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vy m = AOBMRIER T S
FAT 4 ) DEIMEFITONWT

FRKFEEWIRBE A (CEAE  H_EB—3%)
' & M i

(RBFNS74E1ZH 14 H ZAT)

R ru=y AOBHEERICKT 2747 4 ) v ORTER %2, 7 v MERESEHREA LR
THE L7, Modified mammalian Krebs B IC %8 L -8R 2 » Ve EBEERREE ML 2
B3R T & RO SR U o, PEEERIBO SR ENE 2 A L ON ., EERBREES 2R TiTo 7,
BRI OB S IIE 0.1 Hz OBRIME 2 Hz 0 4 BEEREEHA L, 28, 4ERRABTER, 1FBD
BHOKRE ST 2 4 BEHEDZNE2ELSRTHRD L train - of - four ratio (AT TOFR L #§) %l
L7-. TOFR ZMiRiskm oM a7 F 13 Y » (acetylcholine, BATF Ach £B8) DEDELER
B 270, CHIZED Y FFRARIADT A7 4 ) v OFELFM L. ZORKER, 2.0 ug/ml D370
= ARECEDEAR I Y b O —V{ED 43.6£4.8 BWHFE NS, THIZ 300 ug/ml DT AT 4 Y
CEBIEE T2 I LIcLD 88.517.5 BICEM L7z, £72 300 ug/ml DT A 7 4 ) VORISR, S
7=y ABEERD EDg & EDpe 2RS¥z, 2hEDI D, 74T 4 ) XiZiERrra=yh
DOEMEERICN T A IEFEROH 3 Z eSS Z o, T4 7 4 ) 3B SEOBKRICHL Y, B
BB L UESEIBOWTREBLTHERIEERE s, HEHFEOENI X > TIOHEEICIZED
Bk motn, JRISHLT, ECHRERRD 5O Ach B EIIHET 5 & L2 & o THRHHIRE BN %
L5 T ELTHISNT Y 3 EEED Mg Tk, RS L 2 BRDEEBIB L2 thi D b ERI
BWEan, ThoDl b, 7474 VBT LTHTEREEELTWE I LERTHOTH S,
Ry ra=y AR5 L BBRIOEE & TOFR OB OMIZEEWHER (r=0.93) B0 onl. L L,
300 ug/ml OF A 7 4 ) VEHRSR IOBEEOEREERCELE L ok B EOERP 5,870
=Y ADFMHEERICNT 5 74 7 4 U v OEHERR, LU THREOIENOMRIZI 2 b D L
wmahe,

Key words drug interactions, pancuronium, theophylline, train-of-four
ratio
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FciEfiT a2 MEEEHET 20, Ty OFERBE
HRETEALHOTUTO LS bEt£2To72.

&Y, BEABOHEL L TR, BREMEEZNL
Tz 2 MR R s> i d-YRZ 5 > (d - tubo-
curarine, BT dTc £ #) THESESHEH &L
HIEW L ETHEENZ 2 ERRREAY, TE
L TER R ERED SRSV IO LET AT ¢
) OMEEBERE L, &7, BERETR, ®

The Antagonistic Effect of Theophylline on the Neuromuscular Block Induced by
Pancuronium. Kazuo Hamatani, Department of Anesthesiology (Director: Prof. S.
Murakami), School of Medicine, Kanazawa University.
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WHEE 0.1 Hz OBRIR, % 6 e 2 Hz O 4 EHRIK

(train - of - four stimuli, PAF TOFS L&) % {#H
L, fEERS»SDOTF72F NVl >~ (acetylcholine,
BUF Ach & B8) Bt 2 MO EER £ 85T
Lz, 851, TFENBLLHIMAELHESEEDE
EMERD 3012, BRE CIRIERSEERHHERE
LEEoLBFETHMERE LT EENRTH R
Mg* OD@EEFEL KL T, 2 EEORMBITER
S BRI T T 2 MO SE THIBE INZ 72 B
DHRERHEEZ o CICHIUERREO R ERETL, /¥
YIOETABBVRT AT 4 ) VERETTOEAS
el 7z,

WEB & UBE

1. ERME L RBRF%

A& 200~300g DF X Sprague - Dauley 83 v k
»n 5, EA2IOMBEMSIELREER, ThZh
DEREOHERESEBHTT I AF v 78T L — L4
WEIE L, 100 ml @ modified mammalian Krebs i&
WTH L ZEROERMEMICEEL 2. ERENRN
DIEWIZIZ, 95 BEEFR L 5 B _MERROBEET R %
EERAL TS L L bic, ZEEOMBMII
Y=y P CERCREALRKEBRS T,
HNOBIGRE % 3TCICHERL 72,

Modified mammalian Krebs AW DK IE, NaCl
;113 mM, KCl; 4.7mM, NaHCO; ; 26 mM 8 L U
TR, 11.5mM ThH D, BRI Krebs VA
ZLw, LrL, EHEEREELVLERTTO Ca?t L
Mg» DB, t +H20ix Ty bOMEFTOZN
WIEIFE LT 5-012,CaClid 2.5 2% 1.4 mM ~,

to Transducer
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Fig.1. Schematic representation of experimental
set - up.

MgSO04iZ 1.2 75 0.9 mM ~NEZhZFNRD S w129,

R T, FERT I #E L - RERIE O IR ITER » ED
By 277w 7SB-1TH (HENKE) & E2RTEEL
7= (E1).

BRI L U O, R A /v L TN 2 2 R
B3 R IR 0.2 msec THIBAEE 0.1 Hy
O, F1z, FIMZ 2 EERIMOB G 2.0 meec fFT
0.1Hz48E 0, A LEBRRBAR V. %b, §
BRI OB E SR GHL S ORRERET 572
HIZ, H S U HERMMAIC 2.0 xg/ml & dTc 2Nz
7z, 7 B, MIEERIECF TNz 4 2 Hz @ TOFS ToOfi%
DO RIBFEFERFRL, BB - H U < 0.2msec & L 12,
RIBEEE 1213 SEN - 7103 (HANE) 2/, 74V
L—5—S8S-302] #NL THIAEMAT., ¥xTD
EAERMNICHE SN0, BB k- THER
ENTHERMEGHDEE WATRI L) BNRET 20 %
D7 IR VRIS Ao 72 o TR RIS T Bl
Mz ehie, hIoMic, KELLBRIHESNS
T DO s #1ER)) (resting tension) LRESH
7=, SEIOEETH S L7 resting tension I3 3 ~4
g T, I OETEERTRBR NI, BB, BN
gIEL R WERII TN TEE SN, BRIVGOTAE
TV 77 RP -5 (HANRE) THEEsHh, v 7
F 25— RTG - 402 (HANE) %A CEFR
ahfs. RIIOZEE, HHEBOSSIEEYLSHO
WhoKk&gssavbo—nfEel, ZAECHTLE
AETEbEN:, K, TOFS TR 1FHOERID
REJWINTZABHOFNEZHESETEDL, Ih
% train - of - four ratio (BA'F TOFR &£B%) & L7,

