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Phenytoin–levetiracetam adjunctive treatment-induced neurotoxicity and 
deregulation of cholinergic neurotransmission with evidence of 
neurocognitive impairment in male Wistar rats
Opeyemi Samson Osuntokuna, Mary Olabisi Aderojua, Ifeoluwa Esther Adebisia, Taiwo Adekemi Abayomib, 
Olorunfemi Samuel Tokunbob and Gbola Olayiwolac

aDepartment of Physiology, Faculty of Basic Medical Sciences, Osun State University Osogbo, Nigeria; bDepartment of Anatomy, Faculty of 
Basic Medical Sciences, Osun State University Osogbo, Nigeria; cDepartment of Clinical Pharmacy and Pharmacy Administration, Faculty of 
Pharmacy Obafemi Awolowo University, Ile-Ife, Osun State, Nigeria

ABSTRACT
Introduction: The effects of chronic administration of phenytoin (PHT), levetiracetam (LEV), 
and PHT + LEV adjunctive treatments were examined on the cognitive functions of male rats.
Methods: Twenty-eight male Wistar rats (150–180 g) were randomized into 4 groups (N = 7). 
Groups I–IV received daily intraperitoneal administration of normal saline (0.2 ml), therapeutic 
doses of PHT (50 mg/kg), LEV (50 mg/kg) or sub-therapeutic dose of PHT (25 mg/kg) and LEV 
(25 mg/kg) combination, respectively, for 28 days. Thereafter, the animals were subjected to 
behavioral assessment and evaluation of the activities of acetylcholinesterase, lipid peroxida-
tion, and lastly the morphological evaluation of the brain. Data were analyzed using descriptive 
and inferential statistics. The results were presented as mean ± SEM in graphs or tables, while 
the level of significance was taken at p < 0.05.
Results: Working & spatial memory, exploratory activities, and motor-coordination indices 
were significantly (p = 0.0099) impaired with a reduction in the frontal lobe and hippocampal 
weight following PHT and PHT + LEV adjunctive treatments. The frontal lobe and hippocampal 
activities of acetylcholinesterase increased significantly (p = 0.0437) following PHT and PHT + 
LEV adjunctive treatment. The concentrations of malondialdehyde increased significantly 
(p = 0.0473) in PHT, LEV, and PHT + LEV compared with the control. There was disorganization 
in the histoarchitectural profile with chromatolysis, hyalinization, and neural vacuolation in the 
pre-frontal cortex, hippocampus, and cerebellar tissue, especially in the PHT + LEV treated rats.
Conclusion: Impairment of cognitive functions following PHT and PHT + LEV adjunctive 
treatments may be attributable to the deregulation of cholinergic transmission and 
neurotoxicity.
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1. Introduction

Unperturbed cognitive functions remain core compo-
nents of maintaining a healthy, active, and independent 
lifestyle [1]. In epilepsy, cognitive impairments are 
a potentially lifelong problem [2]. This is reportedly 
attributable to seizure frequency, type/duration, and/ 
or the type of antiepileptic drugs in use [2,3]. Older 
AEDs such as phenytoin, carbamazepine, valproic acid 
are some of the first line conventional AEDs, owing to 
some advantages such as lower cost, wide availability 
and long-term experience [4], often time, they exhibit 
greater toxicity than newer antiepileptics such as gaba-
pentin, vigabatrin, levetiracetam, etc. [5,6].

