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Abstract
Objective: The modulating effects of Cucurbita pepo seed oil (CPSO) on dyslipidemia and neuronal dysfunction in tramadol
toxicity were studied.
Methods: Fifty-six albino rats were divided into seven groups of eight rats each after a 2-week acclimatization period. All animals
had unrestricted access to water and feed, and treatments were administered orally once daily for 42 days. Glutamate dehy-
drogenase and glutaminase activities were assessed using brain homogenate, while lipid profiles were analyzed in serum samples.
Results: Tramadol toxicity was evidenced by significant (P < 0.05) increases in brain glutamate dehydrogenase along with
significant (P < 0.05) decreases in the activities of glutaminase in the group administered only tramadol. Also, serum levels of total
cholesterol, LDL-C and triglycerides also increased significantly (P < 0.05) following administration of tramadol with decreased level
of HDL-C (P < 0.05). However, treatment with CPSO significantly restored the activities and levels of the altered biochemical
parameters in a dose-dependent manner. The results of the biochemical investigation using the lipid profile and the enzymes of
glutamate metabolism were corroborated by the results obtained from the histopathological examination of the brain.
Conclusion: The results of this study therefore suggest that tramadol-induced dyslipidemia and neuronal dysfunction be
managed and prevented by the administration of Cucurbita pepo seed oil.
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Introduction

Tramadol is a synthetic analog of codeine which is a widely
used opioid, especially as an analgesic for moderate to severe

pain relief.1 The analgesic effect of tramadol is attributable to its
agonistic action on opioid receptors and its inhibitory effect on
neuronal reuptake of serotonin and norepinephrine; which leads
to the blockage of the transmission of nociceptive stimuli in the
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central nervous system.1–3 At a therapeutic dose, tramadol does
not cause major side effects in comparison to other opioid
analgesics and is useful for the management of neurological
problems like anxiety and depression.3 Unfortunately, multiple
adverse effects were developed in patients with prolonged
tramadol therapy, including neurological disorders like seizures,
serotonin syndrome, Alzheimer’s disease, and Parkinson’s
disease.4 These adverse effects are corroborated with experi-
mental animal studies showing associated prolonged tramadol
treatment with several organ systems dysfunction, including
damage to the cerebral cortex, lung, testis, and liver.5–7

With an expected increase in the number of prescriptions of
tramadol to patients experiencing chronic painful conditions, there
is the likelihood of patient addiction according to several clinical
studies.8–10 The addictive effectsmay be connected to the ability of
tramadol to inhibit the gamma-aminobutyric acid (GABA) re-
ceptors, interfere with the dopamine synthesis and release as well
as induce oxidative stress.4,11,12 Several studies have implicated
oxidative stress in cardiovascular diseases and its associated
conditions such as heart failure, endothelial dysfunction, and
myocardial ischemia-reperfusion injury.13,14 Additionally, in-
creased Reactive Oxygen Species (ROS) production compromises
the function of endothelial nitric oxide synthase enzyme (eNOS)
and nitric oxide (NO) production as observed in endothelial
dysfunction in several vascular pathological conditions.15–17

Over the last decade, there has been an overwhelming increase
in the use of various herbal supplements and extracts in most
developing and developed countries about the management of
several adverse effects of drugs.18,19 The pumpkin, Cucurbita
pepo L. (C. pepo), is a green vegetable belonging to the Cu-
curbitaceae family and it is one of the natural products used in
supplementations; it is leafy and its fruits contain various seeds
varying in size, color, shape and weight.20,21 It is rich in many
antioxidants and beneficial nutritional supplements such as es-
sential fatty acids, amino acids (tyrosine and L-phenylalanine),
phytosterols (betasitosterol), â-carotenes, lutein and selenium.22,23

Notwithstanding the usefulness of the various parts of this plant,
pumpkin seed oil (PSO) supplementation has been used in folk
medicine for the prevention of changes in plasma lipids, treat-
ments of hypertension and atherosclerosis.24,25

Though it seems several studies have been designed around
pumpkin plant and its supplementation potentials, there is still
limited literature specifically describing the effects of tramadol
on glutaminase, glutamate dehydrogenase, heart and blood
vessels. Therefore, it is imperative to investigate the modu-
lating effects of Cucurbita pepo L. seed oil on dyslipidemia
and neuronal dysfunction associated with tramadol-induced
toxicity in Wistar albino rats.