BoONLTRTOERL Student t - test TREL,
p<0.05 2b > THEZ:AKLL,

BB, Sryrzu=y sk dTcidBAELS LT 2 v KK
CEERIEKK L) FNFNREORMEE DT, BY
KWIZEEMEL THRW, £, 74 7 4 ) > (12 SIGMA #:
8O FEK %, modified mammalian Krebs i§4& - 75
L TR,

. R0z L0 IERCNTHTH7 1

) v O MIER oKRE

Ny a =y AOBHMEERICH T2 74 7 1)
DIEFERERETHHWNT, 747 4 U > 300 gg/ml

(B EBRMNEE) 3> 7 u = A 2.0 pg/mlUk
BEEBRENEBE) %, ZOEFT, 20 IESEOEF
THREL, WThd 1 20OEYEHE L - E&OEID
2k, BLU, ZhicthoEmEaigs L rzEoR
hoFEkrzgnzniE L, £k, TRTOBEL
DWT, WRIOEALD R E L 7 #1 TOFS #MZ T,
TOFR 0Z1LH BIE L 72,
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2. Nvru=y LWEEEEER, SLUTAT7 1Y
CHIHESRO /Y 7 1=y MBI SEEO 0
7 a =7 A0 R ERIGHR

T OEAT,EH Y b a—AEOH 10 %z
WEahs g0y 7oy A BiENICREL, &
B 58 BRI T TR Z & Ui TOFR 2HIE
L7,

EHHT Y b O—IED 50% & 10%HBT 2 LD
7, B 50wk TOFR 2350 % & 10 B35 L 5%
Ny zu=y AOEBE BRI, H 503 TOFR TO
EDso & EDg & T 2. 8 SH TR NIRNE SV
TOFR OERE%, 7 v F 2—F —(Hewlet - Packer-

Pancuronium Theophylline
pg/ml (final bath concentration) po/mi (final bath concentration)
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Fig.2. Antagonistic and depressive effects of theophylline on the neuro-

muscular block induced by pancuronium. Record shows isometric contrac-
tion strength (twitch tension) evoked by 0.1 Hz of single stimulus (SS)
delivered to the phrenic nerve (i. e. indirect stimulation). Following the
stabilization of twitch tension, 2 Hz of train - of - four stimuli (TOFS)
were given to the phrenic nerve. Arrows indicate the points when drugs
such as pancuronium and theophylline were added into the bath. Per cent
changes of the twitch tension form the control value and train - of - four
ratio (TOFR) were calulated. TOFR was defined as the ratio of the 4th
twitch height to Ist one evoked by TOFS. Chart speed was 5 mm/min at 0.
1 Hz of SS and 100 mm/min at 2 Hz of TOFS.

(Top) Pancuronium depressed the twitch tension as well as the TOFR. Both
twitch tension and TOFR were increased after the addition of theophylline.
This result demonstrated that the block induced by pancuronium was
partially reversed by the theophylline addition.

(Bottom) Theophylline increased the twitch tension, however, TOFR was
not changed. Addition of pancuronium decreased not only twitch tension
but TOFR. The block induced by pancuronium with theophylline was less
potent than that induced by pancuronium alone.
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ed lodel 9820 A) % F\» T logarithmic curve fit 7
arZSalcEYMEL, ERBD S viE TOFR TO
EDso & EDgp 2 KD 72,

Wiz, 300 pg/ml (BREEBRENER) 07+ 71 Y
YEHRS L, BHOEEBRSCEET 505K
DB, chEarvbu—MeLT, ZhZXNT 5
BRl#d 31312 TOFR TO/Xy 7 a=7 ADEDg &
EDy 2K D7z,

3. v 7oy ABBKEER, BLUTAT 4
CHIREHR DY 7 u = ABIEERO R
DOREFFL £ U TOFR DA OREH

RHOWE & #DOREATD TOFR OFAOMFE %,
SNvya=y ABBRSRBIUTE 7 4 )2 300 ug/
m] (B EBRMANBE) A5 ®O/ 7 n="7 A8
TSR OWTERETRE L. &8, WEOH
BEgErERARE, idoarea—y—2RALT
straight lines (linear regression) 7T A& D
ki,

IV. BRAE Mg o & 5 RADEAL, LU hICH

& ITTERRIHS EL S ICRBSAR R

FAT 4V ey 7oy AOMWEEER 2T
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Fig.3. Effects of theophylline on the twitch
tension evoked by single stimulus to the phrenic
nerve. Final bath concentrations of theophylline
were shown at the (| ) marked points. Theophy!l-
line increased the twitch tension in a dose -
related fashion untill 400 zg/ml. Higher concent-
ration (over 500 xg/ml) gradually increased the
resting tension and finally muscle contracture
occurred. Twitch tension could not be evoked by
stimulation once muscle contracture occurred. 3.
5 g of resting tension was applied to the muscle
before the addition of theophylline, however, it
became 8.4 g at the (*) point.
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Bt IR T, Mg O BB RIS % %
BB E bz, RO Mg BETCORIOE T
% TOFR OZALDOEREER 2T Lz, &/, Sy 2
D=V ALT A7 4 Y VHBSHEERERET 2 B
WEOBBEDIHIZ, ZhoDfEREN Y702y,
BB BLUF47 4 ) VERE®BD/SY 20
= MBI SREORBR LU,

B #

1. ooz anfmEERICST 27474
1) > fERER
Rrzuzy bk REL T, EBERPOBES 2.0 ug/
mlicd 2k, BHEa>Y ba— I {ED43.614.8%
(mean=+S. D.) WiEFE &, TOFRIZ 13.24+5.3%
RS EnE(E2), 2300 ug/ml DT 7 4
vEMIBIEWRED, FNEFNB5ET.5%L
52.8% +13.5 BwCEE LIz, iz, HOHKTE 74
Y EBRES LSS ICIE, B 116.5+5.9% 08 X
, 20 & D TOFR X 102.0£0.9% TH -7z, h
oV rzumy A kRETLE, BAETAZ 40y
BEFiOI Y b o—NED 78.818.6% HIFE
TOFR & 45.0+8.0% Wi & iz, HRDITT 47 4
) v EEHERE L EE0 TOFR OF 2B E, wih
LERRELTH o,
. Rvsa=y sntEEERIENT 2747«
) ORERAFRORBEA L 5
1. MEBIUVEEIBTTOTA 74 v OFE
FUGHRAR

§ Indirect stimulation(mean:8.0.)
{n=6)

