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Summary 
This s tudy e v a l u a t e d the neuro tox ic e f f ec t of 
parenteral Phenytoin on the Cornu Ammonis 1 (CA 
1) region of the Hippocampus in Wistar rats.Tvventy 
wistar rats were randomized into two groups of ten 
animals each with the experimental group receiving 
intraperitoneal Phenytoin at a dose of 25mg/kg body 
weight per day for seven days while the control group 
had sham injection of normal saline at equivalent 
volume for the same period. Hippocampal sections 
were processed for histology using routine paraffin 
sectioning fo l lowed by Heamatoxylin and Eosin 
s t a in ing . T h e r e w a s a s ta t i s t i ca l ly s ign i f i can t 
r e d u c t i o n in t h e m e a n b o d y w e i g h t of the 
experimental group compared to the control group. 
The cell densi ty in the stratum pyramidale (per 
0 . 1 1 m m 2 a r e a of t h e C A 1 r eg ion of the 
Hippocampus ) was reduced in the experimental 
group when compared to the control group. (P<0.05). 
The mean brain weight in both groups did not differ 
s i g n i f i c a n t l y . O u r f i n d i n g s r evea l that the 
administration of parenteral phenytoin at a dose of 
25mg/kg body weight per day for seven days in 
Wistar rats resulted in reduction of the cell density 
in the stratum pyramidale of the CA 1 subfield of 
the Hippocampus in Wistar rats and a reduction in 
the mean body weight. 

K e y w o r d s : Hippocampus, CA J, phenytoin, 
neurotoxicity 

R e s u m e 
Cette etude evaluait les e f fe t s neurotoxiques de 
rinjection intraveineuse de la phenytoine sur la region 
cornee Ammonit (CA1) de l 'h ippocampe chez les 
rats. Le groupe experimental recevait la phenytoine 
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intraperi toneale a la dose de 25mg/kg de poids 
corporelle par jour sept jours et ( 'autre groupe de 
controle sain recevait une inject ion d ' e a u salee 
normale de volume equivalent a la meme periode. 
Les sections d 'h ippocampe etaient col lectes et 
prepares pour I'analyse histologique en utilisant la 
dissection routine de paraffine. suivi de la teinture a 
r h e m a t o x y l i n e et a I ' e o s i n e . Les r e s u l t a t s 
d e m o n t r a i e n t une r e d u c t i o n s t a t i s t i q u e m e n t 
significative du poids corporel moyen du groupe 
experiments compare au groupe de controle sain. 
La densite cellulaire dans le stratum pyramidale 
(0.11mm2 d 'h ippocampe) etait reduit au groupe 
experimental compare au groupe sain (P<0.05). II n ' 
y avait pas de difference significative sur le poids 
moyen du cerveau chez les 2 groupes. Nos donnees 
revelent que l ' admin is t ra t ion de la p h e n y t o i n e 
parentale a la dose de 25mg/kg de poids corporel 
pour sept jours aux rats resultait d ' une reduction de 
la d e n s i t e c e l l u l a i r e d a n s la p y r a m i d e de 
Phippocampeet d 'une reduction du poids corporel 
moyen. 

Introduction 
The mammalian hippocampus is crucial for learning 
and memory 11 ]. The classical studies of Lorent de 
No [2] led to the characterization of the different 
sub-regions of the hippocampus into CA 1, (Cornu 
Ammonis 1) CA 2 and CA 3 on the basis of layer 
ar rangement , neuronal size, neuronal shape and 
axonal growth patterns | 2 | . Many investigators have 
demonstrated that the Hippocampal region is one of 
the most vulnerable portion of the central nervous 
system during exposure to chemical and physical 
insults |3]. 

This vulnerability of the hippocampus is 
unique because the different sub-regions exhibit 
selective vulnerability with some regions being more 
reactive to injurious stimuli than others. Although the 
exact mechanism of this selective vulnerability is still 
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subject of intense debate, the CA 1 subfield is perhaps 
the most vulnerable part of the hippocampus |4| .This 
subfield provides the major cortical output of the 
hippocampus with its projections to the subiculum and 
lateral septal nucleus being well characterized |5 | . 

