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A B S T R A C T   

Objective: This study examined some of the biomarkers of hepatotoxicity following chronic treatment with car
bamazepine (CBZ), levetiracetam (LEV), and CBZ + LEV adjunctive treatment in male rats. 
Method: Twenty-four male Wistar rats (140− 150 g) were randomized into four groups (n = 6) to receive oral dose 
of normal saline (0.1 mL), CBZ (25 mg/kg), LEV (50 mg/kg) or sub-therapeutic dose of CBZ (12.5 mg/kg) 
together with LEV (25 mg/kg) for 28 days. Activities of the liver enzymes and oxidative stress markers were 
determined while liver histomorphology was also carried out. Data were analyzed using descriptive and infer
ential statistics. The results were presented as mean ± SEM in graphs or tables, while the level of significance was 
taken at p < 0.05. 
Results: The activities of alkaline-phosphatase and malondialdehyde concentrations increased significantly in all 
the drug treatment groups, while the activities of superoxide dismutase decreased significantly following CBZ, 
and CBZ + LEV treatment. Alanine-aminotransferase activities increased significantly in the CBZ and CBZ + LEV 
treated rats compared with control. The liver section of CBZ treated rats showed mild vascular congestion. 
Conclusion: None of these AEDs treatment is devoid of hepatotoxicity. However, the adverse effects in CBZ were 
greater than LEV, or CBZ + LEV adjunctive treatment.   

1. Introduction 

Carbamazepine (C15H12N2O), a tricyclic compound sold under the 
trade name Tegretol®, is one of the first-generation antiepileptic drugs 
(AEDs). Its effectiveness is not only in the treatment of partial and 
generalized tonic-clonic seizures but also with proven efficacy in the 
management of neuropathic pain and bipolar disorder [1,2]. Most of the 
first-line AEDs like carbamazepine, phenytoin, valproic acid etc are 
potent liver enzyme inducers. Ahmed and Siddiqi [3,4] reported an 
elevated activity of alanine aminotransferase (ALT), aspartate amino
transferase (AST), alkaline phosphatase (ALP), and Gamma-glutamyl 
transferase (GGT) following few weeks to one month of administration 
of these drugs, which may serve as a red flag for liver toxicity. Several 
reports from human studies have implicated many conventional AEDs as 
toxicants that increase lipid peroxidation at the expense of protective 

antioxidants [5–7]. Glutathione, for example is an important biomole
cule that protects the cell against chemical-induced cytotoxicity. This is 
often achieved by direct or enzymatic glutathione-S-transferase (GST) 
conjugation with electrophilic compounds and reactive oxygen species 
(ROS), such as lipid hydroperoxides and hydrogen peroxide, and is 
affected by anticonvulsant treatments [7,8]. 

The United States Food and Drug Administration (FDA) approved 
carbamazepine formulations include chewable tablets (Tegretol®), a 
suspension (Tegretol®), sustained release capsules (Carbatrol®), and 
sustained release tablets (Tegretol®-XR) since 1965 [9] It is widely 
accepted that carbamazepine (CBZ) [C15H12N2O] achieves its anticon
vulsant properties by its interaction with different types of channels and 
receptors, while the main target of CBZ are voltage-dependent sodium 
channels [10]. Studies have shown that the pharmacologically active 
component of CBZ, carbamazepine-epoxide reduced the frequency of 
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sustained repetitive firing of action potentials in cultured mammalian 
central neurons by inhibiting high frequency but not low frequency 
firing [10,11]. This frequency-dependent block is attributable to a 
voltage-dependent inhibitory effect on voltage-gated sodium channels. 
[11,12]. Parada and his co- researcher [13] demonstrated that CBZ 
blocks [3 H]batrachotoxin or [3 H]batrachotoxinin A 20-a-benzoate 
binding to synaptosomes. Thus, this corroborates the electrophysiolog
ical observations of Elliott, and Macdonald and Kelly [14,15]. 

Carbamazepine possesses calcium antagonistic properties; a sug
gestive indication that the efficacy of CBZ in the treatment of seizures 
could be due to a frequency dependent block of sodium currents and a 
block of calcium currents [16]. This could linked to the depressant ac
tion of CBZ and organic calcium antagonists on epileptic paroxysmal 
depolarizations [17,18]. CBZ and CBZ-10,11- epoxide inhibit the 
secretion of catecholamines by interfering with N-type voltage-sensitive 
calcium channels [19,20]. Schumacher et al. [21] also demonstrated 
that CBZ produces a reversible, concentration-dependent inhibition of 
high voltage-activated calcium currents, without affecting 
voltage-dependent activation, in human hippocampal granule cells. In 
another investigation, Ambrósio et al. reported that CBZ inhibits L-type 
calcium channels in cultured rat hippocampal neurons stimulated with 
glutamate receptor agonists [22]. However, it is important to mention 
that the effects of CBZ were not significant at therapeutic serum levels of 
CBZ (17–51 mM) in some studies [16,22,23]. 

