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Abstract
Seizures are a hallmark of epilepsy and often lead to cognitive impairment. However, 
most antiepileptic medications have limited efficacy in this context and are 
associated with negative consequences with prolonged use. Tetrapleura tetraptera, 
an antioxidant-rich plant known for its anticonvulsant properties, prompted this 
study to examine its role in hippocampal protection after pentylenetetrazol (PTZ)-
induced kindling. Phytochemical screening and median lethal dose assessments 
of the T. tetraptera fruit extract (TFE) were conducted. Forty-nine male Wistar rats 
(150 – 200 g, n=7 per group) were assigned as follows: Control, TFE (500 mg/kg), PTZ 
alone (40 mg/kg), and PTZ (40 mg/kg) following sodium valproate (200 mg/kg) or 
TFE at low (250  mg/kg), intermediate (500  mg/kg), and high (1,000  mg/kg) doses 
over 21 alternate days. PTZ was administered intraperitoneally, while all other 
treatments were given orally. On day 22, spontaneous alternation behavior (SAB) 
was assessed, followed by euthanasia and histological analyses. Phytochemical 
analysis of TFE identified phenols, alkaloids, and flavonoids as key constituents, and 
its oral median lethal dose was greater than 5,000  mg/kg. Pre-treatment with TFE 
showed suppressed seizures with quantal protection (p<0.05) compared to the PTZ 
group. While SAB was not significantly different, hippocampal Nissl expression was 
mildly affected, and neuron-specific enolase (NSE)-positive cells and glial fibrillary 
acidic protein (GFAP)-positive cells significantly decreased (p<0.05) compared with 
the control group. Therefore, oral administration of TFE is safe in Wistar rats with 
protection against PTZ-induced seizure and mortality. While short-term memory 
remained unaffected, the hippocampal Nissl substance, NSE, and GFAP were 
preserved, particularly in the low and intermediate TFE dose groups.

Keywords: Hippocampus; Pentylenetetrazol; Tetrapleura tetraptera; Sodium valproate; 
Immunohistochemistry; Nissl substance

1. Introduction
Seizures are a major characteristic of epilepsy, occurring recurrently due to an 
imbalance in excitatory glutamate and inhibitory gamma-aminobutyric acid (GABA) 
neurotransmitters.1,2 This disorder could be inherited or acquired from conditions, 
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such as hippocampus sclerosis, trauma, intracranial 
infections, and exposure to toxic agents, among others.3,4 
The incidence of epilepsy is reported as 50/100,000 in 
developed countries and twice as high in developing 
countries.5,6 Anxiety, depression, and low self-esteem are 
often associated with this disorder.7,8

Epilepsy is more common in adults and frequently 
leads to cognitive impairment, particularly affecting the 
hippocampus, which is crucial for memory retention.9,10 
This memory function of the hippocampus can be studied 
through spontaneous alternation behavior in a T- or Y-maze, 
which helps identify impairments.11 Cognitive impairment 
associated with epilepsy may have deleterious effects, and 
the majority of antiepileptic medications exhibit limited 
efficacy in this regard.12,13 Individuals with epilepsy also 
face a higher risk of death than the general population.14,15 
Histological changes in the hippocampus are involved in 
epilepsy, with extensive pyramidal cell loss in the cornu 
ammonis 1 and 3 (CA1 and 3) regions.9,10 Evaluation of 
hippocampal changes in epilepsy can include histological 
analysis of Nissl substance and the regulation of neuronal 
and astrocytic markers, such as neuron-specific enolase 
(NSE) and glial fibrillary acidic protein (GFAP), among 
other immunohistochemical or biochemical methods.16-18

Most antiepileptic drugs act by blocking sodium 
or calcium channels, reducing the release of excitatory 
glutamate and increasing inhibitory GABA levels.19,20 
However, GABA can also have pro-convulsive effects, either 
directly or indirectly.19 Epilepsy treatment is often long-term, 
sometimes extending throughout a patient’s life. Aside from 
this limitation, the use of these drugs is also associated with 
various adverse reactions.21,22 Valproic acid, a carboxylic acid 
antiepileptic drug, or its sodium salt, sodium valproate, has 
a long history of efficacy in seizure management,23-25 and 
serves as a standard antiepileptic drug control in this study.

Plants have been reported to offer medicinal and 
nutritive constituents. One such plant, Tetrapleura 
tetraptera Taub., belonging to the Fabaceae family,26 is 
used in the management of various diseases and ailments 
in Nigeria and other African countries.27-31 In addition, 
some local ethnic groups have reported using the plant for 
epilepsy management.27,32

T. tetraptera is known for several medicinal properties, 
including antimalarial, antibacterial, anti-inflammatory, 
antioxidant, hypoglycemic, central nervous system 
depressant, hypothermic, and antiepileptic effects in 
experimental animals.31,33-42 The plant also exhibits 
anticonvulsant, analgesic, and hypothermic properties.27,28 
These properties make T. tetraptera a prospective treatment 
option for epilepsy and its associated neuronal deficits. 
Establishing the optimal dosage of T. tetraptera extract is 

crucial to maximize its efficacy in epilepsy protection while 
minimizing potential side effects. However, it is essential 
to assess the potential toxicity of the extract, which can be 
done through a median lethal dose test to prevent adverse 
outcomes upon usage.43

In experimental models, epilepsy is often induced in 
rodents using chemicals, such as pentylenetetrazol (PTZ), 
with the resulting seizure activity scored according to the 
Racine scale.44,45 This research investigated the effects of 
T. tetraptera plant extract on PTZ-induced kindling and its 
potential neuroprotective effects on the hippocampus in a 
rat model.

