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ABSTRACT 

Background and Purpose: High sodium intake is a well-established contributor to 

hypertension, but its adverse effects on male reproductive health remain underexplored. 

Pumpkin seed oil (PSO) is known for its therapeutic potential, particularly in promoting 

reproductive health. This study aimed to evaluate the modulatory effects of PSO on the 

hypothalamic-pituitary-testicular (HPT) axis in adult male Wistar rats exposed to high salt-

induced toxicity.  

Methods: Twenty-four (24) adult male Wistar rats (9-11 weeks old; 150-180 g) were 

randomly assigned to four groups (n=6): Control (distilled water, 0.1 mL), High Salt (HS; 3 

mL/100 g/day of 8% NaCl solution), HS + PSO (3 mL/100 g/day of 8% NaCl solution + 4 

mL/kg/day of PSO), and PSO only (4 mL/kg/day). Treatments were administered orally for 

14 consecutive days. Sexual behavioral parameters (mounting and intromission) were 

assessed. After treatment, blood and tissue samples were collected for hormonal assays, 

oxidative stress biomarkers, histological examination, and semen analysis.  

Results: High salt exposure significantly disrupted the HPT axis, resulting in reduced sexual 

behavior, poor sperm quality, hormonal imbalance, oxidative stress, gonadotroph cell 

degeneration, and disordered spermatogenesis. In contrast, PSO administration markedly 

mitigated these adverse effects by restoring sexual performance, enhancing sperm quality, 

preserving testicular histoarchitecture, improving reproductive hormones, and boosting 

antioxidant enzyme activity. 

Conclusion: Excessive salt intake compromises male reproductive function via oxidative 

damage and hormonal dysregulation. PSO exhibited significant ameliorative effects against 

salt-induced reproductive and neuroendocrine toxicity, likely due to its antioxidant and 

phytoestrogenic properties. These findings suggest that PSO could serve as a beneficial dietary 

intervention for safeguarding male fertility in salt-exposed populations. 
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INTRODUCTION 

Reproduction, a fundamental process for the continuity of 

life, encompasses systemic physiological functions, 

behaviours, and anatomical structures essential for 

organisms' existence (Enye et al., 2020). In males, this 

process relies on the harmonious interaction of the 

hypothalamus, pituitary gland, and testes, collectively 

known as the hypothalamic-pituitary-testicular (HPT) axis. 

This axis serves as the major regulatory pathway governing 

male reproductive function, developmental processes, and 

the emergence of secondary sexual characteristics (Dhole 

and Kumar, 2017). Central to this cascade are reproductive 

regulatory hormones such as hypothalamic gonadotropin-

releasing hormone (GnRH), pituitary luteinizing hormone 

(LH), follicle-stimulating hormone (FSH), and gonadal 

steroids (Dwyer and Quinton, 2019). The rhythmic release 

of GnRH from the hypothalamus initiates this physio-

steroidal mechanism. Upon reaching the anterior pituitary 

via the hypophyseal portal circulation, GnRH binds to its 

receptors (GnRHR) on gonadotropes, stimulating the 

synthesis and release of LH and FSH. LH facilitates 

testosterone production by Leydig cells in the testes and 

enhances androgen-binding protein synthesis by Sertoli 

cells. FSH acts in collaboration with testosterone to 

promote the growth, meiosis, and maturation of germ cells 

by binding to Sertoli cell receptors (Bliss et al., 2010). 

In almost half the number of infertility cases, the underlying 

cause is attributed exclusively to the male partner. Evidence 

indicates that the quality of human semen has declined by 

50%–60% over the past four decades (Gauthaman et al., 

2002). Extensive research has demonstrated that diet 

directly influences semen quality and that the consumption 

of Western processed food might cause reproductive 

dysfunction (Stevenson et al., 2007). 

The Global Burden of Disease (GBD) research highlights 

the severe health consequences of excessive salt intake, 

which resulted in approximately 70 million years of healthy 

lives being lost and contributed to 3 million deaths globally 

in 2017 (Roth et al., 2018). In most developed nations, 

around 80% of salt intake comes from food products at the 

processing stage, leaving consumers often unaware of the 

substantial amounts of salt added to these foods (James et 

al., 1987; Partearroyo et al., 2019). In contrast, in non-

industrialized nations, up to 75% of daily salt consumption 

is attributed to salt added during cooking, at the table, or 

through the use of condiments such as soy sauce and fish 

sauce for seasoning (Brown et al., 2009). Elevated sodium 

consumption is strongly correlated with health conditions 

such as cardiovascular diseases (CVDs) (Xue et al., 2023), 

and disruptions in steroidal balance, which can potentially 

lead to sexual dysfunction in males (Fang et al., 2018; 

Abdelnour et al., 2020). 

