCELELS v P ORBEGRGIERY A\ 7. SRR EERSE
Er LA UHETT k. RB, VB #7412 PB #%BPICHE LT, %T1 £80% &60%1ic LD TOFR *#IE L7z, = Dfs
Bk, %T1 280% BLUB0XDOVTHOBETH, 3BHDO TOFR KREBRENRBZDORIh -7, BLEX D, £2HKET
RB ¥ B\ 554, MEHENOREL TOFR 0BG, PR OFfAX HETAZ LN TER W EELbRA. F i,
TOFR O EEBEIEYH TR 5 ERIL, HEBAC ST 2EY S HEEDOZWBERRHD LELL.

Key words neuromuscular block, pancuronium bromide, rocuronium bromide, train-of-four

ratio, vecuronium bromide

SR MR, MREGEAKOLT kF Y vE
BEDOBRE SR L THHMRERAZLLEHRE L. ZTh
13, MERTHEBICIAWESEE (margin of safety) EET A1
DI BRETHBY. Tihobd, HELERORE G
B L D AREKERCE LT A B, FHEE S RKT5~
10 RERTVWB. LT, HtBEROFU &S E
O, —BROEPTLE_TBD TR, AEOHEFICIZ
HWE st = 2 —RFERATHI LD LN TS,

AR, HERET X 5 MEHENORBE L, BE D]
ERB X D FEREINDEHED, Tiob b EIRMHS HiRRE
SR, COBREIET LA - THE S h 3%, L
ML, TOHETE, HRERSHONBEILETHY,
BRERCIRAAETHS. —F, 2Hz OB A LB
dEERCINL, 1EBBE LBBORBICHTHERBEID
KE & H BT 2 MBS (train-of-four ratio, TOFR)™ 3,
HEBEATHOBETL, MEHENOBEYHATES R
B, BRTUILIERAVLRTNEY,

SERL THI12A 5B 5A, PR 8E 1 B2HZHE

TOFR ##EE L T 5t e=% - FbR D L5
TR, CORBEOER S B HER T, MmN
DORRE L TOFR oflic, Br—E0BEAPAEELATL
oI UL, FEBS B SERORBEIC X - THBER
CHEZRDDHELEY, A—0EHTH - CHHMBIEHOR
B L EEHZ B} % TOFR OBLICEDH B Z & HEER
Lo TRVWHEIRBED TN BT,

Bk w7 2 =% 4 (rocuronium bromide, RB, A&+ LH /
v, BR) 3, LRI RSB HEIEc, RED
AN L ABRANDBWEAR DI tedd, & H KRB~ DERK
IGHARBIRFER TV BY, Ui L, RB & oIS mBMEmHH
BEOMT, HREBENOEE L TOFR OBEFLYHE LR
HRREM L. i, Bl LcHingoE A & TOFR 2
A DEMGTRICHBFIZOVTE—BDORBIELR T
W 22T, AR, BE—RERTERIR TV AE
BB MR D E{LX 27 » = % A& (vecuronium bromide,
VB, BAF*LH ./ v) LB{L-2v 7 2 =% & (pancuronium

Abbreviations : ACh, acetylcholine; dTe¢, d-tubocurarine; NMBA, neuromuscular blocking agent; PB,
pancuronium bromide ; RB, rocuronium bromide ; TOFR, train-of-four ratio; TOFS, train-of-four stimulation;

VB, vecuronium bromide
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bromide, PB, AAA L H 7 V) i LT, MiEmpEkoR
L TOFR DBfRY T » b ORIEEHEAL AV R
BTRHELE. E51, BHEOES L TOFRICEVWR4 TS
FRYERTLENT, 7o F ORREMEHERL B 2IE
EBREBRE L.
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Fig.1. Experimental set-up for the in vivo study. Male

Sprague-Dawley rats anesthetized with intraperitoneal
pentobarbital and urethane were artificially ventilated with
100% O, via a tracheostoma. An external jugular vein and
an internal carotid artery were cannulated for the adminis-
tration of neuromuscular blocking agents and the recording
of blood pressure. The tibialis anterior muscle was
isolated, and the tendon of the muscle was attached to
the force transducer using a steel rod. The cut sciatic
nerve was stimulated by means of bipolar platinum
electrode.

Infusion of NMBAs

HEELUHE

[. E&EHNEER

1. SBHENREHEROER (K1)

{kE 350~450g @ Sprague-Dawley BOMHES » + (S35 8
H—EA, i) 30 BEAFER L. v AAEs— (kH
A, KB) 30mg/kg & ¥ v % v (Sigma Chemical Co., St.
Louis, U.S.A) 500mg/kg DEMRHEEC I VEEL, K%
BRMEAT L. 2%k, NBydp A A TR SN-480-7 (v
7, BR) ¥ BV THBR TREPE LT -7, BEEH2, |
S EY 15ml/ke, BRER L OE/MCHE L. EHE
Bk E ENEBIRC AT —F A2 BEL, A EhBRENE
EEFEACH . FAFCEIRLZ SR L, % OREBAT A4
EAREERMBEE RTINS 35~45mmHg OEFH5 = &