2. Material and methods
2.1. Animal handling

Forty-nine male Wistar rats, 9 – 10  weeks old and 
weighing 150 – 200 g, were utilized in this study. The rats 
were obtained and housed in the animal facility of the 
Faculty of Basic Medical Sciences at the university. Each 
rat was cared for and handled following the guidelines 
for the use of laboratory animals set forth by the 
United States National Institute of Health.46 This research 
was approved by The Faculty of Basic Medical Sciences 
Research and Ethical Committee (approval reference: 
UU_FBMSREC_2022_001).

The rats were maintained throughout the experiment 
at a room temperature of 25 – 28°C with a 12:12 h natural 
light/dark cycle. They were given ad libitum access to a 
standard pelletized rat diet (Grand Cereals, Nigeria) and 
drinking water. The rats were divided into seven groups 
(n=7), designated as control and test groups.

2.2. Preparation of T. tetraptera extract

Fresh, mature fruits of the T. tetraptera Taub., commonly 
known as Uyayak by the Ibibio ethnic group of Nigeria, 
were obtained from a local market in Calabar, Nigeria. 
A  taxonomist identified the fruit, which was assigned 
specimen number UUPH/A32(f) and deposited at the 
Pharmacognosy Herbarium of the Faculty of Pharmacy, 
University of Uyo, Nigeria. The fruits were chopped into 
pieces after the seeds were removed. The fruits were first 
washed and air-dried before being pulverized into a smooth 
paste. A  total of 1,342 g of the paste was macerated with 
80% ethanol for 72 h, filtered through Whatman No. 1 filter 
paper. The resulting filtrate was concentrated at 45°C in a 
water bath and subsequently stored at 4°C until further use.

2.3. Preparation of PTZ and sodium valproate 
solutions

All drugs were prepared daily. PTZ (Sigma-Aldrich, 
Germany) was dissolved in distilled water, and 40 mg/kg 
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body weight was administered intraperitoneally to the 
rats.45 Sodium valproate (Sanofi-Aventis, United Kingdom) 
tablets (200  mg) were dissolved in distilled water, and a 
dose of 200 mg/kg body weight was administered orally.

2.4. Phytochemical screening of T. tetraptera fruit

Qualitative and quantitative analyses of the phytochemicals 
present in the ground T. tetraptera fruits were conducted 
following standard methods.47

2.5. Determination of median lethal dose of 
T. tetraptera

The ethical approval for the lethal dose testing on mice 
was also granted by the Faculty of Basic Medical Sciences 
Research and Ethical Committee. To assess the toxicity of 
the T. tetraptera fruit extract, an oral median lethal dose was 
carried out on 25 CD-1 mice, following the Organization 
for Economic Cooperation guidance document. The 
up-and-down procedure was used to determine the median 
lethal dose.43 Briefly, the 25 CD-1 mice were assigned to 
five groups (n = 5). After overnight fasting, the mice were 
administered the extract, with water provided ad libitum. 
Two hours after administration, the mice were allowed 
access to food.43 In Group 1, T. tetraptera was administered 
at 1,000 mg/kg, and the mice were observed for signs of 
toxicity. After 48 h, with no deaths recorded, the procedure 
was repeated for the second through fifth groups at doses 
of 2,000, 3,000, 4,000, and 5,000  mg/kg, respectively. As 
no signs of toxicity or death were recorded during the 
experiment, the dosing procedure was discontinued, and 
the lethal dose was estimated.

2.6. Administration of T. tetraptera, sodium 
valproate, and PTZ

The T. tetraptera fruit extract (2 g) was dissolved in 20 mL 
distilled water. Calculated doses of 250  (5%), 500  (10%), 
and 1,000  (20%) mg/kg of the median lethal dosage 
(LD50) of T. tetraptera fruit extract were administered. In 
addition, 200  mg/kg sodium valproate was administered 
orally, 1 h before the PTZ intraperitoneal injections, which 
were given on alternate days (every 48 h) until day 21. The 
administration schedule is shown in Table 1.

2.7. Kindling induction and determination of seizure 
scores

To induce kindling, 40  mg/kg PTZ was administered 
intraperitoneally every 48  h. Kindling was achieved 
on alternate day 21. Following the administration of 
PTZ, seizure scores, and mortality rates were observed 
and recorded for up to 30  min. The seizure stage and 
accompanying behaviors were noted using the following 
Racine scale: Stage 0 – No response; stage 1 – Ear and facial 

twitching; stage 2 – Myoclonic jerks; stage 3 – Myoclonic 
jerks with rearing; stage 4 – Forelimb clonus; stage 
5  – Seizures with rearing, rolling over to the side, and 
generalized clonic-tonic seizures; stage 6 – Death. The rats 
were monitored for 24  h after the last administration to 
check for mortality. The percentage of quantal protection 
against seizures and death was calculated. Quantal 
protection was determined as the number of live rats per 
group divided by the total number of rats in the group.45

2.8. Spontaneous alternation behavior test

On day 22, a spontaneous alternation behavior test was 
conducted in a T-maze. Briefly, the rats were acclimated 
in the test room for one h before the test commenced. The 
T-shaped maze consisted of two short, goal arms (left and 
right) and one long, start arm. Gates were placed at the 
junctions of the arms and were opened when the rat was 
placed in the start arm. The rats were allowed to choose 
between entering either of the short arms.