}_ direct stimulation{meant8.D.)
nes
s T
© 130 T
®
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Fig.4. Dose - response curves for theophylline and
per cent twitch tension evoked by indirect and
direct stimulations. Theophylline increased
twitch tension evoked by both stimulations in a
dose - related fashion. The twitch tension at the
concentration of 500 xg/ml could not be recorded
because of the muscle contructure. Statistical
difference was not observed between indirect and
direct stimulations.
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TATZ7 4 ) EEICED, MES X CEZIBTO
WTNIZBLTHRDIIBEESEOER L L b icHEs
h7z(E3). $iabh, BHMEBRMENIBES 100, 200,
300 B £ UF 400 pg/ml DF 7 4 V) > PETIE, IS
BTTOBRANZZEREFRLI Y bu—VED 112.3+
5.6%, 118.0+2.2%, 125.0+7.5% % X 18 126.8+
0. 7% i E N, —F, EERB T COoRAL 21
71 113.4:£2.0%, 121.5+£2.7%, 127.0+£2.7% 5 &
U7129.6+£5.6% W a . ZOW®IL, 2>+ o
—VEIZHERTOWINAEE Th -7, ok, MBS
L UEBIM T CORNOEHEE 2 LER-BE, £0
BECBLTHTMEMICEEEMNED Sk -72 ("
£), TA7 4V OBBERZISIERLTHL L, &

Pancuronium
sg/ml (tinat bath concentration)

[

i

T
L] 78 [ 97 5 sec
£

Fig.5. Effects of pancuronium on the twitch
tension evoked by single stimulus (SS) and train
- of - four stimuli (TOFS). Final bath concentra-
tions of pancuronium were shown at the ()
marked points. The preparation was stimulated
indirectly with SS at 0.1 Hz untill the block was
stabilized. Then, TOFS at 2 Hz were delivered to
the preparation. Chart speed was 5mm/min at 0.1
Hz of SS and 100 mm/min at 2 Hz of TOFS. Per
cent changes of the twitch tension and the train -
of - four ratio were calculated in a same manner
described in Fig. 2. As the block became pro-
found, 4 th, 3rd and 2 nd twitch tensions evoked
by TOFS disappeared in this order.

LERIVRECER T L L biT, RABEEL TH

BRI B - 7o,
2. Ny ru=y AOBHMBEE, BLUTH 7 4
Y VEIRSHOY 7 a Y MBIIHRER D <
vruzvADRERIGHER

%
1007
L]
'3 Y=-45.841.38X
™
[e]
- r=0.93
50—
pancuronium
L)
.
T 1
° 80 100
% twitch tention
%
1007
o« ¥=-44.841.37X
™S
[*]
- r=0.93
50
theophylline
+ pancuronium
L
o 50 100

% twitch tension

Fig.6. Relationships between train - of - four
ratio (TOFR) and per cent twitch tension.
"(Top) Pancuronium alone. There was a highly
significant positive relationship between %
twitch tension and TOFR.
(Bottom) Pancuronium and theophylline (300 ug/
ml). Same relationship was obtained regardless
the preliminary addition of theophylline. This
result demonstrated that theophylline did not
change the relationship between % twitch tension
and TOFR. Since this regression line shifted to
the right, TOFR was more sentitive than 9%
twitch tension to detect the block induced by
pancuronium.
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BEHH Y b u—ED 50% £ L0%ICETFEN BN
vrusy AQRE, Tb% EDs & EDgld, TNE
FL1.71+0.06 pg/ml & 2.360.08 ug/ml TH D, A
# 1= TOFR @ EDso & EDgold 1.46+0.05 pg/ml &
1.96£0.09 ug/ml TH -7 (5). Tibbn, BHEK
70 EDgy & EDgold, TOFR TOZh & IZHERTVT
nbEECKE® o, —F, 72474 Y VHkEH
1%, BT EDso & EDgy, 3 & UF TOFR T®D EDs
¥ EDgoli/8> 7 u =7 LBIRIE SRED 2 N S ITLART
HECHEA LR, Thbb, BRIBTO EDs & EDgld
27N 1.92+0.06 pg/ml & 2.72+0.09 ug/ml i,
$ X UTOFRT® % & 12 1.66+0.06 ug/ml &
2.33+0.06 pg/ml 2% o7z, ZOHEH, TOFR WZEe
NTHERETO EDy & EDg i3 BB IR E o0 (R
1).

3. 8y uoy AEBESR, BLUTET 4

VHIRERO 7 u sy MBI SROR
OFFE & U TOFR DA OBk

s

Ry ooy AEEREIC L BRITOBII L TOFR
DA OENCIF, r=0.93 L FHVWAHEDED o, 7
F 740 VEHEEE COMRCe<EEEsLITay
otz BRRCY, 7474 Y VEIRSOERE L
BERZAONED I (K6), TOFR#550%H 3
iE 10 BB LS TOBRIORBOTRE R, 5
sy AEMBEERICIZT0.621.8%5H 50w
43.6+4.1% ThH o1, T4 7 4 V) VHEIHEEIZLD Zh
50BN, 66.311.5% 5501 42.8+3.3 % EbTh
WETF LA, WP EE L ZAaR SRt (&
2).

. BEE Mg>» s X BRNDOEAL, BLUZhics

LT RBRIBFELY > ULLRBSEEENEE

Mg EDEAIC L bk - T, MES & RN
DOVTHIZB VT LEFIRECHEBa L, Tab
B, Mg?tiBEM 1.8, 2.7, 3.6, 4.5 B LU 5.4mM D
LE, MEBRETEZERLENLT Y bu—LED 97.9+
1.6, 92.9-4.6, 79.2+9.5, 42.9+15.5 3 £ ' 13.3+

Table 1. Influence of theophylline on ED;, and ED,, values of pancuronium

EDj, (ug/ml) ED,, (ng/ml)

. ST (n=6) 1.71+£0.06 2.361+0.08
pancuronium
TOFR (n=6) 1.46+0.05 1.96%0.09
theophylline ST (n=6) 1.92+0.06 " 2.7240.09 "
+ * *
pancuronium TOFR (n=6) 1.66£0.06 2.331+0.06

mean+tS. E. *p< 0.005

The pancuronium concentrations which depress the single twith tension (ST) to 50
and 109% of control values were defined as ED;, and ED,, in the single stimulus.
The pancuronium concentrations which depress the train-of-four ratio (TOFR) to
50 and 109 were defined as ED;, and ED,, in the train-of-four stimuli.

Significant difference between the values of pancuronium with and without theo-
phylline.

Table 2. Relationships between percent change of twitch tension and train-of-
four ratio (TOFR)

TOFR
50% 10%

Pancuronium (n=6) 70.6%1.8 43.6+4.1

9% twitch tension

Theophylline
+ 66.3+1.5 42.84+3.3
Pancuronium (n=6)
mean=+3S. E.