Phenytoin is a widely utilized medication for 
the management of seizure disorders and its cential 
nervous system concentration equals that of the 
unbound fract ion in the p lasma 16]. Potent ial 
neurotoxicity of Phenytoin has been demonstrated 
in the cerebellum of epileptic patients who were 
being managed with the drug [7|. Experiments using 
rodents have shown that the adminis t ra t ion of 
Phenytoin at a dose of 25-50mg/kg body weight 
resulted in cerebellar Purkinje cell toxicity [8|. 

There is paucity of literature on the effect 
of Phenytoin on the Hippocampal CA 1 region. 
Considering the important function of hippocampus 
in learning and memory, this study was conducted 
to investigate the effect of parenteral Phenytoin on 
the Hippocampal CA 1 region of Wistar rats. 

Materials and methods 
Experimental animals 
Twenty adult Wistar rats were obtained from the 
animal house of the Faculty of Basic Medical 
Sciences, University of Ibadan, Nigeria. The animals 
were randomly divided into two groups of 10 animals 
per group. The average weight of the animals ranged 
from 118gms to 142gms. The animals were left for 
forty-eight hours (48hrs) to acclimatize to animal 
room conditions and were maintained on standard 
rat pellet and water ad libitum. 

All procedures on animal handling conformed 
to the acceptable guidelines on the ethical use of 
animals in research. [9). 

Phenytoin Preparation and Administration 
The exper imental g roup of rats had parenteral 
phenytoin administered to them intraperitoneally 
( P a r k e - D a v i s p h a r m a c e u t i c a l c o m p a n y - b a t c h 
number 42851 /37/97415178) via a hypodermic 
syringe with a 28 gauge needle (Tyco Healthcare 
group LP-28 G x l / 2 " ) at a dose of 25mg/kg body 
we igh t in a v o l u m e of n o r m a l s a l i n e wh ich 
corresponds to a dose volume of 2ml/kg body weight. 
The control group had an inira-peritoneal sham 
injection of normal saline at a dose volume of 2mls/ 
kg per body weight [8 | . The animals had their 
weights measured at the commencement and the end 

of the experiment (Day one and seven lespectively). 
The weight of the rats was obtained utilizing a Swiss 
microwa balance (type 7720) 

Histology 
At the end of the exper iment , the an imals were 
immobi l ized with Ketamine ( lOmg/kg . i.m) and 
their thoracic cavi ty was dissected out to expose 
t h e h e a r t . C a n n u l a t i o n of t h e h e a r t w a s 
subsequent ly done and intracardial per fus ion of 
10% formal in was conduc ted on the animals until 
they expired 110]. To dissect the per fus ion fixed 
brains , the animal 's- head w a s pos i t ioned on a 
modified stereotaxic frame, the scalp was reflected 
and the brain were dissected out and washed in 
10% formal in . These per fus ion f ixed brains were 
subsequent ly placed on a f i l ter paper to mop them 
dry and weighed using a swiss mic rowa analytical 
balance ( type 5540) 

After weighing, the brains were immersed 
for 72 hours in 10% formalin for further fixation. 
The fixed brain tissues were processed with routine 
Paraffin wax techniques and serial coronal sections 
of 5 microns thickness were subsequently made using 
a ro t a ry m i c r o t o m e ( L e i t z w e t z l a r T N ) . 
Neu roana tomica l bo rde r s c o r r e s p o n d i n g to the 
classically defined CA 1 region of the hippocampus 
were utilized. The sections were stained using the 
Heamatoxylin & Eosin (H & E) technique. 

