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(LBERIR PR LML BARIE, 1IF 200032)

F0.1Hz, JEULM 468 3 5K S RERS , 1T RAE
ARE P IC RN L AERRIEIDNSS,
i ze % KCL 3 mol/L ik it e B iR, W1
FW-2 RIGRAR ok OTER S5 BigAE
AR5 . BoRT SBR-1 BRI SS b, 48
WilR, BRNEAEREERTFEER EH
R EHhEHEE T (ephedrine hydrochlo-
ride, FIG{EIHZ) M) hELE IR F (adren—
abic ¥ i P 2) BT
57 F MR (isoprenaline, b T HI 75 7 &) 5
A H i e By 25707 (phentolamine mesylate, |
WEHG TR B2 IER T ERER
(propranolol f1 practolol, ALEIHIZE /=)
FA L T Bk 37 T 19 1 (neostigmine methylsulfate,
LW ELHST =R, 4-5 3% (4-amino-
SEE Aldrich f125]7); L SF
I (d-tubocurarine chloride, 35 | Sigma = 1),

aline hydrochloride,

pyridin,

& R

M KCI B @S NARFENERER 2
T i KCL ik B 3% 15 mmol /L 7] fig JLx
) 4 B 3 LR 7 AR S S A R W R R AR
KR, e K g LM 28 im i 50 % A
i, #2F Epi 0.4 umol/L 5§ Iso 0.8 pmol/L 4
VIO A G KT RSO, (B VR AR
A, SAWMANANELRME, N Epi
2 Iso dkpE, X KT N 6 S HTER
Rk— 2, Eph 80 umol/L b 2 Ll
e Km0 fE ), (B kRE, 18
RIRABRE, WEX 1 mmol/LEr, {EfEE
(B 1, ®1), ETZE/R 1umol/L 7J5z &
B bR 3 LIS B 1 By BB R R
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50-75 umol/L i} % hi I} 1-320 umol/L %
A
i 3 mg/(kg-d) x 3d ip, A Znq Eph
Fn Epi #5308 K+ i 2 &2 76 A,
RPN LT BRI KRN ¥E
Eph 7£ 1 mmol/L &, X [R5l Bt Boim ULk

SR EE RN, WM (3-10 mmol/L)
TN] 25 B g v B R il ), Eph g4 H1%k R A

25 JR 1 umol/L iy % $ii B 1 umol/L #%
Pis $2 8 25 8% /R (40 wmol /L) Fn iy Z431 B (300
pmol/L) iy ik A, NIk 3 5% Eph i im I3,
2 Eph G{fah 4 LA 4538 55 50 BB HT, 2%??25
PR3 C100/s, 108), WHERRARE 455, b
TR E R eI,

4-AP 50 umol/L kb %f Eph 4] &
BESETER (B 2); M SR S8
Eph & Fl it 52 4 FALB ) , 4~AP 0.1-0.2 mmol/L
W A AR AR S A KBS KE

N ¥

«a1 Eph

Fig 1. Antagonistic effect of ephedrine (80
pmol/L) on the neuromuscular paralysis induced
by KCI (15 mmol/L),

N. nerve stimulation; M. muscle stimulation,
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Fig 2. Effect of 4-aminopyridine (50 pmol/L) on
the inhibitory action of ephedrine on the neuro-
muscular junction, n=g§, X+SD, *p>0.05,
**p<0.05

Tab 1. Antagonism of epinephrine (0.4 umol/L),
isoprenaline (0.8 pmol/L) and ephedrine (80
pmol/L)on the neuromuscular paralysis induced by

KCl 15 mmol/L, ***p<(,07 compared with
control

Twitch response of diaphragm

n (% maximum, X+SD)
Nerve Muscle

stimulation stimulation
Control 6 5016 6319
Epinephrine 6 115k 15%** 140+ 34%**
Control 6 50414 52110
Isoprenaline ¢ 108+ 25"** 104 +29°°°
Control 7 54+6 59+8
Ephedrine 7 1024+20*** 102+ 18***

M

IIIIUMMM

Eph ~ Eph Eph 4-AP 4-AP
1.5 mmol/L 3 mmol/L 6 rmol/L C.1 mmol/L 0.2 mmol/L

Fig 3. Inhibitory action of ephedrine on the
neuromuscular junction and the antagonism of 4-
aminopyridine, ‘

N. nerve stimulation; M.muscle stimulation,
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Fig 4. Synergic inhibitory action of ephedrine
(3 mmol/L) and MgCl, (4 mmol/L) on the neuro-
muscular transmission,
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(B 3). % M1y M 1-7umol/L #n CaCl, 4-6
mmol/L %} Eph i il FoH SR HifER.

Eph 1 Mg** X3 LA 48 p0tH B EH
WEER]. Eph 3 mmol/L #1 MgCl, 4 mmol/L
BRI, HARUSIRBZENNERINA
T, BF A R e s 2R ULk
4E 7= 4 B8 AR (& 4).