Phenytoin (Dilantin®) is an anticonvulsant medica-
tion that has been widely and effectively used in the 
treatment of epilepsy. This AED acts on the central 
nervous system by blocking the voltage-sensitive 
sodium ion channels, inhibiting neuronal firing with 
resultant modulatory effect on the bioelectric activity 
of the cell membrane in the brain [7,8]. However, it is 

reportedly implicated as a toxic agent with resultant 
nystagmus, diplopia, slurred speech, ataxia, incoordi-
nation, paraparesis, confusion, memory loss, dystonia, 
and altered mental status [9,10]. Levetiracetam is an 
AED that selectively inhibits high-voltage-activated 
calcium channels and reduces calcium release from 
intraneuronal stores. It also binds to a specific target 
in the brain, the synaptic vesicle protein 2A (SV2A), 
an integral membrane glycoprotein, which is involved 
in the control of vesicle fusion and exocytosis [11]. 
This α-ethyl analog of the nootropic agent piracetam 
does not induce hepatic enzyme cytochrome p450 as 
part of its mechanism of action [12,13]; hence, it was 
approved as adjunctive therapy for primary general-
ized tonic-clonic seizures, myoclonic seizures of juve-
nile myoclonic epilepsy and partial-onset seizures with 
or without secondary generalization [14].

Several pre-clinical experiments suggest synergistic 
efficacy between specific combinations of AEDs [15– 
17], unfortunately, their consequential adverse effects 
are multi-systemic, e.g. pituitary-testicular dysfunction 
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and ataxic movement among others [5,6]. Meanwhile, 
effective treatment of epilepsy depends on medication 
compliance across a lifetime [7,18]. The cognitive 
adverse events of AEDs usually abate after dose reduc-
tion or cessation [19]. However, there is a paucity of 
experimental literature on the potential adverse effects 
of phenytoin – levetiracetam adjunctive treatment on 
the markers of cognitive functions, hence this study.

2. Methodology

2.1. Animals handling/care

The approval to carry out this experimental research 
was obtained from the Health Research Ethical 
Committee (HREC) of the Osun State University, 
Osogbo, Nigeria. Phenytoin and levetiracetam 
(Sigma, USA) were freshly prepared and dissolved in 
physiological solutions. A total of twenty-eight male 
Wistar rats (150–180 g; 12–14 weeks old) were rando-
mized into 4 groups (N = 7). Female and any male rat 
whose weight and age did not fall within this range 
were excluded from the study. Group I (control) rat 
received normal saline (0.2 ml/day intraperitoneally [i. 
p]); group II received PHT (50 mg/kg/day i.p) [19]; 
group III received LEV (50 mg/kg/day i.p) [20]; while 
group IV received the adjunctive treatment of PHT 
(25 mg/kg/day i.p) with LEV (25 mg/kg/day i.p). The 
daily administration was done between 10 am and 11 
am for 28 consecutive days. Thereafter, the rats were 
subjected to various behavioral tests of learning, mem-
ory, and motor coordination.

2.2. Behavioral studies

In this study, all the behavioral tests were carried out 
between 7th and 8th hour after drug administration 
under conditions of silence and illumination of 
630 nm red LED vivarium light.

2.2.1. Step-down latency in inhibitory avoidance 
test
This was carried out on the 27th and 28th of the 
treatment. Each rat was placed on the shock-free 
zone and allowed to explore the chamber for 
10 minutes. On stepping down on the grid floor, 
the animal received electric shock (20 V) through 
the grid floor. Two hours later, this procedure was 
repeated, the time taken for each rat to step down 
was measured in seconds. This is known as the 
step-down latency and this constitutes the training 
process. Following the training session, step-down 
latency by each rat was determined after 24 h of 
the training session. A prolongation or shortening 
of step-down latency was used as a parameter of 
learning and memory [21].

2.2.2. Novel object recognition test
This was carried out on the 28th day of drug adminis-
tration. This particular study was set to determine 
working and spatial memory in animals. Three days 
before the test sessions, the rats were exposed to two 
identical objects to acclimatize with for 5 min; there-
after, the rats were returned into their home cages. 
Thirty minutes later, the probe test was conducted, 
each rat was placed inside the box with one of the 
objects replaced by a novel one. The total time spent 
exploring the two objects was recorded by a blinded 
but experienced experimenter as a memory index 
(expressed as the ratio of total exploration time with 
both objects in the choice phase)[22]. 