Materials and Methods

Plant Materials and Extraction Procedure

Fresh seeds of Cucurbita pepo L. were collected from Aghara-
oza village in the Izzi Local Government Area of Ebonyi State

and were identified by Prof. S. C. Onyekwelu; a Taxonomist in
the Department of Applied Biology, Ebonyi State University,
Abakaliki, Ebonyi State, Nigeria. The extraction of the
pumpkin’s seed oils (CPSO) was by the method described by
Mathangi.26 The seeds were washed to remove dirt, sundried,
and manually blended to obtain a powder. Exactly, 250 mL n-
hexane was used to extract 30 g of the powdered seeds in a
Soxhlet extractor at 70°C for 6 hr. The crude oil extract
(CPSO) was obtained by removing the solvent from the oil
after extraction using a rotary evaporator. The crude CPSO
obtained was clarified using a method described by Nwozo.27

Animal Source and Handling

A total of 56 adult male Wistar albino rats (200 – 250 g) were
purchased from the Animal Unit of the Faculty of Veterinary
Medicine, University of Nigeria, Nsukka, Enugu, Nigeria. The
animals were kept in standard cages for 2 weeks for accli-
matization in the Animal House of the Department of Bio-
chemistry, Ebonyi State University, Abakaliki, Ebonyi State,
Nigeria. During this time, the animals were fed with normal
laboratory feeds and clean water ad libitum. All animal
procedures were performed following our institutional
research and ethics committee approval number (EBSU/BCH/
ET/21/007) and in line with the ethical guidelines for the care
and use of animals for scientific purposes developed by the
Animal Use and Care Committee of Nigeria, 2004.

Experimental Design

After acclimatization, the rats were randomly divided into
seven experimental groups (n = 8). We chose the CPSO doses
based on the reports of Agu et al.28 and Aja et al.29 Group 1
(normal control; NC): rats were fed on pellets and allowed free
access to water; Group 2 (saline group; NSC): the animals
received 5 mL/Kg body weight of normal saline. Group 3-6
received 100 mg/Kg body weight (b.wt.) of tramadol;
TM.30,31 Group 3 (100 mg/Kg b.wt. TM): the rats were left
untreated; Group 4, 5 and 6 (TM-CPSO treated groups): the
animals received 5 mL/Kg, 2.5 mL/Kg and 1.5 mL/Kg body
weight of CPSO respectively; Group 7 (CPSO group): the
animals received 5 mL/Kg body weight of CPSO only.32,33 All
the administrations were done by oral intubation once daily for
six weeks.

Sample Collection

After the drug and extracts administrations, the animals were
mildly anaesthetized using halothane and sacrificed by cervical
dislocation to obtain the blood and brains for both biochemical
and histological analyses. Blood samples were collected via the
femoral vein, and centrifuged to obtain the serum which was
stored for lipid profile analysis. Five of the harvested brains
were randomly selected and rinsed with normal saline and
0.1 mol/L hydrochloric acid buffer (pH 7.4) was added for
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homogenization. The homogenate was centrifuged at 3000 r/
min for 15 min at 4°C and the supernatant was obtained for the
determination of glutathione dehydrogenase and glutaminase
activities. The remaining brain tissues per group were also
further routinely processed for the histopathological examina-
tion of the brain for cellular integrity.

