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Abstract The effect of mepivacaine on the contractile responses to transmural electrical
stimulation and exogenously applied norepinephrine (NE), potassium chloride (KCI) and
histamine were studied in the isolated rabbit aorta. Mepivacaine, 5X 1075 to 5x10* M,
attenuated the contractile response to transmural neural stimulation, the attenuation being
greater in the response at high frequency stimulations. The attenuation of the responses by
mepivacaine was not prevented by prior application of cocaine. The contractile response to
norepinephrine (NE) was attenuated by mepivacaine, 5X10% to 2x 103 M. The attenuation
of the response to transmural stimulation was greater than that of the response to an equi-
potent concentration of .exogenous NE. Pretreatment with mepivacaine, 5X107° to 2X10®
M, protected alpha-adrenoceptors from persistent blockade by phenoxybenzamine in a dose-
dependent manner. The contractile response to histamine was not significantly altered by
mepivacaine in concentrations up to 5x10* M. Mepivacaine, 5X10™* and 2x103% M, dec-
reased the response to high concentrations of KCl. Ca?*-induced contracion in aortic strips
previously exposed to Ca?* free media and depolarized by excess K* was significantly in-
hibited by mepivacaine, 5X10™* and 2x10% M. It may be concluded that mepivacaine has
alpha-adrenoceptor antagonistic action in addition to a sympathetic nerve conduction block-
ing action. Alpha-adrenoceptor antagonistic action is more evident in low concentration of
mepivacaine than the Ca*' antagonistic action.

Key Words: Local anesthetics; mepivacaine, sympathetic nervous system, Vascular smooth muscle;
norepinephrine, transmural stimulation

Introduction muscle is controversial. Aberg and Dhunér®

Mepivacaine is widely used for all types reported that mepivacaine could produce

of infiltration and regional nerve block anes-
thesia. However, whether mepivacaine cons- the vessels had previously been contracted
tricts¥? or dilates®*® the vascular smooth by an infusion of norepinephrine (NE). In

vasodilation in the hind limb of dogs, when
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contrast, if vascular tone was decreased by
alphablockade, mepivacaine decreased the
blood flow. According to Aberg and Wahls-
trOm”, mepivacaine produced contractions
of the isolated rat portal vein under relaxed
conditions, while the compound relaxed the
portal vein contracted with KCl and NE. It
seems that the action of mepivacaine alters
depending on the vasomotor tone of vascular
smooth muscle. The major way in which
neurogenic alterations of vasomotor tone are
produced is undoubtedly through changes in
the activity of sympathetic adrenergic nerves
innervating the vascular wall®. Thus, the
present study was undertaken to clarify the
effect of mepivacaine on the response of
isolated rabbit aortae to stimulation of sym-
pathetic nerves and exogenously applied
agonists, including NE, histamine and KCl,
and to evaluate the actions of this compound
on the adrenergic neuroeffector junction in
the blood vessel wall.

Methods

Male albino rabbits. weighing 1.8 to 2.5 Kg,
anesthetized with ether, were killed by bleeding
from the carotid arteries, and the thoracic aorta
was isolated. The aorta was helically cut into strips
approximately 25 mm long. The thoracic aorta
was used for obtaining the contractile response to
NE, KCl, and histamine. The specimen was fixed
vertically between hooks, under a resting tention
of 2 g, in a muscle bath (20 ml capacity) contain-
ing the ‘nutrient solution. Hooks anchoring the
upper end of the strips were connected to the
lever of a force-displacement transducer (Nihon
Kohden Kogyo Co., Tokyo, Japan). The solution
was maintained at 37+0.5°C and aerated with a
mixture of 95 per cent O, and 5 per cent CO..
The composition of the nutrient solution was as
follows (mM): Na* 143.0; K* 5.9; Ca** 2.5;
Mg?* 1.2; CI~ 153.9; HCOs~ 25.0; SO2~ 1.2;
H.PO,~ 1.2; dextrose 10.0.. The pH of the solu-
tion was 7.35 to 7.40. Before the start of experi-
ments, the preparations were equilibrated for 60
to 90 minutes, during ‘which time the bathing
solution was replaced every 10 minutes.