Pumpkin seeds possess potent antioxidant properties, 

attributed to their ability to neutralize free radicals and 

interact directly with the iron or copper binding sites of 

lipids, proteins, and DNA molecules (Shaban and Sahu, 

2017). Furthermore, extracts from pumpkin seeds have 

been employed as adjuncts in immunomodulation, 

reproductive health, and as therapies for diverse array of 

disease conditions (Stevenson et al., 2007). However, the 

impact of pumpkin seed oil on high salt-induced 

reproductive toxicity in males needs to be evaluated since it 

remains incompletely understood. Therefore, the present 

study aimed to investigate this relationship. 

MATERIALS AND METHODS 

Animals 

Twenty-four (24) male Wistar rats, aged between 9 and 11 

weeks and weighed approximately 150-180 g were used for 

this experiment. The rats were sourced from Mctemmy 

Animal Concept in Ogbomoso, Nigeria. They were 

provided with standard rat pellet diet and had access to 

water at all times. Six (6) animals were housed in a 

polypropylene cage measuring 8" × 12" × 8" with metal 

grill tops, and kept under controlled standard conditions. 

The animals were kept under natural conditions of 

temperature, humidity, and light. Beddings were replaced 

every three days to maintain appropriate housing 

conditions, and all experimental procedures were conducted 

in accordance with relevant guidelines as previously 

reported (Couto, 2011). 

Ethics and Animal Welfare 

All necessary measures were taken to minimize pain and 

discomfort in the animals. The Health Research Ethical 

Committee of Afe Babalola University, Ado-Ekiti, 

reviewed and approved the study protocol 

(ABUADHREC/06/08/2024/090). 

Pumpkin Seed Oil, Salt and Chemicals 

Pumpkin seed oil (PSO) was procured from Puritan's Pride, 

Oakdale, NY, USA. NaCl was purchased from Sigma-

Aldrich Corporation, USA. Assay kits for malondialdehyde 

and glutathione (Biovision Inc., Milpitas, CA, USA) and 

hormonal assay kits were sourced from Calbiotech Inc., 

CA, USA). 

Experimental Design  

Following a week of acclimatization, the animals were 

randomly allocated into four (4) experimental groups, with 

six animals in each group (n = 6), as follows: 

Group A (control) was administered 0.1 mL/day of distilled 

water. 

Group B (high salt) was administered 3 mL/100 g/day of 

8% NaCl solution (Peneme, 2023). 
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Group C (high salt + PSO) was administered 3 mL/100 

g/day of 8% NaCl solution, concurrently with 4mL/kg/day 

of PSO (Rouag et al., 2020). 

Group D (PSO) which received 4 mL/kg/day of PSO. 

All dosages were related to the body weight of the animals 

and administration was by the oral route using orogastric 

tube and lasted 14 days.   

 

Sexual Behavioural Tests 

Male rats were exposed to sexually receptive females three 

times over four days prior to the experiment, between 19:00 

and 23:00 hours and under dim lighting. Female receptivity 

was induced by sequential subcutaneous administration of 

10 μg/100 g body weight of estradiol benzoate and 0.5 

mg/100 g of progesterone, 48 h and 4 h, respectively, before 

pairing. After a 30-minute adaptation period in a plastic 

cage measuring 33.0 cm × 20.5 cm × 19.0 cm, the receptive 

female was introduced to the male. Proceptive behaviours 

of the female and precopulatory behaviours of the male 

were observed from the side of the cage. Four rats from each 

group were monitored for sexual behaviour within a 30-min 

observation period after all administration at day 14. 

Experiments were conducted over two days between 19:00 

and 23:00 h and under dim lighting (Figure 1). 

Following the standard procedures outlined by Odetayo and 

Olayaki (2022) the following indices of male sexual 

behaviour were recorded or calculated during the 

observation period: mount frequency (MF), defined as the 

number of times the male assumed a copulatory position 

without achieving intromission, characterized by lifting its 

fore body over the female’s hindquarters and clasping the 

female’s flanks with its forepaws; and intromission 

frequency (IF), defined as the number of vaginal 

penetrations achieved by the male.  