Olpe et al. [24] found that the depressant effect of CBZ is attenuated 
by barium chloride and 4-aminopyridine, two potassium-channel 
blockers, suggesting that CBZ may interfere with potassium fluxes. 
Indeed, CBZ enhances outward, voltage-dependent K1 currents in rat 
neocortical cells [25]. However, CBZ also blocks delayed K1 currents 
[26] and calcium-activated K1 currents [27]. The therapeutic and pro
phylactic effects of CBZ in affective psychoses may, in part, be related to 
the potent interaction of CBZ with adenosine-binding sites in the brain. 
In fact, several reports have demonstrated that CBZ acts as an antagonist 
at adenosine A1 receptors [28–30]. Chronic treatment with CBZ induces 
up-regulation of adenosine A1 receptors in astrocytes [31] and rats [32], 
respectively. There are overwhelming evidences that serotonin has 
anticonvulsant properties in several seizure models. CBZ causes large 
increases in extracellular serotonin concentration and produces 
dose-related anticonvulsant effects in both genetically epilepsy-prone 
rats (GEPRs) and non-epileptic Sprague-Dawley rats [33–36]). The ef
fects of CBZ were not prevented by tetrodotoxin and by removal of 
calcium, suggesting that the enhancement of serotonin release is not 
dependent on sodium channel function and does not take place by 
exocytosis (10, 33). Some data also suggest that CBZ may alter dopamine 
function (34). CBZ enhances dopamine release and turnover and causes 
differential alterations of monoamine levels in discrete brain regions 
[35–39]. Evidence has established that NMDA and non-NMDA receptors 
play a crucial role in seizure activity and are potential targets for AEDs 
[40]. Therefore, the inhibition of either glutamate release or ionotropic 
glutamate receptors might contribute to the efficacy of anticonvulsants 
against epileptic seizures [10]. 

Levetiracetam [C8H14N2O2 also known as (S)-α-ethyl-2-oxo-1-pyr
rolidine acetamide] is an established second-generation AED. It was 
approved by United State of America Food and Drug Agency under the 
trade name Keppra® as a treatment drug for myoclonic seizures asso
ciated with juvenile myoclonic epilepsy and primary generalized tonic- 
clonic seizures linked with generalized epilepsy [41]. LEV does not 
exhibit the classical actions of the conventional AEDs in that, it does not 
affect voltage-dependent Na+channels, GABAergic transmission, or af
finity for either GABAergic or glutamatergic receptors [10]. Levetir
acetam affects GABA turnover in the striatum and decrease levels of the 
amino acid taurine [42]. Besides, it removes the Zn2+-induced sup
pression of GABAA-mediated presynaptic inhibition, resulting in a pre
synaptic decrease in glutamate-mediated excitatory transmission [43]. 
It is also implicated in the modulation of the presynaptic P/Q-type 
voltage-dependent calcium (Ca2+) channel in a bid to reduce 

excitatory glutamate release in the dentate gyrus [44]. Moreover, LEV 
treatment has also been implicated as an inhibitor of excitatory neuro
transmitters through intracellular inhibition of presynaptic 
Ca2+channels [45]. Studies have shown that about 30 % of epilepsy 
patients are refractory to single AED treatment, despite chronic treat
ment [3,46] thus, it requires adjunctive treatment or polytherapy of 
AEDs of the varying mechanism of actions [47]. 

Common etiology for carbamazepine toxicity is coadministration of 
other medications. Patients are likely to take antiepileptic drugs (AEDs) 
are likely at the same time as carbamazepine. For example, lamotrigine 
is a common medication used in these patients, and symptoms of car
bamazepine overdose are more likely when lamotrigine is added. A 
similar situation is also seen with levetiracetam. Any inhibitors of cy
tochrome P450, such as grapefruit juice, will cause elevated levels of 
carbamazepine. An intentional overdose of carbamazepine is less com
mon and usually seen with a suicide attempt in a severely depressed 
patient during the initial administration of the medication [48]. The 
mortality rate due to carbamazepine toxicity is around 13 % [49]. 
Indeed, children in this study all showed an active attitude to life—their 
substance use was attributed to inadequate care or psychological 
immaturity without full recognition of the toxicity and side effects of 
drugs, as demonstrated by self-reported reasons for use of carbamaze
pine [50]. Our previous study showed that CBZ, and CBZ + LEV 
adjunctive treatments alter the pituitary–testicular axis with evidence of 
hormonal deregulation and alteration in the reproductive functions’ 
indices, while LEV treatment remains the safest [51]. 

Since the liver remains one of the major organs exposed to drug- 
induced toxicity, it is expedient to study the hepatotoxicity potential 
of these drugs (whether as individual or adjuvant treatment) in experi
mental model in a bid to forestalling toxicity sequelae. 

2. Methodology 

2.1. Ethical approval and experimental procedure 

Ethical approval to carry out this study was obtained from the Health 
Research Ethics Committee (HREC) of the College of Health Sciences, 
Osun State University, Osogbo, Nigeria with registration number UNI
OSUN HREC 2020/016 which is in line with the National Institute of 
Health (NIH) in the “Guild to the care and use of animals in Research and 
Teaching” (National Institute of Health, USA, 2011) 

2.2. Animals 

Twenty-four male Wistar rats (140− 150 g) were obtained and kept in 
the animal holdings of the College of Health Science, Osun State Uni
versity, Osogbo, Nigeria (Natural humidity, temperature, and a natural 
12 h light/12 h dark cycle). The animals were acclimatized for seven 
days and were given access to feed on a standard pellet diet and water 
ad-libitum. After acclimatization, the animals were randomized into four 
groups (n = 6) to receive oral treatment of normal saline (0.1 mL), CBZ 
(25 mg/kg) [52], LEV (50 mg/kg) [53] or sub-therapeutic dose of CBZ 
(12.5 mg/kg) with LEV (25 mg/kg) for 28 days. 

