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10(6): 917-921, 1979.--The present study demonstrates that the effectiveness of ant~convulsants significantly decreases 
following lithium treatment (3 doses of 50 mg/kg of LiCI given every 12 hr). The anticonvulsant action of phenytom, 
phenobarbital and of 3 carbonic anhydrase mhibitors: methazolamide, acetazolamide, ethoxzolamide, was assessed m rats 
subjected to maximal electroshock. In a chronic study on tolerance development to the ant~convulsant action of 
acetazolam~de, lithmm treatment (10 mg/kg per day) has been shown to inhibit gradually the action of acetazolamide. These 
results are consistent with the hypothesis that norepmephrine and dopamine are revolved m the action of anticonvulsants 
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A NUMBER of  substances decreasing the level of  brain 
catecholamines or blocking catecholamine receptors have 
been found to inhibit the activity of  anticonvulsants [2, 5, 
14-16, 27, 31, 32, 37, 39, 44, 48] and there is substantial 
evidence indicating that the level of  catecholamines corre- 
lates inversely with the seizure susceptibility (see [29,49J). It 
has been suggested that norepinephrine is involved in the 
anticonvulsant action of  carbonic anhydrase inhibitors [14, 
27, 44, 48] and phenobarbital [44], while dopamine has been 
considered as a mediator of  phenytoin action [2]. Agonists of 
dopamine [1, 11, 30, 45, 47] and norepinephrine [21] recep- 
tors produce anticonvulsant effect in certain types of  sei- 
zures. There is an indication of  the inhibitory role of  specific 
noradrenergic pathway in control of seizure susceptibility: 
bilateral destruction of  locus coeruleus decreases seizure 
threshold [4], while electrical stimulation of  neurons in this 
center attenuates the appearance of  epileptiform like cortical 
activity produced by leptazol [25]. 

The present  study was undertaken in order to find possi- 
ble interaction between lithium treatment and the effect of  
anticonvulsants.  Increased turnover of  norepinephrine has 
been found after acute or short term treatment with lithium 
[8, 17, 46] and it has been confirmed in several studies [38, 
40, 41J that acute or short term treatment with lithium in- 
creases intraneuronal deamination of  norepinephrine and 
dopamine. Lithium applied by microiontophoresis an- 
tagonizes norepinephrine inhibition of  the firing of  single 
neurons in the cerebral cortex and hippocampus [34,43]. 
Lithium inhibits also sodium fluoride and norepinephrine 
activated formation of  cycl ic-AMP in cerebral  cortical slices 
[13]. Thus, lithium increases turnover of  catecholamines and 
attenuates their action at the postsynaptic membrane.  

METHOD 

Animals 

Male albino Sprague-Dawley rats (ARS) weighing 100- 
125 g were kept for about a week in standard laboratory 
conditions until they weighed 150--160 g. For  chronic study 
on tolerance development to tl~e anticonvulsant action of 
acetazolamide, female rats (150-160 g) were used. 

Experimental Procedure 

Maximal electroshock seizures were produced with 225 
mA sine wave current applied for 0.25 sec. Platinum corneal 
electrodes were used with 0.25% solution of dibucaine hy- 
drochloride as a local anesthetic applied 10 min prior to elec- 
troshock. The responding animals were selected and their 
reaction was checked again after 48 hr. Only animals with 
tonic extensor phase lasting not less than 4 sec were used for 
further study. The average duration of this phase was about 6 
see. 

The anticonvulsant action was assessed on a quantal 
basis, as the abolition of the tonic extensor phase. Six to ten 
groups of rats, each of 10, were used to estimate the ED-50 
values, according to the method of Litcbfield and Wilcoxon 
[26]. 

Drugs 

Twenty-four hours after a second electroshock, animals 
were given the first IP injection of lithium chloride solution, 
followed by another in 12 hr and a final one 12 hr la ter - -2  hr 
before electroshock. Thus 3 consecutive doses of  50 mg/kg 
of LiCI (2.5% sol: 0.2 ml/100 g) were injected every 12 hr. 
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TABLE 1 

DECREASE IN THE POTENCY OF ANTICONVULSANTS CAUSED BY LITHIUM TREATMENT 
(MAXIMAL ELECTROSHOCK IN RATS) 

Decrease in 
ED50 mg/kg Anticonvulsant Actwity 

Drug Control LICI 3×50 mg/kg PR fPR 

Phenytoin 12.0 (7.7- 18.5) 62.0 (43.7-87.9) 
Phenobarbital 3.2 (2.2- 4.6) 7 8 (5.3-11.5) 
Methazolamlde 2.9 (2.3- 3.5) 9.8 (8.0-12.0) 
Acetazolamide 5 2 (4.2- 6 4) 20.0 (12.4-32.0) 
Ethoxzolamlde 4.6 (2.8- 7.5) 13.0 ( 8.1-20 9) 

52 (29 -9 .4 )  > 18 
2.4 (1 6-3.6) > 1 5 
3.4 (2.6-4.4) > 1 3 
3.8 (2.2-6 5) > 1 7 
28 (19-4.2) > 15 

PR = potency ratio. 
Each ED50 value was determmed m 6-10 groups of rats, each of 10. The probabihty hmlts at p = 0 05 are 

mdlcated m parentheses. 