Euthanasia and Tissue Collection 

At the end of the experiment, the rats were euthanized by 

cervical dislocation (Aguwa et al., 2020). Blood was 

collected using 2 mL syringes, stored in plain blood sample 

bottles, and left to clot on the bench. Caudal epididymis of 

each rat was excised without perfusion. Animals for 

histological studies were transcardially perfused with 

phosphate buffered saline (PBS, pH 7.4) to clear the blood 

vessels and prevent cell shrinkage, then with 10% neutral 

buffer formal saline (NBF) which served as a pre-fixative. 

Brain for biochemical studies were perfused with PBS only 

and frozen for further analyses.  

Spermatological Analysis 

Semen samples were collected from a 10 mm segment of 

the caudal epididymis, known for its role in storing mature 

sperm. The epididymal segment was carefully dissected, cut 

into several pieces, and placed into specimen bottles 

containing 1 mL of physiological saline. The samples were 

then homogenized to release the spermatozoa. The 

specimen bottles were maintained at 37°C for 15 min to 

allow sufficient diffusion of sperm into the saline. The 

semen was then extracted from the specimen bottles using 

a 1 mL pipette, with drops placed onto cleaned microscope 

slides and covered with cover slips. The slides were 

examined under a light microscope to assess sperm 

parameters, including count, motility, and morphology, for 

all experimental groups (Hashemi, 2013).  

Sperm count 

A counting chamber was utilized for determining sperm 

count. Drops of semen were placed on two edges of the 

chamber, covered with cover slips, and examined under a 

light microscope (Omax MD82EZ, South Korea) at ×100 

and ×400 magnification for cell counting. This procedure 

was repeated five times, and the average count was 

calculated to ensure accuracy and minimize bias. 

Sperm morphology 

Cells were stained and observed under a light microscope 

(Omax MD82EZ, South Korea) with the oil immersion 

objective set at × 100 and ×400 magnification. The 

percentage of normal and abnormal spermatozoa were 

quantified and compared. 

Sperm motility 

Sperm motility was assessed according to the guidelines 

established by the World Health Organization (WHO, 

1999). Specifically, a 10 μL sample of the culture-sperm 

mixture was placed on a microscope slide. The motility of 

a minimum of 200 spermatozoa per specimen was 

evaluated across at least five different microscopic fields. 

The analysis quantified the percentage of sperm exhibiting 

progressive motility, non-progressive motility (in situ), and 

immotility.  

Biochemical Assays 

Determination of Malondialdehyde (MDA) and 

Gluthatione (GSH) Levels 

The plasma lipid peroxidation levels were measured 

according to the concentration of thiobarbituric acid 

 
Figure 1: The experimental design. 
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reactive species (TBARs) (Placer et al., 1966) and the 

amount malondialdehyde (MDA) produced was used as an 

index of lipid peroxidation. Briefly, one volume of the test 

sample and two volumes of stock reagent (15%, w/v 

trichloroacetic acid in 0.25 N HCl and 0.375% w/v 

thiobarbituric acid in 0.25 N HCl) were mixed in a 

centrifuge tube. The solution was heated in boiling water 

for 15 min. After cooling, the precipitate was removed by 

centrifugation at 1500 g for 10 min, and then absorbance of 

the supernatant was read at 532 nm against a blank 

containing all reagents except test sample on a 

spectrophotometer (Shimadzu 2R/UV-visible, Tokyo, 

Japan). The MDA level was expressed in nmol/mL. 

The plasma levels of reduced glutathione (GSH) were 

determined at 412nm using Sedlak and Lindsay method 

(1968). Samples were treated with 50% trichloroacetic acid 

and centrifuged at 1000g for 5 min. The reaction mixture 

consisted of 0.5 mL of the supernatant, 3.0 mL of a 0.2 

mol/L Tris EDTA buffer (pH 8.9), and 0.1 mL of a 0.01 

mol/L solution of 5,5’-dithiobis (2-nitrobenzoic acid). The 

solution was left at room temperature for 5 min before being 

analysed at 412 nm using a spectrometer. The GSH 

concentrations were expressed in nmol/mL.  

Hormonal Assays 

Male reproductive hormones in serum (GnRH, FSH, and 

LH and testosterone) were analysed using standardized 

immunoassay ELISA kits for testosterone (Cat. No. 

TE187S); LH (Cat. No. LH231F); FSH (Cat. No. FS046F); 

and GnRH (Cat. No. E-EL-0071). All the kits were ordered 

from Calbiotech Inc., California, USA. The calculations 

were done based on the instructions and steps provided on 

the reagent kits and in accordance with the methods used by 

Wang et al. (2018).  