Pancuronium group and pancuronium with theophylline group were compared to
investigate the effect of theophylline on the relationship between 9% twitch tension
and TOFR.

There was not a significant difference between 2 groups.
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Fig.7. Effects of magnesium ion (Mg?*) on the twitch tension
evoked by indirect stimulation. This experiment was performed in
a same manner described in Fig. 5. Final bath concentrations of
Mg?* were shown at the () marked points. As Mg?* concentra-
tion became higher, the twitch became lower. Train - of ~ four
ratio was not changed by Mg** concentration.

100+ $ Indirect atimuration (meants.o )

H (n=a}
3
5 3 divect stimuration(mesnis.n.)
2 (n=6)
& 75
i}
=
H .
*® T

50+ —

\\\{
28+
o T T

—r 4 T T Loum— T N y
[ XK 27 38 45 8.4 7.2 9.0

concentration of Mg**

Fig. 8. Dose - response curves for magnesium ion
(Mg?*) and the twitch tension evoked by indirect
and direct stimulations. Mg** reduced the twitch
tension evoked by both stimulations in a dose -
related fashion. When the concentration of Mg**
exceeded over 54 mM, the per cent twitch
tension evoked by indirect stimulation was more
depressed than that evoked by direct stimulation.

B.3% kg s 4L (7). —7, EHERMTH 1.8,
3.6,5.4, 7.2 BXU9.0mM DBED £ &, Bk %
nFELD Y Pu—AfHD 86.91+1.6,71.7+8.7,58.7%
7.0, 48.046.8 3 L1F39.7+6.8% s Nz, 12

R D 5 B L0 Mg B T, SRS T OERN
OBEIEEBEHE T OZ IR TEREIIKEN -
(M 8)., kBZDFEE, RIOKIZ TOFR OBY
b oz,

% =

SEOMBIC LD, N2 7 a7 ADEER
FAT 4 U Ik o THBI R L LT d B 2 £ M
ST ST,

bbb, by 7oy LA RS L, EE
R OBEEL 2. 0pg/mlicT b e, BHdar o
— LA 43.6+4.8% 2§ 2 b, TOFR & 13.2+
5.39% 2 s, CHIZF A 7 4 U v EBIES L
VO MRS & 300 ug/ml 2T B &, WRITIE88.5%
7.5%2, TOFR & 52.8+13.5%cl@f§ L7z, 2D
Yk, Ay ru= iy AORMERIERACHT AT A T 4
Vo OETERERT OO TH B, IhEHIZ, B
CEBEOT A7 4 Yy ERELTHEEEIR, N
va=y L BEINgES L CEBIES 2.0 ug/mlicLTH
BHRTFA T 4 ) BE5R IO bo—fED 78.8+
8.6% IEIBINIIZT E b olz, 2D LR, N
o= AOGMEBERICHT 2547 4 Y > OEH
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ERARTOLOTH S, 85T, NSr/u=TADE
iy RS O BRI C O EDso & EDgol3 1.71%0.06 g/
ml & 2.36+0.08 ug/ml THo DN LT, 747
4V VORI, TS EEREN 1.9250.06 ug/
ml & 2.72+0.09 pg/ml iR S €T, ZDOT LD,
v u=y AOBHEBERBT A7 4 U ¥iZ&koT
EECIEShE I LERTHLOTH S,

=T, SEMERLERT TV THBREREMA
1B, ERREKEDORTE, Ach Iz k5 HRHHRAT
TORIBOEE, BEORE, HETOREOREE,
X o I HBHEOIECES —HE0RBE&EE LTE
BT EMTELEWSFEBD L, £, EHEH
BAEMLTEETE, BETOREDCGHEURDARE
2305 2L b AEETH D, SEORETE, M
R L T E i b & & D EEREE Nz 725a
b, FAT4Y VREHOMER b5 L, TR
B 5 I B BEOIIE MR L Z EERTHOT
$5. o, EEHETORIOEBOREEIX, M
BRHEMTOEREERRL, 2O TAT4Y
Vit L ABEAOEOFRBRIZ Y AR, T4
LEEFCbhB bDEELONT.

wRiz, SEAWRERE FILVT, BP0 Mg RE
PRKEED L, [HER > CCEBRBOVWThCS
WTHRHDOBBBTD btz £ L CRIEE Mg™ T
i, EERETOBRNOBTIIEE L 2 EERET
DOEFI DR & ORI & o2 EEEH T sz, Mgt
i, 1) EROEEEE, 2) WK, o0 Achd
Hdi 8, 3)Ach QERAEIER T 2 RO REM,
4) BHlEoREEL LR ETSRER2bDL
ANTBH™D, ZNEDENTRE, 2) DHBHERD S
D Ach OHHBEZFBI S5 I eBELEFATHS L
TEOHRINETDERL Lo TWE, Lo,
SEOBERIIHRD S ONREZIFTEHD LEZS
ns, z0k3k, SARAVAEERETF VTR, M
R - EEHIB T A RIGDE D S, EMOFE
FHES I LRI LN HLBELTARTHI LE
Z bz,
mEtkoltE gL ik, SEOERT, »
52 UhiEA LHlEE Nz CPERBIcEESE TY
RSN, FAT4Y vOBEC Lo TEHITHEEE
ntz Lk rmErns, —R, BREREN
ZenTwiid, BEARERIND 3TN TOMMR
HOWELES L b DL R, Hil 2B X
BRI TREASEESNE ZLRRVEENT
V3D, Lhtio>T, ZORHET CRAME 5I1EHE
naoicid, 1) B2 ORI E Y R CUEL
FELTRIY, BUEsmEshD, BV, 2)