TABLE 2 

BRAIN AND SERUM LITHIUM, SODIUM AND POTASSIUM LEVELS IN THE CONTROL AND LITHIUM 
TREATED RATS 

Brain (mEq/kg) Serum (mEq/L) 

Treatment Lf Na ÷ K ÷ Lf Na ÷ K ~ 

Control (8) 0 38 9 80 8 0 130 6 6.4 
~5 1.43) (5 1.02) (5 1 42) (-+ 0 13) 

L1CI (17) 0.34 39.5 79 2 1.15 133.4 5.86 
3x50 mg/kg (5 0.02) (5 1 03) (5 1.24) (5 0.05) (5 1 15) (5 0.35) 

SEM values are gwen m parentheses. 

Control groups received 0.9% NaCI solution (0.2 ml/100 g). 
Anticonvulsants were given into the stomach 2 hr before 
maximal electroshock test, together with the third dose of IP 
saline or LCI .  

The influence of lithium on tolerance development to the 
anttconvulsant action of acetazolamide was tested m 4 
groups (A, B, C, D) each of  10 female  rats. Every  day 
rats were given,  into the stomach:  A- -12  mg/kg of  aceta- 
zolamide:  B--12  mg/kg of  ace tazolamide  plus 10 mg/kg 
of lithium carbonate: C--10 mg/kg of lithium carbonate only 
and l)---control group was given a vehicle solution used to 
prepare suspensions of acetazolamide and lithium carbonate 
for groups A, B and C. During the first week, maximal elec- 
troshock was applied every day, but only once a week during 
subsequent 7 weeks. 

Phenytoin (Aldrich Chemical  Co.) and the 3 carbon- 
~c anhydrase inhJbitors: methazolamide ,  ace tazolamide  
(Lederle Lab.) and ethoxzolamide (Upjohn Co.) were pre- 
pared m a form of a water suspension, containing 1-4% of 
Tween-80 and 0.5% of methyl cellulose. The same vehicle 
was used to prepare lithium carbonate suspension, used in a 
chronic experiment. Sodium phenobarbital (Eli Lilly and 
Co.) was given as a solution in water. Control rats received 
the medium only. 

Ltthium, Sodtum and Potassium A~say,s 

Lithmm levels were analyzed in serum and brains of 17 

rats treated with lithium chloride (3 × 50 mg/kg) according to 
the same schedule as in lithmm treated rats tested for in- 
teraction with anticonvulsants. Brain and serum sodium and 
potassium levels were also analyzed. Eight control rats were 
given IP injections of 0.9% NaCl (0.2 ml/100 g). 

A flame photometer (Eppendorf) was used for the 
analysis of lithium (671 nm filter), sodium and potassium 
levels in the brain and serum. Each brain (1.6-1.8 g) was 
homogenized m 10 ml of deionized distilled water, cen- 
trifuged at 15.000 G for 10 rain" the supernatant was used for 
lithium, sodium and potassium assays. 

RESULTS 

Individual ED-50 values were determined in 6-10 groups 
of rats, each of 10. First column of Table 1 indicates the ED- 
50 values for the anticonvulsant effect of phenytoin, 
phenobarbital and 3 carbonic anhydrase inhibitors in control 
groups of rats. Data in the second and third column indicate 
the decreased anticonvulsant potency of these drugs in rats 
treated with lithium chloride (3 ×50 mg/kg). The most appar- 
ent is the interaction of lithium treatment with phenytoin, 
acetazolamide and methazolamide. 

This treatment with lithium resulted in an average con- 
centrat ion of  0.34 mEq/kg of  L~ + in the brain and 1.15 
mEq/L of Li + m serum (Table 2). No significant changes in 
Na + and K* levels in serum and in the brain of lithium 
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FIG. 2 FIG. 1. The influence of a series of single doses oflP LiCI (abscissa, 
log scale) on the response to 12 mg/kg of acetazolamide. Lithium and 
acetazolamide were apphed 2 hr before the electroshock. Each test 
was performed m 10 rats. Acetazolamide (12 mg/kg) alone produced 

100% abolition of the tonic extensor phase. 

treated rats were noted (Table 2). The reported values repre- 
sent the final concentrations of these ions in the supernatant 
of brain homogenate, but they were calculated in relation to 
the weight of individual brain. 

LiCI given alone at 50 mg/kg every 12 hr did not increase 
the response to maximal  e lect roshock:  however  with 
higher doses of LiCh 3 × 100 mg/kg and 3 × 150 mg/kg the 
duration of the tonic extensor phase increased by 10-20 and 
20-50%, respectively. Therefore, these doses were not cho- 
sen for the study on possible interaction with anticonvul- 
sants. However, in one trial. LiCI treatment at 3 × 150 mg/kg 
produced a 9-fold increase in the ED-50 value of 
methazolam]de: up to 20 (13.%28.6) mg/kg. 

