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Effects of Lidocaine and Its N-Dealkylated Metabolite
on the Response of lsolated Rabbit Aorta to o
Transmural Stimulation '

Satoru Fuk udd

Department of Anesthesiology, Yamaguchi University School of Medicine, Ube, Yamaguchi 755, Japan
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Abstract Contractile responses of rabbit aortic strips to transmural stimulation and to
exogenously applied norepinephrine (NE), potassium chloride (KCl), and histamine were
studied in the presence of lidocaine or its metabolite, glycinexylidide (GX). Lidocaine, 10~*
and 5X10~*M, attenuated the contractile response to transmural stimulation. GX; 2X10-% to
5X10~*M, potentiated the response to transmural stimulation. The suppression induced by
lidocaine was not reversed by excess calcium, 2.2 and 4.4 mM, but was partially reversed by
cocaine, 3 X10°M. Lidocaine, 5X10~*M shifted the dose-response curve of NE to the right,
whereas GX, 5X10~*M, shifted the curve to the left. The maximum tension developed by K+
was attenuated by lidocaine, 5X10~*M, and GX, 2X107*M. It may be condcluded that lidoc-
aine attenuates the response to stimulation of sympathetic nerves innervating the arterial
wall by interfering with the release of NE. In contrast, GX potentiates the response, possib-
ly by increasing the release of NE.
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Introduction tions of lidocaine "in vivo. The lack of
knowledge about the effects of these meta-
bolite on vascular smooth muscle, and the
wide use of lidocaine in clinical practice
as antiarrhythmic and a local anesthetic,

Lidocaine is degraded into several meta-
bolites, of which glycinexylidide (GX) have
been stated to have the same antiarrhythmic

L2 local anesthetic»®, and central nervous d ) he off ;
system actions®“% as lidocaine. Modification prompted us to examine the effects of GX

by lidocaine of vascular reactivity to vasoco-  °% the responses of the isolated rabbit aorta
nstricting agents in vitro has been investig-  t0 transmural stimulation and to exogenous
ated by Fleisch and Titus® and by Altura application of norepinephrine (NE), potas-
and Altura”. Further studies of the effects sium chloride (KCD), and histamine. The
of the pharmacologically active metabolite, effects of GX were compared with those of

GX, may provide data for better understand- lidocaine.
ing of circulatory changes induced by injec-
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Methods and Materials

Male albino rabbits, 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 ascending aorta was used for studies of tran-
smural stimulation and the descending aorta was
used for obtaining the dose-response curves of NE,
KCl, and histamine. The specimen was fixed verti-
cally between hooks, under a resting tension of 2 g,
in a muscle bath (20 ml capacity) containing the
nutrient solution. Hooks anchoring the upper end
of the strip were connected to the lever of a for-
ce-displacement transducer (Nihonkoden 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*t 162.
1;K+5,4; Ca**t22; Cl~157,0; HCO3s 14.9; dex-
trose 5,6, The pH of the solution was 7,2 to 7. 3.
Before the start of experiments, the preparations
were equilibrated for 60 to 90 min, during which

time the bathing solution was replaced every 10
min.

Stimulating electrodes of platinum plate (5X10
mm) were placed parallel to each other on both
sides of the aortic strip. The gaps between the
electrode and the strip were wide enough to allow
for undisturbed contraction, and yet sufficiently
narrow to permit effective stimulation of intra-
mural nerve terminals®’. The intrinsic sympathetic
nerve terminals that remained in the aortic wall
were stimulated by 0, 3-msec square pulses with
supramaximum intensity (20 V) at frequencies
of 2,5, and 20/s. The number of electrical pulses
was kept constant (200 pulses) by changing the
period of stimulation (100, 40, and 10 s for fre-
quencies of 2, 5, and 20/s, respectively). Trans-
mural stimulation was applied repeatedly until
steady responses were obtained. In four prepara-
tions the response to transmural stimulation was
tested in the presence of phentolamine, 10~°M
or bretylium, 2X10~°M. The effects of Ca*t, 2.2
and 4, 4mM, or cocaine, 3X107°M, on the response
to transmural stimulation in the preparation treated
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Fig. 1

Modification by lidocaine of the response to transmural stimulation. The response at a frequency

of 20/s in control medium was taken as 100 per cent. Mean value of the tension developed at 20/s in
control medium was 0,46 +0,06g (n = 9), *indicates significant difference from control. 'Parenthesis
shows number of experiment. Subsequent figures have similar characteristics.



