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ABSTRACT 

Background: The spleen is essential for the body’s homeostasis and immune system. 
Carbamazepine (CBZ) is known to cause toxicity to several organs, including the spleen, through 
oxidative stress, While, vitamin E (Vit E) is a proven antioxidant against toxins. Thus, this study 
evaluated the antioxidative effect of Vit E on hematological and splenic toxic changes, caused by 
carbamazepine in rats.

Methods: This in-vivo preclinical experimental study was conducted from March-June 2020, at 
Jinnah Medical and Dental College, Karachi. Forty adult male rats, weighing 150-200 grams were 
included and randomly divided into 4 groups. Group I was control; Group II received oral 
Carbamazepine (50mg/kg/day), Group III received Carbamazepine (50mg/kg/day) with Vit E 
(200mg/kg/day), and Group IV received Vit E (200mg/kg/day) daily. After 6 weeks, animals were 
sacrificed, blood samples were drawn and splenic tissue was processed for morphological 
examination. SPSS version 22 was used, and ANOVA was applied to investigate the difference of 

Results: Our findings showed that Group II rats had significantly decreased final body weights, and 
absolute and relative spleen weights compared to control. Lower hemoglobin, lymphocytes, and 
platelets, and significantly increased TLC and neutrophils were observed in Group II compared to 
control and Group IV. Histology showed a thickened capsule, reduced white pulp, and congested 
red pulp in Group II spleens whereas these toxic effects were reduced in Group III. 

Conclusion: Our study demonstrated that the hematologic and splenic toxic effects of 
carbamazepine were lessened significantly with the antioxidative properties of vitamin E. 
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INTRODUCTION
The spleen is the largest lymphoid organ which plays a 
crucial role in both the body’s homeostasis and 
immune system. The histological structure of splenic 
parenchyma consists of red pulp and white pulp. Red 
pulp contains cords of billroth and sinusoids while white 
pulp consists of lymphocytes around the central 
artery. The marginal zone is present at the interphase 
of red and white pulp1. Abnormal red blood cells are 
removed from the splenic circulation (culling) and 
other red blood cells lose their abnormal intracellular 
rigid inclusions (pitting) by the macrophages attached 
to the cords of billroth2. On the other hand, the spleen 
mediates the innate immune response to circulating 
pathogens through prompt production of antibodies 
by the B cells of the marginal zone and adaptive 
immune response through delayed production of 
specific antibodies by the follicular B cells3. These 
multifaceted functions of the spleen are essential for 
the body’s optimal performance, and any compro-
mise to its functional and structural integrity secondary 
to oxidative stress represents a significant health risk4. 
Oxidative stress results from the difference between 
the reactive oxygen species (ROS) and free radicals 
and the inbuilt antioxidant protection mechanisms. 
These ROS and free radicals damage cells and tissues5.
 
CBZ is known to cause toxicity to several organs, 
including the spleen, through oxidative stress by its 
active metabolite, carbamazepine-10,11-epoxide. 
Carbamazepine-10,11-epoxide is formed as a result of 
CBZ metabolism in the liver. It overwhelms the antioxi-
dant systems of the cell including the cell membrane, 
resulting in increased permeability and cellular dam-
age6,7. Even with the advent of newer and safer 
anti-epileptic drugs, carbamazepine remains one of 
the most prescribed drugs for epilepsy, owing to its 
great balance between affordability, accessibility, 
and effectiveness8. Besides being used for the treat-
ment of grand mal and psychomotor epilepsy, CBZ is 
the first-line drug for neuropathic pain like trigeminal 
neuralgia. It also acts as a second-line or a combina-
tion drug for bipolar mood disorder, schizophrenia, 
attention deficit hyperactivity, and post-traumatic 
stress disorders9.

Vitamin E (Vit E), a lipophilic antioxidant, has proven to 
alleviate oxidative challenges elicited by environmen-

It carries out most of the antioxidant and biological 
activities and is the most beneficial form for humans. It 
protects polyunsaturated fatty acids present in cellular 
membranes and lipoproteins from lipid peroxidation 
by breaking the chain reaction10, 11.