Each animal underwent five successive trials, each 
lasting 60 s. When all four paws of the rat entered one of 
the short arms, the gate was closed, and an arm entry was 
recorded before the rat was returned to the holding cage. 
If a rat did not enter a goal arm within the allotted time, 
the trial was scored as blank, and the rat was returned to 
the holding cage. After each trial, the T-maze arena was 
cleaned with 70% ethanol. The frequency with which the 
rats alternated between the short arms and the total trial 
duration were recorded. The percentage alternation was 
then calculated.11,48

2.9. Termination of the experiment

Ketamine hydrochloride (Rotex Medica, Germany) 
was administered intraperitoneally as an anesthetic 
agent at a dose of 50  mg/kg. The thoracic cavity of each 
rat was opened, and a cannula was inserted into the left 
ventricle of the heart for perfusion fixation using 10% 
buffered formalin. The entire brain was removed and 
post-fixed in 10% buffered formalin for 48 h, followed by 
processing for paraffin wax sectioning for histological and 
immunohistochemical analysis.

2.10. Nissl substance and immunohistochemistry 
protocols

Briefly, the left dorsal hippocampal brain region of the 
rats was routinely dehydrated using a graded series of 
ethanol, cleared in xylene, and embedded in paraffin wax. 
Serial sections (10 μm thick) were mounted on slides 
and were rehydrated for both Nissl substance staining 
and immunohistochemistry. For the Nissl substance 
study, the sections were stained with 1% cresyl violet, 
supplemented with a few drops of acetic acid, for 10 min. 
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The excess stain was then washed off with distilled water. 
For the immunohistochemical study, antigen retrieval 
was performed in a citrate buffer solution (pH  6.0) in a 
microwave oven for 5 min, followed by protein blocking 
with 3% hydrogen peroxide for 10  min. Sections were 
then pre-incubated in 2% normal goat serum for 30 min 
and incubated with either a monoclonal mouse anti-
NSE (22C9, 1:100, Leica Biosystems, United States) or 
monoclonal mouse anti-GFAP (NCL-L-GFAP-GA5, 
1:100, Leica Biosystems, United States) for 2 h. Afterward, 
sections were incubated for 1  h with goat anti-mouse 
secondary antibody (1:100). The reaction was detected 
using the avidin-biotin complex with diaminobenzidine as 
the chromogen. Finally, sections were counterstained with 
Harris hematoxylin.

All stained sections were dehydrated in increasing 
concentrations of alcohol, cleared in xylene, and 
cover-slipped with dibutylphthalate polystyrene xylene. 
Processed slides were examined under a light microscope, 
and photomicrographs were captured using a computer-
assisted digital microscope camera.

2.11. Hippocampus cell counts

The populations of Nissl substance-stained Cresyl 
violet and NSE-  and GFAP-immunopositive cells in the 
hippocampus were quantified manually using ImageJ® 
software (United States of America). Images of the three 
layers of the hippocampal cornu ammonis 3 (CA3) regions 
were acquired from three brain sections per animal, 
with three animals per group. Each image was mapped 
randomly using the ImageJ® gridlines as a guide. Manually 
counting was conducted using a tool to select Nissl, NSE, 
or GFAP-stained cells located on the upper and right 
borders of each mapped area.

2.12. Statistical analyses

One-way and repeated measures analyses of variance 
were employed to compare the calculated means and 
percentages. Subsequently, Tukey’s or Bonferroni’s post-hoc 
tests were performed using GraphPad Prism software 
(version  5.0; United States of America) to determine 
statistical significance at p≤0.05. All results are presented as 
mean ± standard error of the mean or standard deviation.

3. Results
3.1. Phytochemical analysis of T. tetraptera

Qualitative screening of T. tetraptera fruit extract revealed the 
presence of phenols, flavonoids, alkaloids, saponins, tannins, 
terpenoids, steroids, phytate, anthraquinones, oxalates, 
cardiac glycosides, and hydrogen cyanide. The quantitative 
analysis of T. tetraptera fruit extract showed that phenols 
(7.80  g/100  g) had the highest concentration, followed 
by alkaloids (6.20  g/100  g), flavonoids (5.30  g/100  g), 
saponins (3.40 g/100 g), tannins (1.20 g/100 g), and phytate 
(0.40 g/100 g). Oxalates, cardiac glycosides, and hydrogen 
cyanide were present in trace amounts.

3.2. Oral median lethal dose

Mice that received oral administration of T. tetraptera fruit 
extract at doses ranging from 1,000 mg/kg to 5,000 mg/kg 
showed no signs of death or toxicity. Hence, the median 
lethal dose of T. tetraptera ethanol fruit extract was 
determined to be greater than 5,000 mg/kg.

