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Hepato-toxicological and lipid profile of male Wistar rats following 
chronic carbamazepine, gabapentin, and carbamazepine-gabapentin 
adjunctive treatment
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Abstract
Aim: This study evaluated the hepatotoxicity and lipid profiles of male Wistar rats following chronic 
carbamazepine (CBZ), gabapentin (GBP) and carbamazepine-gabapentin (CBZ+GBP) adjunctive 
treatment.   

Methods: Twenty-eight male Wistar rats were randomized into 4 groups (n = 7) to receive daily oral 
administration of normal saline (0.2ml), or CBZ (25 mg/kg), or GBP (50 mg/kg), or the sub-therapeutic 
dose of CBZ (12.5 mg/kg) and GBP (25 mg/kg) combination for 56 days. Thereafter, blood and liver 
homogenate were subjected to biochemical analysis, while liver tissues were processed for the 
histomorphological investigation. Data were analysed statistically, while p< 0.05 was taken as level of 
significance.

Results: Activities of alanine phosphatase and aspartate aminotransferase significantly increased in the 
CBZ and CBZ + GBP treated rat. CBZ and CBZ + GBP treatments increased the plasma concentration of 
low-density lipoprotein and total cholesterol. The liver concentration of malondialdehyde increased 
significantly in all the treated groups relative to control. There were severe vascular congestions in the 
liver of the CBZ treated rats, this was moderate in the GBP and CBZ + GBP treated rats. 

Conclusion: Chronic use of CBZ may induce hepatotoxicity and lipid profile derangement, GBP and 
CBZ + GBP adjunctive treatment may be saver than treatment with CBZ.
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Profil hépato-toxicologique et lipidique de rats Wistar mâles après un 
traitement d'appoint chronique à la carbamazépine, à la gabapentine 
et à la carbamazépine-gabapentine

Resume
Objectif: Cette étude a évalué l'hépatotoxicité et les profils lipidiques de rats Wistar mâles après un 
traitement d'appoint chronique à la carbamazépine (CBZ), à la gabapentine (GBP) et à la carbamazépine-
gabapentine (CBZ+GBP).

Méthodes: Vingt-huit rats Wistar mâles ont été randomisés en 4 groupes (n = 7) pour recevoir une 
administration orale quotidienne de solution saline normale (0,2 ml), ou CBZ (25 mg/kg), ou GBP (50 
mg/kg), ou la dose sous-thérapeutique de l'association CBZ (12,5 mg/kg) et GBP (25 mg/kg) pendant 56 
jours. Par la suite, le sang et l'homogénat de foie ont été soumis à une analyse biochimique, tandis que les 
tissus du foie ont été traités pour l'étude histomorphologique. Les données ont été analysées 
statistiquement, tandis que p < 0,05 a été pris comme niveau de signification.

Résultats: Les activités de l'alanine phosphatase et de l'aspartate aminotransférase ont augmenté de 
manière significative chez les rats traités par CBZ et CBZ + GBP. Les traitements CBZ et CBZ + GBP ont 
augmenté la concentration plasmatique des lipoprotéines de basse densité et du cholestérol total. La 
concentration hépatique de malondialdéhyde a augmenté de manière significative dans tous les groupes 
traités par rapport au témoin. Il y avait des congestions vasculaires sévères dans le foie des rats traités par 
CBZ, ceci était modéré chez les rats traités par GBP et CBZ + GBP.

Conclusion: L'utilisation chronique de CBZ peut induire une hépatotoxicité et un trouble du profil 
lipidique, le traitement d'appoint GBP et CBZ + GBP peut être plus économique que le traitement par 
CBZ.

Mots-clés: Anticonvulsivants, Carbamazépine, gabapentine, Carbamazépine-gabapentine, 
Hépatotoxicité.

1,2 1 1 3 4*Osuntokun, O.S. , Oladokun, O.O. , Adedokun, K.I. , Atere, T.G. , Olayiwola, G. , 
2Ayoka, A.O.

*Corresponding author
Osuntokun, O.S.