Histological Analysis 

The fixed tissues of the testis, pituitary gland, and 

hypothalamus were subjected to dehydration using a graded 

series of alcohols, followed by clearing in xylene, 

embedding in paraffin, and sectioning with a microtome at 

a thickness of 5 μm. The brain and testis sections were 

stained with haematoxylin and eosin (Cardiff et al., 2014) 

which revealed cellular information and histoarchitecture. 

Testis was further stained using Periodic Acid-Schiff 

(Shafiei et al., 2014) and Masson’s Trichrome stains 

(Ozawa and Sakaue, 2020). The brain tissues 

(hypothalamus and pituitary gland were stained with cresyl 

violet (Alvarez-Buylla, et al., 1990).  

Statistical Analysis 

The Inferential statistics was done using one-way analysis 

of variance (ANOVA) with Tukey’s post hoc test 

(GraphPad Prism Software 9.0.0). Data were plotted as 

graphs (mean ± SD) and significance between compared 

data was at the threshold P<0.05. ImageJ software (1.48 

v/java 1.6.0_20) was used in histomorphometric analysis. 

RESULTS 

Effects of Pumpkin Seed Oil on Sexual Behaviour 

Effects of pumpkin seed oil (PSO) on high salt-induced 

sexual dysfunction in adult male Wistar rats are shown in 

Figure 2. There was a significant (P<0.0001) reduction in 

number of mounts following high salt toxicity (HS) 

administration when compared with control. There was also 

a significant difference in number of mounts in HS+PSO 

(P<0.001) and PSO (P<0.0001) groups compared with the 

HS group (Figure 2A). Similarly, the analysis of 

intromission frequency showed significantly (P<0.0001) 

reduced intromission following high salt administration 

(HS group) when compared with the control group (Figure 

2B). There was a significant difference in number of 

intromissions seen in HS+PSO (P<0.01) and PSO 

(P<0.0001) groups compared with the HS group (Figure 

2B). 

 

Effects of Pumpkin Seed Oil on Testicular and Brain 

Weights of Salt-loaded Rats 

There was a significant (P<0.0001) decrease in testicular 

weight following high salt (HS) administration when 

compared with control and there were also significant 

differences in testicular weight in HS+PSO (P<0.001) and 

PSO (P<0.0001) groups compared with the HS group 

(Figure 3A). The analysis of brain weight showed that there 

was no significant difference when HS, HS+PSO, and PSO 

groups were each compared with control (Figure 3B). 

 

 
Figure 2: Effects of pumpkin seed oil on sexual behaviour by male 

Wistar rats following oral administration of high salt for 14 days. 

A: Mounting frequency; B: Intromission frequency. Data are 

expressed as mean ± SD; n=6, one-way ANOVA followed by 

Tukey’s post hoc test. HS=High salt; HS+PSO=High salt with 

pumpkin seed oil; PSO=Pumpkin seed oil. **P<0.01; 

***P<0.001, ****P<0.0001. 



 

57 
 

Ajibola et al. Pharmacol Toxicol Nat Med 2025, 5(3&4): 53-66   

 

 

Effects of Pumpkin Seed Oil on Sperm Count of Salt-

loaded Rats 

There was a significant (P<0.0001) decrease in percentage 

of sperm cells in the high salt (HS) group compared with 

the control group. There were also significant differences in 

sperm cell percentage in HS+PSO (P<0.05) and PSO 

(P<0.001) groups compared with the HS group (Figure 4A). 

High salt administration also caused the lowest percentage 

of normal sperm cells when compared with the control 

(P<0.0001), HS+PSO (P<0.001) and PSO (P<0.0001) 

groups (Figure 4B). In addition, the HS group exhibited the 

highest percentage of abnormal sperm cells when compared 

with the control (P<0.0001), HS+PSO (P<0.001), and PSO 

(P<0.0001) groups (Figure 4C). 

Effects of Pumpkin Seed Oil on Sperm Progressive 

Parameters of Salt-loaded Rats 

There was a significantly reduced percentage of rapid 

progressive sperm cells in the high salt (HS) and HS+PSO 

groups compared with the control group (P<0.0001). A 

significant difference P<0.01 in rapid progressive sperm 

cells was also observed when comparing HS+PSO with the 

HS group (Figure 5A). The HS group showed an increased 

percentage of slow progressive sperm cells compared with 

the control (P<0.001) and PSO (P<0.01) groups. 

