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CHWEH, A. Y., E. A. SWINYARD AND H. H. WOLF. Involvement ofa GABAergic mechanism in the pharmacologic 
action q(phenytoin. PHARMACOL BIOCHEM BEHAV 24(5) 1301-1304, 1986.--1n vivo interactions between phenytoin 
(PHT) and baclofen (a GABA, receptor agonist) or PHT and progabide (a GABA, receptor agonist) were investigated by the 
rotorod minimal neurotoxicity test and maximal electroshock seizure (MES) test. The combination of PHT and baclofen 
produced an additive effect by the rotorod test, whereas the combination of PHT and progabide elicited a supra-additive 
(synergistic) effect. The median minimal neurotoxic dose of baclofen augmented the anti-MES activity of PHT. The 
combination of PHT and progabide induced a supra-addilive effect by the MES test. These results imply that GABA~, 
receptors are involved in both the minimal neurotoxicity and anti-MES activity of PHT. 

GABA Maximal electroshock Phenytoin Seizure 

PHENYTOIN (PHT) is the drug of choice for simple and 
complex partial seizures as well as generalized tonic-clonic 
seizures [1]. In animals, PHT is very effective against sei- 
zures induced by maximal electroshock [14]. However,  the 
cellular mechanisms of action of  PHT remain uncertain. 
Numerous studies show that PHT inhibits Na ÷ and Ca +~ 
fluxes [4, 12, 13, 16, 17], modifies Na +, K+-transport 
[8,10], increases brain y-aminobutyric acid (GABA) level 
[2,18], and potentiates GABA-mediated postsynaptic inhibi- 
tion [6,15]. Work by Czuczwar e t a / .  [5] indicates that the 
GABA, receptor agonist muscimol enhances the anticonvul- 
sant activity of PHT, but the GABA~. receptor agonist baclo- 
fen does not influence it. An electrophysiological study [15] 
suggests that PHT potentiation of postsynaptic GABA func- 
tion may be related to the neurotoxicity of PHT but it is not 
linked to the anticonvulsant action of PHT. Therefore, the 
present study was undertaken to explore further the GABA 
involvement in the minimal neurotoxicity and anticonvulsant 
activity of PHT. 

METHOD 

Male albino mice (CF No. 1 strain, 20 to 30 g wt., Charles 
River Breeding Laboratories, Wilmington, MA) were used 
for all studies herein. PHT was suspended in 0.9% sodium 
chloride solution, whereas baclofen and progabide were sus- 
pended in 30% aqueous polyethylene glycol 400 and 1% 
aqueous Tween 80, respectively. All drugs were adminis- 
tered intraperitoneally in a volume of 0.01 ml/g body weight. 
The minimal neurotoxicity and anticonvulsant tests were 
conducted at the previously determined time of peak effect 
for each substance. 

Drug Combination 

Drug combination studies were performed by the method 
described by Weaver et al. [25]. PHT, baclofen, and 
progabide are all effective by the rotorod neurotoxicity test. 
Therefore, when PHT was used in combination with either 
baclofen or progabide, each drug was given in such propor- 
tions (doses) that the sum of the individual effectiveness 
equals the desired level of response (in studies reported here- 
in, 50%). The doses employed were determined by means 
of the following equation: ED× or drug A + (ED:,0 of drug B 
- EDx of drug B) = ED~0 of the combination (where x = any 
selected level of response). PHT and progabide were effec- 
tive by the maximal electroshock seizure (MES) test. Thus, 
the two drugs were combined as described above for the 
anticonvulsant test. Baclofen was ineffective by the MES 
test; thus, the median minimal neurotoxic dose (TD~0) and 
U2TD:,, of baclofen were used when combined with PHT. The 
response observed was described as either additive or 
supra-additive (synergistic, i.e., potentiates). 

Minimal Neurotoxicitv Studies 

Minimal neurotoxicity was measured by the rotorod test 
[7,22]. When a normal mouse is placed on a knurled rod (2.5 
cm diameter) that rotates at a speed of 6 rpm, the mouse can 
maintain its position for long periods of time. Neurological 
deficit is indicated by inability of the mouse to maintain its 
equilibrium for 1 min on this rotating rod in each of 3 trials. 
To determine the median minimal neurotoxic dose (TD~,,), 
groups of eight mice each were tested with various doses of 
the drug until at least four points were established between 
the limits of 100% toxicity and 0% toxicity. 
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T A B L E  1 

MINIMAL NEUROTOXICITY AND ANTICONVULSANT POTENCY OF 
PHENYTOIN, BACLOFEN, AND PROGABIDE IN MICE 

Time of 
Test TD.~o MES ED~o 

Substance (min) (mg/kg) (mg/kg) 

Phenytoin 120, 120 64.2 9.50 
(57.%73.0) (8.10--10.4) 

[13.4 _+ 4.22] [13.7 + 3.89] 
Baclofen 60, 60 13.9 No activity 

(12.3-15.8) up to 40 
[14.0 _+ 3.82] 

Progabide 15, 30 603 334 
(401-919) (307-352) 

[3.81 _+ 1.19] [24.5 + 9.70] 

( ) 95% confidence interval. 
[ ] slope of regression line _+ S.E. 