%

B2 O SHEOIGE IR E NS, LV IBFOR
EptEEIFREERSRW, L, TAT74Y Y
D5 LT, HREEECZOL D RIEEKD
ELHI 2Dk 5 1, HEHEEN VI umy
Mo TERLSWERENTWEWVLRD, 7474
OBy 7 a0y AOBMEER 2ERZVL
H4EILT, BHOHBE b6 T LWIRKRICKS,
9, 1) OF#ECEVERTIMESREL TR
Z 0, BIHENAMES W TENSHEET 2 K20
i, B—ORERR THERERICRE LB
BILICE->TH RO ENEHRENKEVEELS
nan, chizontid, 74740 yOkEITkY,
SEE AR R BRI | & < BB L T IEBNENL
(stimulus bound repetitive activity, AT SBR &
B SRETZ LI ZeBHLLICENTWSY, Z
OERIZDWTI, T4 7 4 U »58 phosphodiesterase
HEFERAEETS L RBEBLT, RO LD 2R3
BEENTVRO | Tibb, EHHHREOEE I
o TRAET BIEEEMIE, FHEHRT adenyl cyclase
DEM % 72T, adenosine 5 -triphosphate (ATP)
5% adenosine 3'- 5- monophosphate (LA T cyclic
AMP LES) ~OEEHiE{EHET 5. cyclic AMP i, &
# % phosphodiesterase 12 & > CTEP I FHEENT Y
SAMP %248, TA 7 4 ) ViE I OBERERERINIC
&+ 5, Z0kdic, 7471V Vs N L
FHEARSRIC cyclic AMP »8sEf& 3, cyclic AMP
i& protein kinase %41 L C phospholyrate substrate
R 2 2 L & DREIED 4 v F v v AV ER
=, MHRREAAD Nat® Ca* OfiAE b 257, &
NIz D, Ach OBRHETTET 5, 20O &3, RE
EEMETH 5 Ach O ATHE L 7REETIE, HE
B S ERICIETET 5 Ach BASE BRI RICIHTTHIE
WZERLT, MERESERTHSESED LI
Thd, TORMOZYYEETFMT 2 725 I cyclic
AMP QOHEED 10T, BBt TH 2 1z HfifaE 28
SBLT cyclic AMP EHEBLL 72 EEEEH 5D T Ne
-2/-0-dibutyryl cyclic AMP (L{F DBcAMP &)
% cyclic AMP @b D 12 Fv>7:FE T, DBcAMP b
EIHERET SBR 2R 2T Z L asED s BT,
FAT7 4 VIEIOEREREIBEYT 5 L5 C L biEE
ENTWBEM, LEzd-7T, 74 7 4 Y i phospho-
diesterase SRR % A L THIEZIEHRS S O Ach it
EHESRD LV VY FFABFERICE T, /¥ 7
o= ADBEERICHK T 5 &7 % Standaert
EO~MBIE R b0 BEbhd fHRLIz & 38
v u=y AR ERO EDy & EDg#3 74 74 U Y
B S X VEBEREAER L, JORERE LS
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REBBCE>TTA 74 ) yiiSivrzu=y LD
MEEEE A MEIL 2 L X BAREEA TR T B DD
HHEINZ L,

Lirl, SEOERTIE, 7474YVICk2RAN
ORBREE I RN {, BRT L 30 BRTEROREEE
blzo Ll s Ehh ot —ic, BIUESEEL
RS o NE L THRES REIRBIc 2 5 £, RIEHE
KBRS 3 ~ A BT T 2 OMNBHE TH 2, IR
HLEAT AR ST THONEH 2Ese, Zh
1w& o TdTe it 3 L & Tw 3 germine-3-
acetate i, BUBET ARIOEHEE L 6T, &
EOEBERT, 7474 ) v ORNBEEI/NZ W
ZEms, MREREICBUAERSTA 74 ) VIC&
BETIEOEL AEMFETH L LIEE LW v,

Wiz, 2) O EEOIEENORIEIC DV TE
gerTTHs, DiRiETIX, B (sarcolemma) DR
Tk o> CH/NKEEE (sarcoplasmic reticular
membrane, LAF L-system) 2i&k& b & hERE
(terminal cysternae) PIZETE & LT3 Ca s,
mEERIC R R S L, CAHNEE S o8y KR
AT 22 L& - TR IEISE Z 519, L-system
a0 Ca OHEBEIZ, L-system OiSEH 5\ I1E T
WK HEICEE s N Ca BRIZE DD ERIENS.
BT x4 iiE, Catt BRIC & B Ca*r DM 2T
BUERMH M, BEEDY 7 24 VTl ZOERAD
Fui-o, PHEN CaFE LML L ERT IO
FEEBFEEND, LiksioT, BREOAY 7 =4
PSS L 5 iE, FEIIZ & N R
BRI ot BB T, ZhIRIEL THIGED
BiENASNEIFICLEES, LL, RBEDOY
T A VBB ENEECIIOERSEE L LD,
HHANO Ca DBE N AR LBEICH > TH L-
ystem o0 Ca?t DM S U IREICiRS b
DEEZONTHE®, FA 74 ) VEA7 24 e
U &4y F L BEATHD, UL EEEELD
- (E9) £rbic, ALY AEEFRAEZRTIE

e i i
HyC H,C N
N N Y
1L I
0" N N 07 >N N
CH, ém

Caffeine Theophylline

Fig.9. Chemical strutures of caffeine and theo-
phylline.

DESNTVB® F1, h7 24 Vv 2ERELLHICE

SR AJREIETH B 0 ¥ > (halothane) 2EF X
B, IR BENEIRORELET 517,
B, 73/74VvenutryOEEERICLD S
v b OERBEEARTHBERRRORESHET S
rO ook ik FEE N FIT I/ T4
VERETAI LI DVERERELEIS I EVRED
BHehricshTnd, Bz BEBRZOH
SRR TR 3% 08, L-system 5D Ca?+ R
BERECRESNTHMENE 2, SSZEERO
RIEL DS ATEHEEMNTET 5 EFETHS D
rubhTws, UEDESREENSGEZ TS, T
F7 40 &k BHRIOERIE, L-system 25D
Car*BEi MBS N BREEZD2OMBBYR LI
Bbirs,

£ AT, EEHEREKRS 5O Ach OEHIREE &
B2 BTHiIE, 2ERONBFEEEAELE S
PJTRED RV Z A, §E, TOFR OHIE %+
TEBELEDIECOREZERLTHDTHY, Al 520
AU & D Ach ORHIREES 3 293> T L2SEIEET
HBEBRTNED,

TOFR &t 2 Hz © 4 EFRMESZ, 1 BEEDRA
DAREZENTZ4BEOBNIOKRES 2HAE TR
bL7zdDTH B2, T, JER MR RHESE
& 3R EHEEEN T T, Ach Z2HEEOHMEIE
&2 AR5 ET1Hz ITOBRIBSD 5 13 30
Hz OFHERIBICERT LD BENRHL AR TH
3, %/, aYbu—ENHEZRTHEITY,
HEOBREZENCRETII LN TELLVLIA
LA TH B, TSRS LD, BRI E B
BEOHE, & ICHERMEEDNEREC L D BE
HoDEEOHEICERTH D L ENT 5202,