Email: opeyemi.osuntokun@uniosun.edu.ng

1Department of Physiology, Faculty of Basic Medical Sciences, College of Health Sciences, Osun State University 
Osogbo, Nigeria 
2Department of Physiological Sciences, Faculty of Basic Medical Sciences, College of Health Sciences, Obafemi 
Awolowo University, Ile-Ife, Nigeria 
3Department of Medical Biochemistry, Faculty of Basic Medical Sciences, College of Health Sciences, Osun State 
University Osogbo, Nigeria
4Department of Clinical Pharmacy and Pharmacy Administration, Faculty of Pharmacy, Obafemi Awolowo 
University, Ile-Ife, Nigeria

ORCID-NO: http://orcid.org/0000-0002-0780-8729

Received: June 4, 2020           Accepted: May 26, 2021            Published: September 30, 2021

Article original Research Journal of Health Sciences

Research Journal of Health Sciences subscribed to terms and conditions of Open Access publication. Articles are distributed under the terms of 
Creative Commons Licence (CC BY-NC-ND 4.0). (http://creativecommons.org/licences/by-nc-nd/4.0). 

http://dx.doi.org/10.4314/rejhs.v9i3.10

Res. J. of Health Sci. Vol 9(3), July/September 2021                                               290



INTRODUCTION
The global burden of epilepsy disorder is 

becoming increasingly worrisome. The World 
Health Organisation (WHO) estimated 49.5 
million individuals with active epilepsy (1).  
Often time, conventional antiepileptic drugs 
(AEDs) remain the first line of treatment in 
epilepsy but refractory epileptic seizures are 
poorly controlled in about 25-30 percent of 
epileptic patients depending on the level of 
resistance to some conventional AEDs. This has 
repeatedly informed the choice of combination 
therapy or adjunctive treatment of two different 
AEDs with varying mechanisms of action (2).  
Findings from experimental and clinical studies 
have shown that rational combination of a 
conventional AED, for example, carbamazepine 
with a novel antiepileptic, gabapentin can be 
more efficacious in the termination of convulsion 
indices than individual drug treatment (3 and 4).    

Carbamazepine (5H-dibenzo [b, 
f]azepine-5-carboxamide), a conventional 
anticonvulsant has been reportedly efficacious in 
the treatment of partial seizures with complex 
symptomatology (psychomotor, temporal lobe); 
generalized tonic-clonic seizures (grand mal); 
and mixed-seizure patterns (5). This drug has 
been implicated in the reduction of polysynaptic 
responses and blocking post-tetanic potentiation, 
while the anticonvulsant activity has been 
attributed to the blockade of voltage-sensitive 
sodium channels (6).

Gabapentin (1-aminoethyl, cyclohexane 
acetic acid) is an approved adjunctive agent by 
the Food and Drug Agency (FDA) of the United 
State of America for the treatment of partial and 
secondary generalized convulsion. Being a 
lipophilic compound, it was designed structurally 
as an analogue of gamma-aminobutyric acid 
(GABA) by the addition of a cyclohexyl moiety 
to its backbone, thus possessing a very high 
tendency to cross the blood-brain barrier with 
resultant centrally-acting effects (7). However, 
the mechanisms of action of gabapentin remain 
vague. Previous reports in the literature have 
shown that gabapentin neither binds to GABA  or A

GABA  receptors nor is it metabolized to GABA B

(8,9). Besse et al. (10) reported the inhibitory 
activities of gabapentin on the GABA-
catabolizing enzyme, GABA-transaminase 
(GABA-T), thus increasing the concentration of 
the inhibitory neurotransmitter GABA (11). 
Gabapentin has also been implicated in the 
inhibition of neuronal calcium influx (12), 
binding to á ä calcium channel subunits (13) and 2

activation of glutamate dehydrogenase (14). 
While carbamazepine is a liver-enzyme 

inducing AED with high protein binding property 
which undergoes oxidation via CYP 3A4 and to a 
lesser extent CYP 2C8 to carbamazepine-l0,ll-
epoxide as active metabolite with potential 
toxicity, gabapentin has no capacity to induce 
liver enzymes with little or no hepatotoxic effect 
(15) which makes it considerably suitable for 
adjunctive treatment with CBZ (4). 

