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Phenytoin attenuates seizure severity and hippocampal 

derangement more than levetiracetam or phenytoin-levetiracetam 

adjunctive treatment in electrically-convulsed male BALB/c Mice

Abstract Introduction
This study evaluated the anticonvulsant and “A seizure is a paroxysmal alteration of 

neuroprotective efficacy of individual or adjuvant neurologic function brought about by the excessive, 
treatment of two different antiepileptic drugs (AEDs) hypersynchronous discharge of neurons in the brain. 
phenytoin (PHT) and levetiracetam (LEV) against An epileptic seizure is a term used to differentiate a 
maximal electric shock in mice model. seizure caused by abnormal neuronal firing from a 

1Twenty-five male BALB/c mice, randomized nonepileptic event”.  However, an enduring 
into five groups (n=5) received treatment as follows: predisposition to generate recurrent and unprovoked 

2groups 1 and 2 received intraperitoneal (i.p) seizures is referred to as epilepsy. In the Global Burden 
administration of normal saline (0.1 ml), while groups of Disease 2010 study, epilepsy is one of the most 
3-5 received a therapeutic dose of PHT (50 mg/kg BW) common chronic neurologic disorders, affecting 
or LEV (50 mg/kg/day BW), or combination of PHT almost 70 million people; this was ranked fourth among 

3(25 mg/kg) and LEV (25 mg/kg) at sub-therapeutic 220 health conditions in terms of disability weight.  
doses. Thirty minutes later, the mice in groups 2-5 were This neurological dysfunction affects individuals of 

4challenged with maximal electroshock, while various any age and ethnicity . Generally, the risk of 
indices of convulsion were determined and the developing epilepsy is 3.9%, with males having a 

5histomorphological profile of the hippocampus was slightly higher percentage  In industrialized countries, 
6investigated. Data were analyzed using descriptive and 34% of people develop epilepsy ; while the risk is 

7inferential statistics with the help of graph pad prism higher in resource-poor countries  Epilepsy has 
software. The results were presented as mean ± SEM in deleterious effects on social, vocational, physical, and 

8the graph or table. The level of significance was taken psychological well-being.
at p < 0.05. Treatment with anticonvulsant drugs also 

There was a decrease (p = 0.0001) in the known as antiepileptic drugs (AEDs) is one of the best 
duration of tonic flexion, tonic limb extension, clonic approaches to epilepsy management, with a record of 
convulsion, stupor, and righting reflex in all the drug- seizure freedom in about two-thirds of patients treated 
treated groups compared with positive control. Also, with conventional AED, e.g., valproic acid, 
the duration of clonic convulsion significantly carbamazepine, phenytoin (PHT), and the several 
decreased in the PHT (p = 0.0003) and PHT + LEV 9

others.  PHT has been one of the most widely used 
treated mice compared with LEV treated. There was medications in the treatment of both partial and 
significant (p = 0.0001) damage in the neuronal generalized seizures. Since its synthesis in the year 
hippocampal tissue of the untreated mice. 1908 by the German chemist Heinrich Biltz, marketed 

T h e  a n t i c o n v u l s a n t  e f f i c a c y  a n d  under the trade-name Dilantin, PHT has been the 
neuroprotective effects of these treatment drugs are in predominant medication for the treatment of epilepsy 
this order: PHT > PHT + LEV > LEV > normal saline. for over seven decades. However, with the introduction 

of numerous newer AED medications (such as 
Keywords: Seizure; Anticonvulsants; Phenytoin, 

fosphenytoin, gabapentin, topiramate, levetiracetam, 
Levetiracetam, Adjunctive-treatment

and many others), with fewer adverse effects, better 
pharmacokinetic profiles, better patient tolerability, 
and proven efficacy, the role of phenytoin as a 
treatment of choice in epilepsy has become 

10uncertain. Data from the previous study have shown 
that PHT reduces inward sodium movement by binding 
to inactivated voltage-gated channels after 
depolarization and modifying their sodium 
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permeability with a resultant increase in the Obafemi Awolowo University, Ile –Ife and the 
inactivation (or refractory) period of frequently firing ARRIVE guidelines and the U.K. Animals (Scientific 

11 24neurons.  PHT also appears to diminish the amplitude Procedures) Act, 1986. 
of the action potential and slow neuronal conduction, 