2.3. Feed intake and percentage body weight change 

Pre-weighed feed was provided in standard stainless-steel hoppers on 
the 7th, 14th, 21st and 28th day of drug administration. After 24 h, rats 
were removed from their isolated cages and the weight of remaining 
feed including any crump on the bottom of the cages was determined. 
Intake was calculated as the weight (in grams) of feed provided less that 
recovered according to the method of Villar et al. [54] and Adefisayo 
et al. [55]. Moreover, the percentage bodyweight difference was deter
mined for each rat twenty-four hours after the last dose as thus: 
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Final body weight- initial body weight
Initial body weight

× 100 

Thereafter, the rats were euthanized by cervical dislocation. 

2.4. Liver tissue homogenization 

Some portion of the liver (1.5 g) was sectioned, washed in Ringer’s 
solution, macerated and homogenized in ice-cold buffer (0.25 M su
crose, 1 mM EDTA, and 1 mM Tris− HCl, pH 7.4). The homogenate was 
spun in a cold centrifuge at 3000 rpm for ten minutes, while the su
pernatant was stored (− 20 ◦C) for the evaluation of the liver enzymes 
and markers of oxidative stress according to the method of Tsikas [56]. 

2.5. Biochemical assessment 

Alkaline phosphatase (ALP), alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) were determined in the supernatant of 
the liver tissue with the aid of assay kits, while the markers of oxidative 
stress (superoxide dismutase [SOD], reduced glutathione and end- 
product of lipid peroxidation-malondialdehyde [MDA]) were assayed 
spectrophotometrically as described by Tsikas [57]. All measurements 
were done using commercially available diagnostic kits (Sigma- Aldrich, 
USA). 

2.6. Histomorphological analysis of the liver 

The biopsies of the liver tissue from a representative rat of each 
group were fixed in 10 % neutral-buffered formalin, dehydrated in 
graded alcohol, cleared in xylene, and embedded in paraffin wax. The 
tissues were then cut into 2- to 3-mm-thick sections by a microtome, 
fixed on the slides, and stained with hematoxylin-eosin (H & E). The 
slides were examined under a light microscope (Leica microscope 
GmbH, Germany). The photomicrographs were taken with a Leica DM 
750 camera at 400 magnifications [58]. 

2.7. Statistical analysis 

The data were subjected to statistical analysis, while all statistical 
comparisons- ‘T’ test, one-way ANOVA and Student-Newman-Keuls post 
hoc tests were performed using graph pad prism (version 5.01). The 
results were presented as mean ± SEM in graphs or tables; the level of 
significance was considered at p < 0.05. 

3. Results 

3.1. Percentage weight change in male Wistar rat following CBZ, LEV, 
and CBZ + LEV adjunctive treatment 

In this study, there was significant (p = 0.0025) decrease in the 
percentage body weight following CBZ treatment, while LEV and CBZ +
LEV adjunctive treatment had no significant (p = 0.6568) effect 
compared with the control. However, the body weight gain increased 
significantly (p = 0.0021) in the LEV, and CBZ + LEV adjunctive 
treatment groups compared with CBZ treated rats. Additionally, there 
was no significant body weight change (p = 0.4527) between the LEV 
and CBZ + LEV adjunctive treatment groups (Fig. 1). 

3.2. Feed intake following CBZ, LEV, and CBZ + LEV adjunctive 
treatment in male Wistar rats 

There was significant (p = 0.01, 0.001, and 0.001) decrease in the 
quantity of feed (g) consumed by CBZ treated rat on the 14th, 21st, and 
28th day respectively compared with the control. Also, for LEV treat
ment, the quantity of feed intake decreased significantly (p = 0.01, and 
0.01) on the 21st and 28th day of administration respectively relative to 

the control. Additionally, the quantity of feed (g) consumed by the CBZ 
+ LEV adjunctive treatment group decreased significantly (p = 0.05, and 
0.001) at the end of the third and 4th week respectively compared with 
the control. There was significant increase (p = 0.05, and 0.01) in the 
quantity (g) of feed consumed by the LEV treated, and CBZ + LEV 
adjunctive treatment group compared with CBZ treated rats on the 21st 
and 28th day of administration respectively. However, there was no 
significant (p = 0.065) change throughout the period of drug adminis
tration between the quantity of feed consumed by the LEV and CBZ +
LEV treatment group (Fig. 2). 

3.3. Liver weight relative to the body weight following CBZ, LEV, and CBZ 
+ LEV adjunctive treatment in male Wistar rat 

There was significant (p = 0.0113) decrease in the percentage liver 
weight relative to the body weight following CBZ treatment, while LEV, 
and CBZ + LEV had no significant (p = 0.0594) weight change compared 
to the control. Additionally, there was no significant difference in the 
relative liver weight between the LEV and CBZ + LEV adjunctive 
treatment (Fig. 3). 

3.4. Effects of CBZ, LEV, and CBZ + LEV adjunctive treatment on the 
markers of oxidative stress in the liver of male Wistar rats 

The activities of superoxide dismutase decreased significantly (p =
0.0145) following CBZ treatment, while LEV and CBZ + LEV had no 
significant (p = 0.2082) effect compared with the control. Additionally, 

Fig. 1. Percentage weight change in male Wistar rat following CBZ, LEV, and 
CBZ + LEV adjunctive treatment. 
α: Significant decrease compared with control (p = 0.0025). 
β: Significant increase compared with CBZ (p = 0.0021). 
Control: normal saline (0.1 mL); CBZ alone (25 mg/kg); LEV alone (50 mg/kg); 
CBZ -LEV adjunctive treatment [sub-therapeutic dose of CBZ (12.5 mg/kg) in 
concomitant with LEV (25 mg/kg)] for 28 days. 