Findings from our previous study 
revealed that carbamazepine, gabapentin, and 
gabapentin-carbamazepine combination 
decimated the serum concentration of 
testosterone, decreased the absolute weight of the 
testis, epididymis, and seminal vesicle in addition 
to  al terat ion of  seminal  profi le  and 
histoarchitecture of testicular tissue (16). 
However, liver remains the major catabolic organ 
and it is therefore expedient to determine its 
functions vis-à-vis the toxicological profile of 
carbamazepine, gabapentin, or carbamazepine-
gabapentin adjunctive treatment, hence this 
study.

MATERIALS AND METHODS
Chemicals 

The Potassium hydroxide, Ethylene 
diamine tetraacetate (EDTA), Carbon 
tetrachloride, Dipotassium hydrogen phosphate, 
Tris buffer, Triton-X100, Potassium dihydrogen 
phosphate, Methanol, Alcohol, Trichloroacetic 
acid, Chloroform, Thiobarbituric acid, Sodium 
hydroxide, Sodium chloride, 5',5'-dithiol (bis)-2- 
nitrobenzoic acid, standard reduced glutathione 
were purchased from either Sigma, USA or 
Merck limited, Mumbai, India.

Animals selection and care
This study utilized total of 28 male 

Wistar rats (160-180g). The rats were procured 
from the animal house of the College of Health 
Sciences, Osun State University, Osogbo. 
Standard rodents 'diet (manufactured by Ground 
Cereals Nigeria limited) and water were supplied 
to them ad libitum. The approval to carry out this 
experimental research was obtained from the 
Health Research Ethical Committee (HREC) of 
the Osun State University, Osogbo, Nigeria. After 
2 weeks acclimatization, the animals were 
randomly shared into 4 groups (n = 7): group I 
(control) received normal saline (0.2ml per oral 
[P.O]), group II received CBZ (25 mg/kg BW 
P.O]) (17), group III received GBP (50 mg/kg BW 
P.O) (18) while group IV received the sub-
therapeutic dose (adjunctive treatment) of CBZ 
(12.5 mg/kg P.O) and GBP (25 mg/kg). This 
treatment lasted for 56 consecutive days.
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Animals sacrifice and collection of tissues
Twenty-four hours after the last dose of 

treatment, the animals were euthanized by 
cervical dislocation, the blood was collected via 
cardiac puncture into an EDTA bottle, while the 
liver was isolated for weight determination. 

Homogenization of liver 
The liver from each animal was 

macerated by cutting about 1.5 g tissue of the 
liver organ, washed in physiological solution, 
followed by immediate homogenization in the 
ice-cold buffer (0.25 M sucrose, 1 mM EDTA, 
and 1 mM Tris-HCl, pH 7.4) and then subjected to 
cold centrifuge at 3000 rpm for ten minutes. The 
supernatant collected was stored (-20 °C) for the 
evaluation of the l iver enzymes and 
concentration of malondialdehyde according to 
the method of Tsikas (19).

Biochemical assessment 
Activities of liver enzymes such as 

a lka l ine  phosphatase  (ALP) ,  a lanine  
aminotransferase (ALT) and  aspartate 
aminotransferase (AST) were determined in the 
supernatant of the liver tissue   using lipid profile 
such as total cholesterol (TC), triglyceride (TG), 
high-density lipoprotein-cholesterol (HDL), and 
low-density lipoprotein (LDL) were determined 
in the plasma using Randox assay kits (Sigma, 
USA) using the enclosed protocols.

Histomorphological study
The liver tissue of each experimental 

group was processed according to the method of 
Tsikas et al (19). The processed tissues were 
stained with haematoxylin and eosin (H and E) 
and thereafter subjected to a Leica microscope for 
the evaluation of any sign(s) of morphological 
alteration. 