The density of the stratum pyramidale cells 
in the CA 1 region was evaluated by counting the 
cells using a microscope with a graticule attached to 
the eye piece as described by Blinkov et al [11] and 
modif ied by Osuagwu et al [12]. Neuronal cell count 
was done utilizing the eye piece of a Leitz wetzlar 
b i n o c u l a r r e s e a r c h m i c r o s c o p e at t i m e s forty 
magnification. The radius of the eye piece at times 
forty was calibrated with a graticule to be 0.19mm 
and the area o( the view at times forty magnification 
was thus estimated as 0.11 mm2 

To count the neuronal cells in the pyramidal 
layer, a graticule was aligned along the length of the 
neurons in the pyramidale layer and counting was 
conducted along the length of the graticule starting 
f tom one end of the graticule to another so as to 
avoid dupl ica te count ing. A total of 10 separate 
equidistant areas of graticule space were counted for 
each slide. I he values obtained were expressed as a 
specified number of cells per 0.1 l m n r which is the 
area of the eye-piece at t imes forty magnification. 
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Statistical analysis 
The results were presented as mean±S.E.M.The data 
was further analyzed with independent sample t-test 
and paired sample t-test. Values of P < ().()5 were 
considered to be significant. Computer software 
SPSS version 11 was utilized for the statistical 
analyses listed above. 

Results 
There was no mortality in both groups of animals 
through out the duration of the experiment and they 
all t o l e r a t e d the p r o c e d u r e s w i thou t any 
complications. The mean body weight of the control 
animals on day one of the experiment did not differ 
significantly (129±1.95gm) from the mean body 
weight of the animals in the experimental group 
(128.9±2.6gm) P>0.952. However, at the end of the 
experiment, there was a significant reduction in the 
mean body weight of the experimental group animals 
(I24.5±2.1gm) when compared to their control group 
peers (130.5±1.82gm) on day seven.(PcO.04) Table 1. 

Table 1: Mean body weight, brain weight and the neuronal 
density in the experimental and control groups 

Variable control group experimental p value 
(n=10) group (n= 10) 

Body weight in 
grams on Day one 129± 1.95 12S.9±2.6 0.952 
Body weight in grams 
on Day seven 130.5±1.82 124.5±2.1 0.04 
Brain weight in grams 
on Day seven 1.44S±0.01 1.443±0.004 0.5:> 
CA 1 Neuron density 
per 0.11 mm2 area 7,9±0.23 6.5±0-27 0.001 

Table 2: Paired sample t-test comparing the mean 
weights in grams of both groups on day one versus day seven, 

Mean S.E.M P- value 

Control 
Day 1 129 1.95 0.01 
Day 7 130.5 1.82 
Experimental 
Day 1 128.9 2.6 0.002 
Day 7 124.5 2.1 

Intra-group comparison of the mean body 
weight on day one and seven in the experimental 
g roup revealed a s igni f icant weight reduct ion. 
(128.9±2.6gm vs 124?5±2.1gm) /><().()()2.(Table 2) 

I he control group animals appeared to gain weight 
s i gn i f i c an t l y be tween days one and seven 
(129± 1.95gm vs 130.5±1.82gm) P<()XH (Table 2). 

The mean brain weight in the control and 
experimental groups at the end of the experiment did 
not differ significantly. (1.448 + 0.01 gm vs 1.443 + 
0 .004gm) P>0.53 (Table 1). Histopathological 
evaluation of the sections revealed homogenous 
staining in both groups. The anatomic arrangement 
of the hippocampal layers was preserved. (Stratum 
oricns, pyramidale, radiatum, lacunosum, 
moleculare).There was hypodensity of the pyramidal 
layer neurons in the experimental group (Figure 2). 
The pyramidal layer neuron density in the control 
group appeared adequate (Figure 1). 

There was a statistically significant decrease 
in the density of the cells in the stratum pyramidale (per 
0.11 mm2 area of the CA 1 region of the Hippocampus) 
in the experimental group compared to the control group 
(6.5±0.27 vs 7.9±0.23) p=0.001 (Table 1). 