The present preclinical experimental study was 
designed given the limited data available on the toxic 
effects of CBZ on the histological architecture of the 
spleen and its hematological correlation. Thus, we 
evaluated the protective potential of a natural antioxi-

dant, Vit E, against these changes to explore its future 
prophylactic use. 

METHODS
This was an in vivo preclinical experimental study, 
conducted from March 2020 to June 2020, in the Anat-
omy Department of Jinnah Medical and Dental 
College, Karachi, after getting ethical approval from 
the Ethics Review Committee of Sohail University, vide 
protocol no: 000028/20. 40 male Sprague Dawley 
albino rats, 10-12 weeks in age and 150-200 grams in 
weight were included in this study. Female rats and 
rats falling sick were excluded from the study. Animals 
were obtained and housed in plastic cages in the 
Animal House. They were retained in a monitored 
environment of a 14/10 hours of light/night cycle, and 
a maintained temperature of 25oC. Animals were 
acclimatized for 10 days before the experiment, were 
provided with free access to water and a standard rat 
diet, and were taken care of according to the ethical 
standards of Pakistan.
 
The animals were randomly and equally divided into 4 
groups (Groups I, II, III, and IV). The rats of Group I, the 
control group, were kept away from any intervention. 
Group II animals were given a once-daily dose of 
50mg/kg of CBZ after fasting overnight. Group III 
animals were also given the same once-daily dose of 
CBZ with Vit E in the dose of 200mg/kg/day after an 
hour of taking CBZ. While Group IV animals received 
only Vit E in a dose of 200mg/kg/day. The drugs were 
administered in liquid form by gastric gavage. The rats 
were weighed using an electronic weighing scale at 
the start of the experiment and then subsequently 
weighed at a regular interval of 2 weeks up until the 
experiment ended.
 
At the end of the study period of 6 weeks, the rats 
were weighed for the final time and then sacrificed 
after being anesthetized with chloroform. The animals 
were dissected by a midline incision and the thoracic 
and abdominal cavities were exposed. Blood was 
collected through cardiac puncture. A complete 
blood count was performed on blood samples 
through the Hematology Analyzer (model: Sysmex 
kx-21). Spleens were harvested and weighed. The 
absolute organ weight was recorded, and the relative 
organ weight was calculated by using the formula: 
Relative organ weight = (absolute organ weight/final 
body weight) × 100. The splenic tissue was processed 
and stained with hematoxylin and eosin so that the 
microscopic architecture of the spleen could be 
studied under a light microscope.

Data were analyzed using SPSS (Statistical Package for 
Social Sciences) version 23. The quantitative variables 
were described as mean values ± standard deviation 
(Mean ± SD). ANOVA with post hoc Tukey's test was 
applied to measure significant differences within 
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significant at a 95% confidence interval.

RESULTS
A total of forty rats were selected for the study and 
equally divided into 4 groups. The animals were 
assessed at the end of 6 weeks. General physical 
examination of animals showed that Control group I 
rats were energetic, healthy, and well-reactive to 
outer stimuli. CBZ-treated Group II rats, on the other 
hand, were inactive, weak, and ill.  Vit E-protected 
Group III rats were active and alert but not as control. 
Group IV rats were as energetic, and responsive as 
control.

Table 1 shows that the Final weights of all the rats 
across all the groups were increased from their initial 
weights. There was a significant decrease in CBZ-treat-
ed Group II rats’ final weight as compared to control 
Group I rats while the Vit E-treated group IV rats’ final 
weight showed significant improvement in compari-
son to the mean final body weights of CBZ-treated 
Group II. There was an improvement in the rats’ final 
weights when Vit E was co-administered in Group III 
rats though insignificant. (Table 1 & 2)

The absolute and relative splenic weights of Group II 
showed a significant reduction in comparison to the 
control. Comparison between Group II to Group III 
showed significant betterment in the splenic weight 

loss. There was also a significant rise in absolute and 
relative splenic weights of Vit E-treated Group IV when 
compared with CBZ-treated Group II. (Table 1 & 2)