The aortic strips were placed between stimulat-

ing electrodes of a platinum plate (5X10 mm)?.
The gaps between the electrodes and strips were
wide enough to allow for undisturbed contraction,
and yet sufficiently narrow to permit effective sti-
mulation of intramural nerve terminals. The pre-
parations were transmurally stimulated by 0.3 msec
square pulses with supramaximum intensity (20 V)
at frequencies of 2, 5 and 20/sec. The number of
electrical pulses was kept constant (200 pulses) by
changing the period of stimulation (100, 40 and
10 seconds for frequencies of 2, 5 and 20/sec,
respectively). Transmural stimulation was applied
repeatedly untill steady responses were obtained.
In five aortic strips, the effect of mepivacaine,
10~* M, on the contractile responses to transmural
stimulation in the presence of cocaine, 3X10¢ M,
was tested. The effects of bretylium, 2X10™° M or
phentolamine, 10°® M, on the contractile response
to transmural stimulation were tested in four strips
of each.

Norepinephrine, KCl and histamine were applied
directly to the bathing medium in cumulative con-
centrations. After a 20 minutes exposure of prepa-
rations to test drugs, the dose-response relationshi-
ps of NE, KCl and histamine and the contractile
responses to transmural stimulation were obtained.
The tention developed by NE, 5X10™° M, KCl], 5X
102 M, or histamine, 2X10™ M, in control media
was taken as 100 per cent.

To test the protection by mepivacaine from
phenoxybenzamine-induced persistent blockade of
alpha-adrenoceptors, the complete contractile res-
ponse to NE was obtained first. In the non-treated
series of experiments, preparations were left for 30
minutes in the medium without mepivacaine and
then exposed for 30 minutes to phenoxybenzamine,
2X10® M. The preparations were washed with
fresh nutrient solutions and equilibrated for 60
minutes. The contractile response to NE was then
obtained. In the treated series of experiments,
preparations were pretreated for 30 minutes with
mepivacaine in various concentrations and for ano-
ther 30 minutes with phenoxybenzamine, 2X107%
M, in the presence of mepivacaine. After the tre-
ated drugs were discarded, the contractile response
to NE was obtained as was in non-treated prepar-
ations.

Studies on the interaction between mepivacaine
and Ca’* were carried out as follows. The contrac-
tile response to KCl, 3X102 M, which was added
to nutrient solutions, was obtained first, and the



Mepivacaine and Vascular Smooth Muscle 77

strips were repeatedly washed and equilibrated
for 60 minutes. Then, the preparations were expos-
ed for 60 minutes to Ca’*t free media, during
which time the medium was replaced twice every
20 minutes. Ten minutes after the addition of KCI
(3X102 M) to the Ca®>* free media, Ca’* in a
concentration of 2.5 mM was added. When Ca’*
induced contractions stabilized, additional Ca?*
(2.5 and 5.0 mM) was applied. Preparations were
treated for 20 minutes with mepivacaine before the
addition of KCl.

Values presented in the text and figure dre mean
values +SEM. The deta were analyzed statistically
by the Student’s paired or unpaired t test; P<<0. 05
was considered to be significant. Drugs used and
their sources were: mepivacaine hydrochloride,
Yoshitomi Pharmaceutical Co.; dl-norepinephrine
hydrochloride, Sankyo Co.: histamine hydrochloride,
Nakarai Chemical Ltd.; bretylium tosylate, Well-

come Pharmaceutical Co.; Phentolamine mesylate,
Nippon Ciba-Geigy Ltd,; cocaine hydrochloride,
Takeda Pharmaceutical Co; phenoxybenzamine
hydrochloride, Nakarai Chemical Ltd.

Results

Treatment with mepivacaine, 2 X10°M, did
not alter the response to transmural stimu-
lation. However, mepivacaine at 5X10°M
significantly attenuated the response to the
stimulation at 5 and 20/sec. Mepivacaine
at 10*M significantly attenuated the res-
ponse to the stimulation at all frequencies
used, the attenuation being greater in the
response at high frequencies. A further
increase in the concentration to 5x10*M
abolished the response to stimulation (Fig. 1).

