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Study of potential drug-drug interactions between benzodiazepines and 
four commonly used antiepileptic drugs in mice

Kartik N. Shah*, Devang A. Rana, Varsha J. Patel

INTRODUCTION

Epilepsy is one of the most common neurological disorders 
in any country, including India. In India, studies have 
reported prevalence rates of average 500 cases per 100,000 
population.1 Around one-fifth of this epilepsy, patients are 
subjected to more than one anti-epileptic drugs (AEDs).2-4 
Polytherapy increases risk of interactions with commonly 
prescribed drugs like benzodiazepine (BZD) group.5 
BZD like diazepam and clonazepam is prescribed for the 
treatment of anxiety, panic attacks, insomnia, seizures, 
muscle spasm, withdrawal of BZD, alcohol and opiate, 
restless leg syndrome etc.6,7 Combination of commonly 
used drugs like BZD with AEDs may produce antagonism, 
additive, and supra-additive anticonvulsant effects. The drug 

combination providing the supra-additive effects seems to 
be clinical significance. However, when the supra-additive 
anticonvulsant efficacy is also associated by a distinct 
increase in toxicity, the protective index may not be affected 
or even lowered. Synergistic interactions have been shown 
for the combinations of valproate-phenytoin/ethosuximide, 
topiramate carbamazepine (CBZ)/phenobarbital.8

It is, therefore, important to identify their potential 
interactions (with each other and other substances) in 
order to avoid altering their efficacy or potentiating 
their side effects. Older AEDs such as phenytoin, CBZ, 
phenobarbital, and valproic acid can significantly interfere 
not only with each other and other AEDs, but also with other 
treatments. Although newer AEDs have a more favorable 
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pharmacokinetic profile, they are not entirely exempt from 
interactions and they are also commonly administered in 
combination with older AEDs.9 Concomitant administration 
of AEDs (phenytoin, phenobarbitone, sodium valproate, 
CBZ) and diazepam or clonazepam have produced variety 
of drug interactions in clinical as well in vivo and in vitro 
animal studies.10-13

As a few such studies have been reported, the present 
experimental study was undertaken with four conventional 
AEDs, phenytoin, CBZ, sodium valproate, and phenobarbitone, 
combined with two BZD diazepam or clonazepam, to find 
out whether diazepam or clonazepam modify the effect of 
these AEDs when they are co-administered. i.e., whether any 
significant drug interaction is possible between diazepam, 
clonazepam, and AEDs in a single dose.

Objectives

To study drug-drug interactions between BZD and 
conventional AEDs in mice using maximal electroshock 
seizure (MES) and pentylenetetrazole (PTZ) methods.

METHODS

The study was carried out after obtaining approval from 
Institutional Animal Ethics Committee. Swiss Albino male 
mice weighing 25-30 g were used. Animals were housed 
under standard laboratory conditions in plastic cages at 
an ambient temperature of 25±2°C and 45-55% relative 
humidity with a 12 hr light/dark cycle. They were fed 
standard animal feed (Pranav Agro) and allowed water 
ad libitum.

Each set of experiment consisted of following four groups 
(n=6).

Group-I (Control group): 0.4 ml of 0.3% tween 80 i.p. (i.p)
in distilled water.

Group-II: Any one of the following conventional AEDs 
alone, that is phenytoin, CBZ, sodium valproate or 
phenobarbitone i.p.

Group-III: Any one of the two BZD, that is, diazepam or 
clonazepam i.p.

Group-IV: Received combination of any one of the 
conventional AEDs used in Group-II with either of the drugs 
used in Group-III e.g. phenytoin with diazepam, CBZ with 
clonazepam.

Study comprised of total 15 groups evaluated by MES 
method14 and 9 groups evaluated by PTZ method.15

Hence, sub-effective doses of all AEDs were used that 
is a dose, which is substantially, lower than the dose 

producing significant activity. According to weight and 
group, each mouse was pretreated with the tween 80 or 
any of anticonvulsant drug, diazepam and clonazepam 
were given 45 mins, 30 mins and 60 mins before giving 
electroshock or injection. Of PTZ, respectively. The doses 
used were-phenytoin sodium (15 mg/kg in both methods), 
CBZ (35 mg/kg in both methods), sodium valproate 
(150 mg/kg, in PTZ method - 50 mg/kg), phenobarbitone 
(20 mg/kg in both the methods), diazepam (5 mg/kg, 
in PTZ method - 0.5 mg/kg], clonazepam (1 mg/kg in both 
methods). MES method-seizures were produced by giving 
electroshocks by electroconvulsiometer (Techno Lab, 
Lucknow) using ear electrodes. For giving electroshocks 
60 (15±4) mA current was used for the duration of 0.2 sec 
using ear electrodes. Mice were observed for the presence 
or absence of tonic hind limb extension as the endpoint in 
MES method.