Statistical analysis
Data were subjected to graph pad prism 

version 5.01 for suitable statistical analyses. The 
statistically calculated data were further 
expressed as mean ± SEM. 'T' test was used to 
compare between the means of two experimental 
groups,  means across the groups were subjected 
to analysis of variance (ANOVA), and Student-
Newman-Keuls post hoc analysis, while p< 0.05 
was taken as the level of significance.

RESULTS 
R e l a t i v e  l i v e r  w e i g h t  f o l l o w i n g  
c a r b a m a z e p i n e ,  g a b a p e n t i n ,  a n d  
carbamazepine-gabapentin adjunctive 
treatments

There was significant decrease in the 
relative weight of the liver in the CBZ treated rats 
(3.32 ± 0.18) compared with the control (4.33 ± 
0.20) (t=3.75 df=4), while neither GBP (4.23 ± 
0.14) nor CBZ + GBP adjunctive treatment (4.16 
± 0.13) had significant effect on the relative liver 
weight compared with control (t=0.438 df=4) and 
(t=0.74 df=4) respectively. However, there was a 
significant difference in the relative liver weight 
in the GBP and CBZ + GBP adjunctive treatment 
(t=3.95 df=4) and (t=3.72 df=4) respectively 
compared with the CBZ treated rats, while there 
was no difference between GBP and CBZ + GBP 
adjunctive treatment (t=0.37 df=4). 

Liver enzymes activity following chronic 
c a r b a m a z e p i n e ,  g a b a p e n t i n ,  a n d  
carbamazepine-gabapentin adjunctive 
treatment

In this study, there was significant 
increase in the activities of ALP in the tissue of 
CBZ and CBZ + GBP treated groups (35.2 ± 
0.959) and (24.4 ± 0.602)   respectively 
compared with the control (18.9 ± 0.915) (p = 
0.0001 and F = 83.0). However, GBP treatment 
(20.7 ± 0.667) had no significant effect on the 
activities of ALP compared with control (t=1.53 
df=4). The activities of ALP in the GBP and CBZ 
+ GBP treated groups significantly decreased 
compared with CBZ treatment group (t=12.4 
df=4) and (t=9.55 df=4) respectively. Moreover, 
activities of ALP in the CBZ + GBP increased 
significantly relative to GBP treated group 
(t=4.12 df=4).   Concerning the activities of ALT, 
there was no significant change across the 
treatment groups compared with control (p = 
0.9901; F = 0.0362). 

F o l l o w i n g  l o n g  t e r m  C B Z  
administration, there was significant increase in 
the activities of AST (67.7 ± 1.210) compared 
with control (58.3 ± 1.160) (t=5.62 df=4) while 
the activities of this enzyme remained unchanged 
in the GBP (57.3 ± 1.510) and CBZ + GBP treated 
groups (59.6 ± 0.364) relative to their control 
counterpart (t=0.483 df=4) and (t=1.08 df=4) 
respectively. Moreover, AST activities 
significantly decreased in GBP and CBZ + GBP 
treatment groups compared with CBZ alone 
treatment (t=5.34 df=4) and (t=6.41 df=4) 
respectively, while there was no significant 
change in the activities of AST between GBP and 
CBZ + GBP (t=1.43 df=4).
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there was no significant change in the serum level 
of TG between GBP and CBZ + GBP treatment 
groups (t=1.38 df=4).

Effects of carbamazepine, gabapentin and 
carbamazepine-gabapentin adjunctive 
t r e a t m e n t  o n  l i p i d  p e r o x i d a t i o n  
(malondialdehyde) in the liver of male Wistar 
rats 

There was significant increase in the 
level of MDA following CBZ, GBP and CBZ + 
GBP treatments (5.14 ± 0.26), (2.50 ± 0.28) and 
(2.78 ± 0.43) respectively compared with control 
(1.05 ± 0.21) (p = 0.0001; F = 31.2). However, the 
tissue level of MDA significantly decreased in 
GBP and CBZ + GBP treated groups compared 
with CBZ treated rats (t=6.98 df=4) and (t=4.74 
df=4) respectively, while there was no significant 
difference between the tissue level of MDA in 
GBP and CBZ + GBP treatment groups (t=0.557 
df=4).    