 

Parameters 
 
 

I 

Control 

II 

CBZ 

III 

CBZ + Vit E 

IV 

Vit E 

Mean ± SD 

Initial body weight (gm) 175.73 ± 4.82 177.65 ± 6.55 175.48 ± 6.86  176.57 ± 4.85  

Final body weight (gm) 193.83 ± 9.30 182.79 ± 9.18 188.80 ± 8.89  191.51 ± 2.50  

Absolute Spleen Weight 

(gm) 0.72 ± 0.13  0.42 ± 0.08  0.60 ± 0.05  0.66 ± 0.04  

Relative Spleen Weight 

(gm) 0.37 ± 0.06  0.23 ± 0.05  0.32 ± 0.04  0.34 ± 0.02  

Table 1: Descriptive statistics of body and splenic weights among different groups. 

Parameters 
I vs II I vs III I vs IV II vs III II vs IV III vs IV 

Control vs CBZ 
Control vs CBZ 

+ Vit E 
Control vs Vit 

E 
CBZ vs CBZ + Vit E 

CBZ vs 
Vit E 

CBZ + Vit E vs 
Vit E 

Final body weight 

(gm) 
0.008* 0.423  0.893  0.270  0.050*  0.839  

Absolute Spleen 
Weight (gm) 

<0.001*  0.010*  0.284  <0.001*  <0.001*  0.440  

Relative Spleen 

Weight (gm) 
<0.001*  0.052  0.457  <0.001*  <0.001*  0.650  

Hemoglobin  

(g/dl) 
0.416  0.985  0.917  0.241  0.801  0.753  

Hematocrit  
(%) 

0.090  0.021*  0.187  0.953  0.993  0.859  

Table 2: Comparative analytical statistics of body and splenic weights and hematological parameters 
among different groups. 
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Total Leucocyte 

count (cells/ L) 
0.044* <0.160 0.999 0.933 0.057 0.198 

Neutrophil count 
(%) 

<0.001* 0.001* 0.342 <0.001* <0.001* 0.069 

Lymphocyte 

count (%) 
<0.001* 0.032* 0.838 0.164 0.001* 0.191 

Platelet count  

109/L 
<0.001* 0.014* 0.908 0.225 <0.001* 0.071 

Comparative analysis between groups was performed by ANOVA with post hoc Tukey's test. 
*

 Significantly 
different when p  0.05 

CBZ administration in Group II decreased hemoglobin 
levels in comparison to Group I and the addition of Vit 
E in Group III improved the hemoglobin levels in 
comparison to CBZ-treated Group II, all these observa-
tions were statistically insignificant. The observed white 
blood cells in the CBZ-treated Group II were signifi-
cantly affected in contrast to control Group I. The total 
leucocyte counts and percentage of neutrophils were 

significantly higher and the percentage of lympho-
cytes was significantly lower in Group II. The co-admin-
istration of Vit E with CBZ did decrease the total leuco-
cyte count but insignificantly. The platelet count 
decreased significantly in the CBZ-treated Group II 
and it improved with the concurrent administration of 
Vit E. The platelet count in the Vit E Group IV was near 
normal. (Table 2 & 3)

Morphological analysis of splenic tissue through H and 
E-stained histological slides. 40X-magnified splenic 
sections of Control Group I rats revealed stroma made 
up of dense connective tissue capsule. The parenchy-
ma consists of red pulp (RP) and white pulp (WP) 
containing lymphocytes (Fig.1A). The CBZ-treated 
Group II showed a thickened capsule, edematous 
parenchyma, and reduced white pulp with a poorly 
discernable marginal zone; the red pulp appears 

congested (Fig.1B). In CBZ & Vit E (Group III) splenic 
tissue showed increased white pulp, with considerably 
increased thickness of a less-discernable marginal 
zone with a generalized increased area of PALS. The 
red pulp appears less congested (Fig. 1C). The Group 
IV (Vit E) tissue showed splenic architecture similar to 
the control tissue, with a thicker marginal zone (Fig. 
1D).