Determination of Neuronal Dysfunction

Assays of glutamate dehydrogenase (GDH) and glutaminase
activities were used to determine neuronal dysfunction. GDH
activity was assayed according to the method of Lee and
Lardy33 while glutaminase activity was assayed by the method
of Chetan.34

Determination of Lipid Profile

Total cholesterol (Chol.) and triglyceride (TAG) concentrations
were determined by enzymatic saponification methods ac-
cording to Kendall35 and Sardesai and Manning,36 respectively.
High-density lipoprotein cholesterol (HDL-C) concentration
was determined by the centrifugation method of Albers.37 The
equation method of Friedewald38 was used in the determination
of LDL-cholesterol concentrations of the samples.

Histopathological Examination

Each rat’s brain tissues were removed gently and fixed with
formalin. The fixed brain tissues were stored in 70% ethyl
alcohol. After 24 hours, the fixed tissues were processed to
paraffin embedding and sectioned according to the method of
Bancroft and Gamble39 for histopathological examination. We
longitudinally sectioned the brain tissue with a microtome and
stained it with haematoxylin and eosin (H and E) to examine
microscopic histopathological alterations. We examined the
stained slides under a light microscope. We used it as a scale
bar: 50 μm, magnification: ×400, Measured length: 3 scale bar
units; actual size: 3 × 50 μm = 150 μm.

Statistical Analysis

Data were analyzed with one-way ANOVA using GraphPad
Prism (Version 8.0.2). The data are presented as the mean ±
standard error of means (SEM). The data means were compared
using a post-hoc one-way ANOVA at P < 0.05. Groups’ mean
values were compared between groups using Turkey’s multiple
comparisons test, revealing significant differences at P < 0.05.

Results

Effects of Cucurbita Pepo Seed Oil (CPSO) on
Neuronal Function

Glutamate dehydrogenase activity was significantly (P < 0.05)
elevated (Figure 1) while glutaminase was significantly

(P < 0.05) lowered (Figure 2) in tramadol-only treated rats
(Group 3; 100 mg/Kg b.wt. TM) when compared to controls.
CPSO treatment only (Group 7; 5 mL/Kg b.wt. CPSO)
showed no significant difference in the glutamate dehydro-
genase activity (Figure 1) while the glutaminase activity was
significantly increased (Figure 2) when compared to the
controls. CPSO treatments significantly decreased the activity
of glutamine dehydrogenase and significantly increased the
activity of glutaminase when compared to the group that
received tramadol only (Group 3; 100 mg/Kg b.wt. TM)
without treatment (Figures 1 and 2, respectively).

Effects of Cucurbita Pepo Seed Oil (CPSO) on the
Lipid Profile

The TChol., LDL-C, and TAG levels in the tramadol-only ad-
ministered group (Group 3; 100 mg/Kg b.wt. TM) were sig-
nificantly increasedwhen compared to the controls while HDL-C
levels were significantly decreased (Figures 3–6 respectively).
Administration of only CPSO (Group 7; 5 mL/Kg b.wt. CPSO)
showed a significant decrease in LDL-C and HDL-C levels with
no significance in cholesterol and TAG levels when compared to
the controls. When compared to group 3 (100 mg/Kg b.wt. TM
only), significant increase in HDL-C levels and a decrease (P <
0.05) in TChol., LDL-C and TAGwere observed in the treatment
groups except group 6 administered 1.5 mL/Kg b.wt. CPSO
showed a significant increase in LDL-C. The result equally
revealed that there was no significant (P < 0.05) difference in the
lipid profiles of the group administered 5 mL/Kg b.wt. CPSO
when compared with the normal controls while the groups ad-
ministered 2.5 mL/Kg b.wt. CPSO and 1.5 mL/Kg b.wt. CPSO
showed a differential response.