Memoryindex ¼
Timespentwithnewobject

Totaltimespentwithbotholdandnewobjects
� 100 

2.2.3. Open field test
The exploratory activity was investigated on the 28th 

day of drug administration. This was achieved by 
determining the total number of horizontal and ver-
tical lines crossed by each rat in a wooden box mea-
suring 1 m long × 1 m wide × 1 m high according to 
the method of Seibenhener et al. [23]. In this study, 
exploratory activities of each rat were recorded over 
a period of 5 min by a video camera and scored by 
a blinded experimenter.

2.2.4. Beam balance transversal test
The beam balance test was carried out on the 28th day 
of drug administration to establish the effects of the 
treatment drugs on fine motor activities of the rat. 
Following a 10 minutes habituation period, animals 
were introduced to a beam transversal test according 
to the method of Hayashi et al. [24], while the total 
time taken for each rat to reach the goal box was 
determined.

2.2.5. Accelerated rotarod test
This was carried out 21 hours after the last treatment, 
just before the sacrifice. The animal was initially habi-
tuated to the test room for 10 minutes before the 
commencement of the test. Motor-coordination of 
the rats was determined using accelerating Rota-rod 
(Ugo-Basile, Model No, 7750, Cosmerio, Italy, accel-
eration: 4–40 rpm in 5 minutes) according to a mod-
ified method of Hayashi et al. [24].

2.3. Animal sacrifice, weight determination, and 
homogenization

Animals were decapitated 24 hours after the last treat-
ment and the cranium was rapidly and carefully 
removed, while the brain was dissected. The frontal 
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lobe, hippocampus and cerebellar weights were iso-
lated, individually perfused in an isotonic solution, 
and then subjected to an electronic balance (Camry, 
China) for weight determination. The frontal lobe, 
hippocampus, and cerebellum of 5 rats from each 
group were homogenized in ice-cold medium contain-
ing 50 mM Tris/HCl and 300 mM sucrose at pH 7.4 to 
give a 10% (w/v) solution [25]. The homogenate was 
spun in a cold centrifuge at 3000 rpm 10 min at 4°C. 
The supernatant was preserved at −20°C for the eva-
luation of markers of cholinergic neurotransmission, 
neuroinflammation, and lipid peroxidation

2.4. Biochemical studies

2.4.1. Estimation of Malonaldehyde concentration
The product of lipid peroxidation (malondialdehyde 
[MDA]) in the frontal lobe, hippocampus, and cere-
bellum was determined according to the method of 
Sally et al. [26]. The principle is based on the spectro-
photometric measurement of the color generated by 
the reaction of thiobarbituric acid (TBA) with MDA. 
Concentration of MDA: the absorbance coefficient of 
the MDA-TBA complex [absorbance coefficient 
E = 1.56 × 105 cm-1 M-1 (nmol/g wet tissue)].

2.4.2. Estimation of acetylcholinesterase activity
The supernatants from the tissue of the frontal 
lobe, hippocampus, and cerebellum were evaluated 
for the activities of acetylcholinesterase (AChE) 
according to the method of Habila et al. [27]. 
Briefly, to 0.004 M buffered substrate, the tissue 
homogenate was added and incubated for 1 min 
at room temperature, followed by the addition of 
hydroxylamine hydrochloride, 4 N HCl, and 
0.37 M FeCl3. After 1 min, the absorbance was 
recorded at 540 nm. Standards were prepared 
with acetylcholine chloride and the levels of AChE 
were expressed as μg/g tissue.

2.4.3. Histomorphology
Two rats from each group were perfused intracardially 
with 4% paraformaldehyde. Each brain was dissected 
and processed according to the conventional method 
as earlier described by Onaolapo et al. [28]. The pre- 
frontal cortex, hippocampus, and cerebellum were 
sectioned, stained with hematoxylin and eosin (H 
and E). Digital photomicrographs of stained sections 
of sub-region cornu ammonis (CA 1) were taken at 400 
magnifications.