3.3. Antiseizure activity of T. tetraptera

Repeated administration of PTZ at a sub-convulsive dose 
of 40  mg/kg for 11 alternate days resulted in a steady 
increase in seizure scores, leading to generalized clonic-

Table 1. Schedule of groupings and administration protocol

Groups (n=7) Drugs Dosages (mg/kg) Duration 
(alternate days)

Group 1 Control, distilled water 5 mL/kg 11

Group 2 Tetrapleura tetraptera 500 mg/kg 11

Group 3 PTZ 40 mg/kg 11

Group 4 Sodium valproate pre‑treatment then PTZ 200 mg/kg then
40 mg/kg

11

Group 5 Low‑dose Tetrapleura tetraptera pre‑treatment then PTZ 250 mg/kg then
40 mg/kg

11

Group 6 Intermediate‑dose Tetrapleura tetraptera pre‑treatment then PTZ 500 mg/kg then
40 mg/kg

11

Group 7 High‑dose Tetrapleura tetraptera pre‑treatment then PTZ 1,000 mg/kg then
40 mg/kg

11

Notes: Pentylenetetrazol was administered intraperitoneally, while Tetrapleura tetraptera fruit extract and sodium valproate were administered orally. 
All administrations were carried out every alternate day for 21 days (a total of 11 alternate days).
Abbreviation: PTZ: Pentylenetetrazol.
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tonic seizures. A  repeated measure one-way analysis 
of variance revealed a significant difference (F = 20.78, 
p<0.001). Bonferroni’s post-hoc test further indicated that 
the seizure scores increased significantly from days 1 to 11 
(alternate days) (Table 2).

A one-way analysis of the variance of the seizure scores 
between groups on an alternate day 11 revealed a significant 
difference (F = 8.52, p<0.001). The seizure scores in the 
PTZ group were significantly higher (p<0.05) compared to 
the group pre-treated with 250 mg/kg and 500 mg/kg of T. 
tetraptera. However, no significant difference was observed 
between the 1,000  mg/kg T. tetraptera and sodium 
valproate groups. In addition, the group pre-treated with 
sodium valproate exhibited significantly higher (p<0.05) 
seizure scores compared to the 500  mg/kg T. tetraptera 
group (Table 3).

3.4. Quantal protection action of T. tetraptera

The percentage quantal protection for the groups 
pre-treated with sodium valproate (85.71%), low-dose 
T.  tetraptera (71.42%), or intermediate-dose T. tetraptera 
(85.71%) was higher compared to the PTZ group (57.14%). 
However, there was no significant difference between the 
PTZ group and the high-dose T. tetraptera-pre-treated 
group (57.14%) (Table 4).

Consistently, the mortality rates in the groups 
pre-treated with sodium valproate (14.29%), low-dose 
T. tetraptera (28.58%), and intermediate-dose T. tetraptera 
(42.86%) were lower than those in the PTZ group (57.14%), 
which did not differ from the high-dose T. tetraptera-
pretreated group (42.86%) (Table 4).

3.5. Spontaneous alternation behavior

A repeated measures analysis of variance and Tukey’s 
post-hoc tests revealed no significant difference (p = 0.1475, 
F = 1.751) in spontaneous alternation behavior between 
the test groups: T. tetraptera alone, PTZ alone, pre-treated 
sodium valproate, and pre-treated T. tetraptera at low, 
intermediate, and high doses (Figure 1).

3.6. Cresyl violet-stained cells

In the control group, the CA3 region of the hippocampus 
exhibited distinct and intensely stained Nissl substance 
across all three layers: molecular, pyramidal, and 
polymorphic (Figure 2A). Similarly, the CA3 region of the 
hippocampus in the T. tetraptera fruit extract group showed 
distinct and intense Nissl staining in these layers, resembling 
the staining pattern of the control group (Figure 2B).

The PTZ group exhibited less prominent neuronal 
nuclei and a slightly weaker Nissl substance staining 
intensity in the CA3 layers of the hippocampus compared Ta
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to the control group (Figure 2C). The hippocampal CA3 
layers in the groups pre-treated with sodium valproate 
or high-dose T. tetraptera showed no apparent Nissl 
substance staining intensity compared to the control group 
(Figure 2D and G). Similarly, the CA3 region in the low-
dose T. tetraptera-pretreated group showed no apparent 
difference in Nissl substance staining intensity compared 
to the control group (Figure 2E). The CA3 region of the 
intermediate-dose T. tetraptera-pretreated group also 
showed no apparent difference in Nissl substance staining 
intensity compared to the control group (Figure 2F).

A repeated measure analysis of variance and a Tukey’s 
post-hoc test revealed no significant difference (p>0.05) in 
the number of cresyl violet-stained pyramidal cells between 

the test groups and the control group, or among the test 
groups. However, the number of other cresyl violet-stained 
cell types in the sodium valproate and intermediate-dose 
T. tetraptera-pretreated groups was significantly lower 
(p<0.05) compared to the control group (Figure 3).

3.7. Neuron-specific enolase immunoreactivity

Expression of NSE was observed in the hippocampal CA3 
region of the control group (Figure 4A). The hippocampal 
CA3 regions of the T. tetraptera-alone and the low-dose 
T. tetraptera-pretreated groups showed increased NSE 
expression intensity throughout the layers compared to 
the control group (Figure  4B and E). The CA3 region of 
the PTZ group also exhibited increased NSE expression 
intensity throughout the layers compared to the control 
group (Figure  4C). In contrast, the CA3 regions of 
the sodium valproate and the intermediate-  and high-
dose T. tetraptera-pretreated groups showed reduced 
NSE expression intensity in some neurons of the layers 
compared to the control group (Figure 4D, 4F, and 4G).