Control (18)

[ Mep.2x10 °m(8)
Mep.5x10 °M (8)
Mep. 10 *M (18)
Mep. 5x16 *m(8)

100

Tension developed (%)
o
o
T

Freq. of stimulation (/sec)

20/sec

Fig. 1

Modification by mepivacaine of the contractile response to

transmural stimulation. The response at a frequency of 20/sec in control
media was taken as 100 per cent; the mean absolute value of the ten-
sion was 0,60+0.05g (n=18). Figures in parenthesis indicate the
number of preparations used. Mep.=mepivacaine. *=p<{0, 001, }=p<C
0.05 for differences from control. Mepivacaine attenuated the tension
developed at higher frequencies to a greater extent,
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Table 1 Modification of Mepivacaine-induced Attenuation of the Contractile Response to Transmural
Stimulation by Cocaine. '

Frequ?ncies Solution Solution
o = 0 T n 0
stimulation Control Me;{(l)‘-’f f/f’ ne Control 3§<°103.1§‘§I Mefl)(l)‘.'fﬁame
5/sec 0.36+0. 06g (100) | 0.2340.08g (57)* | 0.33+0.04g | 0.7340. 13g (100)*} 0.39+0. 14g (49N T
(n=5) (n=5) (n=5) (n=5 (n=5)
; 0.59=0. 09g (100) | 0.2140.07g (33)* | 0.5240.08g | 1. 090. 12¢ (100)*| 0. 260. 09g (22) |*
20/sec (=5} (n=53 a=5) (=59 (=5}

Figures in parenthesis represent percentage of the tension (values obtained prior to mepivacaine were
taken as 100 per cent).
*; P<C0.05, compared to data for control : paired t test

t; P<C0.05, compared to data for cocaine group : paired t test.
n; number of preparations.
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Fig. 2 Effects of mepivacaine on the contractile responses to norepinephrine (NE) and their ED50
(X10"M) values. The contractile response to NE, 5X10~°M, in control media was taken as 100
per cent; the mean absolute value of the tension was 2, 48+0.12g (N=25). *=p<0.001, **=
p<<0.01, t=p<C0,05 for differences from control. Mepivacaine attenuated the contractile responses
to NE in a dose-dependent manner and their respective ED50 values were increased.
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The inhibition was reversed by repeated
washing of preparations. The inhibitory
effect of mepivacaine, 10*M, was not pre-
vented by treatment with cocaine, 3xX10°M,
which inhibited NE uptake in sympathetic
nerve terminals!® (Table 1). The tension of
aortic strips was not altered by mepivaca-
ine in concentrations up to 2X10°M. Con-
tractile responses to transmural stimulation
were abolished by treatment for 20 minutes
with bretylium, 2Xx10°M, phentolamine,
10°M, in all of four aortic strips of each.
The contractile responses to NE were
attenuated by mepivacaine (5X107° to 2X
10°*M) in a dose-dependent manner and
their respective median effective concentra-
tion (ED50) values were increased (Fig. 2).
The inhibitory effect was reversed by
repeated washing of the preparations. Con-
centrations of NE sufficient to produce the

same magnitude of contractions as that with
transmural stimulation at a frequency of 20/
sec was 3.4%X107"M. Mepivacaine, 5x1075,
10*M and 5%x107*M, reduced the response
to this concentration of NE by 5.14+3.3%
(N=6), 11.0+2.9% (N=10), and 24.8+4.5
% (N=T7), respectively, whereas inhibitions
of the responses to transmural stimulation at
20/sec by these concentrations of mepivaca-
ine averaged 32.044.2% (N=5), 57.3+3.3
% (N=18), and 99.8+0.2% (N=8), res-
pectively.

