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Cyclic Nucleotides in the Rat Brain during
Lidocaine Infusion

Kyoko Yamada

Department of Anesthesiology, Yamaguchi University School of Medicine, Ube, Yamaguchi 755, Japan
(Received November 9; revised December 8, 1981)

Abstract The concentrations of cyclic 3’, 5 -guanosine monophosphate (¢cGMP) and cyclic
37, b’ -adenosine monophosphate (cAMP) in the cerebellar and cerebral cortex were
measutred during lidocaine infusion in rats. The rats were divided into three groups, control,
lidocaine (0.74 mg/min) and bicuculline (1.2 mg/kg). The lidocaine group was divided
into four stages according to the EEG pattern; desynchronized, synchronized, seizure and
recovery. At the desynchronized and synchronized stages, cGMP and cAMP concentrations
in both cerebellar and cerebral cortex remained unchanged except for a modest decrease in
cerebral cortex at the desynchronized stage. At the seizure stage, cerebellar cGMP increased
from 5.2+0.9 to 9.2+1. 4 pmols/mg protein and cerebellar cAMP decreased from 8.9+0.6
to 6.9:4:0.6 pmols/mg protein. These changes in concentrations at the seizure stage returned
to the control levels at the recovery stage. With bicuculline, ¢cGMP and cAMP concentra-
tions strikingly increased in both cerebellar and cerebral cortex. These results suggested
that the cerebellum contributed to lidocaine-induced seizures.
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Intravenous lidocaine may cause sequential
changes in behavior and EEG following a

Introduction

Recent investigations have revealed that a
variety of synaptic functions are mediated
through 3’, 5’ -guanosine monophosphate
(cGMP) and 3’, 5 - adenosine monophosp-
hate (cAMP) mechanisms”. Alteration of
these mechanisms may account for the exci-
tation and depression of electrical activity of
the brain known to occour during general
anesthesia. Thus, previous studies found the
changes in cyclic nucleotides concentrations
in the brain during general anesthesia?™®.

progressive increase in blood concentrations
in both men and animals®?. Maekawa et al'”
reported in rats that, with increasing dose
of this drug, EEG becomes desynchronized,
synchronized and then shows a seizure pat-
tern, suggesting complex alteration of neuro-
nal function. However, we are unaware of
any report which examined the effects of
lidocaine on cyclic nucleotides concentra-
tions in the brain. Accordingly, the present
study was designed to evaluate cAMP and
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c¢GMP concentrations in the cerebellar and
cerebral cortex during lidocaine infusion at
different EEG patterns, and to compare the
effects of lidocaine-induced seizures with
those induced by bicuculline. We found that
lidocaine-induced seizures were accompanied
by significant changes in cerebellar cyclic
nucleotide concentrations.

Methods

Thirty five unstarved male Wister rats, weighing
290 to 400 g, were used. Experimental methods of
animal preparation were the same as those descri-
bed previously'®. Briefly, the rats were anesthetiz-
ed with halothane and nitrous oxide in oxygen,
and ventilated with an animal respirator. The fe-
moral artery and vein were catheterized for moni-
toring direct arterial blood pressure, blood sampl-
ing, and the injection of drug. The skull was ex-
posed and the EEG was recorded from bipolar
frontoparietal leads, using screw electrodes. After
completion of the operation, halothane was discon-
tinued and the rats were ventilated with 70%
nitrous oxide in oxygen. Thereafter at least 30 min
were allowed to elapse in order to obtain stable
blood pressure, blood gas values, and body tempe-
rature. Blood samples for gas analysis (BMS2 MK2®
blood micro system and PHM 72 MK2® digital
acid-base analyzer, Radiometer Lted.,, Denmark)
were taken at frequent intervals, including a sam-
ple immediately before freezing of the brain. The
concentration of lidocaine in blood taken immedia-
tely before freezing of the brain, was analyzed by
gas chromatography. Blood loss due to sampling
was replaced by fresh heparinized blood. Body
temperature was maintained at 37.1=0.1°C (mean
+SEM) by a warming blanket.