A repeated measures analysis of variance and 
post-hoc tests revealed that the number of NSE-positive 
pyramidal cells was significantly higher (p<0.05) in the 
T. tetraptera group, but significantly lower (p<0.05) in 
the PTZ group and the intermediate-  and high-dose 
T. tetraptera-pre-treatment groups compared to the control 
group. There were significantly fewer (p<0.05) NSE-positive 
pyramidal cells in the PTZ group compared to the T. 
tetraptera-alone and sodium valproate-pretreated groups, 
with no significant differences (p>0.05) when compared to 
the low, intermediate, and high-dose T. tetraptera groups 
(Figure 5).

Table 3. Seizure score differences on alternate day 11 between experimental groups after pentylenetetrazol administration

Groups   PTZ
(n=7)

PTZ+SV
(n=7)

PTZ+TT (LD)
(n=7)

PTZ+TT (ID)
(n=7)

PTZ+TT (HD)
(n=7)

Seizure scores 4.29±1.60 3.50±1.76 1.20±0.84** 1.00±0.63***b 3.25±0.96

Notes: One‑way analysis of variance and Bonferroni’s post‑hoc tests were performed. Values are expressed as mean±standard deviation. F=8.52, 
p<0.001. **Indicates a significant difference from the PTZ group at p<0.01. ***Represents a significant difference from the PTZ group at p<0.001. 
bSignificantly different from the PTZ+SV group at p<0.05.
Abbreviations: HD: High dose; ID: Intermediate dose; LD: Low dose; PTZ: Pentylenetetrazol; SV: Sodium valproate; TT: Tetrapleura tetraptera.

Table 4. Quantal protection and mortality rate of the experimental groups after pentylenetetrazol administration

Groups Quantal protection Percentage protection (%) Mortality rate Percentage mortality (%)

PTZ (n=7) 4/7 57.14 3/7 42.86

PTZ+SV (n=7) 6/7 85.71 1/7 14.29

PTZ+TT (LD) (n=7) 5/7 71.42 2/7 28.58

PTZ+TT (ID) (n=7) 6/7 85.71 1/7 14.29

PTZ+TT (HD) (n=7) 4/7 57.14 3/7 42.86

Abbreviations: HD: High dose; ID: Intermediate dose; LD: Low dose; PTZ: Pentylenetetrazol; SV: Sodium valproate; TT: Tetrapleura tetraptera.

Figure  1. Spontaneous alternation behavior test. A  repeated measure 
analysis of variance and Tukey’s post-hoc tests. No significant differences 
were observed among the groups (F=1.751; p=0.1475). Notes: Values are 
expressed as mean ± standard error of the mean. Sample size per group: 
Control=5; TT=5; PTZ=4; PTZ+SV=4; PTZ+TT (low)= 4; PTZ+TT 
(int)=5; PTZ +TT (high)=4.
Abbreviations: PTZ: Pentylenetetrazol; SV: Sodium valproate; 
TT: Tetrapleura tetraptera.
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Other NSE-positive cell types were significantly fewer 
(p<0.05) in the test groups compared to the control group. 
However, the intermediate-dose T. tetraptera group had 
significantly (p<0.05) more NSE-positive cells than the 
PTZ group (Figure 5).

3.8. Glial fibrillary acidic protein immunoreactivity

Glial fibrillary acidic protein was expressed in the 
hippocampal CA3 regions of the control and T. tetraptera 

groups (Figure 6A and B). The PTZ group exhibited slightly 
reduced GFAP expression in the hippocampal CA3 region 
compared to the control group (Figure 6C). In contrast, the 
hippocampal CA3 regions of the groups pre-treated with 
sodium valproate, as well as the low, intermediate, and 
high doses of T. tetraptera, showed less GFAP expression 
compared to the control group (Figure 6D-G).

A repeated measures analysis of variance and post-hoc 
tests revealed that the number of GFAP-labeled cells was 
significantly lower (p<0.05) in the T. tetraptera-alone group, 
as well as in the sodium valproate, intermediate-dose, and 
high-dose T. tetraptera-pretreatment groups, compared 
to the control group. However, there was no significant 
difference (p>0.05) in the GFAP-labeled cells between 
the PTZ group and the low-dose T. tetraptera-pretreated 
group, in contrast to the control group. The number of 
GFAP-labeled cells was significantly higher (p<0.05) in 
the PTZ group compared to the sodium valproate and 
the intermediate-  and high-dose T. tetraptera-pretreated 
groups (Figure 7).