Lidocaine, Its Metabolite, and Vascular Smooth Muscle 91

with lidocaine, or GX, 5X10~*M, were studied.
In seven preparations the response to transmural
stimulation by cocaine, 3X10~*M, alone, was tested
It was ascertained that the altered responses of
the preparation treated with lidocaine or its meta-
bolite were returned to the control state by repeat-
ed washing of preparations.

Cumulative dose-response curves for NE, KCl,
and histamine were obtained in both the absence
(control) and the presence of 2X10~° to 2X10—*M
lidocaine, or GX. After 20 min exposure of prepa-
rations to test drugs, the responses to transmural
stimulation or the dose-response relationship for
NE, KCl, or histamine were obtained. The tension
developed by NE, 5X107°M, KCl, 5X102M, or
histamine, 2X10™*M, in control medium was taken
as 100 per cent. Values presented in the text and
figures are mean values &= SE. The data were
analyzed statistically by the Student t test unpaired
for data; P<0,05 was considered significant.

Results

Contractile responses of aortic strips to
transmural stimulation were abolished by
pretreatment with bretylium, 2X10—°M, and
phentolamine, 107%M, in four of four prepa-
rations. The resting tension of aortic strips
was not altered by lidocaine, or GX in con-
centeations <2 X 1073M.

Treatment with lidocaine, 2X10~°M, did
not alter the response to transmural stimula-
tion at frequencies of 2, 5, and 20/s, wher-
eas lidocaine, 107*M, significantly attenuated
the response to transmural stimulation at
20/s. Further increase in the concentration to
5X107*M suppressed the response to stimu-
lation at all frequencies used (Fig. 1). The
inhibitory effect of lidocaine was reversed
by repeated washing of preparations. Treat-
ment with GX in concentrations ranging
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Fig. 2 Modification by GX of the response to transmural stimulation. Mean value of the tension of
contraction at 20/s in control medium was 0,47 +0,07g (R =6),
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from 2X107% to 5%10~*M significantly. po-
tentiated the response to transmural stimu-
lation ' (Fig. 2). The potentiating effect was
reversed by repeated washing of prepara-
tions. _ o '

The inhibitory effect of lidociane on the
response to transmural stimulation was not
affected by the addition of Ca**, 2.2 and
4.4 mM.  Cocaine, 3X10%M, incompletely
reversed the inhibitory effects of lidociane,
5X107*M,-at 20/s, but significantly stimu-
lated the response to transmural stimulation
over the control at 2/s (Fig. 3).

Treatment with cocaine alone significantly
potentiated the.response to transmural stimu-
lation, and combined treatment with cocaine,
3%X107°M, and GX, 5%X10~*M, caused an

additional increase in the response (Fig. 4).

The dose-response curve of NE was shifted
to the right by lidocaine, 5X%10~*M and,
in contrast, was shifted to the left by GX,
5X10~*M (Table 1). Concentrations of NE
sufficient to produce the same magnitude
of contractions as that with transmural
stimulation at frequencies of 5 and 20/s
were 5.5X107% and 9. 5%1072M, respectively
Lidocdine, 5X10~*M, reduced the responses
to these concentrations-of NE by 11.6+9.6
and 9.6+£7.0 per cent (n=5), respectively;
this represented markedly less than average
inhibitions of the responses to transmural
stimulation at 5 and 20/s (65.949.6 and
92.9+2.2 per cent, n=8, respectively).