2.4.4. Statistical analysis
Data were analyzed using descriptive and inferential 
statistics with the use of graph pad prism software. The 
control and test groups were compared using paired 
t-test, one-way analysis of variance (ANOVA), and 
Student-Newman-Keuls post hoc analysis where 
appropriate. The results were presented as mean ± 
SEM in graphs or tables and the level of significance 
was taken at p-value <0.05.

3. Result

3.1. Effects of phenytoin–levetiracetam 
combination on object recognition

In this study, there was significant decrease 
(p = 0.0366) in short term/working memory of ani-
mals treated with PHT + LEV adjunctive treatment 
(28.6 ± 3.41) compared with control (41.8 ± 4.29), 
while PHT (46.2 ± 4.84) and LEV treatment groups 
(41.0 ± 3.11) had no significant (p = 0.6444) difference 
(Figure 1)

3.2. Effects of phenytoin–levetiracetam 
combination on step down latency

There was significant (p = 0.0071) decrease in the step- 
down latency of PHT + LEV adjunctive treated rats 
(167 ± 20.2) compared with the control 
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Figure 1. Effects of phenytoin–levetiracetam combination on object recognition. α: Significant decrease compared with control 
(p = 0.0428); δ: Significant decrease compared with PHT (p = 0.0179); γ: Significant decrease compared with LEV (p = 0.0278).
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(253.2 ± 16.13). However, neither PHT (243 ± 17.4) 
nor LEV (263 ± 18.6) posed a significant (p = 0.7154) 
effect on the long-term memory of the treated rats 
(Figure 2).

3.3. Effects of phenytoin–levetiracetam 
combination on traversal period on the 
beambalance

In this study, chronic PHT treatment, and PHT + LEV 
adjunctive treatment increased (p = 0.0001) the tra-
versal period (33.0 ± 2.74) and (40.0 ± 4.00), respec-
tively, of male rats compared with the control 
(13.4 ± 2.01), while LEV treatment had no significant 
(p = 0.1263) effect (Figure 3).

3.4. Effects of phenytoin–levetiracetam 
combination on exploratory activities

There was a significant (p = 0.0469) decrease in the 
exploratory activities (23.4 ± 3.33) of PHT + LEV 
treated rat compared with the control, while none of 

PHT, and LEV treatment altered the exploratory activ-
ity significantly (p = 0.0613) (Figure 4).

3.5. Effects of phenytoin–levetiracetam 
combination on motor coordination in rotarod 
test

In this study, latency on rota rod decreased signifi-
cantly (p = 0.0001) after long-term administration of 
PHT (45.0 ± 4.74), and PHT + LEV (15.0 ± 4.23) 
treatments compared with the control (69.0 ± 5.33), 
while LEV alone treatment had no significant 
(p = 0.9192) effect (Figure 5).

3.6. Effects of phenytoin–levetiracetam 
combination on the weight of the brain, frontal 
lobe, hippocampus, and cerebellum of male 
Wistar rats

Neither chronic PHT (1.61 ± 0.08) nor LEV 
(1.69 ± 0.10) treatment had significant (p = 0.4898) 
effect on the bran weight relative to control 
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Figure 2. Effects of phenytoin–levetiracetam combination on step down latency. α: Significant decrease compared with control 
(p = 0.0106); δ: Significant decrease compared with PHT (p = 0.0223); γ: Significant decrease compared with LEV (p = 0.0082).
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Figure 3. Effects of phenytoin–levetiracetam combination on traversal period in male Wistar rats. β: Significant increase compared 
with control (p = 0.0004); α: Significant decrease compared with PHT (p = 0.0323); δ: Significant increase compared with LEV 
(p = 0.0085).
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(1.75 ± 0.04). However, there was a significant 
(p = 0.0006) decrease in the brain weight of rats 
treated with PHT + LEV (Table 1).