The effect of LiCI against acetazolamide was dose depen- 
dent  up to 100 mg/kg, as i l lustrated in Fig. 1. This was 
tested against 12 mg/kg of acetazolamide, which at this dose 
produced 100% protection against maximal electroshock. 

Figure 2 illustrates the development of tolerance to the 
an t i convulsan t  act ion of acetazolam,de.  The ant iconvul-  
sant action of acetazolamide was inhibited by lithium, re- 
gardless of the level of its anticonvulsant activity. During the 
third week of treatment with acetazolamide (Group A) only 
40% of animals were protected, but in the group with com- 
bined lithium treatment (Group B) the anticonvulsant effect 
of acetazolamide was completely abolished. In a third group 
of rats receiving 10 mg/kg of lithium carbonate only (Group 
C) over a period of 8 weeks, the response to maximal elec- 
troshock was preserved as in the control group (D) of rat 
rece,vmg only medium. 

D I S C U S S I O N  

The present study shows that the effectnveness of several 
anticonvulsants classified in different chemical and phar- 
macological groups significantly decreases following lithium 
treatment. An increased intraneuronal deamination of 
norepinephrine and dopamine [17, 18, 24, 38, 40, 411 and the 
antagonism to norepinephrine at the postsynaptic membrane 
[13, 34, 431 are the possible factors responsible for the ob- 
served reduction in the potency of these anticonvulsants 
produced by lithium. The factor by which their ED-50 value 
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acetazolamnde (12 mg/kg)~C~--and ,ts modification by hthmm car- 
bonate (10 mg/kg)----O---over a period of 8 weeks. Acetazolam,de 
and LizCO3 were gvven into the stomach 2 hr before electroshock. 
Dunng the first week the max,mal electroshock was apphed every 
day and later only once a week. On the last, 58th day of this chromc 
experiment, a high dose of 50 mg/kg of acetazolamnde protected all 

ammals tn both groups. 

increases after hthium treatment vanes from 2.4 to 5.2. It 
would be important to explain why the anticonvulsant action 
of carbonic anhydrase mhibitors [14, 15, 16, 481 is much 
more affected by reserpine treatment than that of phenytoin 
and phenobarbital [2,161. 

The control ED-50 values of the anticonvulsants reported 
here are close to the estimates gwen by others for phenytoin 
and phenobarbital [61 and for acetazolamide and methazola- 
mide [15]. 

The 3 consecutive doses of 50 mg/kg of lithium chloride 
given every 12 hr resulted in an average Li serum concentra- 
tion of 1.15 mEq/L, whvch is close to the therapeutic serum 
levels of Li usually achieved in patients with mania (0.8--1.2 
mEq/L). Thus this should be considered as a possible clini- 
cally important interaction. Higher doses of lithium were 
found to increase the duration of the tonic phase and in 
patients wvth evident lithium intoxication there have been 
reported several cases of gand mal seizures [42,501. Other 
cases have been reviewed [20] and discussed [9,12]. Com- 
bined administration of lithium and a-methyl-p-tyrosine 
potentiates the intensity of audiogenic seizures in rats [191 
and this could be related to the depletion of brain norepinep- 
hrine [7,81. 

Acetazolamide has been found to be effective in both petit 
mal and grand mal epilepsy,  unfor tunate ly  tolerance de- 
velops within 2-3 weeks of treatment with this drug [33]. 
Tolerance development to the repeated administration of 
acetazolamide has been studied in rats [22,23]. Tolerance 
develops also to the anticonvulsant action of CO.~ and there 
is a cross tolerance between CO2 and acetazolamide [23]. 
This supports the idea of Maren [28] that the anticonvulsant 
action of carbonic anhydrase inhibitors is related to the sec- 
ondary retention of CO, in the brain, following elevated 
pCO._, on the venous side of the circulation. It is possible that 
the mechanism of this tolerance mediated by brain CO2 re- 
tention revolves changes in neuronal norepinephrine and 
dopamine turnover. Such changes have been reported re- 
cently following CO, exposure [I0]: an increase in 
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norepmephf ine  and se ro tonm utilization and decrease  in 
dopamine  turnover .  

There  is very  little informatmn concern ing  possible  fine 
changes  in the kinetics of  brain monamines  p roduced  by an- 
t iepileptic drugs: an increase in brain serotonin  has been  
repor ted  in rats t rea ted  w~th h~gh doses  of  an t iconvulsants  
[3]: a p ronounced  ant iconvulsant  effect  of  monoamine  
oxidase  inhibitors has been  re la ted to the e levat ion o f  brain 
serotonin  and norep inephr ine  [37]: ~t has  been  shown  that 
phenyto in  inhibits po tass ium st imulated and calcium depen-  

dent  no repmephr ine  release f rom cortical slices [351. 
Fur ther  s tudies will indicate whe the r  the mechan i sm of  

ac tmn of  ant iconvulsant  drugs involves some fine changes  in 
the tu rnover  and release of  norep inephr ine  and dopamine  in 
the brain. 
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