PTZ method

According to the weight and group, each mouse was 
pretreated with the anticonvulsant drugs.

After 30 mins of administering anticonvulsant drug, seizures 
were produced by i.p. PTZ (60 mg/kg). The mice were 
observed for 30 mins for the presence or absence of clonic 
convulsions. The control mice developed a characteristic 
sequence of seizures with or without death within 30 mins.16 
Protection was considered when the given drug abolished 
clonic convulsive phase of seizures.

All the experiments were carried out at same time each day 
that is between 10:00 a.m. and 1.00 p.m.

When two drugs administered concomitantly, they will either 
show additive or antagonistic effect, which will be seen as 
increase or decrease in protection effect.

Statistical analysis

Chi-square test was used to calculate the difference between 
two treatment groups. p<0.05 was considered significant.

RESULTS

MES method

Diazepam with antiepileptic drugs

Phenytoin (Group-II) and diazepam (Group-III) showed 
protection in 50% which was statistically not significant 
(p>0.1 vs. control group). Combination of phenytoin with 
diazepam (Group-IV) interacted additively and showed 
protection in six mice (100%, p<0.01) when compared with 
the control group. When compared with phenytoin treated 
Group (II) and diazepam treated Group (III), the result was 
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not significant (p>0.1). CBZ also showed results similar to 
that of phenytoin. Sodium valproate and diazepam alone did 
not show significant protection as compared to the control 
group (p>0.5 and p>0.1 vs. control group, respectively). 
The combination of diazepam with sodium valproate also 
failed to produce any significant difference compared to all 
the three groups. Phenobarbitone combined with diazepam 
also failed to produce any significant difference compared 
to all the three groups (Figure 1).

Clonazepam with antiepileptic drugs

Phenytoin and clonazepam alone did not produce significant 
protection compared to the control group (p>0.1 vs. control 
group). Combination of phenytoin with clonazepam 
administered in same doses showed significant protection 
when compared with the control group (p<0.005).

Combination of CBZ with clonazepam administered in 
same doses showed significant protection when compared 
with the control group >0.1, respectively). Sodium valproate 
and phenobarbitone when combined with clonazepam 
also showed significant protection (p<0.01 and p<0.02, 
respectively) (Figure 2).

PTZ method

Sodium valproate and diazepam did not show significant 
protection when compared with the control group (p>0.5 
and p>0.1 vs. control group, respectively). Combination of 
sodium valproate with diazepam did not show significant 
protection when compared with the control group or groups 
treated with individual drugs alone (p>0.05). Sodium 
valproate and clonazepam alone did not show significant 
protection when compared with the control group (p>0.5 
and p>0.1 vs. control group, respectively). Combination 
of sodium valproate with clonazepam (Group-IV) showed 
protection in 83.33% which was significant compared 
with the control group (p<0.02), but not significant when 
compared with individual drugs alone (p>0.05) (Figure 3).

DISCUSSION

Study was carried out with an aim to find out the possible 
drug-drug interactions of diazepam and clonazepam 
with four most commonly used AEDs, i.e., phenytoin, 
CBZ, sodium valproate, and phenobarbitone. All the four 
antiepileptic drugs, phenytoin, CBZ, sodium valproate, 
and phenobarbitone that have been used in the present 
study are reported to be active against generalized tonic-
clonic seizures produced by MES method. These drugs 
when co-administered with one another, they produce drug 
interactions. When two drugs administered concomitantly 
from different groups, they showed an additive effect in 
our study, which was seen as an increase in the percentage 
protection. In our study, we came across only additive drug 
interactions between AEDs and BZDs.