Fig. 2. Quantity of feed intake following CBZ, LEV, and CBZ + LEV adjunctive 
treatment in male Wistar rats. 
α: Significant decrease compared with control (p = 0.05). 
β: Significant increase compared with CBZ (p = 0.01). 
Control: normal saline (0.1 mL); CBZ alone (25 mg/kg); LEV alone (50 mg/kg); 
CBZ -LEV adjunctive treatment [sub-therapeutic dose of CBZ (12.5 mg/kg) in 
concomitant with LEV (25 mg/kg)] for 28 days. 
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there was no significant difference in the activities of super oxide dis
mutase among the CBZ, LEV, and CBZ + LEV adjunctive treatment 
groups (Table 1). 

There was significant (p = 0.0143) decrease in the activities of GSH 
after CBZ treatment, while LEV and CBZ + LEV had no significant (p =
0.9427) effect compared with the control. However, there was signifi
cant (p = 0.0282) increase in the activities of GSH following LEV, and 
CBZ + LEV adjunctive treatment compared with the CBZ treated rat, 
while there was no significant (p = 0.9890) change between the LEV and 
CBZ + LEV adjunctive treatment group (Table 1). 

In this study, there was significant (p = 0.0001) increase in the 
product of lipid peroxidation (malondialdehyde- MDA) after CBZ, LEV 
and CBZ + LEV adjunctive treatment compared with the control. 
Moreover, MDA concentration decreased significantly (p = 0.0059) in 
the LEV treated rat, and CBZ + LEV adjunctive treatment group 
compared with the CBZ treated, while there was no significant (p =
0.0685) difference between the LEV and CBZ + LEV adjunctive treat
ment group (Table 1). 

3.5. Effects of carbamazepine, levetiracetam and carbamazepine- 
levetiracetam adjunctive treatment on the activities of liver enzymes in 
male Wistar rat 

The activities of ALP decreased significantly (p = 0.0001) following 
CBZ, LEV, and CBZ + LEV treatment compared with the control. How
ever, there was a decrease (p = 0.0017) in the ALP activities of LEV, and 
CBZ + LEV treated rats compared with the CBZ treatment group, while 
there was no significant change (p = 0.8069) between the LEV and CBZ 
+ LEV adjunctive treatment group (Table 2). 

There was significant (p = 0.0062) increase in the activities of ALT 
after CBZ, and CBZ + LEV treatments, while LEV treatment had no 
significant (p = 0.3446) effect compared with control. The activities of 

ALT decreased significantly (p = 0.0401) in the LEV treatment group 
relative to the CBZ treated rats, while there was no significant difference 
(p = 0.8405) CBZ and CBZ + LEV treatment groups (Table 2). 

There was also observed, a significant (p = 0.0034) increase in the 
activities of AST following CBZ, while LEV, and CBZ + LEV adjunctive 
treatment had no significant (p = 0.8764) effect compared with the 
control. However, AST activities decreased significantly (p = 0.0002) in 
the LEV, and CBZ + LEV treatment groups relative to CBZ treated group, 
while there was no significant (p = 0.6539) difference between LEV and 
CBZ + LEV adjunctive treatment group (Table 2). 

3.6. Effects of carbamazepine, levetiracetam and carbamazepine- 
levetiracetam adjunctive treatment on the histomorphological profile of the 
liver in male Wistar rat 

The section of the liver of normal saline, LEV, and CBZ + LEV treated 
rats showed the appearance of normal central venules without conges
tion, the morphology of the hepatocytes appear normal, the sinusoids 
appear normal and not infiltrated, no pathological lesion seen. However, 
the section of the CBZ treated representative rat showed central venules 
with mild congestion (blue arrow). The sinusoids of the CBZ was dilated 
and mildly infiltrated by inflammatory cells (slender arrow) (Fig. 4) 

4. Discussion 

The liver remains one of the vital organs that deserves special 
consideration when deciding the choice of drugs for the management of 
epileptic seizures. This is important because of the induction of liver 
enzymes and toxicity exerted by most of the first line AEDs [59,60]. A 
significant decrease in the percentage weight following CBZ treatment 
recorded in this study is consistent with our previous findings [61,62]. 
The pathophysiology of this significant decline in body weight is not 
fully understood. It will be recalled that there are two areas of the hy
pothalamus responsible for the integration of the afferent signals to 
regulate feeding patterns: the lateral hypothalamus and the medial hy
pothalamic nuclei [62], while carbamazepine has been reported to have 
influence on the hypothalamic neurons [62]. Therefore, it could be 
deduced that decrease in body weight is attributable to a decline in the 
quantity of feed consumed by the CBZ treated rats. Finding in this study 
is in agreement with the report of Greenwood [63] that caloric balance 
may be altered, with ventromedial lesions causing hyperphagia and 
lateral hypothalamic lesions producing a syndrome of aphagia and 
weight loss in experimental animals. This finding is in contrast with the 
report of De-Gaspari, and Guerreiro [64] that CBZ and LEV treatment 
increased body weights. The disparity may be attributable to variation 
in the study design. In this study, healthy, non-epileptic male Wistar rats 
were used, while De-Gaspari and Guerreiro used epileptic male and fe
male individuals. However, an increase in the body weight recorded in 
the LEV and CBZ + LEV treated groups relative to CBZ treated rats is a 
piece of suggestive evidence that LEV, and CBZ + LEV adjunctive 
treatment may be less toxic relative to CBZ. A significant decrease in the 
relative weight of the liver following chronic administration of CBZ, 

Fig. 3. Liver weights relative to the body following CBZ, LEV, and CBZ + LEV 
adjunctive treatment in male Wistar rat. 
α: Significant decrease compared with control (p = 0.0013). 
Control: normal saline (0.1 mL); CBZ alone (25 mg/kg); LEV alone (50 mg/kg); 
CBZ -LEV adjunctive treatment [sub-therapeutic dose of CBZ (12.5 mg/kg) in 
concomitant with LEV (25 mg/kg)] for 28 days. 