T A B L E  2 

THE EFFECT OF COMBINATIONS OF PHENYTOIN AND BACLOFEN OR PHENYTOIN 
AND PROGABIDE ON MINIMAL NEUROTOXICITY IN MICE 

Combinations 

N o. Expected Actual 
Dose Animals No. Animals No. Animals 

(mg/kg) Tested Toxic Toxic 

Phenytoin, TDz~ 56.0 
+ Baclofen, 1.40 24 12 11 

TDso-TD25 
Baclofen, TDz.~ 12.5 

+ Phenytoin, 8.20 24 12 10 
TDso-TDz~ 

Pbenytoin, TD2~ 56.0 
+ Progabide, 203 24 12 24* 

TD~0-TD2~ 
Progabide, TDz~ 400 

+ Phenytoin, 8.20 24 12 18* 
TD~o-TD25 

*Significantly different (p<0.01) from expected number. 

The  TDs0 and  the  95% conf idence  in terval  were  ca lcu la ted  
by m e a n s  of  a c o m p u t e r  p r og r am  b a s e d  on prob i t  ana lys i s  
[9]. 

Anticonvulsant Studies 

A n t i c o n v u l s a n t  act ivi ty  was  d e t e r m i n e d  by the  max ima l  
e l e c t r o s h o c k  (50 mA,  60 Hz,  0.2 sec,  cornea l  e l ec t rodes )  sei- 
zure  tes t  [22]. Abol i t ion  of  h ind l imb tonic e x t e n s i o n  was 
t aken  as the endpoin t .  To d e t e r m i n e  the  a n t i c o n v u l s a n t  po- 
t ency  (MES EDs0), groups  of  eight  mice  each  were  t es ted  
wi th  var ious  doses  of  the drug unt i l  at  leas t  four  po in t s  were  
e s t ab l i shed  b e t w e e n  the  l imits of  10(F/b p ro tec t ion  and  0% 
pro tec t ion .  The  M E S  ED~0 and  the  95% conf idence  in terva l  
were  ca lcu la ted  by  m e a n s  of  a c o m p u t e r  p rog ram based  on  
probi t  analys is  [9]. 

Statistical Analysis 

The s ignif icance of  the  d i f fe rences  be tween  expec ted  val- 
ues  and  o b s e r v e d  values  was  ca lcu la ted  by  the  X e test .  

RESULTS 

Minimal Neurotoxicity and Anticonvulsant Potency 

The minimal  neuro tox ic i ty  and  a n t i c o n v u l s a n t  po tency  of  
the  th ree  c o m p o u n d s  are shown  in Table  1. It may be seen 
f rom the  table  tha t  bac lofen  was the  mos t  toxic (TDs0:13.9  
mg/kg) and  p rogab ide  the  least  toxic (TDr,0:603 mg/kg)~ 
P h e n y t o i n  had  a TD50 of  64.2 mg/kg. With  r e spec t  to anti-  
c o n v u l s a n t  ac t iv i ty  as m e a s u r e d  by  the  M E S  test ,  P H T  and 
p rogab ide  were  effect ive  in non tox ic  doses  (ED~os: 9.5 and 
334 mg/kg, respec t ive ly) ;  whe rea s  bac lofen  was ineffect ive  
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TABLE 3 

THE EFFECT OF COMBINATIONS OF PHENYTOIN AND BACLOFEN OR PHENYTOIN 
AND PROGABIDE ON MAXIMAL ELECTROSHOCK SEIZURE ACTIVITY IN MICE 

No. Expected Actual 
Dose  Animals No. Animals No. Animals 

Combinations (mg/kg) Tested Protected Protected 

Phenytoin, ED:,o 9.50 
+ Baclofen, U2TD~:, 6.95 24 12 14 

Phenytoin, ED:,0 9.50 
+ Baclofen, TD:,o 13.9 24 12 20* 

Phenytoin, ED2~ 8.40 
+ Progabide, 14 24 12 21" 

ED~o-EDz~ 
Progabide, ED.,~ 320 

+ Phenytoin, 1.10 24 12 21" 
E D:,,,- E D~:, 

*Significantly different (p<0.01) from expected number. 

even in toxic doses (up to 40 mg/kg). It should also be noted 
that the slopes of the rotorod dose-response curves for bac- 
lofen and progabide and the MES dose-response curve for 
progabide are parallel with those for PHT (p values, 0.12). 
(Parallelism of phenytoin and progabide toxicity and MES 
regression lines was determined by means of a computer 
program based on the method described by Litchfield, Jr. 
and Wilcoxon, J Pharmacol  Exp Ther 96: 99-113, 1949.) 