- ORTERR LT, ARMENREHEALERT 0T, £4F

Y BECEE Lict, RE@L/ERL, £ OBl
FIMAOEEA R Lic. ok, BEICE, Bk X OREE
WA SRIC LCER 0.3mm DBy BV, ko, 77
BEHORLEERTIML, MBELEN T VAT 2 —¥—
TB-6UIT (HANE, ) L8 e/ UCERE L. BRESE
RES+EBACEEL, MREHC 30g DX#MEENE N
o, FBRFRIRE~<y P CABTERVCNEL, EBEY
36~37TCIzHERE L7,

2. MERIBEFRGED

MEDORIBOC L, FIBIE 0.2msec DR LEHE (50~
0V) 0. 5WMBCAmMME 5 H8%, Thbb 4 EREAR
(train-of-four stimulation, TOFS) # 7. B HBEE
SEN-TI03 (HAXE) BLO7 1 v L—%& SS8-302] (AANE)

Recovery of
neuromuscular block

5% of control

4 min 4 min
Tension of the tibialis anterior muscle recorded in the in vivo study. Following stabilization of the tension, one of the
neuromuscular blocking agents (NMBAs) was infused continuously until percentage of the first twitch tension induced by

train-of-four stimulation to that of the control period (%T1) decreased to a level of 5%. After the level of %T1 was maintained
for 30 minutes, the infusion was terminated.

Fig. 2.

12 sec 12 sec
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R, SFEHRCR LT TOFS #2004 dift L Tmar.
ZheOBRRIBC L > THER SN AR EHOERUDEN
YELENAT YV 7 v~ AP60IG (BANE) THIEL, XV
757 WT-625G (HAXE) ¥ BV-TRE L. TOFSKKL 3
FRNENOS L, BIBERIUCHIBEOERNIYTh T
Tl B T4 LL, THEERC IAIMNEHEHORE
(%T1) 38X TOFR &R I VEELL.

%T1=(T1/Tc)x100 (%)
TOFR=(T4/T1)x 100 (%)

Force tiansducer
Stimulating

/ electrode

Phrenic nerve [ ]
Hemi-diaphragm

<+ 37°C water

Double wall Modified

organ bath Krebs’ solution
Holding plastic 95%02
frame with hook T +5%CO02

Fig.3. Experimental set-up for the in vitro study. Male
Sprague-Dawley rats were decapitated, and each hemidia-
phragm was removed with its phrenic nerve. The
dissected phrenic nerve-hemidiaphragm preparations were
then mounted ; the muscular portion was fixed with hooks
to the bottom of an organ bath, the tendon was attached
to the force transducer above the bath, and the phrenic
nerve was fixed to the bipolar stimulating electrode. The
double wall organ bath was filled with 100 m! modified
Krebs’ solution. The solution was bubbled with a mixture
of 95% O, and 5% CO,.

Administration of
NMBAs

|

Tc XRBETH Y, HEERSHO T Ex A,

3. BMREEORE (K2) LAEEORALY

S v P OBEREER L OFBRBEIAKE LR, RB, VB,
BIU PB OFFHEBKRAKELMB/L, ThXh RB B,
VB B XU PB B & Lo, £58EE, FoRx£BARK
THEL, PNEYRAEFEEAR Y S 202U (Watoson-Marlow,
Falmouth, England) Z T 5 L. k¥, FHEROAFR
##Ww LT, RB, VB XU PB OBRKEE R, *hFh
1.5mg/ml, 0.5mg/m! 3 X ¢ 0.lmg/ml & L, 1~3ml/BED# 5
HET BT A5%1%5 X 51T, o 3EHMTHREORES
BiAE N E Uls\ & S In BB UL RE L.

—EOEAZEEWR LD BT1 235 R is - o RER 305
ML E#ERF LS 2T, B@gRoRsE2HPELE. 20
B, %T1 KEEEE LT60% 3B X 080K WH b EE Lic
B TD TOFR &, %T1 #325% 5 HT5% W EET 5 ¥ TOR
M (BE#HEE) ZRiE L.

73, Tc A% 50g Wi Lo\ BRI, SRR B W ILsiEsiil
BLictul LI L. ¥/, DlERoRSHI-E, %
T1 BBEECS0% LI EICEE Lo BaE, BRI F 520
BEAE U LML, HEtABELDBRA L. TOKE,
RB, VB 3 X ¢° PB Bieo&, Thth 8 HDLEHRITKE
A ORIE BT A DR & 7o » 7.

1. FEEHEARR

1. BERESEHERAOFER (K3)

{55 350~400g @ Sprague-Dawley BDOHES » b 167 % ¥riH
Wk BERE, BREMEY T CER 2EORBIEY L
7o, ThLOKBEMRHELR Y, @S>, HikrrV v
A 113.0mM, #{tH Vv a 47TmM, HE{kbL vy s L4AmM,
BBt~ x> v 45 09mM, KERKES bV v 4 25.0mM, Vv
BoAKEL Y v A 12mM BLOF P 11.5mM 2 S LER
7 V7 ABE®I00m] Tt Lo ERMEANICER L. ERT,
BWOBELRITCIBEDE L LT, BYEERE 5% —BILIRFE