Interactions seen between anti-epileptics with diazepam

With BZD also, these drugs produce drug interactions.17 
Metabolism of diazepam has been reported to be enhanced 
as a result of induction of hepatic drug-metabolizing 
enzymes following phenytoin therapy as shown in an 
earlier study of Kutt and Harden (1999)18 and Dhillon 
and Richens (1981).10 However, in the present study, 
the combination of sub-effective doses of phenytoin 
and diazepam showed synergistic (additive) effect 
(combination showed 100% protection). This could be 
because, diazepam is metabolized by CYP2C19 isoform of 
cytochrome P450. Phenytoin is also metabolized by same 
isoform. Hence, concurrent administration of a single 
dose of diazepam may increase plasma concentration 
of phenytoin by decreasing its rate of metabolism.19,20 
Action of phenytoin is mediated by slowing of the 
rate of recovery of voltage-activated Na+ channels 
from inactivation and action of diazepam is mediated 
by facilitation of gamma-amino butyric acid (GABA) 
activity. Thus, these two drugs acting through distinct 
mechanisms may be the reason responsible for producing 
additive effect, i.e., a pharmacodynamic interaction. Our 
finding is supported by a study of Usha et al (2003); which 
showed BZD have good efficacy as add on treatment to 
phenytoin in refractory epileptic patients.20 Similarly, 
additive effect was observed with a combination of CBZ 
and diazepam. CBZ has mechanism similar to that of 
phenytoin hence similar pharmacodynamic interaction 
could be responsible for this interaction. Combination of 
valpraote and diazepam produced additive but statistically 
nonsignificant effect. Earlier study has shown that 
valproate is highly bound to plasma proteins and readily 
displaces other bound anticonvulsant drugs.21 Diazepam 
and valproate have been reported to have a synergistic 
effect.22 Number of mice protected with combination of 
phenobarbitone with diazepam (4) were less than the total 
of number of mice protected with phenobarbitone alone 
(2) and number of mice protected with diazepam alone 
(3), though the protective effect seem to be antagonistic 
(combination showed 66.66% protection), p value was not 
significant (p>0.05) when compared with control group. 
Phenobrabitone increases metabolism of diazepam by 
inducing microsomal enzyme.19,23,24

Interactions seen between anti-epileptics with 
clonazepam

Number of mice protected with the combination of 
phenytoin with clonazepam (6) were equal to the total of 
number of mice protected with phenytoin alone (3) and 
the number of mice protected with clonazepam alone (3). 
Thus, clonazepam showed synergistic (additive) effect 
with phenytoin.

Similarly, clonazepam showed potentiating effect with CBZ, 
sodium valproate, and phenobarbitone.
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In PTZ method

With the combination of sodium valproate with diazepam effect 
was additive but non-significant compared with the control 
group. However, with the combination of sodium valproate 
with clonazepam potentiating effect was observed which was 
significant (p<0.02) when compared with the control group.

Polytherapy with AEDs has been studied in animal models. 
Bourgeois et al. (1990) studied the possible advantages of 
many AEDs combinations in mice.25 Synergism may be 
due to enzyme inhibition (decrease metabolism) of AED by 

BZD or BZD may displace anti-epileptics at their protein 
binding site and thus increasing free drug concentration of 
anti-epileptics. Synergism leads to decrease in amount or 
frequency of doses given of antiepileptics and hence, also 
decrease occurrence of adverse effects and increase patient 
compliance BZD are metabolized by CYP2C19 isoform 
of cytochrome P450. Phenytoin and phenobarbitone also 
metabolized by same isoform so concurrent administration 
of BZD, may increase plasma concentration of phenytoin 
or phenobarbitone by decreasing its rate of metabolism.10  
Similarly, BZD are also metabolized by CYP3A4 and 
CBZ is also metabolized by CYP3A4. Hence, similar 
drug interaction may be occurring between these drugs. 
However, whether single doses can lead to such effects is 
questionable. As BZD and phenobabitone have a similar 
mechanism of action that both facilitate binding of GABA 
on GABA_A-Cl- channel complex, the additive effect may 
not be seen. Drug absorption depends on a number of factors 
including formulation, pKa, and lipid solubility which should 
be considered contiguously with splanchnic blood flow and 
intestinal pH, motility, bacterial flora, and the metabolic 
capacity of the gastrointestinal tract. A drug may alter the 
rate of absorption or the degree of absorption of other drugs 
in the gastrointestinal tract. These variables make prediction 
of drug absorption interactions very difficult.26 However, 
while protein binding displacement has been implicated 
as a causative mechanism in many drug interactions; its 
importance has generally been overstated, being based 
largely on in vitro data. Since displacement makes more 
unbound (free) drug available for metabolism or glomerular 
filtration and the displaced drug can normally distribute 
out of the plasma compartment, increased unbound drug 
concentrations are usually only transient and, therefore, do 
not commonly give rise to altered pharmacological effects in 
the patient. Induction of drug metabolism is a complex, dose-
related phenomenon. It requires the inducer to reach a critical 
concentration at an intra-nuclear receptor or regulation point 
from which up-regulation of messenger RNA occurs with 
consequent increases in enzyme protein production.27 It is 

Figure 1: Comparison of percentage protection 
of antiepileptic drugs and their combination with 

diazepam using MES method in mice (n=6 for 
each group). *p<0.01 - Combination of phenytoin 
with diazepam showed significant protection when 

compared with control group. #p<0.002 - Combination 
of carbamazepine with diazepam showed protection 

when compared with control group.