Effects of lidocaine and GX in concentra-
tions from 2X107% to 2X107*M on the max-
imum contractions induced by NE, histamine
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Fig. 3 Modification by Ca**, 2.2 and 4, 4mM, and cocaine, 3%X10°M, of the inhibitory effects of
lidocaine at: 5X10™*M on. the tension developed. Mean value of the contraction in control ‘medium

was 0,4410,03g (n=13),
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Table 1 Effects of Lidocaine and GX on Responses of Rabbit Aorta to Norepine-
phrine
Concentration (M) EDso ( X1077M) Maximal response (%)
control 3.6£0.5 (a=11) 100(n=11)
2X1078 3,.8+0,5 (n=7) 100.74+1.3 (@=7)
Lidocaine 10 3.6+0.5 (n=6) 99,8+2.1 (n=6)
| 5x10~* 5.8+0. 8*(n=5) 102,240.9 (n=5)
| 2x107° - -
control 3.9£0.3 (a=13) 100(n=13)
2x107° 4,1+0.3 (n=6) 100. 4+0.6 (n=6)
GX 10 3.4£0.7 (n=4) 101, 8+0,3 (n=4)
5X10~* 2,440, 2f (n=5) 102, 5+1. 7*(n=5)
2x107° 4,240,8 (n=5) 97.6+2.7 (n=5)

*Different from control, P<{0, 05, fDifferent from control, P<0. 01-‘
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Table 2 Effects of Lidocaine and GX on Responses of Rabbit Aorta to KCl

Concentration (M)

EDso (X107*°M)

Mazximal response (%)

Lidocaine

control
2X107°
10
5x10~*
2x10"*

21.540.9 (n=8)
20.5%+1.0 (n=5)
22.3+1.3 (n=5)
23.7£0.6 (n=4)

100(n=8)
101.6+1.3 (n=5)
101.543.3 (n=5)
85.1+1 2f (n=4)

GX

control
2X107°
10~
5X10~*
2X103

20,6+1.0 (n=7)
19.1£0.9 (n=6)
20.6+2.3 (n=4)
23.0+1.8 (n=4)

100(n="7)
100,8£2.0 (n=6)
96.9+1.8 (n=4)
82.6+1. 3t (n=4)

*Different from control, P<C0, 05, tDifferent from control, P<C0, 01.

Table 3 Effects of Lidocaine and GX on Responses of Rabbit Aorta to Histamine

Concentration (M) EDso(X1075M) Maximal response (%)
control 5.2+0.6 (n=10) 100(n=10)
2%1075 5.5£0.9 (n=5) 102,6+2.1 (n=5)
Lidocaine 10~* 5.240.8 (n=5) 104, 8+4.8 (n=5)
5x10~* 5.4+0.9 (n=4) 102, 8+4.6 (n=4)
_2><10‘s 21.6+2. 3t (n=5) 94, 3+2. 9t (n=5)
control 5.6+0.6 (n=10) 100(n=10)
2X107° — —
GX 10~ 5.0+0.8 (n=4) 99.7+2,3 (n=4)
5X10~* 4,340,5 (n=5) 101,7+0.6 (n=5)
2X107% 4.9£0.8 (n=5) 102,1+2.2 (n=5)

*Different from control, P<(0, 05, fDifferent from control, P<C0, Oi.

and K%, and the ED50s of these agents, are
listed in Tables 1-3. The maximum res-
ponse to K* was attenuated by lidocaine,
5%X10™*M, and GX, 2x103M. The inhibitory

effect was greater with lidocaine.
Discussion

The contractile response to transmural
stimulation applied under experimental con-
ditions used in the present study is con-
sidered to result from NE released by excita-
tion of adrenergic nerves, since the response
is abolished by alpha-adrenoceptor blocking

agents, adrenergic neuron blocking agents,
or tetrodotoxin®-1®, Lidocaine, 10~*M, in
concentrations insufficient to attenuate the
contractile response to exogenous NE, re-
duced the response to transmural stimula
tion, and the attenuation of the response to
transmural stimulation by lidocaine, 5 X10™*M,
was appreciably greater than that of the
response to exogenous NE. In contrast, it
is known that alpha-adrenoceptor blocking
agents reduce the response to exogenous NE
more effectively than the response to adre-
nergic nerve stimulation'?. It may therefore
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be concluded that the attenuation by lidoca-
ine appears to be due mainly to an interfer-
ence with the release of NE from adrenergic
nerve terminals,