Administration of
NMBAs

Wash-out

! |

[209

e ed eedd

4min 4min 12sec

4 min 4 min

Fig.4. Tension of the diaphragm recorded in the in wvitro study.

d d Ld

12sec 4 min

Following stabilization of the tension, one of the

neuromuscular blocking agents (NMBAs) was added to the modified Krebs' solution until the first twitch tension induced by
train-of-four stimulation (T1) decreased to about 80% of the control. After observation of train-of-four ratio (TOFR), the
additional dose of the agent was given to obtain TOFR at about 60% of percentage of T1 to that of the control period.
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B L. TO&ETT, BED pH X 7.38~7.42 T
Dot BT, BEREOMERZEBH TS A5 787
V-AEEL, BREORBITHLEN IS VAT 2 -
TB-611T (BANXE) 2R THEE L T, 10 ORHREIZ I
27-. B 0.3mm OHESM 2 AR RIERKE S, T2 KR
EagyBLTCEEL, IRACE&L L.

2. FENIE L BREBED

FMAER L ORRERBIL, £BRBRLEALCIOXHL
fo. BBEMEICN L CEA LERE (256~30V) © TOFS %
WHEBICHHELTINL, MBEOSRMEEN YR LL. %
Tl & TOFR OFEL, £ERAKBROBE LB LA EEZHW
.
3. RO RE (K4) LNEBEORALE
EAOFREBGEIVRE LI, RB,VBBIUPB Db
D1ORERMPCES L, RB B, VB HB IO PB HeL
fo. REMAOHMERBELAM L, 80%HHD %T1 2230
BUERELTWADZ L2 MR LI TOFR 2HIE L.
KT, ERENOHMSEOBELED, 60%FHED %T1 2

Table 1. % T1 intended to 60% and 80% in the in vivo

experiment
No. of %T]1 intended %T] intended
Group 0. 0! to 60% to 80%
preparations (R+SEM) (X+SEM)
RB 8 61.5£0.73 79.840.52
VB 8 61.9£1.69 80.9+0.53
PB 8 60.0£0.13 80.0+0.35

%T1, percentage of the first twitch tension induced by train-of-
four stimulation to that of the control period; RB, rocuronium
bromide; VB, vecuronium bromide; PB, pancuronium bromide.
There were no significant differences among three groups.

Table 2. TOFR at 60% and 80% of %T]! in the in vive

05 ERE LI E 2 ATHY TOFR #AIE L. 7k, &5
AR S BRI AR AT AL, 1 ERSEEAR 1.0ml LTz
B L5, ThEWDREREEBAHEKTHEB L.
6IED T » b HEE32ME (5 ORISR EAR Y E
BRlizc. Lo, Te 2 15g Kifids L BT1 »380% L) L@l
BELlich s AEOBERRERFHEBIMEEZ S hicboL
LT, MEAENLBRA L. bz, LROBA TR LT
BARLA—DOFy bhLERLAES > —HOEAOREMRD,
EARZECLABREORNIL THDlRMA L. FORKE, RB,
VB B XU PB ETIL, ThEhER 4% (n=8) DRI
HERAOWEEIHEABONBE L.

. HEHERE

TARTORKR, FHELEERETELL. FHECED
BER, —~TEBOBSTTT -7 5 %, Scheffé DFER &
HHEEHEYENL, SARBOLRRE - THEE LR

B "

[. &E&ERER

Bt R Sy kT AERTO %T1 v, RB %, VB #
BLO PB T, ThXh 30£03% 42+07% = X
52+09% THH, WThi BEIC L5 KAV ERE LR,
IFMNCERRELRD I » 7.

ThotiEh 5 OEER, TOFR #HIE LD %TL X, W
ROBELIZIEREMB% B L UB0% DKM H h, IBMKE
BENSh o (FEL).

%T1 O BHEMEA60% 3 L V80% I :1F % TOFR %% 2 17
Liz. 680% ©o TOFR Tix, RB #i2 VB HEEEEIZ L,
PB#Ibhia@muErF L, VBEIZPB B,
TOFR %/ L7, 80%T®» TOFR T4, RBE 12 VB BEL K

Table 4. Concentration of NMBASs in the modified
Krebs' solution .

Concentration of NMBAs (pM, X+SEM)

experiment
X+SEM
Group No. of TOFR (%, X )
preparations 60% of %T1 80% of %T1
RB 8 40.043.3* 60.543.0*
VB 8 32.6+3.9% 57.145.9%
PB 8 14.642.8 27.244.5

No. of
Group 1 eparations %’rtl0 isn(t)e%dcd %Ttlo ig(t)el;:ded
RB 8 7.420.5 8.810.5
VB 8 3.0£0.2 3.6£0.2
PB 8 1.620.1 1.840.2

TOFR, train-of-four ratio; %T1, percentage of the first twitch
tension induced by train-of-four stimulation to that of the
control period; RB, rocuronium bromide; VB, vecuronium
bromide; PB, pancuronium bromide. *P<0.01 vs. PB.

Table3. %T]1 intented to 80% and 60% in the in vitro

NMBAs, neuromuscular blocking agents; %T1, percentage of
the first twitch tension induced by train-of-four stimulation to
that of the control period; RB, rocuronium bromide; VB,
vecuronium bromide; PB, pancuronium bromide.