Table 1 
Effects of CBZ, LEV, and CBZ + LEV adjunctive treatment on the markers of 
oxidative stress in the liver of male Wistar rats.  

Treatment group SOD (mM) GSH (mM) MDA (mM) 

Control 0.47 ± 0.02 2.96 ± 0.30 0.59 ± 0.05 
CBZ 0.29 ± 0.03α 0.30 ± 0.07 α 3.65 ± 0.28 β 

LEV 0.42 ± 0.05 2.73 ± 0.37 β 2.56 ± 0.32 β δ 

CBZ + LEV 0.38 ± 0.01 2.72 ± 0.84 β 1.53 ± 0.26 β δ 

α: Significant decrease compared with control (p = (0.0145). 
β: Significant increase compared with control (p = 0.0282). 
δ: Significant decrease compared with CBZ (p = 0.0059). 
Control: normal saline (0.1 mL); CBZ alone (25 mg/kg); LEV alone (50 mg/kg); 
CBZ -LEV adjunctive treatment [sub-therapeutic dose of CBZ (12.5 mg/kg) in 
concomitant with LEV (25 mg/kg)] for 28 days. 

Table 2 
Effects of carbamazepine, levetiracetam and carbamazepine-levetiracetam 
adjunctive treatment on the activities of liver enzymes in male Wistar rat.  

Treatment group ALP (U/L) ALT (U/L) AST (U/L) 

Control 15.70 ± 0.88 27.70 ± 3.28 87.60 ± 17.8 
CBZ 47.30 ± 1.76β 79.00 ± 9.29β 157.00 ± 6.77β 

LEV 27.00 ± 3.21 βα 38.70 ± 9.74α 92.7 ± 4.00α 

CBZ + LEV 28.00 ± 2.08 βα 82.30 ± 12.4 β 95.3 ± 3.59α 

β: Significant increase compared with control (p = 0.0062). 
α: Significant decrease compared with CBZ (p = p = 0.0401). 
Control: normal saline (0.1 mL); CBZ alone (25 mg/kg); LEV alone (50 mg/kg); 
CBZ -LEV adjunctive treatment [sub-therapeutic dose of CBZ (12.5 mg/kg) in 
concomitant with LEV (25 mg/kg)] for 28 days. 
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LEV, and CBZ + LEV treatment is a pointer to their potential toxicity. 
This finding is in agreement with the previous report of Simmons et al. 
[65] that reduction in weight or a change in either absolute or relative 
organ weight after administration of a chemical is an indication of the 
toxic effect of such chemical. 

A significant increase in the activities of ALP, ALT, and AST in all the 
treatment groups, especially the CBZ treated group is an indication of 
liver failure and the assertion of their potential toxicity. This is in 
consonance with the previous findings of Hussein et al. [66] and Jaya
shankar et al. [67], who reported an acute liver failure following epi
lepsy treatment with LEV. However, it is worthy of note that LEV 
treatment whose effect was considered toxic by Jayashankar and 
co-worker is safer than CBZ treatment in this study. This finding is 
consistent with the report from a clinical study that patients on CBZ 
treatment have significantly higher ALP than the phenytoin treated 
[68]. An elevated level of ALP in this study is an assertion that chronic 
administration of CBZ may induce obstruction in the bile flow chole
stasis. Pavlidis et al. [68] reported the consequential effects of this 
biliary obstruction, stemming from hepatic dysfunction, renal failure, 
cardiovascular impairment, nutritional deficiencies, bleeding problems, 
infection, and death. 

Oxidative stress is said to be oxygen radical-mediated damage to 
biological material by either increased generation of oxygen radicals or 
due to diminished removal or inadequate protection against these oxy
gen radicals [69]. In this study, a significant increase in the concentra
tion of malondialdehyde across the drug treatment groups suggests the 
membrane peroxidation of the phospholipid’s bilayer by the AEDs. This 
can also be linked to a significant decrease in the activities of the su
peroxide dismutase (SOD) observed in this study. Mao et al. [70] 
demonstrated an inverse correlation between the activities of the SOD 
and the level of malondialdehyde. Based on this finding, it could, 
therefore, be inferred that an abrupt increase in the concentration of the 
hepatic malondialdehyde in this study is dependent on the depleting 
activities of SOD sequel to CBZ and CBZ + LEV chronic treatment. 

Surprisingly, elevated activities of GSH in the CBZ, and CBZ + LEV 
treatment groups could not attenuate the product of lipid peroxidation 
in the liver as this was evident in the accumulation of malondialdehyde. 
This finding is in line with the conclusion from a clinical study by Tutanc 
et al. [71] that increased oxidative stress induced by CBZ could be the 
cause of CBZ-induced seizures. 

This study concludes that none of these drugs and even their 
adjunctive treatment is devoid of hepatotoxicity if used chronically. 
However, LEV may pose the least adverse effect while CBZ treatment 
tends to have the worse. Therefore, physicians and their clients need to 
be careful when administering these AEDs, while further experimental 
and clinical investigations on the effects of co-administration of LEV 
with CBZ are recommended. 
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[23] T.B. Schumacher, H. Beck, C. Steinhäuser, J. Schramm, C.E. Elger, Effects of 
phenytoin, carbamazepine, and gabapentin on calcium channels in hippocampal 
granule cells from patients with temporal lobe epilepsy, Epilepsia 39 (1998) 
355–363. 