That the inhibitory effect of lidocaine was
related directly to frequencies of transmural
neural stimulation, as seen with frog sciatic
nerve'”, may indicate the involvement of de
-pression of nerve action potentials in the
interference with the release of NE. Extrac-
ellular Ca*™* affects the membrane-stabilizing
effect of local anesthetics on isolated lobster
axons'?, but does not influence the effect on
myelinated nerves or squid axons!'®'®. Thus,
the finding that the addition of Ca** (2 and
3 times normal) to isolated aortic strips did
not reverse the inhibitory effect of lidocaine
does not necessarily exclude the possibilijy
that the local anesthetic stabilizes the auton-
omic nerve membrane. Further, inhibition
of the transmembrane influx of Ca*™ may
not be involved in the depressant effect of
lidocaine.

As shown in Figure 1, the tension dev-
eloped at higher frequencies was
susceptible to lidocaine. This is specific to
local anesthetics, as reported by Covino and
Vassallo'®. Toda® reported that the tension
developed at 5 or 20/s was attenuated by
bretylium, and that this inhibitory effect was
reversed with resulting potentiation by coca-
ine. Such potentiation can be explained
either by active extrusion of bretylium ac-
cumulated within nerve terminals or by
some other mode of inactivation of the bret-
ylium by cocaine. Failure to demonstrate
potentiation or reversal at 5 and 20/s by
cocaine in the presence of lidocaine may
be due to more susceptibility of the tension
developed to lidocaine at higher frequencies.
These considerations suggest that lidocaine
possesses a bretylium-like inhibitory action in
addition to action specific to local anestheti-
cs at the nerve treminals.

Treatment with GX, 2x1075 1074 and 5 X
10~*M, potentiated the response to transmu-
ral stimulation. Similar potentiation of the

more

responses to transmural stimulation and to
exogenous NE has been shown with cocaine
desipramine, and pyrogallol, but not with
monoamine oxidase inhibitiors'”. In the
present study, dose-response curves of NE
were not significantly influenced by GX,
2%107% and 10*M, which were sufficient to
potentiate the response to transmural stimul-
ation. Furthermore, the potentiating effects
of GX and cocaine were additive. Cocaine
in the concentration used here (3Xx10—¢M)
is sufficient to produce the maximum poten-
tiation in association with an inhibition of
neuronal uptake of NE'’, These findings
suggest that the potentiation induced by GX
is related to an increase in the release of
NE from nerve terminals, rather than an
amine-uptake inhibition. In the highest con-
centration used (5%X107*M), GX potentiated
the response to exogenous NE, suggesting
that this concentration interferes with inac
tivation processes of NE.

According to Hudgins et al'®., vasoconst-
ricting agents, including NE, histamine, and
KCl, interact with Ca** via different mech-
anisms. Fleisch and Titus® have postulated
that lidocaine blocks a-adrenoceptors in rat
aortic strips. However, in the present study,
we could not demonstrate an a-blocking ac-
tion of lidocaine. The response is not neces-
sarily attributable to a-adrenergic blockade,
because lidocaine, 5X107*M, also attenuated
the response to K*.

Increases of systemic vascular resistance
during intravenous infusion of lidocaine have
been reported to occur in man!®-?? and in
the dog?»?®, In this study, lidocaine, 2 X105
M (4.68 pg/ml), which is close to plasma
levels attained for therapy of arrhythmias in
clinical practice?®, did not affect the tension
developed. Plasma concentrations of GX
during lidocaine infusion in man reach as
high as 4.5 gg/ml (2.6 x107°M)2®, These
concentrations were proved to be sufficient
to significantly potentiate the contractile
response of arterial smooth muscle to ad-
renergic nerve stimulation in this study.
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Therefore, an increased vascular resistance
could be explained, at least in part, by an
increased release of ‘NE at the nerve ter-
minals by GX. The present study suggests
that the metabolite play a significant role
in changing cardiovascular function during
lidocaine infusion in vivo.

This work is a thesis for the Graduate School of
Medicine, Yamaguchi University.
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