Results of the Histopathological Examination of
the Brain

Histological analysis of the brains of albino rats co-
administered 100 mg/Kg body weight of tramadol and
CPSO at doses of 5 mL/Kg, 2.5 mL/Kg, and 1.5 mL/Kg are
presented in Figures 7–13. The photomicrograph of the brains
of group 1 rats (normal control) is presented in Figure 7(A)–
(B). The result of a section of the brain showed a normal brain
with a molecular layer (ML), granular layer (GL), and well-
outlined Purkinje cells within the Purkinje layer. The pho-
tomicrograph of the brain of group 2 albino rats administered
only normal saline is presented in Figure 8(A)–(B). The result
of a section of the brain in this group showed a normal brain
with mild clumping of the Purkinje cells (CPC). The result of
the section of the brain of group 3 animals administered with
tramadol showed severe degeneration with severe fatty change
(FC) (steatosis), severe vacuolation (V), and necrosis (N)
within the molecular layer and granular layer in 9A and
moderate vacuolation in 9B. Administration of 100 mg/Kg b.
wt tramadol and 5 mL/Kg b. wt of CPSO in treatment group 4
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Figure 1. Glutamate Dehydrogenase Activity of Tramadol-Induced Toxicity in Albino Rats Treated with CPSO. Data are shown as mean ±
SEM (n = 5). The mean values of groups were compared using Tukey’s multiple comparisons test, revealing significant differences at P < 0.05.
CPSO: Cucurbita pepo seed oil, NC: Normal control, NSC: Normal saline control, TM: Tramadol control.

Figure 2. Glutaminase Activity of Tramadol-Induced Toxicity in Albino Rats Treated with CPSO. Data are shown as mean ± SEM (n = 5). The
mean values of groups were compared using Tukey’s multiple comparisons test, revealing significant differences at P < 0.05. CPSO: Cucurbita
pepo seed oil, NC: Normal control, NSC: Normal saline control, TM: Tramadol control.
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Figure 3. Cholesterol Level of Tramadol-Induced Toxicity in Albino Rats Treated with CPSO. Data are shown as mean ± SEM (n = 8). The
mean values of groups were compared using Tukey’s multiple comparisons test, revealing significant differences at P < 0.05. CPSO: Cucurbita
pepo seed oil, NC: Normal control, NSC: Normal saline control, TM: Tramadol control.

Figure 4. HDL–Cholesterol Level of Tramadol-Induced Toxicity in Albino Rats Treated with CPSO. Data are shown as mean ± SEM (n = 8).
The mean values of groups were compared using Tukey’s multiple comparisons test, revealing significant differences at P < 0.05. CPSO:
Cucurbita pepo seed oil, NC: Normal control, NSC: Normal saline control, TM: Tramadol control.
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Figure 5. LDL-cholesterol Level of Tramadol-Induced Toxicity in Albino Rats Treated with CPSO. Data are shown as mean ± SEM (n = 8).
The mean values of groups were compared using Tukey’s multiple comparisons test, revealing significant differences at P < 0.05. CPSO:
Cucurbita pepo seed oil, NC: Normal control, NSC: Normal saline control, TM: Tramadol control.

Figure 6. Triglycerides Level of Tramadol-Induced Toxicity in Albino Rats Treated with CPSO. Data are shown as mean ± SEM (n = 8). The
mean values of groups were compared using Tukey’s multiple comparisons test, revealing significant differences at P < 0.05. CPSO: Cucurbita
pepo seed oil, NC: Normal control, NSC: Normal saline control, TM: Tramadol control.
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showed moderate healing with mild fatty change (FC)
(steatosis), mild vacuolation within the molecular layer and
granular layer in 10B, and mild vacuolation in 10A
(Figure 10(A)–(B)). Administration of 100 mg/Kg b. wt
tramadol and 2.5 mL/Kg b. wt of CPSO in treatment group 5
showed mild to moderate healing with mild focal loss of tissue
(LT) within the molecular layer in 11A and moderate ag-
gregate of inflammatory cell (AIC) and mild fatty change (FC)
within the molecular layer in 11B as presented in

Figure 11(A)–(B). Administration of 100 mg/Kg b. wt Tm and
1.5 mL/Kg b. wt of CPSO in treatment group 6 showed mild
healing with moderate necrotic(N) appearance of the Purkinje
layer with non-distinct Purkinje cell outline in 12A and
moderate fatty change (FC) within the molecular layer in 12B
as presented in Figure 12(A)–(B). Administration of only
5 mL/Kg b. wt of CPSO in treatment group 7 (Figure 13(A)–
(B)) showed a normal brain. However, a mild vacuolation (V)
and mild fatty change (FC) were observed in 13B.