12 Drugs and animal treatment both likely related to sodium channel inhibition.  
Phenytoin and levetiracetam (Sigma, USA) Phenytoin gives an impression to be a drug of enriched 

were freshly prepared and dissolved in physiological pharmacology or a 'dirty drug' as it has an affinity for 
saline. The animals were randomized into five groups several targets in the family of voltage-gated sodium 
(n-5). Group I and II (negative and positive control channels, the L-type calcium channel, and some extra 

13 respectively) received normal saline (0.2 ml/day receptors such as the GABA-A receptor.  Therefore, 
intraperitoneally [i.p.]); group III received PHT (50 phenytoin is more than a broad-acting ion channel 

25 2614 mg/kg i.p.) ; group IV received LEV (50 mg/kg i.p.) ; blocker only. More than 15 second-generation AEDs 
while group V received the adjunctive treatment of introduced since the 1990s, among which is 
PHT (25 mg/kg i.p.) with LEV (25 mg/kg i.p.). The levetiracetam, expanding opportunities to tailor 
treatments were carried out once between 9:00 and 9:30 treatment for each patient. However, they have not 
am. substantially altered the overall seizure-free outcomes, 

as only 20% are seizure-free; the rest remain 
15 Induction of seizures by maximal Electric Shock refractory.

To determine the anticonvulsant efficacy of the The most relevant LEV mechanism of action is 
16 drugs either as an individual or adjunctive treatment, 30 through binding to the synaptic vesicle protein SV2A.  

minutes after drug administration, animals in groups II-The SV2A binding affinity of LEV derivatives 
V were challenged for seizure at maximal electric correlated strongly with their binding accord to the 
shock (MES) at a current of 150 mA, a pulse width of brain, as well as with their ability to protect against 

17 0.5 at 100 Hz for a duration of 2 s using seizures in the audiogenic mouse model ; similar to the 
27

18 electroconvulsiometer (Ugo Basile, Italy).  Each report of Kaminski et al  in the mouse corneal kindling 
mouse was observed for the total time (in seconds) model and the GAERS rat model of generalized 
taken to experience the markers of the seizure (i.e., absence epilepsy. The specific effect of LEV binding to 
tonic flexion, tonic hindlimb extension, clonic SV2A appears to be a reduction in the rate of vesicle 

19 convulsion, stupor, and righting reflex), and eventually, release  LEV has other mechanisms of action that 
the percentage mortality. likely play a comparatively smaller role: reversing the 

inhibition of neuronal GABAand glycine-gated 
Histological studiescurrents by the negative allosteric modulators, zinc, 

20 At the end of the administration, animals were and ß-carbolines , and partial depression of the N 
21 sacrificed by decapitation, while the brain was rapidly calcium current . However, the mechanisms of action 

and carefully excised.  The brain tissue was preserved have not yet helped identify a specific clinical efficacy 
22 with 10% neutral buffered formalin followed by profile for LEV.

paraffin wax embedding, sectioned on a rotary However, the number of AEDs approved for 
microtome at 6µm thickness, and stained using the adjunctive treatment of refractory partial-onset 
hematoxylin and eosin (H & E) according to the seizures has increased dramatically in the past two 28method of Olaibiet al.decades, intending to provide better seizure control and 

improved safety and tolerability profile relative to older 
Immunohistochemistry of the Hippocampus23AEDs . Surprisingly, there is a dearth of experimental 

The expression of a neuronal nuclear protein 
literature on the efficacy and neuroprotective effects of 

(i.e., nuclear factor erythroid 2-related factor 2 count) 
adjunctive AEDs treatment using different AEDs with 

within the CA 3 of the hippocampus was carried out 
varying mechanisms of action such as PHT-LEV 

using Nrf2 according to the method of Kai-Liang et al. 
adjunctive treatment hence, this study. 29

Materials and Methods
Photomicrography and image analysis

Animal management 
Stained hippocampal sections were subjected 

A total of twenty-five male BALB/c mice (25–30g) 
to microscopic investigation under a Leica DM750 

were obtained from the animal holdings of the Faculty 
digital light microscope, and digital photomicrographs 

of Pharmacy, Obafemi Awolowo University, Ile-Ife, 
were obtained via the attached Leica ICC50 camera. 