Parameters 

I 
Control 

II 
CBZ 

III 
CBZ + Vit E 

IV 
Vit E 

Mean ± SD 

Hemoglobin (g/dl) 13.18 ± 0.49  12.74 ± 0.665  13.28 ± 0.754  13.00 ± 0.831  

Hematocrit (%) 38.41 ± 2.82  43.22 ± 6.74  44.30 ± 4.64  42.62 ± 2.87  

Total Leucocyte count 

(cells/ L) 4.10 ± 0.55  5.10 ± 1.31  4.88 ± 0.56  4.15 ± 0.91  

Neutrophil count (%) 15.75 ± 2.26  27.17 ± 2.12  20.75 ± 4.22  17.75 ± 2.49  

Lymphocyte count (%) 80.58 ± 2.77  70.41 ± 3.05  74.75 ± 8.44  78.92 ± 3.50  

Platelet count  109/L 593.08 ± 43.12  432.25 ± 97.71  493.17 ± 65.72  572.08 ± 88.57  

Table 3: Hematological parameters among different groups. 
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Figure 1: Photomicrographs of rat spleen at 40X. 1A shows normal architecture with red pulp (RP) and white 
pulp (WP) consisting of peri arteriolar lymphoid sheath (PALS) and marginal zone (MZ) in Group I. 1B showing 
thickened capsule (C), reduced WP including PALS and marginal zone and congested RP in Group II. 1C 
showing a less thickened capsule (C), less congested RP and increased WP and MZ in Group III. 1D showing 
the normal architecture of the spleen in Group IV.  

At a higher magnification of 100X H & E-stained slide of 
CBZ + Vit E protected group III spleen shows the paren-
chyma consisting of the red pulp (RP) and white pulp 
(WP). The red pulp consists of reticular tissue and less 
congested sinusoids, while the white pulp (WP) consists 
of increased lymphocytes as either lymphoid nodules 
or arranged around the central artery as periarteriolar 

lymphoid sheath or PALS with distinctly increased 
marginal zones (MZ) in-between red and white pulp. 
(Fig. 2A). At 400X magnification the CBZ-treated 
Group II showed vacuolization in the tunica media of 
the central artery, around which reduced PALS is 
present (Fig. 2B)

DISCUSSION
Although carbamazepine has been observed to 
cause a decrease in humoral and cellular immune 
responses, while other studies point towards the immu-
nomodulating properties of the drug, very few studies 
have seen the oxidative effect of carbamazepine on 

the lymphoid organ, the spleen12,13. The present study 
observed the changes in the histology of the spleen 
and hematology, secondary to carbamazepine 
administration and its amelioration by a potent antioxi-
dant, Vit E.

Figure 2A: Photomicrographs of rat spleen at 100X showing slightly increased PALS and markedly increased 
MZ at the interphase of RP and WP in Group III. 2B: Group II rat spleen at 400X showing vacuolization (arrows) 
in tunica media of central artery (CA).    
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In this experiment, the effect on body and spleen 
weights were compared across the groups. The mean 
body weight of Group II carbamazepine-treated 
animals decreased significantly as compared to 
control Group I. This is Similar to the studies of Osunto-
ken et al and Enye et al which reported a body weight 
loss in doses of 25 mg/kg and 80 mg/kg of carbamaze-
pine respectively14,15. The pathophysiology behind this 
weight loss is not completely understood but studies 
pointed out the negative influence of carbamazepine 
on the hypothalamic feeding center14. Our study also 
demonstrates insignificant improvement in weight with 
the addition of Vit E to CBZ. This improvement has also 
been shown in a study that used 100 mg/kg of vitamin 
E to significantly ameliorate the decrease in body 
weight secondary to cadmium toxicity16. Another 
study reported partial improvement with Vit E in acryl-
amide-induced weight loss17.