Table 5. TOFR at 80% and 60% of %T! in the in vitro

experiment
No. of %T1 intended  %T! intended
Group 0.0 to 80% to 60%
preparations (X+SEM) (RESEM)
RB 8 79.30.78 58.640.85
VB 8 79.8+0.25 60.20.30
PB 8 79.6£0.38 60.1£0.38

experiment
Group No. of TOFR (%, X+SEM)
preparations 80% of %T1 60% of %T1
RB 8 68.315.9 45.445.0
VB 8 67.143.4 35.524.9-
PB 8 68.046.5 37.9+10.2

%T1, percentage of the first twitch tension induced by train-of-
four stimulation to that of the control period; RB, rocuronium
bromide; VB, vecuronium bromide; PB, pancuronium bromide.
There were no significant differences among three groups.

TOFR, train-of-four ratio; %T1, percentage of the first twitch
tension induced by train-of-four stimulation to that of the
control period; RB, rocurcnium bromide; VB, vecuronium
bromide; PB, pancuronium bromide. There were no significant
differences among three groups.
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Mobilization
Postsynaptic
receptor
GE’::RH;:;'
Facilitation
Acetylcholine

Presynaptic receptor

Fig.5. Schema of neuromuscular junction. Neuromuscular
transmission is mediated by acetylcholine stimulating the
postsynaptic receptors. The released acetylcholine also
stimulates presynaptic receptors, which facilitate mobiliza-
tion of vesicles from the reserve to the readily releasable
store, so that output of acetylcholine can keep up with the
demands of high frequency stimulation. RES, Reserve
type ; REL, Releasable type.

BEZL, PBEHIVIEERRL, VB B2 PB & x
h &%\ TOFR R L1,

EEHREE, RB ¥, VB BB LU PB BT, Fh¥h
160413 ), 70+ 5% % L U8 400450 %R L, RB HR LV
VB 12, #hEh PB BN LTEBEREM L T,

I. SEE{hsEER

TOFR &l L7cBED BTl #F 3R L., WTFhORT
b, 13T HEME (80% 38 X0 60%) I5E W& TEHIIZTHA
TEHE L. ¥, TOFR 25l LEBOBEE 2 v 7 AEK
HOGHBEREYZR 4R L. BREOSEGEN»85
72 D DB BFIE IR OB E L RB, VB, PB DRI K& »
7z

%T1 O HEMH80% ¥ & '60% 12315 TOFR 1t, RB
B, VB B LU PB BT3HMICEREEL e -7 (RD).

% =

SEDEFEAER T, HREEANL OEEMTIE %TI
ARULTS, TOFR L VBEOFHNPBEL L ERECE,L -
fo. ZORERIT, BERERTE F ORIBNEGN, VB 8L U
PB OB ERA»SEETAEIIE, VB X PB X hbHE
W\ TOFR 2R L&) Gyermek 5P DHE L —HK L
7o, 7, RB Bofbo 2B L %L, TOFR 12 VB R Z
Mg, PB BI 0 LBELARECEW O RRYER.

SEOEERTIT, HEHENOREL TOFR OB GRY BN
THCEL, MEHENOBEY XTI xHVWTHELE. L
ML, SOFENFETTHD LHMTACIEFTOEENDLE
THH 5. HEHEN OB, —BIT, £ TOMERME R
ETHOT LB ITHABMA LML ER ML (BF
W), BREINHHERD B THE I DY, FERS LS
MR OIFLET Tk, FHEREE Lictkis, MEKRR»LD7
%, 21U v (acetylcholine, ACh) DFH WA T 5 L Ebh
THE L, TR RORBICHEY JIF TSR D 5.
LirlL, ACh DI 4~ MW TCTIETHZ &b, 10WL
EoMBE BT, £TIROEBBIED LA LED

hT W09 Kprgetiy, TOFS OB 20ME k& L,
fo. Licd-T, % TOFS @ Tl #BRMEARLLT WS
%%, %T1 & TOFR ORAROKRFICITZE LT 24% <, $ED
EENEROBRIT YLD EELBND,

PR RN R BTk, 100Hz 284 X 5 7o EH
BMCLBHRADKZ II—BRELIDD. L2 AR, LS
BEBEEOEET T, 1Hz OBEFERB TS, T
BREAVWELTWCES, Tihabb 7 24 F (fade) &b h
U0 oF b, RS EEHMEEC L 5 TOFR DETIZZ
D7 =4 FEBERLTWS,

FRGEARIC BT, v STABED ACh T/ (24
HEZTAE) Ofic, v+ 7 ARBIZ S ACh 256 (B
ZRE) BEETDLEEPATWAT. EFREETIL, ACh »
vrFAMBEE D &, BERBRIABCESLT,
BHEEYFI & 2 3. Bowman H¥ 13 kH I his
ACh RERCESRINZAFEC LR/EL, WEERDO FHE
ACh ZHHI ACh ~E(LERB LELZTWS (K5). Thb
B, BRI 5T HHEREKD D ACh ORH»#
HL, HEHEEOHMEINEBZ VL VW EFBHIhTWA. 3
B B Ar R sRIY, EAMMES LOBOWI D ACh Z& k%
ERETE. Licdi->T, BEEHIZASCEE LIRS E
HFMAZIEL, ACh DFHEL LBRHE~OF(LEIREL,
BRI DD ACh DA &R Bcd, TOFS TiEibh
% 2Hz DX BEHERNBTL T =4 N bbb T4+ELDL
ATWB¥0 UL, EROBBEIR, &< OERBERES T
BY, 7oA FHIEUSEMCBFICIITE L S840,