Osun State, Nigeria. These animals were housed in 
Moreover, the H&E-stained photomicrographs were 

clean plastic cages with access to standard laboratory 
imported into Image J software (NIH-sponsored public 

chow and drinking water ad libitum. The experimental 
domain image analysis software). Neurons showing 

protocol compliedwith the regulations of the Health 
degenerating features and counted using the Image J 

Research Ethics Committee, Institute of Public Health, 

.



cell counter tool as earlier described in the method of p<0.05.
30

Onaolapo et al.
Result 

Effects of phenytoin, levetiracetam, and Statistical analysis 
phenytoin-levetiracetam adjunctive treatment on the Data were analyzed using descriptive and 
markers of convulsion in male Albino mice. inferential statistics with the help of graph pad prism 

There was a decrease (p = 0.0001) in the period (Version 5.03, GraphPad Inc.) software. The results 
of tonic flexion (S) in all the drug-treatment groups were expressed as mean ± SEM, using a one-way 
compared with the positive control. The period of tonic analysis of variance (ANOVA), followed by Student 
flexion also decreased significantly in the PHT-treated Newman-Keuls post hoc analysis and presented in a 
mice among the drug-treated groups. However, there graph or table. The level of significance was set at 
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Figure 1 The hippocampal histomorphology and neuronal morphometry following maximal electric 
shock in the phenytoin, levetiracetam, and phenytoin-levetiracetam adjunctive treated mice
Yellow arrow: severe neuronal chromatolysis; red arrow: severe neuronal vacuolation; black arrow: mild 
neuronal granulation; PHT: Phenytoin; LEV: Levetiracetam; Following image J analysis, the number of 
damaged neurons increased significantly (p = 0.0001) following seizure activities compared with non-
convulsed mice, while the damage decreased significantly (p = 0.0003) in the PHT, and PHT + LEV 
compared LEV treated mice.
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was no significant difference in the period of tonic The duration of tonic hind-limb extension (S) 
flexion between LEV and PHT + LEV adjunctive decreased significantly (p = 0.0001) across the 
treatment (t=2.26 df=5) (Table 1). treatment groups compared with the positive control. 

Table 1 Effects of phenytoin, levetiracetam, and phenytoin-levetiracetam adjunctive treatment on the 
indices of convulsion in male Albino mice  

Treatment   Tonic  Tonic Hind-LimbClonic  Righting   Percentage  
GroupsFlexion (S) Extension (S)          Convulsion (S)    Reflex (S) Stupor (S)            Mortality  (%)  
Control         44.50 ± 3.20 15.50 ± 2.25 19.7 ± 0.88 27.0 ± 1.53151 ± 10.70 100  

PHT  0.50 ± 0.30a

 0.25 ± 0.25a2.67 ± 0.67a1.33 ± 0.33a6.20 ± 1.16a

 0  

LEV 
 

0.30 ± 1.31aâ3.75 ± 0.75a â 17.3 ± 1.45â20.3 ± 1.45 aâ71.0 ± 10.30 aâ60
 

PHT + LEV 15.70 ± 2.19 aâ

 
9.00 ± 1.18 aâä6.00 ± 2.08aä5.67 ± 1.45 aâä29.2 ± 8.00 aâä20

 

The anticonvulsant efficacy of PHT, LEV, and PHT + LEV adjunctive treatment was evaluated and compared 30 minutes 
after the drug (s) was administered. Maximal electric shock (MES) was kindled in groups II-V with the aid of an 
electroconvulsiometer. á: compared with the control (p = 0.0005); â: compared with PHT (p =0.0005); ä: compared with 
LEV (p < 0.0035).

 

F i g u r e  2  T h e  
h i p p o c a m p a l  
expression of nuclear 
factor erythroid 2-
related factor 2 count 
following maximal 
electric shock in the 
p h e n y t o i n ,  
levetiracetam, and 
p h e n y t o i n -
l e v e t i r a c e t a m  
adjunctive treated mice
Blue arrow: neuronal 
v a c u o l a t i o n ;  a :  
decrease compared 
with control (p = 
0.0001); â: increase 
compared with normal 
saline + seizure (p = 
0.0001); ä: increase 
compared with LEV 
treatment group



OS Osuntokun et al/ The Tropical Journal of Health Sciences Vol 30 No 2 (April, 2023)

24

The duration of tonic hind limb extension also Discussion 
decreased (p = 0.0001) in the PHT-treated mice relative Electroshock-induced seizures are among the 
to the LEV and PHT + LEV adjunctive-treated mice. most studied models of electrical stimulation, owing to 
Also, the period of tonic hind-limb extension increased the comprehension of the complex mechanisms 
significantly in the PHT + LEV adjunctive treated mice underlying epileptogenesis, seizure generation in 
compared with the LEV treated (t=3.51 df=7) (Table 1). temporal lobe epilepsy, and other forms of epilepsy, 
The period of clonic convulsion decreased which cannot be investigated in-depth in clinical 
significantly (p = 0.0001) in the PHT and PHT + LEV studies with humans. As a result, the use of appropriate 