[24] H. Olpe, C.N. Kolb, A. Hausdorf, H.L. Haas, 4-aminopyridine and barium chloride 
attenuate the antiepileptic effect of carbamazepine in hippocampal slices, 
Experientia 47 (1991) 254–257. 

[25] C. Zona, V. Tancredi, E. Palma, G.C. Pirrone, M. Avoli, Potassium currents in rat 
cortical neurons in culture are enhanced by the antiepileptic drug carbamazepine, 
Can. J. Physiol. Pharmacol. 68 (1990) 545–547. 

[26] Y. Matsumoto, K. Enomoto, K. Moritake, T. Maeno, Effects of carbamazepine on 
nerve activity and transmitter release in neuroblastoma-glioma hybrid cells and the 
frog neuromuscular junction, Cell Biol. Toxicol. 14 (1998) 191–198. 

[27] J.C. Dreixler, J. Bian, Y. Cao, M.T. Roberts, J.D. Roizen, K.M. Houamed, Block of 
rat brain recombinant SK channels by tricyclic antidepressants and related 
compounds, Eur. J. Pharmacol. 401 (2000) 1–7. 

[28] T. Gasser, M. Reddington, P. Schubert, Effect of carbamazepine on stimulus-evoked 
Ca21 fluxes in rat hippocampal slices and its interaction with A1-adenosine 
receptors, Neurosci. Lett. 91 (1988) 189–193. 

[29] R.L. Weir, S.M. Anderson, J.W. Daly, Inhibition of N6-[3 H]cyclohexyladenosine 
binding by carbamazepine, Epilepsia 31 (1990) 503–512, 44. 

[30] D. Van Calker, R. Steber, K.N. Klotz, W. Greil, Carbamazepine distinguishes 
between adenosine receptors that mediate different second messenger responses, 
Eur. J. Pharmacol. 206 (1991) 285–290. 

[31] K. Biber, B.L. Fiebich, P. Gebicke-Harter, D. Van Calker, Carbamazepine-induced 
upregulation of adenosine A1-receptors in astrocyte cultures affects coupling to the 
phosphoinositol signaling pathway, Neuropsychopharmacology 20 (1999) 
271–278. 

[32] J.L. Daval, J. Deckert, S.R. Weiss, R.M. Post, P.J. Marangos, Upregulation of 
adenosine A1 receptors and forskolin binding sites following chronic treatment 
with caffeine or carbamazepine: a quantitative autoradiographic study, Epilepsia 
30 (1989) 26–33. 

[33] Q.S. Yan, P.K. Mishra, R.L. Burger, A.F. Bettendorf, P.C. Jobe, J.W. Dailey, 
Evidence that carbamazepine and antiepilepsirine may produce a component of 
their anticonvulsant effects by activating serotonergic neurons in genetically 
epilepsy-prone rats, J. Pharmacol. Exp. Ther. 261 (1992) 652–659. 

[34] J.W. Dailey, M.E.A. Reith, Q.S. Yan, M.Y. Li, P.C. Jobe, Carbamazepine increases 
extracellular serotonin concentration-Lack of antagonism by tetrodotoxin or zero 
Ca21, Eur. J. Pharmacol. 328 (1997) 153–162. 

[35] J.W. Dailey, M.E.A. Reith, Q.S. Yan, M.Y. Li, P.C. Jobe, Anticonvulsant doses of 
carbamazepine increase hippocampal extracellular serotonin in genetically 
epilepsyprone rats-Dose response relationships, Neurosci. Lett. 227 (1997) 13–16. 

[36] M. Elphick, Effects of carbamazepine on dopamine function in rodents, 
Psychopharmacology 99 (1989) 532–536. 

[37] M. Okada, T. Hirano, K. Mizuno, T. Chiba, Y. Kawata, K. Kiryu, K. Wada, H. Tasaki, 
S. Kaneko, Biphasic effects of carbamazepine on the dopaminergic system in rat 
striatum and hippocampus, Epilepsy Res. 28 (1997) 143–153. 

[38] S. Kowalik, M. Levitt, A.I. Barkai, Effects of carbamazepine and anti-depressant 
drugs on endogenous catecholamine levels in the cerebroventricular compartment 
of the rat, Psychopharmacology 83 (1984) 169–171. 

[39] A.F. Ambrósio, P. Soares-da-Silva, C.M. Carvalho, A.P. Carvalho, Mechanisms of 
Action of Carbamazepine and Its Derivatives, Oxcarbazepine, BIA 2-093, and BIA 
2-024, Neurochem. Res. 27 (1/2) (2002) 121–130. 

[40] H.M. Barros, S. Braz, J.R. Leite, Effect of carbamazepine on dopamine release and 
reuptake in rat striatal slices, Epilepsia 27 (1986) 534–537. 

[41] M.H. Baf, M.N. Subhash, K.M. Lakshmana, B.S. Rao, Alterations in monoamine 
levels in discrete regions of rat brain after chronic administration of 
carbamazepine, Neurochem. Res. 19 (1994) 1139–1143. 

[42] J. Ichikawa, H.Y. Meltzer, Valproate and carbamazepine increase prefrontal 
dopamine release by 5-HT1A receptor activation, Eur. J. Pharmacol. 380 (1999) 
R1–R3. 

[43] M.A. Rogawski, Excitatory amino acids and seizures, in: T.W. Stone (Ed.), CNS 
Neurotransmitters and Neuromodulators-Glutamate, CRC Press, London, 1995, 
pp. 219–237. 

[44] N. Ludvig, P.K. Mishra, P.C. Jobe, Dibutyryl cyclic AMP has epileptogenic potential 
in the hippocampus of freely behaving rats: a combined EEG-intracerebral 
microdialysis study, Neurosci. Lett. 141 (1992) 187–191. 