&7, TOFR 04 b &0 T, EFFIMOMIZERA
PR B R (LT fade) 122w T, Bowman?®d
RROEBLHERERoRHHEL TV, Tabb,
100Hz #2226 &5 a@mBEERBOIMzZ N &,
BEAK 2, S O Ach RHITEPL» Y T2, L,
¥ T, 850 Ach O & Ach ZEEOREICX
ZAHNT, HRIHEERAERLEBEEL TV 5™,
IDrHIT, BHEERMEENZTLRADEIF L
S, & 2 AM, FERMBERIERED & 5 %3 Ach
EAREENT WD L, IO Ach BEKIZBIH7Z
HHLDSAD 2 B 7o DICREEHRS 25, DL RE
ST, EHEERIEIC & o T Ach OBHEEA T hat
fade =0 NB LT A2ONBMERDELATH-72. T
KL T, B, FEREMESMEREL v uT
HONEEEL, BIKELL (end plate potential,
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LAF EPP £ H8) ©&IKEM (end plate current, LA
T EPC & i) 2T 2 AR E N, &
h#FEVT Ach HIREE% EPP ® EPC &k LT
bk, dTe d & 5 2 IEMAME G HEE» KRS
ENRTVLRVEEICE, 150Hz £ w5 SHEERBT T
b EPP ® EPC TN A S L LW S &R ~0
BehTwd, Liso7T, BHEEMEZTCL-T
Ach DA LT, Znws fade 1 Dedsd 25 &
ERELTL SR TE, —F, FEBREEMNE
BNy TAFNCOIEREZB XIZT I EMNE L ERE
NBEICR-2TETWEN, ok 5HEZT, Bow-
man &, 2 Hz { S LWOBEFHBT b fade B 5D
1F, FEBLAHE M AR S AR C Ach B % B 289
WZEHLT B T LT MA T, ¥+ S ARID Ach A
CHERLT, chE2RBPE8200THAH LA
L7,

IDZEZHELT, AchORER>ED LS I2F
ZHENTWBY F 3 Ach IIHIEKERTIEDED 3
BEORTEETS. Thbb, 1) MERKEOH
Bz & ) FE (quantam) BAL TR 2 L5 the readily
releasable store of Ach, 2) REEBEBHL TED 1)
BHRET 2 0OICEIB SN 5 the depot store of Ach,
BXU3) EEEMEL TVv>22\ the surplus store of
AchTH 5, b L DARBIC L DBES LIz L &iid 2)
e DADOEEOHE (mobilization) ##EE I % 23,
FHRATEA IR 2 17z Ach 1X, BHRIESRICERET
3 LEEINIHBEEDT O DBEEITHITIECIE
BATaleicky, BHHIEOEEEIET 229, £z, 1)
D THEET S AchOFEE, 120k -T%
DO—WWRZ T HRE &N 225, TN EHEE (probability)
FLLEEIE20%L 60O THES, UL, BHEER
Az SN BT IERSER TS 0n) T L b
SN EN T 539,

Bowman®®i3, ¥+ 7ARNIH2ENEELDIZHD
Ach BFRIC b dTc WEET 2729012, Ach DHITHE
YRR IR SNAHERSR TD Ach DB R IITHIS v 2,
FORER, BEERBT Tk Ach ORI TE R
<%y, fade BRI B EVBIHREPBELOTH S,
SEAVT: 2Hz £ W3 RIBEEE X D) OO Ach ok
BEREIaRDy, HHOERLHASE IROREMK
ETRRVEVIEROH H D, FERIBEHIERD
BEZL D, ¥FFRETD Ach OBIBSHIFIE N2
L, TERRE»SHHEND AchOBIZHLT, ##
FEND Ach DEFPBOY ORI BRI, e X
B ORERERA SR 2 Hz LW RIBUEE T 1)
OO Ach BIREEFEBLTL 5, DR, HEifH
D Ach REEBRFEFEL, TOFR 3P THH0L

£z 505, —F, SEOERT, Mg BEORBA
f# > THRFTIZWIE L 7223, TOFR iCidIid»ias s nny
otz Mgt Ca* IoHifiL T, #EERKREL 50
Ach I FE £ IEIT 5, DD, BHOBELET
EEBLEINTVLSE®, ZOEHE, Ach DBIEICHIH
Mg, 2 Hz OFEFRIEEF D) OFO Achizzh
BEY Lz wvwo T, fllEc & 5 Ach O+ 49Rbs
TE,ZDOFERTOFR A Lot b O L B
3, 2ok, TOFR 2 ET S I L2k, #
BIgRE» M a2 AchOlty, BIBIC X > T
FTEN 3 Ach DEOMICIEHSELC THE0»E,ES
MBS T e NERETH B, SEIDERC, TOFR Ofl
ExAOLERRIOSCH S,

BT, 7474 Y EKIEERRNO Ach O, K
BUOEBROREHASE, 25CHAEDOBRLEE
FTEREDYFTAFTOERAZ LD I EWHESN
TWB, Fi, BECBRRIEIIZ, TH 74 )i
&0 MR TREFR KT E N, Ach O EH
BT 2 I HBMORREOR, Fuboms, 8
BLariBE»rBLEb0bEbhs, IhoDZ
Eins, T4 7 4 ) rREGIERSMEE B EDE
ET TOEBEHBIC X 2BRAOWHERICELEL L
S5THDEBbhd, D%, NSryoy AR
5y, 7474 ) vEREERO/ 7 0= MBI
B E5RETI, B DS & TOFR ORE4 OBffcER
NELNDI OO EHHAENS,

ZOEFELMITB-O, £T, Srru=y
AR5 k3 BIEOMEIORE L, ZhicwT
% TOFR OBMEERETL, IR TT 4 7 4 V) VHiRE
Bz s us Y ARBMES LT, MEORBFRCS
XIBTTAT7 4V o DORERTI.

FOEE, Ny 7oy A0BBKEE T, BN
mEl sz 0> T TOFR {ET L, MiFORBRC
Fr=0.93 LoD CEOREESED S, £,
Ny 7a=T A X AHMEORELHET LH00
{8 L L Tit, TOFR OAMRBRENE»» /2. THD
b, BHTO EDs & EDgold ##41 1.71£0.06 g/
ml & 2.36+0.08 ug/ml TH 2Dl T, TOFR T
@ EDso & EDgotd 1.46+0.05 gg/ml & 1.96+0.09
pg/ml £139 & 512 TOFR TO EDso & EDyo D inVE
BIAREL, IO L INETOREDO L BT D
FRETH2., Lrl, 7474 ) VHEEE®RIC Y7
Oy AREIMEEL Ty, MEOMFRCIERITE
BB SNtz Tabb, TOFR #8550 %H 5V
1310 %A U RS TOBRIDMBOREER, /1Y
yoz ARSI TIRENREFNT0.6£1.8%DH5
VWi 43.6+4.1 % TH-TeDITRLT, TAT4 VY
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FiEEBIT Ny 7oy ARBIRELTH ZASD
B EEREEASNT, ThEN66.311.5%
HBH L A2.8F3.3% LV IRERERLI, ZDLD
pEEMELSNLEERE LT, Ay 7a2vailk
o THEERERERD Ach B&ME b FHlE hic 7o, M
BIRRBOREF A E IR, TA7 40>
®EIZk > To Ach DHE A L ICZIEERERE
(LA E 220, HB\id, Ach DEUHEOELHES
Th0, JHERET 51E Y TOFR ORBRELFEH W
rna I EMELLENSE, LWFhICE X, HERERD
2VITRIE TOWEEIELL, b5 i3 EPP % EPC OHl|
FEThRVRD, ZOMBICHIESY T o
ThY, SEOERENSET AT 4V By S AE
BRI L T Ach O 2B T 5 & 5 FR & BB
wEET AERIIEShEr o,
PEDEENS, 70V LINTETH 74
Y R UIISITR R, ARRRAE Bk o I 1138
MOBRTHL EEZ LN, DD, MEHERAH
TOEEMNELICGERShZVERD, HELLRIO
Ei Iz L0, BRI Sy 7 v = A0 BEER
pHEfians L wIRRICRI bOEEbNS,