Histomorphological profile of the liver 
following chronic carbamazepine, gabapentin 
and carbamazepine-gabapentin adjunctive 
treatment in male Wistar rats 

The histomorphological profile of the 
liver, particularly CBZ treatment representative 
rats revealed severe vascular congestion (red 
arrow). However, this congestion was moderate 
in the GBP and CBZ + GBP representative slides. 
In the CBZ + GBP treated representative rat, there 
are abundant sinusoid lining cells; the sinusoids 
are not congested; the hepatocytes are showing 
normal histological features. The liver section is 
with preserved and well-defined hepatic profile.

DISCUSSION
The liver is one of the most vulnerable 

organs to xenobiotic-induced toxicity. This is not 
unrelated to the fact that this vital organ remains 
the initial site of contact for many orally ingested 
therapeutic agents.  The pathogenesis of most 
drug-induced liver injuries is initiated by the 
metabolic conversion of drugs into a reactive 
intermediate metabolite,  for example, 
carbamazepine-10,11-epoxide has been 
implicated as the cause of fatality due to liver 
toxicity and neurotoxicity following either an 
overdose or lower doses of carbamazepine 
(21,22). This is owing to the strong affinity of 
both the parent compound and metabolite to 
plasma proteins (23). Combination of two or 
more AEDs of varying mechanism, of action, 
remains one of the best approaches to refractory 
epileptic seizure and required for a long term (23) 
but not devoid of neurotoxicity and other 

Lipid profile of male Wistar rats following 
chronic carbamazepine, gabapentin, and 
carbamazepine-gabapentin adjunctive 
treatment 

This study determined the effects of 
CBZ, GBP and CBZ + GBP on some of the lipid 
profile of male Wistar rats. In this study, there was 
significant increase in the level of LDL in CBZ 
and CBZ + GBP treated rats (84.4 ± 0.643) and 
(79.9 ± 0.737) respectively compared with 
control (74.7 ± 0.561) (p = 0.0001; F = 42.3), 
while there was no significant change between 
GBP treated rats (77.0 ± 0.618) and the control 
(t=2.72 df=4). However, there was significant 
decline in the level of LDL in the GBP and CBZ + 
GBP treated rats compared with CBZ treatment 
group (t=8.32 df=4) and (t=4.63 df=4) 
respectively. A significant increase was also 
observed in the CBZ + GBP treated rats 
compared with GBP alone treated group ( t=3.01 
df=4).

In  th i s  s tudy,  CBZ t rea tmen t  
significantly decreased the level of HDL (113 ± 
1.24) compared with control (118 ± 0.93) (t=2.92 
df=4), while this was unchanged in the GBP and 
CBZ + GBP treated groups (118 ± 0.723 and (115 
± 0.93) respectively relative to their control 
counterpart (t=0.305 df=4) and (t=2.37 df=4). 
However, HDL concentration significantly 
increased in GBP treated rats compared with 
CBZ treated (t=2.90 df=4), while CBZ + GBP 
treated rats had no significant difference relative 
to GBP alone treatment group (t=0.92 df=4). 

Concerning the level of total cholesterol, 
CBZ and CBZ + GBP treatments significantly 
increased the level of TC (214 ± 2.75) and (187 ± 
1.05) respectively compared with the control 
(163 ± 2.280) (p = 0.0001; F= 99.6) while GBP 
treatment had no significant effect on the level of 
TC (166 ± 2.850) compared with control (t=0.56 
df=4). However, the serum level of TC 
significantly decreased in GBP and CBZ + GBP 
treated groups compared with CBZ alone 
treatment (t=12.1 df=4) and (t=8.93 df=4) 
respectively. Moreover, the level of TC 
significantly increased in CBZ + GBP treatment 
group compared with GBP alone treated rats 
(t=7.18 df=4).