Effect  o f  Drug Combinat ions  on Minimal  Neurotoxici tv  

The effect of combinations of PHT and baclofen or PHT 
and progabide on minimal neurotoxicity in mice is sum- 
marized in Table 2. Combinations of PHT and baclofen (PHT 
TD.,~ + baclofen TD.~0-TD~5 and baclofen TD2~ + PHT 
TD~wTD.,D induced toxicity in 11 and 10 mice, respectively, 
out of 24 animals tested. When PHT was combined with 
progabide (PHT TD~.~ + progabide TDs(wTDz~ and progabide 
TD.,~ + PHT TDso-TD2:), 24 and 18 mice, respectively, were 
toxic out of the 24 animals tested. 

l~f['ect o['Drug Combinat ions  on Maximal  Electorshock 
Seizures 

The effect of combinations of PHT and baclofen or PHT 
and progabide on maximal electroshock seizure activity in 
mice is shown in Table 3. When PHT (ED~o) was adminis- 
tered with U2TD.-,, or TD~.. of baclofen, 14 and 20 mice, re- 
spectively, of the 24 tested were protected from seizures 
induced by maximal electroshock. Combinations of PHT and 
progabide (PHT ED2a + progabide ED:,qwED2a and progabide 
ED.,5 + PHT ED~o-ED.,a) protected 21 and 21, respectively, 
out of 24 animals. 

DISCUSSION 

The results presented herein show that PHT, baclofen, 
and progabide all exhibit neurotoxicity by the rotorod test 
and that only PHT and progabide effectively prevent MES. 
Combinations of PHT and baclofen produce an additive ef- 
fect by the rotorod test, whereas combinations of PHT and 
progabide elicit a supra-additive (synergistic; i.e., poten- 
tiates) effect by this test. With respect to the MES test, 
median neurotoxic doses of baclofen potentiate the anti- 

MES activity of PHT. PHT and progabide, in nontoxic 
doses, interact synergistically against MES. These observa- 
tions indicate that interactions between PHT and progabide 
by both rotorod and MES tests are more profound than those 
of PHT and baclofen. Thus, it is conceivable that GABA~, 
receptors may contribute to PHT neurotoxicity and anticon- 
vulsant activity since baclofen is a potent GABAb receptor 
agonist [ I l l  and progabide is a GABAa receptor agonist [3]. 
This notion is supported by the fact that PHT potentiates 
postsynaptic GABA function mediated through GABA, re- 
ceptors [6,15]. 

McLean and Macdonald [15] have reported that PHT 
potentiation of GABA function is related to PHT 
neurotoxicity rather than to PHT anticonvulsant activity. 
Their analysis is based on the fact that PHT potentiates 
GABA function in vitro at concentrations of 5 and l0 p.g/ml, 
2 to 5 times above the range of clinically useful concentra- 
tions. Since rodents require approximately 2 to 4 times as 
much PHT as do humans [12,21]. the concentrations (5 to l0 
p~g/ml) of PHT to potentiate GABA function in vitro are ef- 
fective anticonvulsant concentrations in rodents. In addi- 
tion, Sironi et al. [19] have demonstrated that whole brain 
therapeutic concentrations of PHT in man and animals are 
up to 10-fold higher than the responsive cerebrospinal fluid 
(CSF) levels. 

Skerritt and Johnston [20] have demonstrated that PHT 
does not interact with postsynaptic GABA receptors. This 
raises a question as to how PHT enhances postsynaptic 
GABA function. According to Ticku et al. [23] PHT interacts 
with picrotoxin-sensitive barbiturate receptors in the GABA 
receptor ionophores. Since picrotoxin-sensitive barbiturate 
receptors are associated with GABA receptors-coupled 
chloride ionophores [24], an interaction of PHT with these 
barbiturate receptors could potentiate GABAergic function. 
This notion is supported by reports that PHT enhances 
GABA receptor-regulated, chloride-dependent inhibitory 
postsynaptic potentials [6] and that PHT augments 
postsynaptic response to ionophoretically applied GABA 
[15]. These observations suggest that PHT interacts with 
barbiturate receptors and enhances GABA function via pro- 
longing GABA receptor-regulated chloride conductance. 

In summary, the data presented show that baclofen, a 
GABA, receptor agonist I l l ] ,  interacts additively with PHT 
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by the ro to rod  toxici ty test  and augments  the an t i -MES ac- 
tivity of  PHT in the median minimal neurotoxic  dose .  How-  
ever ,  progabide ,  a GABA~, r ecep to r  agonist  [3], interacts  

synergist ical ly with PHT by the ro torod  toxicity and MES 
tests .  The latter results  indicate that  G A B A ,  recep tors  con- 
tr ibute to both  neurotoxic i ty  and ant i -MES activity of  PHT. 
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