Treatment with phenoxybenzamine, 2X
10*M, markedly attenuated the contractile
response to NE (Fig. 3, non-treated). Prior
treatment with mepivacaine prevented the
inhibitory effect of phenoxybenzamine (Fig.
3, compare non-treated and mepivacaine-
treated preparations). The higher was the
concentration of mepivacaine, the greater

Control (50)
[ Mep. 2x10°2m (10)
Mep. 5x10™*M (8)
Mep. 167 *m (7)
Z2 Mep.5x10 M (5)
Non-treated (20)
100
=
©
[
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k=]
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®
c
3
-
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Conc. of norepinephrine (M)

7%

Z

Fig. 3 Modification of phenoxybenzamine-induced alpha blockade by prior treatment with mepiva-
caine. The contractile response to NE, 5X107°M, in control media before treatment with mepivacaine
and phenoxybenzamine was taken as 100 per cent; the mean absolute value of the contraction was
2.74+0,09 g (N =50), Non-treated; Contractile response to NE in preparations which were not pre-
treated with mepivacaine but treated with phenoxybenzamine, 2 X107M.
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the prevention was (Fig. 3).

Mepivacaine in concentrations lower than
10* M did not alter the dose-response to
KCl, but at 5X10*M reduced the contrac-
tion induced by high concentrations of KCl
(30 to 50 mM). The greater attenuation was
attained after treatment with 2X10°M me-
pivacaine (Fig. 4).

ED50 values were not altered by mepiva-
caine up to 5X10*M. Treatment with me-
pivacaine at 2X10M attenuated the con-
tractions with histamine and significantly
increased the ED50 values (Fig. 5).

Contractions induced by Ca®** (2.5 mM)
in aortic strips previously exposed for 60
minutes to Ca?" free media and depolarized
by excess K* were inhibited by mepivacaine
at 5X10™* and 2X10°*M in a dose-depende-
nt manner. The inhibitory effect of mepiva-

caine was overcome by raising external Ca?*

to 5.0 and 7.5 mM . (Fig. 6).

Discussion

The contractile response of isolated rabbit
aortae to transmural electrical stimulation
under experimental condition used in the
present study is considered to result from
NE released by excitation of adrenergic
nerves, since the responses were abolished
by an alpha-adrenoceptor blocking agent
(phentolamine), an adrenergic neuron block-
ing agent (bretylium) or tetrodotoxin in the
present and previous studies®%'%. Mepiva-
caine attenuated the responses to transmural
neural stimulation and to exogenously applied
NE in a dose-dependent manner. Bevan and
Su'? have postulated that a uniform distri-
bution of exogenous and non-uniform (high
concentration close to nerve terminals, the

Mep. 2x16 3m(6) ¢ 1>

100~

Tension developed (%)
n
o
T

0_

Control (10) (ED50:21.6+0.6?
T3 Mep. 10 *M(7) <EDS0:20.8+0.9)
Mep. 5x10 M (6) (ED50:23.3£0.9)

Conc. of KCI(mM)

Fig. 4 The effects of mepivacaine on the contractile responses to potassium chlo-
ride (XCI) and their ED50 (X10°M) values. The contractile response to KCl, 5X
10M, in control media was taken as 100 per cent; the mean absolute value of the
tension was 2,3940.08g (n=10). *=P<0. 001 for differences from control Mepi-
vacaine in concentrations lower than 10*M did not alter the response to KCl.
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further the distance from the mnerves, the
less is the concentration of NE) distribution
of neurogenic NE exist throughout the me-
dium. When equal responses to neurogenic
and exogenous NE are induced, the concen-
tration at the nerve terminals of neurogenic
NE must be higher than that of the exoge-
nous NE. Thus, the well known alpha-adren-
oceptor blocking agents like phentolamine or
phenoxybenzamine reduce the response to
exogenous NE more effectively than the
response to adrenergic nerve stimulation!?.
In the present study, however, the attenua-
tion of the response to adrenergic nerve
stimulation by mepivacaine, 5X107° to 5X
10* M, was greater than that of the respon-
se to an equipotent concentration of exoge-
nous NE. Therefore, it may be concluded
that mepivacaine interferes with the release

of NE from adrenergic nerves in addition
to the action on alpha-adrenoceptors.