BAEBSEHR

1. a4 88 w4z 6dFeh  Eph X RALER
BRI TR BYE, SHMEHE KB A
73+8 mV; Eph 7 mmol/L i J§ 7146 mV
(n=68, p>0.05),

2. %f mepp ¢ %+ EphfF 1 mmol/L i,
W] 52 mepp FiZ BN, AP ET 3£ 3/s,
#575)5 5+6/s, p<<0.05, [iij mepp 1% & ¥
F{%s 7 mmol/L i} 3K Bf 2y H4 5 i) mepp 9 3 [
%, AZEHKE5),

3. atepp#y#«k Eph ik ¥ Jy 5 mmol/L
A BT RE 8 B R R 2 5 R IR AL 48, i
M & X IR 7T 5] S H epp,  DIEREE 4
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Fig 5. Effect of ephedrine (7 mmol/L) on mepp.
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Fig 6. Effect of ephedrine (7 mmol/L) on the
amplitude of epp induced by high frequency
tetanic stimulation (50/s),
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Fig 7. Effect of ephedrine (] mmol/L) on the

number of relative epp quantal content,

Z LR GBI, epp 08 & WL,
BEEFIHE, é’)"??%ﬁﬁﬂilli%i(so/@ﬁﬁﬁﬂﬂ@f
Hoepp, TEEEE XM A-TC BRI UE6).
wnRpR AT d-TC 1 ug/ml REPR, PLE L
5, MR BTR5]1SH i epp, 0
A Eph 1 mmol/L f5, M RIS % epp fREEFEAR,
554, 4-Ap 0.1 mmol/L B{# % 4 IE UL
A S epp H i HHHL.

4. 3t epp FF A ¥ H¥h REEH KD
MgCl, ¥k ik 16 mmol/L, fl & & Rl (1/9) &
ESIH2H epp TR/, HHIEASBHE.
FIE T 5T epp 2 F & EM{E: M= log, (il
BORE/ B R$O ™, Eph 3k J5 1 mmol/L
I BT i M & A 2 B IS PR IR RAR k.,
7 RE 1 B ¥k 5 mmol/L i {E M {E R
BT, F47% 6 minif, M{gEREEE,

¥t it

AT EW, (& Eph(80 pmol/L) &5
Epi 71 Iso ffE i A6 E0L,  GRES 3075 KT 41k
T SR r 2 LB RR b1 I AS 2 ) 1
CACERFR 2, RRTIREREEZEER. Bl
W IR 2 1B % R 20 i, {8
BiILAE LB AR NEFES FIRES
e, TEIRPILEBMILE LA EER, 1
AR RIS 2P, BB IRAER
4[5 Eph, Epi f11 Iso #Hi5 K* &R Lagim
R, T A By 52 A X e Rk iR
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JR(50-75 nmol/L) T BRART fEF, A3 x
SRR R e ok Bk sl B, B LR R
Wi A /EMN . Mk, Eph B#H8 K W REMN
RIImAI Nz, PIREE T 1) WLPII B, 2k E3sh
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ik Eph 3t sh 2 LA B IE A,
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P IA SR EphimGig R, W e T eI
FEEMEIER.
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A ff mepp F1 epp MEE &% =R $451RKN
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Effects of ephedrine on the neuromuscular transmission in vitro

SHU Huai-De, ZHANG Li-Hua, ZHONG Zhi-Duan, SHEN De-Li, YANG Zao-Chen
(Dept Pharmacology, Faculty of Basic Medical Science, Shanghai Medical University, Shanghai 200032)

ABSTRACT In isolated rat phrenic nerve-
diaphragm preparations, ephedrine (80 pmol/
L) antagonized the neuromuscular paralysis
induced by high K* depolarization. This
excitatory effect of ephedrine was blocked
by propranolol (1umol/L). The fact that
pretreatment with reserpine did not affect

the action of ephedrine indicated that this -

action was probably not involved in released
catecholamines. Ephedrine (1 mmol/L)
slightly and temporarily augmented the
twitch response of diaphragm to the electric
stimulation of phrenic nerve. At higher
concentrations (3-10 mmol/L), ephedrine
inhibited the twitch response in a concen-
tration-dependent manner. The inhibitory
effect of ephedrine was not antagonized by
either propranolol or phentolamine. Ephe-
drine did not change the resting membrane
potential of rat diaphragm muscle cells
significantly. Ephedrine 1 mmol/L increased
mepp frequency temporarily, 7 mmol/L
markedly decreased the mepp amplitude and
abolished it finally. Ephedrine (1 mmol/L)

increased the quantal content of epp at first,
and then decreased. At 5 mmol/L, ephedrine
decreased the quantal content rapidly. 4-
Aminopyridine partially antagonized the
inhijbitory effect of ephedrine on the neuro-
muscular junction, and restored the epp
which has been abolished by ephedrine.
These results suggest that the augmentative
action of ephedrine at 1 mmol/L on the
twitch response to indirect stimulation may
be related to its presynaptic action. The
inhibitory action of ephedrine on neuro-
muscular transmission is a direct action at
neuromuscular junction that is independent
of adrenoceptors. and involves both
presynaptic and postsynaptic actions.

KEY WORDS ephedrine; phrenic nerve;
diaphragm: neuromuscular transmission:
epinephrine; isoproterenol; 4—amjnopyridine:
propranolol; phentolamine
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