In this study, PHT (0.203 ± 0.0145 g) treatment and 
PHT + LEV combination treatment (0.20 ± 0.01 g) 
decreased the weight of the frontal lobe significantly 
(p = 0.0150) compared with the control (0.27 ± 0.01 g) 
(Table 1).

The hippocampal weight decreased significantly 
(p = 0.0006) following PHT (0.150 ± 0.015 g) and 

PHT + LEV (0.103 ± 0.032 g) treatments compared 
with the control (0.400 ± 0.027 g). However, the hip-
pocampal weight of LEV treatment group had no 
significant difference (p = 0.005) (Table 1).

Concerning the cerebellar weight, none of the 
treatment groups PHT (0.290 ± 0.023 g), LEV 
(0.340 ± 0.021 g) and PHT + LEV 
(0.340 ± 0.038 g) posed a significant (p = 0.4411) 
weight change compared with the control 
(0.340 ± 0.010) (Table 1).
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Figure 4. Effects of phenytoin–levetiracetam combination on exploratory activities in male Wistar rats. α: Significant decrease 
compared with control (p = 0.0430); β: Significant decrease compared with PHT (p = 0.0469); δ: Significant decrease compared 
with LEV (p = 0.0314).
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Figure 5. Effects of phenytoin–levetiracetam combination on latency in rotarod test. α: Significant decrease compared with 
control (p = 0.0099); β: Significant increase compared with PHT (p = 0.0015); δ: Significant decrease compared with LEV 
(p = 0.0001).

Table 1. Effects of phenytoin + levetiracetam adjunctive treatment on the weight of the frontal lobe, 
hippocampus, and cerebellum in male Wistar rat.

Treatment group Brain (g) Frontal lobe (g) Hippocampus (g) Cerebellum (g)

Control 1.753 ± 0.041 0.270 ± 0.012 0.400 ± 0.027 0.340 ± 0.010
PHT 1.613 ± 0.080 0.203 ± 0.015α 0.150 ± 0.015 α 0.290 ± 0.023
LEV 1.693 ± 0.102 0.247 ± 0.012 0.330 ± 0.050β 0.340 ± 0.021
PHT + LEV 1.297 ± 0.020 α 0.207 ± 0.012α 0.103 ± 0.032 α δ 0.340 ± 0.038

α: Significant decrease compared with control (p = 0.0150). 
β: Significant increase compared with PHT (p = 0.0267). 
δ: Significant decrease compared with LEV (p = 0.0190).
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3.7. Effects of phenytoin–levetiracetam 
combination treatment on the 
acetylcholinesterase activities of the frontal lobe, 
and hippocampus of male Wistar rat

In this study, significant (p = 0.0061) increase in the 
activities of AChE observed in the PHT 
(89.4 ± 10.10 U/l) and PHT + LEV (175 ± 3.96 U/l) 
treated groups compared with control (129 ± 7.55 U/ 
l), while LEV treatment had no significant (p = 0.7076) 
effect (Table 2).

There was a significant increase in the hippocampal 
activities of acetylcholinesterase following PHT and 
PHT + LEV adjunctive treatment (148 ± 1.48 U/l) 
and (175 ± 3.96 U/l), respectively, compared with the 
control (126 ± 5.16 U/l), while LEV posed no signifi-
cant (p = 0.3423) effect (Table 2).

Treatment with PHT (81.82 ± 4.63 U/l) or LEV 
(74.09 ± 8.60 U/L) had no significant alteration in 
the activities of acetylcholinesterase. However, PHT 
+ LEV adjunctive treatment increased AChE activities 
significantly (p = 0.0002) in the cerebellum of male 
Wistar rats (Table 2)

3.8. Effects of phenytoin-levetiracetam 
adjunctive treatment on the malondialdehyde 
concentration of frontal lobe, hippocampus, and 
cerebellum of male Wistar rats

The product of lipid peroxidation, malondialdehyde 
concentration increased significantly (p = 0.0001) in 
the frontal lobe of PHT (4.71 ± 0.11 mM) and PHT + 
LEV (4.84 ± 0.042 mM) treatment groups compared 
with control (3.89 ± 0.08 mM) (Table 3).