4. Discussion
The study investigated the effects of T. tetraptera fruit 
extract on spontaneous alternation behavior, Nissl 
substance staining, and NSE and GFAP immunoreactivity 
in PTZ-induced epileptic Wistar rats. Phytochemical 
screening of T. tetraptera fruit extract revealed high 
concentrations of phenols, alkaloids, saponins, 
tannins, flavonoids, terpenoids, and steroids, while 
cardiac glycosides and anthraquinones showed weak 
positive reactions. Plants, due to the presence of these 
phytochemicals, play an active role in medicine and 

Figure 3. Nissl-stained cell count of the cornu ammonis 3 region of the 
hippocampus. A repeated measures analysis of variance and post-hoc tests 
were performed. Values are expressed as mean±standard error of the mean.  
Notes: ***Indicates significant difference from the control group 
at p<0.001. b,d,e,fSignificantly different from TT, PTZ+SV, PTZ+TT 
(low), and PTZ+TT (int), respectively, at p<0.05. Sample size per 
group: Control=3; TT=3; PTZ=3; PTZ+SV=3; PTZ+TT (low)=3; 
PTZ+TT (int)=3; PTZ+TT (high)=3.
Abbreviations: PTZ: pentylenetetrazol; SV: Sodium valproate; 
TT: Tetrapleura tetraptera.

Figure  2. Sections of the hippocampal cornu ammonis 3 region 
stained with cresyl fast violet (scale bars: 75 μm; magnification 
power:  ×400). (A) Control group showing deeply stained Nissl 
substance. (B)  Tetrapleura tetraptera group with strongly stained Nissl 
substance. (C)  Pentylenetetrazol group showing the reduced staining 
intensity of Nissl substance. (D) Sodium valproate pre-treatment group 
with moderately stained Nissl substance. (E) Low-dose T. tetraptera-
pretreatment group showing less intense Nissl substance staining. 
(F)  Intermediate-dose T.  tetraptera-pretreatment group with intensely 
stained Nissl substance. (G) High-dose T. tetraptera-pretreatment group 
showing moderately stained Nissl substance.
Abbreviations: M: Molecular; P: Polymorphic layers; Py: Pyramidal layer.
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nutrition, offering antioxidant properties that help protect 
cells from oxidative stress, among other benefits.49-51 The 
combination of these phytochemicals contributes to the 
diverse range of beneficial physiological activities associated 
with T. tetraptera.28,31,52 The present results corroborate 
previous findings52,53 that reported the presence of similar 
phytochemical profiles in both the aqueous and ethanol 
extracts of T. tetraptera.

The safety of T. tetraptera was assessed through acute 
toxicity testing. The result indicated an oral LD50 of 

Figure 5. Neuron-specific enolase-positive cell count in the hippocampal 
cornu ammonis 3 region of the experimental groups. A repeated measures 
analysis of variance and Tukey’s post-hoc tests were performed. Values 
are expressed as mean±standard error of the mean. Notes: Sample size 
of per group: Control=3; TT=3; PTZ=3; PTZ+SV=3; PTZ+TT (low)=3; 
PTZ+TT (int)=3; PTZ+TT (high)=3. *,**, and ***Indicate significant 
differences from the control at p<0.05, p<0.01, and p<0.001, respectively. 
b,c,e,f,gSignificantly different from TT, PTZ, PTZ+TT (low), PTZ+TT (int), 
and PTZ+TT (high), respectively, at p<0.05.
Abbreviations: PTZ: pentylenetetrazol; SV: Sodium valproate; 
TT: Tetrapleura tetraptera.

Figure 4. Sections of the hippocampal cornu ammonis 3 with neuron-
specific enolase (NSE)-positive cells (brown staining; scale bars: 75 μm; 
magnification power: ×400). (A) Control group with NSE-positive cells. 
(B) Tetrapleura tetraptera group showing increased intensity of NSE 
expression. (C) Pentylenetetrazol group showing increased intensity 
of NSE expression. (D) Sodium valproate-pretreated group showing 
reduced intensity of NSE expression. (E) Low-dose T. tetraptera-
pretreatment group showing slightly increased NSE expression. 
(F and G) Intermediate- and high-dose T. tetraptera-pretreatment groups 
showing reduced NSE expression intensity.
Abbreviations: M: Molecular; P: Polymorphic layers; Py: Pyramidal layer.
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Figure 6. Sections of the hippocampal cornu ammonis 3 showing glial 
fibrillary acidic protein (GFAP)-positive cells (brown staining; scale bar: 
75 μm; magnification power: ×400). (A and B) Control and Tetrapleura 
tetraptera groups showing expression of GFAP. (C) Pentylenetetrazol 
group showing decreased expression of GFAP. (D and E) Sodium 
valproate and low-dose T. tetraptera-pretreated groups showing decreased 
expression of GFAP. (F and G) Intermediate- and high-dose T. tetraptera-
pretreated groups showing decreased expression of GFAP.
Abbreviations: M: Molecular; P: Polymorphic layers; Py: Pyramidal 
layer.
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over 5,000  mg/kg in mice, supporting the safety of the 
extract, as this concentration is typically the end-point 
of LD50 determination.54 These findings align with those 
of a previous study,55 which reported an LD50 of over 
10,000 mg/kg body weight in a mouse model.