SEDESHNEROFER AR, ERSBEHMEEOE
B2 X o THEEN OBE L TOFR OBEGBIRELD L5
HEL S D, Fletcher 5%, BRERT, & F DBIENE
W, 7r5 279 vak VB OFMEER»SEET B
i3, %¥T1 RALTY, 7+ 52 U ¥ A~ VB ® TOFR 2
BuLWEHE LTS, Gyermek H?P &, d-v &7 5 ) v
(d-tubocurarine; dTc), PB, Z7+F53 2V 9 ABIO VBIZLA
HMES S DEELICIE, dTc & PB AT P52 ) v aR
VB X » b BFEWE - TOFR #RTEHREL 5. fEkn
b, TROLDERI DWW, FHREOBEI L »T, Th
FREATNEEALBETHECHT2HMENRILSE L)
BRENE X R TR0 Sy b EAMATSEEYHEL
W T ABMEEIZY, KER7 =1 FREUDEHEBEINT
WA, LaL, 25 LkELH, SEaNiZatiid il
LT7 =4 FOREBIT~FH 4 b= 4D L 5 o H™
R, BEMEZEGEOLILEMLCY =1 FEEI SRV a7
vHB bR VDL RERYREETE LN, #HRZA
T DEEE .

—7, SEOFELEEAERTIE, EERNEROKERLRERD
HELRich, RB, VB XU PB @ 3Rz, TOFR 0%
BRIV EWIRREYE., ZORRYSNTHIEH-Th,
FPEBREFELRE L TR LEND S 5. SEOLEGAEER
THAE R EHEALERA L, FEEERNER TIIRER
FREMEA LR L. £EAER TIIFIERD DI HR
OIS B RET 5 2 EAARBEz & &, FEEERER
TROFOFTE A VIR EHRALEE 2 V7 ABEATE
L BREICDIT, RURETIHER TR D MEHR
AEPEBLAE. Lal, Day 5042, A—0fEET, EHkL
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VEGCE—OBMEEL RS LEe, BEHENOREEL
TOFR ©iz—EDBIRB A bR HE LTV 5. Tiebb,
BHDOHED D, WEHENORBE L TOFR OE{RIL, HAD
BEICEELEVWLDLEELOND. LT, ELFEHT
BRINHPHEEHERAVCERER L, BHLEHFOREH

LN BB E BVCICERERY B L TL, Z2LT AN
WD EEZDLNS.

FEBHROKRTIL, HHBELZEE s L 7 ABKRRICES
L, —EOMREEN 305 MR L, TOFR %% L
fo. LicdioT, SEOFEGHERTOHMBREOBE L,
FE7 VT ABERNEGRHEST T EREBCELTV5 &
Exbhb. 0D, BERNEESHE L URZIEE~H
BESEE LD, TAOZBE» DMK TIHEEDOE &
W YO OBERIFEE LIt s, DD, iR
BESROZBHBTHTHEY ORI EFEOEYEHET S
DENRTES. RIT, I L o TEABIEBOTES
T AEMMEICEV B D, TOFRIZENE LB LD THR
i, EEFHERICEVCTLESAEREAUERGMELRS
BTTHB. Lrl, FEBRAEBROBERIZ, H—D %T1 ©
Bz, RB, VB 8 L0 PB @ TOFR i3 e ote. 2D
ZEnh, HEEOEEIZ L5 TOFR O&vwi4 L5 RE
LT, BEARIEBOZEACHTHEAEOE EIHOR
FEELDLERDHHY.

Bowman®™ {2, * =2 VB ##EL T, FIREHCRITAH
MEEFORRMEEEHRZ R TS L, AU %T1 TLEH
@D TOFR 2MEWEHE L TWB. ¥72, Pearce B934, v b
W7 5270 % a2 VB 2EELCE, BIEHNEH CRECH
SEREVHLTWA. ZhbOHEHAREEREOHMREE
EoOLWTERRERLEELET %T1 & TOFR REL5HZ
2, BRI TEYOSTTEENRMRD Z LWL hHBEIRT
WaAY, Thbb, HMEEYHELLERO IS, TOm
FRENZHC LRI AR (FRREL TIX, — o0
FIZMPF DA OREER DB &, BHRRFIE LT %TL 20%
DEALE 100% DA ARAFICE LD LI BERRET S Z
LLTRETHAS. 22T, %T1 530 % DEAL (M VRS
BRAL) & %T1 A3100% DAL (MPFE DS LW AERFh
X LBRDEETHETIHEXHEETH &, AiED T4
Og (TOFR OEMAREIRE) Ic7e b, c, #ED T4 TL i
FLuew, £0 TOFR 12100%17c % . Z0%HE, Bk
%T1 1225% THHH, TOFR 12EED T4 & Tl DIicoX
WERETH1010% EBWVEREH IR Z LItk b d . —
A, EEHTIE, BRI RN & AU E L
Ligied, LD X3 mTOLEC L BE I L&
bhs,

Pk, Bhstiigsre MRl & mEMIc 313 5 TOFR 1K3&
WAL BB R L b DO THD. IHI, ZOELH
2, HHERORBEE X5 %T1 & TOFR ORGOE & i
THRDELIEHETER LEbIA.