Figure 7. Photomicrograph of the brain of the normal control group (x100/400) (H/E). Normal brain with molecular layer (ML), granular
layer (GL) and well-outlined Purkinje cells within the Purkinje layer.

Figure 8. Photomicrograph of the brain of group 2 administered normal saline (x100/400) (H/E). Normal brain with mild clumping of the
Purkinje cells (CPC) in 8A observed.
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Discussion

Despite its effectiveness in managing moderate to severe pain,
tramadol has been associated with damage of several tissues.7

Additionally, chronic use of tramadol was linked to increased
dyslipidemia and neuronal disorders.14 The potential of CPSO to
modulate the associated toxicities of chronic tramadol treatment
on rats’ brains and lipid profiles was evaluated in this study.

The result revealed a significant increase in GDH activity
and a significant decrease in glutaminase activity in the brain

following the administration of the 100 mg/Kg b.wt. Tramadol
is about normal control as shown in Figures 1 and 2. A similar
result was reported by Chetan34 who revealed a significant
increase in the activities of glutamate dehydrogenase (GDH),
aspartate aminotransferase (AAT), and glutamine synthetase
(GS) and a significant decrease in glutaminase activity in the
brain following tramadol administration in albino rats when
compared with the control rats. The result is expected as
glutamate is the predominant excitatory amino acid neuro-
transmitter in the mammalian central nervous system acting on

Figure 9. Photomicrograph of the brain of the group administered only tramadol (x100/400) (H/E). Severe degeneration with sever fatty
change (FC) (steatosis), severe vacuolation (V) and necrosis (N) within the molecular layer and granular layer in 9A and 9B.

Figure 10. Photomicrograph of the brain of the group administered tramadol + 5 mL/Kg b.wt. CPSO (x100/400) (H/E). Moderate healing
with mild fatty change (FC) (steatosis), mild vacuolation within the molecular layer and granular layer in 10B and mild vacuolation in 10A.
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N-methyl-D-aspartate (NMDA), α-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA), kainate, and
metabotropic receptors.40 Several studies have demonstrated
that the excitatory amino acid (EAA) receptor system is in-
volved in the process of opioid dependence and chronic ad-
ministration of opioid receptor agonists decreases the normal
activation of NMDA receptors.41–43 Glutamatergic trans-
mission may have a role in learning and memory, central pain
transduction, and alterations in the activities of key enzymes
of glutamate metabolism that signify modulation in the

turnover rates of glutamate in the brain; implicative of the
pathophysiology of neuronal death after brain injury.44,45

With regards to the lipid profile, there was a significant
decrease in serum levels of HDL-C, whilst a significant in-
crease in the levels of TChol., LDL-C and triglyceride (TG)
were observed in this study when the animals were admin-
istered only tramadol. This observation is in line with those of
Ezzeldin,46 Solin47 and Barbosa.48 These results suggests that
tramadol administration caused disturbances in lipid meta-
bolic pathways associated with pain and inflammation

Figure 11. Photomicrograph of the brain of the group administered tramadol + 2.5 mL/Kg b.wt. CPSO (x100/400) (H/E). Mild to moderate
healing with mild focal loss of tissue (LT) within the molecular layer in 11A andmoderate aggregate of inflammatory cells (AIC) andmild fatty
change (FC) within the molecular layer in 11B.

Figure 12. Photomicrograph of the brain of the group administered tramadol + 1.5 mL/Kg b. wt. CPSO) (x100/400) (H/E). Mild healing with
moderate necrotic (N) appearance of the Purkinje layer with non-distinct Purkinje cells outline in 12A and moderate fatty change (FC)
within the molecular layer in 12B.
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consistent with the involvement of lipid in the synthesis of
prostaglandins and modulation of other pain and inflammatory
responses.49–51 Atherosclerosis has been associated with in-
flammatory recruitment of modified lipids in the walls of the
arteries.52 Lipid peroxidation is a leading cause of the mod-
ification of lipids.53 ROS-induced lipid peroxidation has been
shown to be associated with modified LDL-C and glycation of
HDL-C.54,55 Thus, increasing the serum levels of cholesterol
and other lipids of atherogenic tendencies.