[45] L. Dalic, M.J. Cook, Managing drug-resistant epilepsy: challenges and solutions, 
Neuropsychiatr. Dis. Treat. 12 (2016) 2605–2616. 

[46] J.W. Lee, B. Dworetzky, Rational polytherapy with antiepileptic drugs, 
Pharmaceuticals (Basel, Switzerland) 3 (8) (2010) 2362–2379. 

[47] Y. Al Khalili, S. Sekhon, S. Jain, Carbamazepine toxicity. StatPearls, StatPearls 
Publishing, Treasure Island (FL), 2020, 2020 Jan-. [Internet] Available from: https 
://www.ncbi.nlm.nih.gov/books/NBK507852. 

[48] S. Schmidt, M. Schmitz-Buhl, Signs and symptoms of carbamazepine overdose, 
J. Neurol. 242 (3) (1995) 169–173, 1995.View at: Publisher Site | Google Scholar. 

[49] X. Wei, C. Yu-Lin, Z. Ying, W. Li-Jie, L. Jiu-Jun, L. Chun-Feng, A clinical study of 
toxication caused by carbamazepine abuse in adolescents, Biomed Res. Int. (2018) 
320120, https://doi.org/10.1155/2018/320120. 

[50] O.S. Osuntokun, S.O. Akinsomisoye, G. Olayiwola, K.I. Adedokun, O.O. Oladokun, 
Carbamazepine adversely altered the pituitary– testicular axis with resultant 
reproductive dysfunctions than levetiracetam or carbamazepine– levetiracetam 
adjuvant treatment in male Wistar rat, Andrologia (2020), e13871, https://doi. 
org/10.1111/and.13871. 

[51] Y.J. Lin, Y.H.P. Lee, W.R. Ravis, Effects of short-term treatment with recombinant 
human growth hormone on carbamazepine pharmacokinetics in rats, Clin. Exp. 
Pharmacol. 3 (2013) 132. 

[52] D. Talos, M. Chang, B. Kosaras, Antiepileptic effects of levetiracetam in a rodent 
neonatal seizure model, Pediatr. Res. 73 (2013) 24–30. 

[53] D. Villar, C. Cray, J. Zaias, N.H. Altman, Biologic effects of fenbendazole in rats and 
mice: a review, J. Am. Assoc. Lab. Anim. Sci. 46 (6) (2007) 8–15. 

[54] M.A. Adefisayo, R.O. Akomolafe, O.S. Akinsomisoye, Q.K. Alabi, L. Ogundipe, J. 
G. Omole, K.P. Olamilosoye, Protective effects of methanol extract of Vernonia 
amygdalina (del.) leaf on aspirin-induced gastric ulceration and oxidative mucosal 
damage in a rat model of gastric injury, Dose-Response An Int. J. (2018) 1–11. 

[55] D. Tsikas, Assessment of lipid peroxidation by measuring malondialdehyde (MDA) 
and relatives in biological samples: analytical and biological challenges, Anal. 
Biochem. 524 (2017) 13–30. 

O.S. Osuntokun et al.                                                                                                                                                                                                                          

http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0005
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0005
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0005
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0010
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0010
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0015
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0015
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0020
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0020
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0025
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0025
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0025
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0030
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0030
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0035
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0035
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0035
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0035
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0040
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0040
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0040
https://doi.org/10.3390/pharmaceutics11100488
https://doi.org/10.3390/pharmaceutics11100488
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0050
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0050
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0050
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0055
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0055
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0060
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0060
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0065
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0065
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0065
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0070
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0070
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0070
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0075
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0075
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0075
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0075
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0080
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0080
https://www.ncbi.nlm.nih.gov/books/NBK507852/
https://www.ncbi.nlm.nih.gov/books/NBK507852/
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0090
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0090
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0090
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0095
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0095
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0095
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0095
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0100
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0100
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0100
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0100
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0105
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0105
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0105
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0105
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0110
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0110
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0110
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0110
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0115
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0115
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0115
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0115
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0120
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0120
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0120
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0125
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0125
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0125
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0130
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0130
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0130
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0135
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0135
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0135
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0140
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0140
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0140
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0145
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0145
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0150
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0150
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0150
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0155
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0155
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0155
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0155
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0160
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0160
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0160
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0160
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0165
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0165
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0165
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0165
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0170
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0170
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0170
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0175
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0175
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0175
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0180
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0180
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0185
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0185
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0185
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0190
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0190
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0190
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0195
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0195
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0195
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0200
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0200
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0205
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0205
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0205
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0210
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0210
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0210
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0215
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0215
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0215
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0220
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0220
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0220
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0225
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0225
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0230
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0230
https://www.ncbi.nlm.nih.gov/books/NBK507852
https://www.ncbi.nlm.nih.gov/books/NBK507852
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0240
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0240
https://doi.org/10.1155/2018/320120
https://doi.org/10.1111/and.13871
https://doi.org/10.1111/and.13871
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0255
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0255
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0255
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0260
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0260
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0265
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0265
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0270
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0270
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0270
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0270
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0275
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0275
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0275


Toxicology Reports 8 (2021) 592–598

598

[56] D.U. Karatopuk, A. Gokcimen, Effect of tenoxicam on rat liver tissue, The Turkish 
journal of gastroenterology: the official journal of Turkish Society of 
Gastroenterology 21 (2) (2010) 146–152. 