Kindling is a recognized experimental model for 
human epilepsy, induced through sub-convulsive doses 
of chemicals or electrical stimulation.56,57 PTZ, a chemical 
convulsant, exerts its effects by inhibiting GABA activity 
at the GABAA receptor, thus mimicking epilepsy.58 In the 
present study, PTZ administration resulted in increasing 
seizure scores and kindling, which progressively intensified 
with each administration. Increased seizure scores, as 
assessed using the Racine scale, denote the worsening 
seizure severity, consistent with previous reports.45,57 
Sodium valproate, a standard antiepileptic drug, failed 
to suppress seizures in this study, as the seizure scores in 
this group did not differ significantly from those in the 
PTZ group. This result contrasts with previous studies 
that reported antiseizure effects of sodium valproate at 
doses of 200 and 300  mg/kg,44 which were also used in 
the present study. While sodium valproate is known to 
attenuate PTZ-induced seizures,59 this contrasting result 
may be due to a spike in glycine levels, as sodium valproate 
also interferes with glycine synthesis, potentially leading to 
increased seizure frequency.60

T. tetraptera attenuated PTZ-induced kindling, with 
significant reductions (p<0.05) in seizure scores observed 
in the low-, intermediate-, and high-dose T. tetraptera-
pretreated groups compared to the PTZ group. These 

findings suggest that the administered doses of T. tetraptera 
possess anticonvulsant activity, potentially reducing the 
severity of PTZ-induced seizures, a result consistent 
with a previous report.36 Although the exact mechanism 
underlying T. tetraptera’s anticonvulsant effect remains 
to be elucidated, it is likely mediated through GABAergic 
transmission. This hypothesis is supported by a prior study 
indicating that alkaloids and flavonoids,61 which are also 
constituents of T. tetraptera, enhance GABA transmission.

Pentylenetetrazol administration resulted in mortality, 
with the PTZ group exhibiting a lower percentage of 
quantal protection, suggesting toxicity, as previously 
reported.62 The groups pre-treated with sodium valproate, 
intermediate doses of T. tetraptera, and intermediate 
doses of T. tetraptera demonstrated greater protection and 
lower mortality compared to the PTZ group, supporting 
previous findings.36 Sodium valproate, an established 
antiepileptic drug (54), exhibited expected antiseizure 
activity, whereas T. tetraptera’s effect may be attributed 
to its rich phytochemical constituents, which have 
been shown to be safe in the present study. Notably, the 
high-dose T. tetraptera-pretreatment group showed no 
significant difference in quantal protection or mortality 
when compared to the PTZ group, suggesting that high 
doses of T. tetraptera may be unnecessary or potentially 
harmful, either exacerbating or having no effect on PTZ 
toxicity.

The spontaneous alternation behavior test is commonly 
used to assess short-term memory and identify memory 
impairments associated with various disease conditions.11,48 
The present results revealed no significant difference 
(p>0.05) between the test and control groups, suggesting 
that the treatment regimens did not influence spontaneous 
alternation. This lack of effect may be attributed to the 
treatment’s inadequacy in influencing spatial brain 
functions. Given that spontaneous alternation is related to 
learning and memory,48 this study found no impairment 
in these functions. Chemical kindling models, including 
those using PTZ, have previously reported cognitive, 
learning, and memory impairments.63 The discrepancy 
between these findings and the present study could be 
due to the animal model used. Furthermore, the current 
results contrast with another study in which PTZ kindling 
resulted in learning and memory deficits in mice,57 
which may be attributed to the differences in behavioral 
paradigms tested.

Nissl substance, present in all neurons, is a rough 
endoplasmic reticulum component essential for 
protein synthesis64 and frequently disintegrates during 
chromatolysis.16 PTZ also affects this macromolecule.9,56 
In the current study, the CA3 hippocampal region of the 

Figure  7. Glial fibrillary acidic protein (GFAP)-labeled cell count 
of the hippocampal cornu ammonis 3 region of the experimental 
groups. A repeated measures analysis of variance and Tukey’s post-hoc 
tests were performed. Values are expressed as mean±standard error 
of mean. Notes:  Sample size per group: Control=3; TT=3; PTZ=3; 
PTZ+SV=3; PTZ+TT (low)=3; PTZ+TT (int)=3; PTZ+TT (high)=3. 
** and ***indicate significant differences from the control at p<0.01 and 
p<0.001, respectively. b,c,d,e,fSignificantly different from TT, PTZ, PTZ+SV, 
PTZ+TT (low), PTZ+TT (int), and PTZ+TT (high), respectively, at 
p<0.05.
Abbreviations: PTZ: pentylenetetrazol; SV: Sodium valproate; 
TT: Tetrapleura tetraptera.
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PTZ group demonstrated disintegrated and dispersed 
Nissl substance, which appeared slightly less stained, 
indicating PTZ toxicity. This observation aligns with a 
previous report.56 The cellular population in the Nissl-
stained pyramidal and other cell types was not significantly 
different in the PTZ group compared to the control, 
suggesting that the cellular population was not adversely 
affected, and no immediate loss of protein synthesis 
function occurred.

On the other hand, the T. tetraptera-alone group 
demonstrated high Nissl stain intensity in most pyramidal 
neurons, while no apparent difference was observed in 
the sodium valproate, pre-treated group or in the low-, 
intermediate-, and high-dose T. tetraptera groups. These 
observations indicate that Nissl substance distribution 
was not adversely affected. A previous report suggests that 
sodium valproate provides neuroprotection,65 which may 
explain the current results in this drug-pre-treated group. 
The findings in the T. tetraptera-pre-treatment groups 
may be attributed to its rich phytochemical composition, 
which is known to offer neuroprotective benefits.66,67 The 
cellular population in the Nissl-stained pyramidal and 
other cell types was not significantly different in these test 
groups compared to the control, further indicating that the 
cellular populations remained unaffected.