31adjunctive treatment, while the LEV treatment had no animal models is essential.  Findings in this study 
significant (p = 0.2417) effect compared with the confirmed the anticonvulsant activities of the duo drugs 
positive control. Moreover, among the drug-treated either as an individual or adjunctive treatment. In this 
groups, the period of clonicconvulsion increased study, neither the newer AED, LEV, nor PHT + LEV 
significantly (p = 0.0011) in the LEV-treated mice, adjunctive treatment decimated the markers of seizure-
there was no significant difference between PHT and like the conventional PHT alone treatment. This 

32PHT + LEV adjunctive treatment (t=1.52 df=4) (Table finding is in contrast to the report of Bansal et al.  that 
1). LEV was efficacy is at pal with PHT. The difference 
A significant (p = 0.0001) reduction in the duration of between the two studies is attributable to the disparity 

33stupor was observed served across the drug-treatment in the study design. However, Lee  concluded that no 
groups compared with the positive control. However, new AED is more potent than old AEDs. In this study, 
the period of stupor exhibition by the mice increased there was a significant decrease both in the period of 
significantly (p = 0.0001) in the LEV-treated mice sustained flexion of the upper limb and the hind-limb 
compared with the PHT and extension across the treatment groups relative to the 
PHT + LEV adjunctive treated mice (Table 1). The time untreated mice (positive control). 
lag between the end of clonic convulsion and the on-set This finding is in tandem with the report of 

34of righting reflexes decreased significantly (p = Abend et al,  that tonic seizures are sudden in their 
0.0001) across the drug-treatment groups relative to the inception and characterized by a tonic extension of the 
positive control, while this was significantly increased head, trunk, or extremities that lasts for several 
(p = 0.0002) in the LEV-treated mice compared with seconds. A suggestive indication is that these drugs 
other treatment groups (Table 1). The percentage (either as individual or adjuvant) inhibit appendicular 
mortality decreased in the PHT, PHT + LEV adjunctive muscle activities, which may be due to the involvement 
treatment mice, and the treated mice, while the of the closure of 
percentage of mortality was total in the normal-saline voltage-gated ion channels such as sodium and 
treated (Table 1). calcium ions. This attribute was evident in a significant 

The hippocampal histomorphology and decrease in all the indices of seizure stemming from the 
neuronal morphometry following maximal electric tonic flexion, tonic extension, clonic convulsion, 
shock in the phenytoin, levetiracetam, and phenytoin- stupor, and a decline in the duration of righting reflex. 
levetiracetam adjunctive-treated mice Findings from this study revealed that at the tail end of 

Following the seizure activities, neurons the episode of seizure, there was a significant increase 
within the Cornusammonis 3 (CA3) of the positive in the righting reflex (latency to the adjustment in the 
control (normal saline-treated + seizure) showed orientation of the body taken out of its normal upright 
scattered and disorganized neuronal cells in addition to position, including response to external stimulus) in the 
severe neuronal chromatolysis (yellow arrow) and normal saline, and LEV treatment groups relative to the 
vacuolation (red arrow). There was a moderate PHT treated mice. However, this is a condition similar 
chromatolysis in the PHT + seizure representative to Todd's paralysis in humans (a neurological 
mouse. The hippocampus of LEV + seizure appeared abnormality characterized by temporary limb 
with signs of neuronal granulation (black arrow), while weakness or hemiplegia, which typically occurs 

35the PHT + LEV + seizure representative mouse showed following a seizure) .  The duration of Todd's paralysis 
mild neuronal granulation (black arrow) (Figure 1). can range from minutes to days, depending on the 

The hippocampal expression of nuclear factor seizure types or whether the patient has experienced 
erythroid 2-related factor 2 count following maximal cortical structural damage, diffuse signs of cerebral 
electric shock in the phenytoin, levetiracetam, and paralysis such as stupor and coma to localized signs of 
phenytoin-levetiracetam adjunctive treated mice neurological deficit such as hemiplegia, chemosensory 

36In this study, there was a significant (p = disorder, and hemianopia.  Therefore, a significant 
0.0001) decrease in the hippocampal expression of increase in the duration of stupor and righting reflex in 
Nrf2 in the positive control (normal saline), and LEV this present study, especially in the normal saline and 
treatment groups following an electrically-induced LEV-treated mice suggest neurological damage with 
seizure. (Figure 2). evidence of increased percentage mortality sequela to 
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