& B

Nrrzazy AOFMEFERCNTSETA 74 ¥
OEF R O UIMEIWERIC DWW T, T v b IERESRE
EREAGTRNL, DTOBREEL,

1. 2.0 pg/ml (B EBRYNBE) 0702w
LEBELDENIE Y bo— L {ED43.614.8%
(mean+S. D.) WZIEF & L7208, A 300 ug/ml
DFAT7 4 ) 5BE5T2ILICLDRE88.517.5
%izEME L 7.

2. 300 ug/mlOF A7 4 Y VEIEGIZLD, N7
o= LD EDg & EDgotd, B ERED 1.7140.06
pg/ml & 2.36+0.08 ug/ml 7 5 1.9240.06 pg/ml
£ 2.7240.09 pg/ml 2 FNFIEBICRL .

3. S L VIFEBIBOLTILIIENTY, T
F7 40 v RGEOBAC S TRIVGIEHE S 1L
f2. BB, OTFRLORBAEEBOTHLRNOBERE
KREBENA SN o7, ZHIERL T, 5mM B
£ Mgl T, BHEHBT ORI OE D 2 EER]
Brorniy bEBECEBINL, BB, 7474
) B L BRI EAT L FehIE 30 %I
X ol

4. F47 49 DBIEEBRGNEE D 500 pg/ml
Ubwwins b, GhidmesizL.

5. 8y7u=v ABEEEROBRIOEE L
TOFR OEAORICIE, r=0.93 L BLHEEBED s h
tz. %7z, TOFR 2550 %® 3\ i3 10 KicHA LIz &
EQRENZa L b O—NVEDT0.6£1.8%H 5 1»IE
43.614.1 TH oMz, T4 7 4 ) VRIRERINLIZ
BELEE LS 8ot JhIIXLT, Mg®
BEOBAI X 2RDIDEIEE, 7oy sis
X Zhe8E%Y, TOFR QET bl -l

ULDORER»S, T474Y ViAo L0
BRI LT, B UIMEERE2E T3 b
D EfERmE N, FOFRABFIIEE L THREDR
WHOEBIZ LB bDEEZONDG, BB, BRICE
W, ¥ 70y LAOERMBTA 74 ) ICEoT
BRI TH A TN TRE N, ZOHMEHR
5T 57 H it EPP % EPC OHIE 2 & iy &
gl iFiuEn sk,

&t i3

MERZ2ITHI D, FIENE & R % 15 - 7o BAIN L3Rk
—BEN L S BB L LY. 7, KFFOEME IOV
THIBER B 57, TAN—beT7 A vy ad 4 VERK
%, ® YT 7 4% — VR B B BT AR E X {E Hideo
Nagashima %% & FIFRZEOERCHHEERLET.

FKHAXANBOESRENEEFHBRESHEERSFS
(1981, KFR) wwBWTHRERL L.

X LS

1) Doll, D. C. & Rosenberg, H.: Antagonism of
neuromuscular blockage by theophylline. Anesth.
Analg., 58, 139 - 140 (1979).

2) Azar, 1., Kumar, D. & Betcher, A. M.:
Resistance to pancuronium in an asthmatic patient
treated with aminophylline and steroids. Can.
Anaesth. Soc. J., 29, 280 - 282 (1982).

3) Del Castillo, J. & Engbaek, L.: The nature
of the neuromuscular block produced by magne-
sium. J. Physiol., 124, 370 - 384 (1954).

4) Skaredoff, M. N., Roaf, E. R. & Datta, S.:
Hypermagnesaemia and anaesthetic management.
Can. Anaesth. Soc. J., 29, 35 - 41 (1982).

5) Fleming, L., Lenman, J. A. R. & Stewart, W.
K.: Effect of magnesium on nerve conduction
velocity during regular dialysis treatment. J.
Neurol. Neurosurg. Psychiatry, 35, 342 - 355 (1972).



1078 e

6) Briicker, J., Thomas, K. C., Bikhazi, G. B. &
Foldes, F. F. : Neuromuscular drug interactions of
clinical importance. Anesth. Analg., 59, 678 - 682
(1980).

7) Standaert, F. G. & Dretchen, K. L.: Cyclic
nucleotides in neuromuscular transmission. Fed.
Proc., 38, 2183 - 2192 (1978).

8) Standaert, F. G., Dretchen, K. L., Skirboll,
L. R. & Morgenroth, V. H. IIl : A role of cyclic
nucleotides in neuromuscular transmission. J.
Pharmacol. Exp. Ther., 199, 553-564 (1976).

9) Standaert, F. G., Dretchen, K. L., Skirboll,
L. R. & Morgenroth, V. H. Il : Effects of cyclic
nucleotides on mammalian motor nerve terminals.
J. Pharmacol. Exp. Ther. 199, 544-552 (1976).

10) Standaert, F. G. & Dretchen. K. L.: Cyclic
nucleotides in neuromuscular transmission. Anesth.
Analg., 60, 91-99 (1981).

11) EBRR—: HMEROER LK, 55 3 K, 54-T4
H, ®E, mEE. 1980.

12) ABXRE: HIUROoWENHE, FEESE (M
H-NER), 2 2 iR, 98-131 &, R, EFER. 1965.
13) Standaert, F. G. & Detwiler, P. B.: The
neuremuscular pharmacology of germine-3-acetate
and germine-3, 16-diacetate. J. Pharmacol. Exp.
Ther., 171, 223-241 (1970).

14) NEB—: HEX FRRERRSE (RER), £1
MR, 163-180 B, R, EEIEHIAR. 1982.

15) dUiR{genE-EBWR : B/FEED “Caic k3 Ca i
Bt B z0XE, BESRAROES (BER),
159-166 B, 15, LEMEEFS. 1977,

16) Stirt, J. A. & Sullivan, S. F. : Aminophylline.
Anesth. Analg. 60, 587-602 (1981).