Discussion 
The vu lne rab i l i t y of the h i p p o c a m p a l C A 1 
pyramidale layer neurons to various kinds of physical 
and chemica l in ju ry has a t t r ac ted p r e v i o u s 
investigations [13]. The importance of the CA 1 
subfield of the hippocampus is further highlighted 
by the fact that it provides the major cortical output 
of the h ippocampus with its project ions to the 
subiculum and lateral septal nucleus being well 
characterized [5]. Phenytoin is a routinely utilized 
anti-epileptic medication 16]. The neurotoxic effect 
of Phenytoin on the cerebellar Purkinje cells in 
rodents has been reported 181. This study was aimed 
at evaluating the effect of Phenytoin on the CA I 
neurons of the hippocampal region of wistar rats. 

Our f indings f rom this work revealed a 
significant reduction in the mean body weight of the 
exper imenta l g roup animals at the end of the 
experiment . This is in agreement with previous 
workers who have reported similar reduction in mean 
body weight of animals that had parenteral phenytoin 
administered to them at a dose of 35mg/kg body 
weight [8|. The mechanism by which phenytoin 
brings about this action is highly contentious but 
s o m e a u t h o r s have sugges ted that it may be 
connected with the ability of phenytoin to alter serum 

thyroxin levels 114|. 
The total brain weight in both groups did not 

differ significantly at the end of the experiment on 
day seven. This finding differs from the works 



106 !•'('()\itaywu. O ()\\<n'\c. Od Avu ioro. ()() Ohm adara. et a! 

111!. 1: Photomicrograph sho - U o neurons (P) of the CA I region of the Hippocampus in i *onu roup 
animals. The neuional densitx iNUvUt|iuiu* 

F i g . 2 : Photomicrograph showing the pyramidale neurons (P) of the CA I region of the Hippocampus in the e \penmen ta l group 
animals. There is hypodensity of the neurons. 



Hippocampal ( A I neurons in wistar ruts 107 

in the total brain weight of neonatal pups treated with 2. 
Phenytoin compared to the control group after fifty-
six days post treatment 18). The fact that the animals 
in our study were adult Wistar rats that had Phenytoin 
administered to them for just seven days unlike the 3. 
animals reported above may account for this lack of 
difference in the total brain weight of the experimental 
and control animals. 4. 

The results of the present study indicate that 
in the hippocampal format ion , CA I neurons are 
depleted in the exper imental g roup when compared 
to the control group. This f inding is in agreement 
with previous studies showing that the CA 1 neurons 5. 
are easily vulnerable to insults [15) .CA 1 neurons 
are the most vulnerable portion of the hippocampus 
and the p h e n o m e n o n of se lec t ive vulnerabi l i ty , 
somet imes des igna ted as 'pa thocl i s i s ' have been 
speculated to be as a result of zonal differences in 6. 
metabolism [16]. T h e report by Sommer showing 
loss of neurons in the C A 1 region of epileptics [17] 
makes our f indings of loss of neurons in CA 1 region 
of the animals that had phenytoin administered to 
them more pertinent. 7. 

Limitations of this study include the fact that 
acute administration of phenytoin might not stimulate 
human conditions where phenytoin treatment is most 8. 
likely to be chronic . Also, extrapolations from this 
animal based study to humans may be limited by subtle 
differences in the neural anatomies of rodents and 
humans but the preliminary f indings presented in this 
study should form a basis for fu ture studies based on 
primate brains as a pre lude to conduct ing studies on 9. 
a u t o p s y s p e c i m e n s of h u m a n s w h o w e r e on 
phenytoin. We be l ieve this will provide a better 

. understanding of the e f fec t s of Phenytoin on the 10. 
Human Hippocampal C A 1 region. 

Conclusion 
Our findings suggest that administration of phenytoin 
at a dose of 25mg/kg body weight to Wistar rats for 11. 
seven days led to a reduction of the mean body weight 
and the cell density of the pyramidal cell neurons in 
the CA 1 region of the h ippocampus of Wistar rats 
and fur ther s tud ies are r equ i red to eva lua te the 12. 
functional implicat ions of this f indings. 
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