SEOEGAERT, RB B8 X0 VB BoEEHEKIZ,
PBEIVEBCEML T . Zhik, VB XU RB Ol
FRENPB I h AAEKET LA LDTHHLELDA
A9, BRI AT OBEREN LT LB D B BE,
AADBE 2 3 Lnhid, M OET 2 E HibEK
® TOFR #%, B\ Biigskd TOFR & W B MERRTZ &1

BEETH W Thr 5. £E, AEEEORELVBR7 15
7)) v Ay, EEEEDELV dTc ® PB ok, @—D %
Tl T4 TOFR 2R$TZ EBBEI A TLBHYT, L
L, TALDHBARIET S, SHMERDOELV-EYE
B IHIBRFTHILERDDLEELOND.

SEOKREREENS, RBOBEEKFERACEL, BELHO
TOFR X, VB Li3iIE% L 40D, PB X h BB AEWE
RRTIEREETARETHALERING. HREOER
& -T %T1 & TOFR OBfRIC 244 U B FER, #4450
BLUORZERCHT o H0EROFTHOE LD L, HEKR
P BT A TSR MRS Ml SWE SIS EY D MOET LB
ERIECEE LR,

B Eil

RBIC & B #EHEMORBE L TOFR OBIfR% 5 » P D4k
PISEER (BRI EHER) & HFEkANRR (EREMELR
ER) TREL, FORKEY VB BIU PB L ATR & ik
LCUToRERESBx.

1. AhREBTHERA X h RB © TOFR ik, VB Li3i3%
LubDTHo7. Ll, HEOBRENRALTH-TH,
PB @ TOFR X W HEICKE MELRLC.

2. RB oEIEHESR, VB LiiER L Th-7. Livl,
PB OEEHEH L O IFERBICEML T .

3. FREBHER T, HREHENOREE L TOFR OBIHRI
BB DB S L AERBDIch 5T,

4. RB & PB 0offiT, H@E0BENR L TH TOFR ki
PR, NEHESNIITAR L BRI MEIT T 5 EH
DEFMUEDEIL LD bD L Db, BN TEH O HBEEIZ
EOHDHIENBERLTVWDEELZ BRI

Ak b, EEIKTRB ##H T 554, PB THRIZL S
%T1 & TOFR 0BG HELTHZ L3HELVWEEL DR
5.

Bl 22

MR pichicb, EEE & ERMA R - B RS LY
DRHLET. i, AFRCELHADD, HERT IV LHBR
—EIE D ICEB I E E LARBEORRITE BB L
T

BB, FRNOEFIALARBRE S - LT SHE TR EE
&, BUEHFHREEXITTRE L.

X s
1) Paton, W. D. M. & Waud, D. R.: The margin of

safety of neuromuscular transmission. J. Physiol,, 191, 59-90
(1967).

2) Silverman, D. G. & Brull, S. J.: Patterns of stimula-
tion. /a D. G. Silverman (ed.), Neuromuscular Block in
Perioperative and Intensive care, Ist ed., p37-42, J. B.
Lippincott Company, Philadelphia, 1994.

3) Al, H. H., Utting, J. E. & Gray, T. C.: Stimulus
frequency in the detection of neuromuscular block in
humans. Br. J. Anaesth., 42, 967-978 (1970).

4) Ali, H. H. & Savarese, J. J.: Monitoring of neuro-
muscular function. Anesthesiology, 45, 216-249 (1976).

5) Lee, C.: Train-of-four quantitation of competitive



160 7

neuromuscular block. Anesth. Analg., 54, 649 (1975).

6) Ali, H. H., Utting, J. E. & Gray, T. C.: Quantitative
assessment of residual antidepolarizing block. Br. J. Anaesth.,
43, 473-476 (1971).

7) Ali, H. H., Savarese, J. J., Lebowitz, P. W. &
Ramsey, F. M. : Twitch, tetanus and train-of-four as indices
of recovery from nondepolarizing neuromuscular blockade.
Anesthesiology, 54, 294-297 (1981).

8) Waud, B. E. & Waud, D. R.: The relation between
the response to “train-of-four” stimulation and receptor
occlusion during competitive neuromuscular block. Anesthe-
siology, 37, 413-416 (1972).

9) O’'Hara, D. A., Fragen, R. J. & Shanks, C. A.:

Reappearance of the train-of-four after neuromuscular
blockade induced with tubocurarine, vecuronium or atracu-
rium. Br. J. Anaesth., 58, 1296-1299 (1986).