In the hippocampal tissue, however, there was sig-
nificant (p = 0.0007) increase in the concentration of 
MDA following PHT (7.44 ± 0.56 mM), LEV 
(6.08 ± 0.344 mM), and PHT + LEV 
(14.0 ± 1.98 mM) adjunctive treatment compared 
with the control (Table 3).

In this study, none of the PHT (3.35 ± 0.03 mM), 
LEV (3.32 ± 0.29 mM), and PHT + LEV treatment 
groups had a significant effect (p = 0.1571) on the 
cerebellar concentration of MDA compared with con-
trol (3.31 ± 0.18 mM) (Table 3).

3.9. The histomorphology of pre-frontal cortex 
following PHT, LEV and PHT+ LEV adjunctive 
treatment in male Wistar rats

The prefrontal cortex of the normal saline-treated rat 
showed normal laminae and the neuronal cells appear 
normal (blue arrow), the capillaries seen were normal 
and the stroma also appeared normal (slender arrow) 
(Figure 6).

The PFC of the PHT treated rat showed moderately 
normal laminae, while some of the neuronal cells were 
presented with a less severe chromatolysis and hyalini-
zation (red arrow), the capillaries are normal and the 
stroma also appears normal (slender arrow) (Figure 6).

The PFC of the LEV treated rat showed normal 
laminae and the neuronal cells appear normal (blue 
arrow), the capillaries seen are normal and the stroma 
appears normal as well (slender arrow) (Figure 6).

In the PHT + LEV treated rats, there were distorted 
laminae, the neuronal cells appear normal (blue 
arrow), while the capillaries are unaltered (slender 
arrow) (Figure 6).

Table 2. Effects of phenytoin–levetiracetam combination on the acetylcholinesterase activities in the frontal lobe and 
hippocampus.

Treatment Group Frontal lobe AChE (U/l) Hippocampal AChE (U/l) Cerebellar AChE (U/l)

Control 61.7 ± 2.66 126 ± 5.16 98.98 ± 7.55
PHT 89.4 ± 10.10β 148 ± 1.48 β 81.82 ± 4.63
LEV 65.3 ± 8.34 111 ± 15.10 74.09 ± 8.60
PHT + LEV 99.8 ± 1.95 β δ 175 ± 3.96 βπδ 145.4 ± 3.96βπδ

β: Significant increase compared with control (p = 0.0437). 
π: Significant increase compared with PHT (p = 0.0029). 
δ: Significant increase compared with LEV (p = 0.0145).

Table 3. Effects of phenytoin–levetiracetam combination treatment on the level of the frontal lobe, hippocampus and cerebellar 
malondialdehyde in male Wistar rats.

Treatment group Frontal lobe (mM) Hippocampus (mM) Cerebellum (mM)

Control 3.89 ± 0.08 3.61 ± 0.47 3.31 ± 0.18
PHT 4.71 ± 0.11 β 7.44 ± 0.56β 3.35 ± 0.03
LEV 3.79 ± 0.15 6.08 ± 0.344 β 3.32 ± 0.29
PHT+LEV 4.84 ± 0.04 β 14.0 ± 1.98 β δ π 3.85 ± 0.06

β: Significant increase compared with control (p = 0.0473). 
π: Significant increase compared with PHT (p = 0.0005). 
δ: Significant decrease compared with LEV (p = 0.0145).
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Figure 6. The histomorphology of pre-frontal cortex following PHT, LEV and PHT+ LEV adjunctive treatment in male Wistar rats. 
Blue arrow: laminae and the neuronal cells appear normal. Slender arrow: the capillaries and the stroma appeared normalRed 
arrow: less severe chromatolysis and hyalinization.