In this study, CBZ, GBP or CBZ + GBP 
treatment had no significant effect on the serum 
level of TG (784 ± 2.72), (774 ± 1.31) or (776 ± 
1.33) respectively (p = 0.1575; F = 2.27). 
However, GBP treatment significantly increased 
the level of TG compared with the CBZ treatment 
group (t=3.58 df=4), while there was no 
significant change between the CBZ + GBP 
treated and CBZ treated rats (t=2.72 df=4). Also, 
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ALT activities. Findings in this study are 
consistent with the previous report of (22), that 
carbamazepine is one of the conventional 
hepatotoxic AEDs, whose toxic effect can lead to 
death or acute liver failure which could 
imperatively require liver transplantation. The 
mechanism of derangement in the liver toxicity 
may be linked to the production of reactive toxic 
metabolite or because of the induction of immune 
allergic reactions (23,24) which might have 
eventually resulted in the enormous release of the 
e n d  p r o d u c t  o f  l i p i d  p e r o x i d a t i o n ,  
malondialdehyde. 

Blood concentration of certain lipids and 
lipoproteins have been reportedly affected by 
several AEDs with resultant effects in the 
development of coronary heart disease in later 
life (27) because AEDs therapy is a life-long 
affair. A significant increase in the plasma 
concentration of LDL and TC following CBZ and 
CBZ + GBP adjunctive treatment is a suggestive 
indication that CBZ alone or its adjunctive use 
can pose a cardiovascular risk (hyperlipidemia) 
on its user. Interestingly, this risk may be mild or 
moderate in the CBZ + GBP adjunctive treatment 
relative to CBZ alone treatment while GBP 
remains the safest among the trios treatment 
group as it is evident in this study.

Excessive increase in the level of total 
cholesterol following CBZ treatment could be 
linked with its hepatic cytochrome P450 enzymes 
inducing properties. Mantel-Teeuwisse et al. (28)  
suggested a competition for binding space on this 
liver enzyme between the AEDs and cholesterol 
with the resultant decrease in the breakdown of 
cholesterol to bile acids and eventually, giving 
rise to an increase in the level of TC. Moreover, 
this study is consistent with the previous report of 
Jakubus et al. (29), who showed an increase in TC 
and LDL levels after chronic CBZ treatment. 

In this study, severe vascular congestion 
following CBZ treatment is an assertion that the 
said drug tends to alter the lipid profile. 
Interestingly, this was reduced in the CBZ + GBP 
treated group.  An indication that CBZ + GBP is 
better tolerated than CBZ alone. This is not 
unrelated to the reduction in the two drugs (CBZ 
+ GBP) at the sub-therapeutic dose combined as 
an adjunctive treatment. However, this finding is 
in agreement with the study of Higuchi et al. 
(2012) that repeated administration of CBZ is 
necessary for the establishment of liver injury. 
Surprisingly, findings from our similar study (16) 
showed significant restoration of normal 
reproductive parameters twenty after twenty-
eight days of drug withdrawal.  

reproductive dysfunctions (17,24). Hence it is 
very crucial to determine experimentally, the 
toxicological impact of carbamazepine-
gabapentin adjunctive treatment on the liver.

While GBP administration did not affect 
the liver weight, CBZ treatment significantly 
decreased the liver weight. This is not unrelated 
to the potential toxicity of the drug CBZ. This 
finding is in line with the previous report of Jabar 
and Al-Bakri (25) who reported the potential 
adverse effects of CBZ on the liver weight and 
morphology after a short- term treatment. It 
would be recalled that in this study the drugs were 
administered chronically for 56 consecutive days 
which could have made the damage to have been 
more pronounced in this study than the report of 
Jabar and Al-Bakri (25). However, findings from 
this study suggest a greater tolerance by the rats to 
CBZ + GBP adjunctive treatment than CBZ 
alone. This was evident as CBZ + GBP adjunctive 
treated rats had a significantly higher body and 
liver weight compared to CBZ alone treated 
group.