10) X5 B: BHBEoRKERY. HhEE S8R,

TEM—EERR), 52 10K, 2212228, HESTS, Bm, 1992

11) Silverman, D. G.: Requirements for relaxation and
recovery in the perioperative ICU setting: Responses to
neurostimulation and clinical signs. /n D. G. Silverman (ed.),
Neuromuscular Block in Perioperative and Intensive Care,
Ist ed., p64-77, J. B. Lippincott Company, Philadelphia, 1994.
12) Fletcher, J. E., Sebel, P. S., Mick, S. A., Van-Duys,
J. & Ryan, K. : Comparison of the train-of-four fade profiles
produced by vecuronium and atracurium. Br. J. Anaesth.,

68, 207-208 (1992).

13) Gyermek, L. & Berman, N.: “Train-of-four” fade
during clinical nondepolarizing neuromuscular block. Int. ].
Clin. Pharmacol. Ther., 30, 122-127 (1992).

14) Power, S. J., Pearce, A. C. & Jones, R. M.: Fade
profiles during spontaneous offset of neuromuscular
blockade : vecuronium and gallamine compared. Br. J.
Anaesth., 60, 486-490 (1988).

15) Pearce, A. C., Casson, W. R. & Jones, R. M.:

Factors affecting train-of-four fade. Br. ]. Anaesth., 57,

602-606 (1985).

16) Gibson, F. M., Mirakhur, R. K., Clarke, R. S. &
Brady, M. M.: Quantification of train-of-four responses
during recovery of block from non-depolarizing muscle
relaxants. Acta Anaesthesiol. Scand., 31, 655-657 (1987).

17) Klein, L., Hopkins, J. & Rosenberg, H.: Different
relationship of train-of-four to twitch and tetanus for
vecuronium, pancuronium and gallamine. Anesthesiology, 59,
A275 (1983).

18) Gibson, F. M. & Mirakhur, R. K. : Train-of-four fade
during onset of neuromuscular block with nondepolarising
neuromuscular blocking agents. Acta Anaesthesiol. Scand.,

33, 204-206 (1989).

19) Williams, N. E., Webb, S. N. & Calvey, T. N.:

Differential effects of myoneural blocking drugs on neuro-
muscular transmission. Br. J. Anaésth., 52, 1111-1115 (1980).
20) Cashman, J. N., Jones, R. M. & Vella, L. M.: Fade

characteristics and onset times following administration of

pancuronium, tubocurarine and a mixture of both agents. Br.
J. Anaesth., 57, 488-492 (1985).

21) Harper, N. J. N., Bradshaw, E. G. & Healy, T. E.
J.: Evoked electromyographic and mechanical responses of
the adductor pollicis compared during the onset of neuro-
muscular blockade by atracurium or alcuronium, and during
antagonism by neostigmine. Br. J. Anaesth., 58, 1278-1284
(1985).

22) Stanec, A. & Baker, T.: Prejunctional and postjunc-
tional effects of tubocurarine and pancuronium in man. Br.
J. Anaesth., 56, 607-611 (1984).

23) Jones, R. M., Thompson, M. C., Pearce, A. C,
Casson, W. R. & Cashman, J. N.: Some factors affecting
train-of-four fade. Br. J. Anaesth., 56, 793 (1984).

24) Muir, A. W,, Houston, J., Green, K. L., Marshall,
R. J., Bowmam, W. C. & Marshall, I. G.: Effects of a
new neuromuscular blocking agent (Org 9426) in anaesthe-
tized cats and pigs and in isolated nerve-muscle preparations.
Br. J. Anaesth., 63, 400-410 (1989).

25) Khuenl, B. K., Castagnoli, K. P., Canfell, P. C.,
Caldwell, J. E., Agoston, S. & Miller, R. D.: The
neuromuscular blocking effects and pharmacokinetics of ORG
9426 and ORG 9616 in the cat. Anesthesiology, 72, 669-674,
(1990).

26) Bowman, W. C., Marshall, I. G.,, Gibb, A. J. &
Harborne, A. J.: Feed-back control of transmitter release
at the neuromuscular junction. Trends Pharmacol. Sci., 9,

16-20 (1988).

27) Feldman, S.: Second thoughts on the train-of-four.
Anaesthesia, 48, 1-2 (1993).

28) Burbring, E.: Observation on the isolated phrenic
nerve diaphragm preparation of the rat. Br. J. Pharmacol.
Chemother., 1, 38-61 (1946).

29) Foldes, F. F.: The significance of physiological [Ca?*']
and [Mg**] for in vitro experiments on synaptic transmission.
Life Sci., 28, 1585-1590 (1981).

30) Suzuki, H., Kanayama, T., Nakagawa, H., Yazaki,
S. & Shiratsuchi, T.: An electromyographic study of
muscle relaxants in man. Br. J. Anaesth., 47, 592-599 (1975).
31) Wilson, D. F.: Depression, fascilitation, and mobiliza-
tion of transmitter at the rat diaphragm neuromuscular
junction. Am. J. Physiol.,, 237, C31-37 (1979).

32) Ali, H. H. & Savarese, J. J.: Stimulus frequency and
dose-response curve to d-tubocurarine in man. Anesthesiology,
52, 36-39 (1980).

33) Hubbard, J. I.: Repetitive stimulation at the mamma-
lian neuromuscular junction, and the mobilization of
transmitter. J. Physiol., 169, 641-662 (1963).