[57] S. Yi-Sun, F. Cheng-Hu, S. Byung-Im, P. Jun-Young, L. Yonggu, H.S. Jeong, W. 
J. Dae, K. Hyuck, S.K. Kyung, Time course of the development of nonalcoholic fatty 
liver disease in the Otsuka long Evans Tokushima fatty rat, Gastroenterol. Res. 
Pract. (2013) 342648, https://doi.org/10.1155/2013/342648. 

[58] K. Erik, S.T. Louis, Truly “Rational” polytherapy: maximizing efficacy and 
minimizing drug interactions, drug load, and adverse effects, Curr. 
Neuropharmacol. 7 (2009) 96–105. 

[59] M. Broli, F. Provini, I. Naldi, Unexpected gamma glutamyltransferase rise increase 
during levetiracetam monotherapy, Epileptic Disord. 12 (1) (2010) 81–82. 

[60] O.S. Osuntokun, G. Olayiwola, A. Oladele, I. Ola, A.O. Ayoka, Chronic 
administration of gabapentin-carbamazepine combination reversibly suppresses 
testicular function in male Wistar rats (Rattus norvegicus), Pathophysiology 24 
(2017) 63–69. 

[61] O.S. Akinsomisoye, A.R. Owolabi, O.B. Adeyeye, O.S. Osuntokun, C.O. Akintayo, 
A. Oladele, Res. J. Health Sci. 5 (4) (2017) 194–203. 

[62] P.W. Carmel, Vegetative dysfunctions of the hypothalamus, Acta Neurochirurgica 
(Wien) 75 (1985) 113–121. 

[63] R.S. Greenwood, Adverse effects of antiepileptic drugs, Epilepsia 41 (2) (2000) 
S42–S52. 

[64] C.N. De- Gaspari, C.A.M. Guerreiro, Modification in body weight associated with 
antiepileptic drugs, Arq. Neuropsiquiatr. 68 (2) (2010) 77–281. 

[65] D.A. Simon, M.J. Greenberg, R.P. Aminoff, Clinical Neurology, 8th ed., McGraw- 
Hill Medical, New York, 2002. “12” ISBN 978-0-07-175905-2. 

[66] S. Jayashankar, S. Munakomi, V. Sayeerajan, P. Kafle, P. Chaudhary, J. Thingujam, 
D. Poudel, I. Cherian, Case Report: levetiracetam causing acute liver failure 
complicating postoperative management in a neurosurgical patient, 
F1000Research8 (2019) 187. 

[67] R.R.S. Hussein, R.H. Soliman, A.M.A. Ali, M.H. Tawfeik, M.E.A. Abdelrahim, Effect 
of antiepileptic drugs on liver enzymes, Beni-Suef Univ. J. Basic Appl. Sci. 14-1 
(2013) 9. 

[68] E.T. Pavlidis, T.E. Pavlidis, Pathophysiological consequences of obstructive 
jaundice and perioperative management, Hepatobiliary Pancreatic Dis. Int. 17 (1) 
(2018) 17–21. 

[69] L. He, T. He, S. Farrar, L. Ji, T. Liu, X. Ma, Antioxidants maintain cellular redox 
homeostasis by elimination of reactive oxygen species, Cell. Physiol. Biochem. 44 
(2017) 532–553. 

[70] C. Mao, J. Yuan, Y. Lv, Associations between superoxide dismutase, 
malondialdehyde, and all-cause mortality in older adults: a community-based 
cohort study, BMC Geriatrics 19 (104) (2019) 1–9. 

[71] M. Tutanc, M. Aras, R. Dokuyucu, M. Altas, C. Zeren, V. Arica, O.H. Ozturk, 
S. Motor, C. Yilmaz, Oxidative status in epileptic children using carbamazepine, 
Iran. J. Pediatr. 25 (6) (2015) e3885. 

O.S. Osuntokun et al.                                                                                                                                                                                                                          

http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0280
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0280
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0280
https://doi.org/10.1155/2013/342648
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0290
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0290
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0290
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0295
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0295
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0300
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0300
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0300
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0300
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0305
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0305
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0310
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0310
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0315
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0315
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0320
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0320
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0325
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0325
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0330
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0330
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0330
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0330
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0335
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0335
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0335
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0340
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0340
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0340
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0345
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0345
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0345
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0350
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0350
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0350
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0355
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0355
http://refhub.elsevier.com/S2214-7500(21)00049-4/sbref0355

	Assessment of the biomarkers of hepatotoxicity following carbamazepine, levetiracetam, and carbamazepine-levetiracetam adju ...
	1 Introduction
	2 Methodology
	2.1 Ethical approval and experimental procedure
	2.2 Animals
	2.3 Feed intake and percentage body weight change
	2.4 Liver tissue homogenization
	2.5 Biochemical assessment
	2.6 Histomorphological analysis of the liver
	2.7 Statistical analysis

	3 Results
	3.1 Percentage weight change in male Wistar rat following CBZ, LEV, and CBZ + LEV adjunctive treatment
	3.2 Feed intake following CBZ, LEV, and CBZ + LEV adjunctive treatment in male Wistar rats
	3.3 Liver weight relative to the body weight following CBZ, LEV, and CBZ + LEV adjunctive treatment in male Wistar rat
	3.4 Effects of CBZ, LEV, and CBZ + LEV adjunctive treatment on the markers of oxidative stress in the liver of male Wistar rats
	3.5 Effects of carbamazepine, levetiracetam and carbamazepine-levetiracetam adjunctive treatment on the activities of liver ...
	3.6 Effects of carbamazepine, levetiracetam and carbamazepine-levetiracetam adjunctive treatment on the histomorphological  ...

	4 Discussion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgement
	References