The rats were randomized into three groups;
control, lidocaine (infusion at a constant rate of
0.74 mg/min) and bicuculline (single intravenous
injection of 1.2 mg/kg). The lidocaine group was
randomly divied into four stages according to the
EEG pattern; desynchronized, synchronized, seizure
and recovery as in the previous study'”. The brain
was frozen 1, 5 and 1 min after the onset of de-
synchronized, synchronized and seizure patterns,
respectively. In the recovery group the brain was
frozen 60 min after the end of seizure. With bicu-
culline, the brain was frozen 1 min after the onset
of seizure. In all rats, the brain was frozen in situ

by pouring liquid nitrogen over the intact skull
bone. Cerebellar and cerebral cortical tissue sampl-
es were stored and dissected in liquid nitrogen.
After weighing, the tissues (20-40 mg) were ho-
mogenized in 4-6 ml of cold 10% trichloroacetic
acid (TCA) in the cryo-stat (—20°C) and centri-
fuged at 3000 rpm for 10 min at 0°C. TCA in each
sample was extracted 6 times with 5 ml of water-
saturated diethyl ether. Then the residual ether
was removed by placing the samples in water bath
at 80°C. The cyclic nucleotides in the extract (100
#1) were succinylated by the sequential addition of
succinic anhydride and triethylamine. One hundre-
ds fl of each succinylated samples was mixed 900
pl of 0.05 M acetate buffer (pH 6.2), and a por-
tion (200 ) of the mixture was assayed for cyclic
nucleotides by radioimmunoassay, using Hoechist
Japan’s commercial kits based on the method of
Steiner et al'*’. The TCA insoluble pellet from
each tissue sample was assayed for protein, using
the method of Lowry et al'?’. Statistical differences
were compared between the control and the drug
groups using unpaired Student t-test. P<C0.05 was
considered to be significant.

Results

EEG patterns (Figure 1) and physiologi-
cal parameters (Table 1) are essentially the
same as those reported in our previous re-
port', Table 2 summarizes the concentra-
tions of cGMP and cAMP in the cerebellar
and cerebral cortex. In the lidocaine group
at non-seizure dose, cGMP and cAMP in
both cerebellar and cerebral cortex remained
unchanged except for a decrease in cerebral
cGMP at the desynchronized stage. At sei-
zure dose, cerebellar cAMP decreased and
cerebellar cGMP increased significantly. In
the bicuculline group, cAMP and cGMP
strikingly increased in both cerebellar and
cerebral cortex.

Discussion

The observed changes in cyclic nucleotide
concentrations clearly indicated the contri-
bution of the cerebellum to lidocaine-induced
seizures. Regulation of
through cyclic nucleotides has been extensi-

neuronal activity
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Fig. 1 Representative EEG changes with incre-

asing dose of lidocaine and EEG seizures with
EEGs were recorded
immediately before freezing of the brain.

lidocaine and bicuculline.

vely studied in the cerebellum'. Purkinje
cells are the pivotal neurons of the cerebell-
ar cortex which influence muscular activity
through their inhibitory effect on the sub-
cortical nuclei least three
First, Purkinje cells re-

and receive at
different inputs'?.

ceive excitatory through climbing
and mossy fibers, and it has been postulated
that the second messenger of excitatory
transmitters is c¢cGMP'®. Second, Purkinje
cells are regulated by a neuronal network
within the cortex which inhibits their acti-
vity through the release of y-aminobutyric
acid (GABA). Thus, cerebellar ¢cGMP is
increased when excitatory input is enhanced
or when stimulation of GABA receptors is
decreased!®:'” . Third, considerable evidence
suggests that the noradrenergic pathway from
the locus coeruleus has an inhibitory effect
on Purkinje cells which is mediated by
cAMP?. This noradrenaline-mediated inhibi-
tory connection operates through S-receptors
on cerebellar Purkinje cells. Therefore,
cerebellar ¢cGMP is altered by drugs that
change either the excitatory input or the
inhibitory input mediated by the activation
of GABA receptors, while cerebellar cAMP
is altered by drugs that change inhibitory
input mediated by the activation of §-recep-
tors. The observed increase in cerebellar
¢cGMP and decrease in cerebellar cAMP
during lidocaine-induced seizures indicate
increased activity of Purkinje cells. It was
not the purpose of the present study to
clarify the mechanism of action of lidocaine
on cerebellar cGMP levels. However, we can
propose possible sites where lidocaine may
act to increase ¢cGMP. Ikeda et al'® report-
ed that a seizure dose of lidocaine may

input

Table 1 Physiological Parameters and Lidocaine Concentrations of Arterial Blood
| Control Desynchronized | Synchronized Seizure Recovery | Bicuculline
(n=5) (n=6) (n=6) (n=6) (n=6) nh=6)
Pa0, (torr) 123+2 11743 1062 109+2 114+5 ‘ 124+7
PaCO. (torr) | 38.3+1.4 40.6+1.6 38,5412 38.1£1.5 | 40.5%1.1 | 23.3+1 3
pHa 7.43+0.02 7.43+0.02 7.41£0.03 | 7.40£0.02 | 7.43+0.01 i} 7.56=£0. 02%
Ht(% 42+1 42+1 41+1 | 41+2 43+1 | 472%
MAP (torr) 11211 121+6 103£3 100+7 125+5 169+6*
Lidocaine . | | i
(ug/rel) 0 2.9+0.4 4.3£0.6 9.440.9 1..2:0. 1 0