34) Bowman, W. C.: Pharmacological manipulation of
prejunctional events. /n W. C. Bowman (ed.), Pharmacology
of Neuromuscular Function, 2nd ed., p65-99, Wright,
London, 1990. ‘

35) Lee, C. & Katz, R. L.: Neuromuscular pharmacology:
a clinical update and commentary. Br. J. Anaesth. 52,




FHARRIRIC X % PR BN & PO R IE o0 B (R 161

173-188 (1980).

36) Hubbard, J. 1. & Wilson, D. F.: Neuromuscular
transmission in a mammalian preparation in the absence of
blocking drugs and the effect of d-tubocurarine. J. Physiosol.,
228, 307-325 (1973).

37) Bowman, W. C.: Prejunctional and postjunctional
cholinoceptors at the neuromuscular junction. Anesth.
Analg., 59, 935-943 (1980).

38) Gwee, M. C. & Cheah, L. S.: /n vitro time course
studies on train-of-four fade induced by hexamethonium,
pancuronium and decamethonium in the rat hemidiaphragm.
Clin. Exp. Pharmacol. Physiol., 16, 837-903 (1989).

39) Gibb, A. J. & Marshall, I. G.: Nicotinic antagonists
produce differing amounts of tetanic fade in the isolated

(1988).

41) Day, N. S., Blake, G. J., Standaert, F. G. &
Dretchen, K. L.: Characterization of the train-of-four
response in fast and slow muscles: effect of d-tubocurarine,
pancuronium, and vecuronium. Anesthesiology, 58, 414-417
(1983).

42) Storella, R. J,, Slomowitz, S. A. & Rosenberg, H.:
Relationships between block-of-twitch and train-of-four fade
in the mouse phrenic nerve-diaphragm preparation. Can. J.
Anaesth., 38, 401-407 (1991).

43) Bartkowski, R. R. & Epstein, R. H.: Relationship
between train-of-four ratio and first-twitch depression during
neuromuscular  blockade: a pharmacokinetic/ dynamic
explanation. J. Pharmacokinet. Biopharm., 18, 335-346 (1990).

diaphragm of the rat. Br. J. Pharmacol., 89, 619-624 (1986). . 44) Shanks, C. A., Somogyi, A. A. & Triggs, E. J.:
40) Cheah, L. S. & Gwee, M. C.: Train-of-four fade

during neuromuscular blockade induced by tubocurarine,

Dose-response and plasma concentration-response relation-

ships of pancuronium in man. Anesthesiology, 51, 111-118
succinylcholine or alpha-bungarotoxin in the rat isolated (1979).

hemidiaphragm. Clin. Exp. Pharmacol. Physiol., 15, 937-943

Relationships between Neuromuscular Block and Tain-of-four Ratio in Non-depolarizing Neuromuscular
Blocking Agents Hironori Itoh, Department of Anesthesiology and Intensive Care Medicine, School of Medicine,
Faculty of Medicine, Kanazawa University, Kanazawa 920—]J. Juzen Med Soc., 105, 154—161 (1996)

Key words neuromuscular block, pancuronium bromide, rocuronium bromide, train-of-four ratio, vecuronium bromide
Abstract

Rocuronium bromide (RB), a new non-depolarizing neuromuscular blocking agent (NMBA), is expected to be in clinical
use in the near future. The relationship between the degree of neuromuscular block and train-of-four ratio (TOFR) is
different among various NMBAs, such as vecuronium brmoide (VB) and pancuronium bromide (PB). However, the
relationship of RB has rarely been reported. In addition, the underlying mechanism to cause differences in the relationship
has not been clearly elucidated. In this study, the relationship of RB was examined in vivo and in vitro experiments. The in
vivo experiments were performed using sciatic nerve-tibialis anterior muscle preparations in anesthetized rats. The
train-of-four (TOF) stimulation was applied to the nerve every 20 seconds. The first and fourth twitch tension of the muscle
induced by TOF stimulation (T1 and T4, respectively) and TOFR (percentage of T4 to T1) were measured. The
neuromuscular block produced by NMBA was expressed as percentage of T1 to that of the control period (%T1). RB, VB,
or PB was intravenously infused until %7T1 decreased to a level of 5%, and then the infusion was terminated. At the moment
when the %T1 recovered to 60%, the TOFR of RB group (n = 8) was 40.0% (mean), which was similar to the value of VB
group (32.6%, n = 8), but was significantly different (P<0.01) from the value of PB group (14.6%, n=8). At the moment
when the %T1 recovered to 80%, the TOFR of RB group was 60.5%, which was similar to the value of VB group (57.1%),
but was significantly different (p < 0.01) from the value of PB group (27.2%). The in vitro experiments were performed
using phrenic nerve-hemidiaphragm preparations in rats, suspended in organ baths filled with modified Krebs' solution. The
same stimulation method as the in vivo experiments was used. RB, VB, or PB was given to the solution until %T1 decreased
to 80%, and then to 60%. In the in vitro experiments, the TOFRs did not differ among the three groups at any %T1. From
these results, it was concluded that the relationship between neuromuscular block and TOFR of RB could not be considered
as the same with PB during general anesthesia. Furthermore, it was thought that the difference in TOFR among NMBAs
may be due to differences in the distribution speed of the drugs within the muscle tissue.