The interference with the release of NE
may be caused either by a bretylium like
action or by a blockade of nerve conduction.
In the present study, prior application of
cocaine in a concentration sufficient to pre-
vent the inhibitory effect of bretylium on
the release of NE!* did not -prevent mepi-
vacaine-induced attenuation. In addition, the
response to high frequencies of transmural
stimulation was attenuted by mepivacaine
to a greater extent. Similar results were
obtained with lidocaine®. Such an uneven
effectiveness may be related to reduced ex-
citability and impaired conduction of nerves
by local anesthetics. These findings sug-
gest that mepivacaine attenuates the con-
tractile response to transmural stimulation
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Fig. 5 The effects of mepivacaine on the contratile responses to his-
tamine and their ED50 (X10°M) values. The contractile response to
histamine, 2X10™M, in control media was taken as 100 per cent; the
mean absolute value of the tension was 2.54#0.13 g (n=13). *=PC
0.001, *=P<0.01, t=P<C0.05 for differences from control. Mepi-
vacaine in concentrations from 2X10°M did not alter the response to

histamine.
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due to the nerve conduction blockade rather
than to an action like bretylium.
Mepivacaine, in concentrations insufficient
to reduce the contractile response to KCl
and  histamine, attenuated the contractile
responses to NE and increased their respec-
tive ED 50 values in rabbit aortic strips.
Furthermore, treatment of -aortic strips with
mepivacaine effectively protected alpha-ad-
renoceptors from persistent blockade of phe-
noxybenzamine. Only blocking agents of a
competitive type are effective in such a
receptor protection'®. These findings indica-
te that mepivacaine reversibly and competi-
tively antagonizes alpha-adrenoceptors. It has
been well known that local anesthetics have

Ca?* antagonistic action'¥. In the present
study, high concentrations of mepivacaine
attenuated the response to KCl or to Ca*" in
aortic strips previously exposed to Ca?* free
media and the attenuation of Ca?" -induced
contractions by mepivacaine was reversed
by excess Ca?*. Thus, it seems likely that
the influx of Ca?* across aortic cell membr-
ane is inhibited by high concentration of
mepivacaine. It must be emphasized that
the alpha-adrenoceptor antagonistic action is
more evident in low concentrations of mepi-
-vacaine than the Ca?* antagonistic action.
Mepivacaine did not alter the base-line
tension of the aortic strips. Findings similar
to the present study were presented by Al-

Control (5)
1 Mep.5x16 *m(5)
Mep. 2x10°m(5)

100 -

Tension developed (%)
[$)]
=
=

normal KRB
solution
(Ca*"2.5mM)

KCI30mM 2.

5 5.0 7.5
Calcium added (mM) to
ca®" free solution

Fig. 6 The effects of mepivacaine on calcium induced contractions
in preparations exposed to Ca’* free media containing excess KCl
(3%X102M). The contractile response to KCl, 3X10?M, in normal
solutions (Ca?* 2.5mM) was taken as 100 per cent; the mean ab-
solute value of the tension was 2.22+0.07g (n==15). *=P<0. 001,
t=P<0. 05, for differences from control. The calcium (2.5mM)-
induced contraction was attenuated by high concentrations of mepi-
vacaine. Excess calcium (5.0 and 7.5 mM) restored the contraction.
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tura and Altura'®. They found that mepiva-
caine in concentrations to 10°M did not
contract isolated arteries from dogs, rats,

rabbits and cats. However, ;\berg and Wa-
hlstrom” reported that mepivacaine produced
contractions of the isolated rat portal vein
under relaxed condition. The difference of
responsiveness to mepivacaine between arte-
ries and veins under relaxed condition was
not readily explained by the present study.
The plasma concentration of mepivacaine
reaches to 10 pg/ml (4 X10°M) at the maxi-
mum in intercostal nerve block without
signs of systemic toxicity'®. In this study,
the contractile responses of isolated aorta to
transmural stimulation and low concentra-
tions of NE were significantly attenuated by
mepivacaine, 5X10% M. Furthermore, it has
been stated that in vitro aortic strips may
be less sensitive to the blocking agent than
in vivo microvascular smooth muscle!”. Thus,
mepivacaine in clinical doses is expected to
cause arterial vasodilation through the alpha-
adrenoceptor antagonism in addition to the
sympathetic nerve conduction blockade.

Grateful acknowledgment is made to Prof. H.
Yamanouchi, Prof. H. Takeshita and Dr. S. Fuku-
da for their valuable suggestions and encourage-
ment in preparation of this manuscript.
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