CPSO treatment significantly decreased the activity of
glutamine dehydrogenase and significantly increased the ac-
tivity of glutaminase towards the value found in the normal
control when compared to the group that received tramadol
only without treatment. This result is consistent with various
studies showing the potential use of herbs in the prevention of
drug induced neurodegenerative disorders.56 The results ob-
tained from the lipid profile showed a significant increase in
the serum HDL-C levels as well as a significant decrease in the
LDL-C, TAG and TChol. levels in all the treated groups as
compared to the group that received tramadol alone. Studies
have shown a positive relationship between the generation of
free radicals and lipids accumulation and most herbs with
antioxidant potentials reduce the oxidization of LDL-C, in-
crease the HDL-C levels by increasing the activities of the
Lecithin Cholesterol Acyl Transferase (LCAT) enzyme and
block the biosynthesis of cholesterol by inhibiting the HMG-
COA reductase enzyme.55,57–59 This result is supported by
several studies indicating the anti-atherogenic potential of
nutraceuticals and herbs as reported by Abuelgassim,60 Cic-
ero61, and Qin.62 These effects of the CPSO may be attributed
to their antioxidant activity in scavenging the various reactive
oxygen species including peroxynitrate radicals generated by
tramadol toxicity. The antioxidant potential may be due to the

presence of α-tocopherol, selenium, and other antioxidative
phyto-compounds found in the oil.63

Microscopic examination of brain sections of control rats
showed a normal brain with molecular layer (ML), granular
layer (GL), and well-outlined Purkinje cells within the Pur-
kinje layer when compared to the group that received tramadol
only. The neurons of tramadol-administered animals showed
extensive neuronal damage by severe degeneration of neurons
with severe fatty change (FC) (steatosis), severe vacuolation
(V), and necrosis (N) within the molecular layer and granular
layer and moderate vacuolation in the tramadol-treated ani-
mals when compared to the control animals which showed
normal brain upon microscopic examinations. These results
agree with the finding of Bekheet64 and Cannon,65 whose
studies have shown reduced Purkinje cell proliferation, cell
differentiation, and increased Purkinje cell death as well as
cerebellar-damaging effects of opioids including tramadol.
Neurodegenerative features as seen in tramadol toxicity could
be caused by the overproduction of mitochondrial reactive
oxygen species causing oxidative stress on the neurons.
Neurotoxic effects of opioids that caused cell death could be
the result of mitochondrial damage in the brain. Another
possible mechanism of opioids that could be responsible for
the alteration of the Purkinje cells might be blockage of
neuronal activity, causing the neurons to receive internal
signals to self-destruct.66 Administration of CPSO showed
moderate healing with mild fatty change (FC) (steatosis), mild
vacuolation within the molecular layer and granular layer
together with mild vacuolation in the group that received
tramadol alone. Generally, the histological results revealed
that administration of CPSO protects the brain against
tramadol-induced neurological disorders and this could be a
result of some bioactive compounds such as hexadecenoic

Figure 13. Photomicrograph of the brain of group 7 administered only 5 mL/Kg b.wt. CPSO (x100/400) (H/E). Mild vacuolation (V) and mild
fatty change (FC) in observed in 13B.
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acid in the oil which possesses anti-apoptotic and antioxidant
properties.

Limitation of the Study

This study’s limitations include a lack of crude oil extract
pharmacokinetics and a cognition test on the animal
model.

Conclusion

Following the results of the lipid profile, neuronal function
enzymes, and microscopic examination of the histology of the
brain obtained in this study, administration of Cucurbita pepo
seed oil showed great potential in the prevention of dyslipi-
demia and neuronal dysfunction associated with tramadol-
induced toxicity.
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