Figure 7. The histomorphology of hippocampus following PHT, LEV and PHT+ LEV adjunctive treatment in male Wistar rats. 
Magnification: X 400; Stain: hematoxylin and eosin. White arrow: normal neuropil. Red arrow: neuronal vacuolation/atrophy.
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3.10. The histomorphology of precentral cortex 
following PHT, LEV, and PHT + LEV adjunctive 
treatment in male Wistar rats

The precentral cortex of the normal saline-treated rat 
showed normal laminae and the neuronal cells appear 
normal (blue arrow), the capillaries seen were normal 
and the stroma also appeared normal (slender arrow) 
(Figure 7).

The PFC of the PHT treated rat showed moderately 
normal laminae, while some of the neuronal cells were 
presented with a less severe chromatolysis and hyali-
nization (red arrow), the capillaries are normal and the 
stroma also appears normal (slender arrow) 
(Figure 7).

The PFC of the LEV treated rat showed normal 
laminae and the neuronal cells appear normal (blue 
arrow), the capillaries seen are normal and the stroma 
appears normal as well (slender arrow) (Figure 7).

3.11. The histomorphology of hippocampus 
following PHT, LEV, and PHT + LEV adjunctive 
treatment in male Wistar rats

In this study, the CA 1 in the hippocampus of the 
PHT, LEV, and PHT + LEV adjunctive treatment 
showed neuronal vacuolation/atrophy (red arrow) 

relative to the control (white arrow). This degenera-
tion was most severe in the PHT + LEV adjunctive 
treated representative rat but severe in the LEV treated 
group (Figure 8).

3.12. The histomorphology of cerebellum 
following PHT, LEV, and PHT + LEV adjunctive 
treatment in male Wistar rats

In the PHT treated rat, there was normal cerebellar 
formed folia, the molecular cell layer appears normal 
(gray arrow), the Purkinje cell layer showed normal 
Purkinje cells (gray arrow) and granular layer appear 
normal (red arrow) (Figure 9).

The cerebellar cortex of the LEV treated rat showed 
normally formed folia, the molecular cell layer 
appeared normal (white arrow), the Purkinje cell 
layer showed mild to moderate Purkinje cell hyperpla-
sia (gray arrow), and granular layer appears normal 
(red arrow) (Figure 9).

However, the section of the cerebellum in the PHT 
+ LEV treated rat showed normal folia, the molecular 
cell layer appears normal (white arrow) the Purkinje 
cell layer showed eosinophilic and hyalinized Purkinje 
cells (gray arrow), and granular layer appears normal 
(red arrow) (Figure 9).

Figure 8. The histomorphology of cerebellum following PHT, LEV and PHT+ LEV adjunctive treatment in male Wistar rats. 
Magnification: X 400; Stain: hematoxylin and eosin. White arrow: normal molecular cell layer with normal formed folia. Grey arrow: 
normal Purkinje cells. Red arrow: normal granular layer.
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4. Discussion

Chronic treatment with adjunctive AEDs with varying 
mechanisms of action has become a norm, especially 
in the management of refractory seizures. Although 
there are several reports on the effects of monotherapy 
of AED on cognitive functions [29–31], there is 
a paucity of literature on the markers of cognitive 
functions following adjunctive treatment, which 
could have shed more light on the pathophysiology 
of its potential adverse effects. Findings from this 
study suggest that treatments with a conventional 
AED, PHT, and PHT + LEV favors smooth motor 
performance in male Wistar rats. Findings from both 
clinical and experimental investigations have revealed 
the choreoathetosis and ataxic movements in mono-
therapy and polypharmacy of AEDs 31,32]. 
A significant attenuation in the exploratory activities 
in the PHT + LEV adjunctive treatment group sug-
gests synergistic effects of the two drugs in the induc-
tion of the nerve endings of the following voltage – 
and ligand-gated ion channels: the α subunits of vol-
tage-gated sodium channels, T-type and α2-δ subunits 
of voltage-gated calcium Ca2+ channels, A- or M-type 
voltage-gated K+ channel, the ϒ- aminobutyric acid 
(GABA) receptor channel complex and ionotropic 
glutamatergic receptors [33,34] with resultant sedative 

effects due to the binding and stimulation of striatal 
GABAA receptors [34].