It is a known fact that liver enzymes 
( a spa r t a t e  amino t r ans fe ra se ,  a l an ine  
aminotransferase) or maker of obstruction in the 
bile flow cholestasis (alkaline phosphatase or 
gamma-glutamyl transferase) are all susceptible 
to alteration following AEDs treatment which 
could therefore serve as an indicator of 
hepatocellular toxicity/injury (22). In a similar 
study, Iida (26) attributed the activities of these 
liver enzymes to carbamazepine with resultant 
induction of microsomal hepatic enzymes. In this 
study, CBZ alone at 25 mg/kg BW has slightly 
increased the activity of ALP and AST which may 
be due to the higher dose in the CBZ group 
compared to the combination group. A significant 
rise in the activities of ALP sequel to CBZ alone 
and CBZ + GBP adjunctive treatment could serve 
as a pointer to the hepatotoxic effects of CBZ 
either in monotherapy or adjunctive treatment, 
while the ALP activities remained unchanged in 
GBP treated group. An assertion that GBP 
treatment is saver than CBZ or CBZ + GBP 
adjunctive treatment.  

Surprisingly, none of the treatment drugs 
in this study affected the ALT and AST activities 
except CBZ alone whose chronic administration 
triggered a significant increase in the activities of 
AST, but this was ameliorated in CBZ + GBP 
adjunctive treatment compared with CBZ alone 
treated group. This is a shred of suggestive 
evidence that hepatocellular toxicity following 
either CBZ alone or CBZ + GBP adjunctive 
treatment, as recorded in this study is unrelated to 
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Table 1. Liver enzymes activity following chronic carbamazepine,  
gabapentin, and carbamazepine-gabapentin adjunctive treatment 
 
Treatment group ALP (U/L) ALT (U/L) AST (U/L) 
Control 18.9 ± 0.92 75.7 ± 0.70 58.3 ± 1.16 
CBZ 35.2 ± 0.96â 76.2 ± 1.32 67.7 ± 1.21 â 
GBP 20.7 ± 0.67ä 76.0 ± 1.10 57.3 ± 1.51 ä 
CBZ + GBP 24.4 ± 0.60 â ä ð 75.9 ± 1.40 59.6 ± 0.36 ä 
â = Significant increase compared with control (p = 0.005) 

ä = Significant decrease compared with CBZ (p = 0.006) 

ð = Significant increase compared with GBP (p = 0.015) 

 
Table 2. Lipid profile of male Wistar rats following chronic carbamazepine,  
gabapentin and carbamazepine-gabapentin adjunctive treatment 
 
Treatment group LDL (mg/dl) HDL (mg/dl) TC (mg/dl) TG (mg/dl) 
Control 74.7 ± 0.56 118 ± 0.93 163 ± 2.28 782 ± 5.79 
CBZ 84.4 ± 0.64â 113 ± 1.24á 214 ± 2.75 â 784 ± 2.72 
GBP 77.0 ± 0.62ä 118 ± 0.72µ 166 ± 2.85ä 774 ± 1.312 ä 
CBZ + GBP 79.9 ± 0.74 â ä ð 115 ± 0.93 187 ± 1.05 â ä ð 776 ± 1.33 
â = Significant increase compared with control (p =0.005) 

ä = Significant decrease compared with CBZ (p = 0.023) 

ð = Significant increase compared with GBP (p = 0.040) 

á= Significant decrease compared with control (P = 0.042) 

µ= Significant decrease compared with control (P = 0.051) 
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Figure 1. Effects of carbamazepine, gabapentin and carbamazepine-gabapentin  
combination on the percentage relative weight of the liver in male Wistar rats  
á: Significant decrease compared with control (p = 0.02) 
â: Significant different compared with CBZ (p = 0.02) 
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Figure 3 Photomicrograph of the H&E stained liver sections following chronic carbamazepine, gabapentin, 
and carbamazepine-gabapentin adjunctive treatment 
(Mag. X 100). 

0

2

4

6
Control

CBZ

GBP

CBZ + GBP

b

ba
ba

Treatment GroupsM
a
lo

n
d
ia

ld
e
h
y
d
e

(n
m

o
lg

tis
su

e
)

 
Figure 2. Effects of carbamazepine, gabapentin and carbamazepine-gabapentin adjunctive  
treatment on end-product of lipid peroxidation in the liver of male Wistar rats  
â = Significant increase compared with control (p = 0.022) 
á= Significant different compared with CBZ (P = 0.009) 
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