Figure 2: Comparison of percentage of antiepileptic 
drugs and their combination with clonazepam using 

MES method in mice (n=6 for each group). #p<0.005 - 
Combination of phenytoin with clonazepam showed 
significant protection when compared with control 
group. *p<0.005 - Combination of carbamazepine 

with clonazepam showed significant protection when 
compared with control group. @p<0.01 - Combination 

of sodium valproate with clonazepam potentiating 
effect was observed which was significant when 

compared with control group. $p<0.02 - combination 
of phenobarbitone with clonazepam showed protection 

when compared with control group.

Figure 3: Comparison of percentage protection of 
sodium valproate and clonazepam using PTZ method 
in ice (n=6 for each group). *p<0.02 - Combination of 
sodium valproate with clonazepam showed significant 

protection when compared with control group.
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unrealistic to expect clinicians to be familiar with all known 
interactions. However, particular care is needed with patients 
receiving drugs like anti-epileptics.

There are a limited number of studies reported from India on 
drug-drug interaction of AEDs with BZDs, our study focused 
on this grey area. We evaluated possible drug interactions 
between most commonly used conventional AEDs and two 
commonly used BZD.

Not all drug interactions are predictable, and the results of 
studies in experimental animals cannot be extrapolated directly 
to humans because of species’ differences. Epilepsy is a chronic 
disease. In our study, we used only a single dose so this it can be 
further extended using multiple doses. Further study with BZD 
antagonist, flumazenil, can confirm the pharmacodynamic 
potentiation by diazepam of AEDs in MES method.

CONCLUSION

BZDs are used with conventional AEDs that can result in 
to drug-drug interactions. In MES method, phenytoin with 
diazepam and CBZ with diazepam, showed statistically 
significant protection compared to control group, whereas 
in the case of clonazepam all the four AEDs showed 
significant protection as compared to control group. In 
PTZ method, sodium valproate with clonazepam showed 
significant protection as compared to control group. 
Hence, clonazepam showed higher percentage protection 
as compared to diazepam. The clinical importance of 
a particular interaction has to be assessed in controlled 
clinical investigations.

ACKNOWLEDGMENTS

We would like to express thanks to Dr. Pankaj R. Patel, Dean 
of Smt. NHL Medical College Ahmedabad.

Funding: No funding sources
Conflict of interest: None declared
Ethical approval: The study was approved by the Institutional 
Animal Ethics Committee

REFERENCES

1. Jain S. The burden and advancements in epilepsy. Drugs 
News View. 1999;5(1):4-8.

2. Johannessen Landmark C, Larsson PG, Rytter E, 
Johannessen SI. Antiepileptic drugs in epilepsy and other 
disorders – a population-based study of prescriptions. 
Epilepsy Res. 2009;87(1):31-9.

3. Tsiropoulos I, Gichangi A, Andersen M, Bjerrum L, 
Gaist D, Hallas J. Trends in utilization of antiepileptic drugs 
in Denmark. Acta Neurol Scand. 2006;113(6):405-11.

4. van de Vrie-Hoekstra NW, de Vries TW, van den Berg PB, 
Brouwer OF, de Jong-van den Berg LT. Antiepileptic drug 
utilization in children from 1997-2005 – a study from the 
Netherlands. Eur J Clin Pharmacol. 2008;64(10):1013-20.

5. Levy RH, Collins C. Risk and predictability of 
drug interactions in the elderly. Int Rev Neurobiol. 
2007;81:235-51.

6. “Diazepam”. PubChem. National Institute of Health: 
National Library of Medicine, 2006. Available at http://
druginfo.nlm.nih.gov/drugportal/ProxyServlet?mergeData=
true&objectHandle=DBMaint&APPLICATION_NAME=d
rugportal&actionHandle=default&nextPage=jsp/drugportal/
ResultScreen.jsp&TXTSUPERLISTID=0000439145&QV1
=DIAZEPAM. Retrieved 03 Nov 2013.

7. “Diazepam”. Medical Subject Headings (MeSH). National 
Library of Medicine, 2006. Available at http://en.wikipedia.
org/wiki/Diazepam. Retrieved 03 Oct 2013.