A significant decrease in absolute or relative organ 
weight could serve as a pointer to the toxicity of such 
agents [35]. A significant decrease in the weight of the 
frontal lobe and hippocampus after a chronic PHT or 
PHT + LEV adjunctive treatment could be linked to 
the alteration in the cognitive functions observed in 
this study. It would be recalled that the frontal lobe, 
specifically the precentral gyrus is the brain region 
concerned with the initiation and control of move-
ment activities (i.e. excito-motor- area 4 and suppres-
sor area 4S) [36], while the pre-frontal cortex forms 
the center for the higher functions like emotion, learn-
ing, short-term memory and social behavior [37,38]. 
Moreover, prefrontal cortex is the center for planned 
actions and seat of intelligence [39]. Therefore, 
a reduction in the weight of the frontal lobe in this 
study is not unrelated to awkward movement and 
poor working memory recorded following the PHT 
and PHT + LEV adjunctive treatment.

Step-down latency and novel object recognition tests 
are strong markers of hippocampal-dependent memory 
[38,40]. Significant memory impairment observed in 
the PHT and PHT +LEV treated groups is traceable to 
an increase in the activity of hippocampal and frontal 
lobe acetylcholinesterase. Acetylcholine has multiple 

Figure 9. The histomorphology of cerebellum following PHT, LEV and PHT+ LEV adjunctive treatment in male Wistar rats. 
Magnification: X 400; Stain: hematoxylin and eosin. White arrow: normal molecular cell layer with normal formed folia. Grey arrow: 
normal Purkinje cellsRed arrow: normal granular layer.
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mechanisms by which it can modulate hippocampal 
memory [41]. However, previous reports on the antic-
onvulsant effects of phenytoin have shown the attenua-
tion of acetylcholine in various synapses [42]. It is 
therefore inferred that an increase in the activity of 
acetylcholinesterase in this study is not unrelated to 
the degradation of acetylcholine with resultant impair-
ment of central cholinergic transmission.

Significant increase in the accumulation of end 
product of lipid peroxidation, malondialdehyde fol-
lowing PHT, LEV, and PHT + LEV treatment is sug-
gestive of the oxidative stress impact of the drugs 
either as a single or adjunctive treatment, but the 
LEV treatment was better tolerated. This present find-
ing corroborates the previous report of Morimoto 
et al. [43] and Mahmoud et al. [44] that lipid mem-
brane peroxidation in epilepsy treatment is not unre-
lated to the antiepileptic drugs. However, our finding 
is in contrast to the report of Menon et al. [45] that 
oxidative stress in patients with epilepsy is indepen-
dent of antiepileptic drugs. This difference may be due 
to the variation in study design. Findings from this 
study are consistent with the previous report of 
Milligan et al., [46] that newer anticonvulsant drug 
poses lesser adverse effect compared with the conven-
tional AEDs, while adjunctive treatment or polyther-
apy remains the last option when there is a refractory 
epileptic seizure.

The chromatolysis and hyalinization observed in 
the photomicrograph of the PFC and cerebellum sug-
gest the potential toxicity of PHT and PHT + LEV 
treatment which is probably induced by lipid perox-
idation of the tissue membrane. Besides, the disorga-
nization of the histoarchitectural profile of CA 1 in the 
hippocampus following PHT, LEV, and PHT + LEV 
adjunctive treatment is an assertion that none of the 
AEDs is without cytotoxicity in the brain.

In conclusion, chronic administration of PHT, 
LEV, or PHT + LEV adjunctive treatment may induce 
alteration in the cognitive function through neuro-
toxicity and deregulation of cholinergic transmission 
with the most severe effects on PHT + LEV adjunctive 
treatment, while LEV alone treatment posed fewer 
adverse effects.
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