MAP: mean arterial pressure. The values are means=SEM.
* Significantly different from control (P<C0.05).
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Table 2 Cyclic Nucleotides Concentrations of Brain Tissue (pmol/mg protein)

! Control Desynchronized | Synchronized ’ Seizure Recovery | Bicuculline
cGMP | 5.2+0.9 3.0%£0.1 3.0£0.4 9.2+1. 4% | 2.9+0.4 | 97.5+9.1*
Cerebellum
cAMP | 8.9+0.6 8.4+0.2 7.5+0.6 6.9+0.6% | 8.440.7 | 25.6+2.2*
cGMP | 1.5%+0.1 1.2+0. 1* 1.3+£0.1 ‘ 1.5+0.1 [ 1.5+0.1 3.940. 2*
Cerebrum | ”
cAMP | 17.3+0.8 16.1£1. 2 14.6+1.1 | 15.2+0.7 | 16.9+1.3 | 25.6+2.2*

cAMP: cyclic 37,5 ~adenosine monophosphate; ¢cGMP: cyclic 37, 5 -guanosine monophosphate.

The values are mean+SEM.
* Significantly different from control (P<C0. 05).

inhibit the release of GABA from the pre-
synaptic terminal, thereby decreasing the
stimulation of the GABA receptor. If this
occurs in the cerebellar cortex, there should
be an increase in cerebellar cGMP. However,
a drug could alter cerebellar cGMP indirec-
tly, by a primary action on brain areas out-
side the cerebellum that have projection to
the olivary nuclei or the pontine
nuclei whose neurons communicate directly
with the cerebellar cortex through climbing
or mossy fibers, respectively.
cerebellar ¢cAMP during lidocaine-induced
seizures may indicate de-inhibition of the
noradrenergic pathway, and hence an incre-
ase in the activity of Purkinje cells. Thus,
our results do not necessarily mean that the
cerebellum is primarily responsible for the
initiation of lidocaine-induced seizures, and
the increased activity of Purkinje cells ob-
served might be a second manifestation of
influences from other parts of brain structu-
res, paticularly the limbic system which is
known as a focus of lidocaine-induced sei-
zures”. The unchanged cerebellar and cere-
bral cGMP and cAMP at non-seizure dose
of lidocaine except for a small decrease in
cGMP at the desynchronized stage, suggests
no significant role of neurotransmitter me-

inferior

Decrease in

chanism mediated by cyclic nucleotides in
this circumstance. The increase in ¢cGMP
during bicuculline-induced seizures in both
cerebellar and cerebral cortex was expected

since bicuculline is known to block the GA-
BA receptor. The increase in cerebral cAMP
had been observed during electically induced
seizures'® and homocysteine-induced seizur-
es?”. These authors suggested that activation
of adenylate cyclase by adenosine is respon-
sible for an increase in cAMP during sei-
zures. However, Rehnorona et al?® did not
observe an increase in adenosine during
bicuculline-induced seizures and concluded
that other mechanisms rather than adenosine
accumulation seem to be responsible for the
increase in cerebral cAMP during neuronal
hyperactivity. Observed disparity in cyclic
nucleotide concentrations between lidocaine
and bicuculline-induced seizures would not
be readily explained by the severty of seizu-
res, but rather suggests a qualitative differ-
ence between lidocaine and bicuculline-
induced seizures.

A non-seizure dose of lidocaine had a
depressant effect on the brain, at least from
a metabolic viewpoint, which can be related
to its general anesthetic effects?®. Previous
studies revealed a marked change in cyclic
nucleotide concentration during halothane,
morphine or ketamine anesthesia®?. The
cerebellar ¢GMP decreases with halothane
and pentobarbital>”. Therefore, we had
anticipated that a non-seizure dose of lido-
caine may change cyclic nucleotide concent-
rations. However, in the present study, de-
creases in cerebellar ¢cGMP did not reach



Lidocaine and Cyclic Nucleotides 41

statistical significance, making it difficult to
determine the common pathway in the ne-
urotransmitter mechanism with other general
anerthetics. Finally, it must be added that in
the present study regional differences in
cyclic nucleotide concentrations could not be
detected, and that. there might be significa-
nt changes in cyclic nucleotide concentra-
tions in another part of the brain even at a
non-seizure dose of lidocaine. In summary,
lidocaine-induced seizures were accompanied
by an increase in cerebellar ¢cGMP and a
decrease in cerebellar cAMP.

The author thanks Prof. Nakazawa, Department
of Biochemistry, Yamaguchi University for his
helpful criticism and suggestion in the preparation
of the manuseript.
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