The difference in absolute or relative organ weight is 
an indication of the chemical toxicity of that organ18. 
Our study demonstrates a decrease in both absolute 
and relative splenic weight in carbamazepine-treated 
rats. In contrast, Kwast et al reported no change in 
splenic weight in rats consuming carbamazepine at a 
dose of 100 mg/kg each day19. Vit E acting as a 
protective agent, increased the splenic weight near 
to the control Group I. This was also seen with a study in 
which Vit E was able to alleviate Diethylhexyl Phthal-
ate-induced splenic weight reduction20. Selected 
hematological parameters showed an insignificant 
decrease in the hemoglobin of Group II (carbamaze-
pine-treated). The study of Zita et al. showed a similar 
decrease in hemoglobin levels following low as well as 
high doses of carbamazepine9.

The White blood cells (WBCs) regulate the body’s 
immunity. Alterations in the total leucocyte count in 
the CBZ-treated Group II showed an insignificant 
increase which is supported by the study of Akorede 
et al. but is opposite to the observations of Zita et al.9,21. 
This observed leukocytosis can result from significant 
neutrophilia, i.e., increased neutrophil count, also seen 
in our study, secondary to stimulation of the immune 
system, which is supported by the study of Rezaei et 
al22. There is a significant decrease in lymphocytes in 
the CBZ-treated Group II which is the same in the study 
by Akorede et al21.

Our study showed thrombocytopenia, i.e., decreased 
platelet count, in the CBZ group, which is supported by 
prior reports23. The study demonstrated the platelets 
underwent apoptosis after CBZ treatment through 
protein kinase A while another contradictory report 
showed thrombocytosis21. Concurrent treatment with 
Vit E was shown to increase the platelet count due to 
its protective effects on the hematopoietic system as 
also shown in another study24.

Splenic toxicity, secondary to CBZ intake was demon-

strated in the H & E-stained tissue. The white pulp was 
reduced, and the marginal zone was less distinct. 
Vacuoles were observed in the wall of the central 
artery. A study done by Tamura demonstrated visible 
germinal center hyperplasia after CBZ ingestion, as the 
only change in splenic pulp25.  In another study observ-
ing splenic toxicity, secondary to cyclosporin dosing, 
the white pulp was reduced, the red pulp was 
congested, and the central artery’s endothelial layer 
showed vacuoles26. Damaging effects on the spleen 
are evident in literature from other agents as well, like 
copper sulfate and silver nanoparticles, which have 
shown depletion of white pulp and congestion of red 
pulp11, 27.

Concurrent treatment of the rats of Group III with Vit E 
and CBZ showed a reversal of the toxic effects of CBZ 
to almost normal histologic architecture of the spleen. 
This ameliorative potential of Vit E agrees with findings 
in previous research that studied copper and flubendi-
amide-induced splenic injury11. Comparable antioxi-
dative effects of Vit E against Titanium dioxide 
nanoparticles on splenic toxicity have also been 
observed in a study28.
 
The strength of this study is that it is the second only of 
its kind to determine the histoarchitectural changes of 
the spleen induced by CBZ, a commonly prescribed 
antiepileptic. The limitation of our study was that immu-
nohistochemistry staining could have been performed 
to ascertain the effect of CBZ on different lymphocyte 
populations within the splenic pulp. The study could 
further be carried out in the human population and 
the antioxidative potential of Vit E on the hematologi-
cal parameters could be determined.  

CONCLUSION
This study demonstrated the ameliorative effect of Vit 
E against CBZ-induced splenotoxicity in a rat model. 
Simultaneous administration of Vit E with CBZ, 
decreased splenic insults as seen through histomor-
phology and hematological parameters. These 
effects are accounted for because of the antioxida-
tive properties of Vit E. Vit E introduction as a lone 
agent showed supplemental effects and improved 
normal parameters. This experimental study implies 
that Vit E may assist as an adjuvant therapy to mitigate 
oxidative injury secondary to CBZ in clinical practice, 
due to which it is frequently discontinued. 
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