Neurons can also be identified immunohistochemically 
by their expression of, or immunoreactivity to, anti-NSE. 
This anti-NSE binds to NSE, a cytoplasmic glycolytic 
enzyme, and its reactivity reflects the metabolic state of the 
neurons. Increased NSE expression suggests high metabolic 
activity.17 In the present study, there was increased intensity 
of NSE expression in the hippocampus of the PTZ group, 
with the population of NSE-positive cells significantly 
lower compared to the control. This observation indicates 
increased neuronal activity, potentially accompanied by 
injury to the hippocampal neurons. In response to injury, 
NSE expression and activity are markedly upregulated,68 
and neurotoxic agents have been associated with increased 
NSE expression.69 Increased NSE levels may result from 
dysfunction in neuronal metabolic activity and synaptic 
connections, which may have been induced by PTZ.

Decreased intensity of NSE expression was observed in 
the hippocampus of the sodium valproate, intermediate, 
and high-dose T. tetraptera-pretreated groups compared to 
the control group. Although the number of NSE-positive 
pyramidal cells was not significantly different in the sodium 
valproate pre-treated group, it was significantly lower in 
the intermediate-  and high-dose T. tetraptera-pretreated 
groups compared to the control. These results indicate an 
increase in neuronal metabolic activity in these groups, 
which may not be harmful. Sodium valproate, known for 

its neuroprotective properties,65 may explain the intensity 
of NSE expression observed in this group. T.  tetraptera 
has also been reported to have neuroprotective effects,36 
likely due to its rich phytochemicals, as demonstrated 
in the present study. T. tetraptera may exert its effect by 
influencing ionotropic GABA receptors and inhibiting 
acetylcholinesterase, thereby increasing GABA levels 
while antagonizing N-methyl-D-aspartate.66,67,70 This 
neuroprotective effect of T. tetraptera corroborates 
findings from another study,71 which reported similar 
effects of Moringa oleifera, a plant containing comparable 
phytochemicals, on this glycolytic enzyme.

In the low-dose T. tetraptera group, there was increased 
intensity of NSE expression, although the number of NSE-
positive pyramidal cells did not significantly differ from 
the control. This observation suggests increased neuronal 
activity in this group. Given that the NSE-positive cell 
population was not significantly altered, it may indicate a 
non-adverse effect of the T. tetraptera pre-treatment.

Astrocytes are glial cells found in the hippocampus, as 
well as in other regions of the brain. They can be identified 
immunohistochemically through the expression of GFAP, 
an intermediate filament protein that provides mechanical 
strength to astrocytes.18 Increased GFAP expression 
indicates astrocyte activation. In the present study, the 
PTZ group showed a slight decrease in GFAP expression 
in the CA3 region of the hippocampus compared to the 
control, which may indicate neurotoxicity, although the 
difference in population was not statistically significant. 
Following injury and astrogliosis, GFAP is typically 
expressed at much higher levels,72 which contrasts with the 
findings in the present study. Decreased GFAP expression 
is also commonly reported in neurodegenerative or other 
detrimental conditions,73 which may have been the case in 
the present study.

The CA3 regions of the hippocampus in the T. tetraptera 
group showed a similar GFAP expression to the control, 
although with a significantly smaller population. This 
observation suggests little to no adverse effect from the 
plant, as previously reported in the study. The CA3 regions 
of the hippocampus in the sodium valproate, and low, 
intermediate, and high doses of T. tetraptera-pretreatment 
groups exhibited decreased GFAP expression, with a 
significantly smaller (p<0.05) population. These findings 
may indicate a protective effect, as these pre-treated 
substances are known to offer neuroprotection. In this 
context, decreased GFAP expression could be due to either 
cytoskeletal destabilization or a loss of GFAP antigenicity.74

The hippocampus, particularly the CA3 region, plays a 
key role in cognitive processes such as learning and memory 
and is highly susceptible to trauma. Any alteration in the 
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normal regulation of its cellular and structural components 
can adversely affect or alter its functions,10 as observed 
with the PTZ treatment. In contrast, the functions and 
structure of the hippocampus appear to be protected with 
T. tetraptera pre-treatment in the present study, with the 
mechanism of action likely involving the elevation of the 
GABAergic pathway.

In summary, PTZ-induced kindling in rats, possibly 
through GABAergic inhibition and glutamatergic 
stimulation, led to mortality from excitotoxicity, Nissl 
substance dispersal, NSE upregulation, and GFAP 
downregulation in the hippocampal CA3. Pre-treatment 
with T. tetraptera doses may have modulated both the 
GABAergic and glutamatergic pathways to suppress 
kindling, resulting in high quantal protection and minimal 
effects on Nissl substance, NSE, and GFAP.

5. Conclusion
This study demonstrated that PTZ-induced seizures 
may result in rat mortality, along with histological and 
immunohistochemical alterations in the hippocampal CA3 
region. Oral administration of T. tetraptera fruit extract, 
a safe and phytochemical-rich plant, provided protection 
against PTZ-induced seizures and mortality in Wistar 
rats. In addition, the extract preserved hippocampal Nissl 
substance, NSE, and GFAP expression. The low (250 mg/kg) 
and intermediate (500 mg/kg) doses of T. tetraptera fruit 
extract offered the greatest protection, even in comparison 
with sodium valproate. While further research is needed to 
clarify its mechanism of action, this plant extract may hold 
promise for seizure management.
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