8. Czuczwar SJ, Borowicz KK. Polytherapy in epilepsy: the 
experimental evidence. Epilepsy Res. 2002;52(1):15-23.

9. Díaz RA, Sancho J, Serratosa J. Antiepileptic drug 
interactions. Neurologist. 2008;14 6 Suppl 1:S55-65.

10. Dhillon S, Richens A. Pharmacokinetics of diazepam 
in epileptic patients and normal volunteers following 
intravenous administration. Br J Clin Pharmacol. 
1981;12(6):841-4.

11. Turski L, Czuczwar SJ, Turski W, Sieklucka-Dziuba M, 
Kleinrok Z. Dyphenylhydantoin enhancement of diazepam 
effects on locomotor activity in mice. Psychopharmacology 
(Berl). 1982;76(2):198-200.

12. Murphy A, Wilbur K. Phenytoin-diazepam interaction. Ann 
Pharmacother. 2003;37(5):659-63.

13. Borowicz KK, Luszczki JJ, Czuczwar SJ. Isobolographic 
and subthreshold analysis of interactions among 
felbamate and four conventional antiepileptic drugs in 
pentylenetetrazole-induced seizures in mice. Epilepsia. 
2004;45(10):1176-83.

14. Putnam TJ, Merritt HH. Experimental determination of 
the anticonvulsant properties of some phenyl derivatives. 
Science. 1937;85(2213):525-6.

15. Swinyard EA. Laboratory evaluation of antiepileptic drugs. 
Review of laboratory methods. Epilepsia. 1969;10(2):107-19.

16. Toman JEP, Everett GM. Anticonvulsants. In: 
Laurence DR, Bacharach AL, editors. Evaluation of 
Drug Activities. Volume 1. New York: Academic Press; 
1964: 287-300.

17. McNamara JO. Pharmacotherapy of the epilepsies. 
Goodman & Gilman’s the Pharmacological Basis of 
Therapeutics. 12th Edition. New York, NY: McGraw Hill; 
2011: 583-608.

18. Kutt H, Harden CL. Phenytoin and congeners. Handbook of 
Experimental Pharmacology. Volume 138. Berlin: Springer; 
1999: 229-65.

19. Reilly PA, Inaba T, Kadar D, Endrenyi L. Enzyme 
induction following a single dose of amobarbital in dogs. 
J Pharmacokinet Biopharm. 1978;6(4):305-13.

20. Usha G, Khanyasmeen R, Vinod P, Mallika V. 
Clobazam - Efficacy as add on therapy in epileptic patients 
resistant to phenytoin and influence onpharmacokinetic 
profile of phenytoin. Indian J Pharmacol 2003;35(3):199.

21. Patsalos PN. The new generation of anti-epileptic drugs. In: 
Bowman WC, Fitzgerald JD, Taylor JB, editors. Emerging 
Drugs: the Prospect for Improved Medicines. Volume 4. 
London: Ashley Publications; 1999: 87-106.

22. Srivastava AK, Sood S. Drug interactions, conventional 
antiepiletpic drugs. Drugs News View. 1999;5(1):68-9.

23. Kishore K, Seth SD. Antiepileptic Drugs. Textbook 
of Pharmacology. 2nd Edition. New Delhi: Elsevier; 
1999: 440-52.



Shah KN et al. Int J Basic Clin Pharmacol. 2014 Oct;3(5):830-835

 International Journal of Basic & Clinical Pharmacology | September-October 2014 | Vol 3 | Issue 5 Page 835

24. Eadie MJ, Lander CM, Hooper WD, Tyrer JH. Factors 
influencing plasma phenobarbitone levels in epileptic 
patients. Br J Clin Pharmacol. 1977;4(5):541-7.

25. Bourgeois BF. Combination of valproate and ethosuximide: 
antiepileptic and neurotoxic interaction. J Pharmacol Exp 
Ther. 1988;247(3):1128-32.

26. Greiff JM, Rowbotham D. Pharmacokinetic drug interactions 
with gastrointestinal motility modifying agents. Clin 
Pharmacokinet. 1994;27(6):447-61.

doi: 10.5455/2319-2003.ijbcp20141011
Cite this article as: Shah KN, Rana DA, Patel VJ. Study of 
potential drug-drug interactions between benzodiazepines and 
four commonly used antiepileptic drugs in mice. Int J Basic 
Clin Pharmacol 2014;3:830-5.

27. Okey AB. Enzyme induction in the cytochrome P-450 
system. Pharmacol Ther. 1990;45(2):241-98.