17) BARBEX: BUESH BRELAE-T) BT 5
BNEEORY, BERIAEOES (BAER), 155
-158 8, LB, LERBREFS. 1977

18) Varagic, V. M., Prostron, M. & Kenetera,
D.: Interaction of halothane and aminophylline on
the isolated hemidiaphragm of the rat. Eur. J.
Pharmacol,, 61, 35-45 (1980).

19) Lefever, F. G. & Rosenberg, H.: Aminophyl-
line, halothane and malignant hyperthermia in the
rabbit. Fed. Proc., 39, 295 (1980).

20) Ali, H. H. & Savarese, J. J.: Monitoring of
neuromuscular function. Anesthesiology, 45, 216-
249 (1976).

21) Al, H. H., Utting, J. E. & Gray, T. C.:

Quantitative assessment of residual antidepolariz.
ing block (part I). Brit, J. Anaesth., 43, 473-477
(1971).

22) Ali, H. H., Utting, J. E. & Gray, T. C.:
Quantitative assessment of residual antidepolariz-
ing block (part II). Brit. J. Anaesth., 43, 478-485
(1971).

23) Waud, B. E. & Waud, D. R.: The relation
between the response to “train-of-four” stimula-
tion and receptor occlusion during compefitive
neuromuscular block. Anesthesiology, 87, 413-416
(1972).

24) Brand, J. B., Cullen, D. J., Wilson, N, E. &
Ali, H. H.: Spontaneous recovery from non-
depolarizing neuromuscular blockade : Correlation
between clinical and evoked responses. Anesth.
Analg., 56, 55-58 (1977).

25) Bowman, W. C.: Prejunctional and postjunc-
tional cholinoceptors at the neuromuscular junc-
tion. Anesth. Analg., 59, 935-843 (1980).

26) Paton, W. D. M. & Waud, D. R.: The
margin of safety of neuromuscular transmission. J.
Physiol., 191, 59-90 (1967).

27) Barstad, J. A. B. & Lillehei, G. : Transverse-
ly cut diaphragm preparation from rat. Arch. Int.
Pharmacodyn. Ther., 175, 373-390 (1968).

28) Galindo, A.: Prejunctional effect of curare:
its relative importance. J. Neurophysiol., 34, 289-
301 (1971).

29) Kurihara, T. & Brooks, J. E.: The mecha-
nism of neuromuscular fatigue. Arch. Neurol., 32,
168-174 (1975).

30) Glavinovic, M. 1.: Presynaptic aciton of
curare. J. Physiol. (Lond.), 290, 499-506 (1979).

31) Foldes, F. F.: Presynaptic aspects of neuro-
muscular transmission and block. Der Anaesthesist,
20, 6-19 (1971).

32) Gissen, A, C, Katz, R. E.: Twitch, tetanus
and posttetanic potentiation as indices of neuro-
muscular block in man. Anestheisology, 30, 481-487
(1969).

33) Elmgquist, D.: Neuromuscular transmission
with special reference to myasthenia gravis. Acta.
Physiol. Scand., 664, Supp.1-33 (1965).

34) Martin, A. R.: Current concepts of pre- and
post-junctional mechnism in neuromuscular trans-
mission. Ann. N. Y. Acad. Sci., 274, 3-5 (1976).




Ry rzuzw LT E 74 OMEER 1079

35) Waud, B. E. & Waud, D. R.: Physiology and
pharmacology of neuromuscular blocking agents, p
1-58. In R. Katz (ed.), Muscle relaxants, st ed.
American Elsever Publishing Co., New York, 1975.
36) Ghoneim, M. M. & Long, J. P.: The interac-
tion between magnesium and other neuromuscular
agents. Anesthesiology, 32, 23-27 (1979).

37) Wilson, D. F.: The effects of dibutyryl cyclic
adenosine 3', 5-monophosphate, theophylline and

aminophylline on neuromuscular transmission in
the rat. J. Pharmacol. Exp. Ther. 188, 447-452
(1974).

38) Lee, C., Barnes, A. & Katz, R. L.: Neuro-
muscular sensitivity to tubocurarine. Brit. J.

Anaesth., 48, 1045-1051 (1976).

39) BR-BERREZE-BHE—: 4 EEREMNBE
(train-of-four nerve stimulation) &% 27 7—v
BIFSIROYIE, FRE: 26, 155-161 H, (1977).

The Antagonistic Effect of Theophylline on the Neuromuscular Block Induced by Pancuroni-
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of Medicine, Kanazawa University, Kanazawa, 920—J, Juzen Med. Soc., 91, 1067 — 1080 (1982)

Key words: drug interactions, pancuronium, theophylline, train-of-four ratio.
Abstract

The present study was designed to investigate the antagonistic effect of theophylline on the
neuromuscular block induced by pancuronium, employing a rat phrenic nerve-hemidiaphragm
preparation suspended in a modified Krebs’ solution. Theophylline, pancuronium and mag-
nesium were added and the twitch tension evoked by indirect and direct stimulations were
continuouly recorded. The indirect stimulation was delivered to the muscle by stimulating the
phrenic nerve, and the direct stimulation was given by stimulating the muscle itself. Both single
stimulus (0.1 Hz) and train-of-four stimuli (2 Hz) were used when the indirect stimulation was
applied. In the train-of-four stimuli, train-of-four ratio (TOFR), which is the ratio of the fourth
twitch height to the first one, was calculated. On the basis of the knowledge that TOFR reflects
the change of acetylcholine release from the nerve ending, the ratio was used to evaluate the
presynaptic effect of theophylline. Twitch tension was reduced to 43.6 £ 4.8% of the control
value by administration of pancuronium to the final concentration of 2.0 ug/ml; but it was
recovered to 88.5 % 7.5% by further administration of 300 ug/ml theophylline; a preliminary
administration of theophylline increased EDsy and EDgq values of pancuronium. These results
demonstrated that theophylline had antagonistic effect on the block produced by pancuronium.
Theophylline increased the twitch tension evoked by both direct and indirect stimulations in
a dose-related fashion, and no significant difference was observed between the two stimulations.
This result demonstrated that the augumentation of twitch tension was not influenced by the
method of stimulation. On the other hand, excess magnesium ion, which is well known to block
the neuromuscular transmission by inhibiting acetylcholine release from the nerve ending, more
reduced the twitch tension evoked by indirect stimulation than that by direct stimulation. These
findings suggested that the muscle fiber was the main action site of theophylline. Highly signifi-
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cant relationship (r = 0.93) was observed between per cent changes of the twitch tension reduced
by pancuronium and TOFR. Preliminary administration of 300 ug/ml theophylline, however,
did not change the above-described relationship. In conclusion, it was considered that antagonistic
effect of theophylline on the neuromuscular block induced by pancuronium was mainly at-

tributed to the augumentation of the muscle contraction itself.