Significant differences were also noted when comparing 

HS+PSO with the control (P<0.01) and PSO (P<0.05) 

groups, while no significant difference was observed 

between HS and HS+PSO groups (Figure 5B). There were 

no significant differences across all groups for non-

progressive sperm cells (Figure 5C). 

 

Effects of Pumpkin Seed Oil on Antioxidant Parameters 

of Salt-loaded Rats  

There was a significant (P<0.0001) increase in 

malondialdehyde (MDA) levels in the high salt (HS) group 

compared with the control. Significant differences in MDA 

levels were also observed in HS+PSO (P<0.01) and PSO 

(P<0.0001) groups compared with the HS group (Figure 

6A). Glutathione (GSH) levels was significantly reduced in 

 
 

Figure 3: Effects of pumpkin seed oil on testicular and brain 

weights of salt-loaded Rats. A: Testis weight; B: Brain weight. 

Data are expressed as mean ± SD; n=6, one-way ANOVA 

followed by Tukey’s post hoc test. HS=High salt; HS+PSO=High 

salt with pumpkin seed oil; PSO=Pumpkin seed oil. ***P<0.001, 

****P<0.0001, ns=not significant. 

 

 

 

Figure 4: Effects of pumpkin 

seed oil on percentage sperm 

counts salt-loaded rats. A: Total 

sperm cell count; B: Normal 

sperm cell count; C: Abnormal 

sperm cell count. Data are 

expressed as mean ± SD; n=6, 

one-way ANOVA followed by 

Tukey’s post hoc test. HS=High 

salt; HS+PSO=High salt with 

pumpkin seed oil; PSO=Pumpkin 

seed oil. *P<0.05; ***P<0.001, 

****P<0.0001. 

 
 

 

Figure 5: Effects of pumpkin 

seed oil on sperm progressive 

parameters of salt-loaded 

rats. A: Rapid progressive 

sperm cell; B: Slow 

progressive sperm cell; C: No 

progressive sperm cell. Data 

are expressed as mean ± SD; 

n=6, one-way ANOVA 

followed by Tukey’s post hoc 

test. HS = High salt; HS+PSO 

= High salt with pumpkin 

seed oil; PSO=Pumpkin seed 

oil. *P<0.05; **P<0.01; 

***P<0.001, ****P<0.0001, 

ns=not significant. 
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the HS group compared with the control (P<0.05) and 

HS+PSO (P<0.05) groups. There was no significant 

difference when HS was compared with PSO group (Figure 

6B). 

Effects of Pumpkin Seed Oil on Sex Hormones of Salt-

loaded Rats  

There was a significant (P<0.0001) decrease in plasma 

GnRH levels in the high salt (HS) group compared with the 

control and there was also a significant difference in plasma 

GnRH levels in HS+PSO (P<0.001) and PSO (P<0.0001) 

groups compared with the HS group. Similarly, significant 

differences were observed when HS+PSO (P<0.01) and 

PSO (P<0.05) groups were compared with the control 

(Figure 7A). 

There was a significant (P<0.0001) reduction in plasma LH 

and FSH levels in the HS group compared with the control 

but there was also a significant increase in LH and FSH 

levels in HS+PSO (P<0.001) and PSO (P<0.0001) groups 

compared with the HS group (Figure 7B). Similarly, 

significant differences were observed when HS+PSO 

(P<0.0001 for LH; P<0.05 for FSH) and PSO (P<0.05 for 

FSH) groups were compared with control (Figures 7B and 

7C). 

In Figure 7D, there was a significant (P<0.0001) reduction 

in plasma testosterone levels in the HS group when 

compared with the control but this was significantly 

ameliorated in HS+PSO (P<0.05) and PSO (P<0.0001) 

groups compared with the HS group. 

Effects of Pumpkin Seed Oil on Testicular Histology of 

Male Salt-loaded Rats  

Figure 8 shows the photomicrographs of testes of the rats 

loaded with salt. Panels A, B, C, and D represent the various 

groups and panel E is the graph of testicular cell counts in 

the groups. While the control group (panel A) had normal 

histology, the HS group (panel B) had reduced testicular 

cellularity with abnormal histology which was markedly 

improved in the HS+PSO group (panel C). The PSO group 

(panel D) had similar histology like the control (A). In terms 

of testicular cell count (panel E) there was a significant 

(P<0.0001) reduction in testicular cell population in the HS 

group compared with the control and there was also a 

significant difference in testicular cell count in HS+PSO 

(P<0.01) compared with the control. Similarly, a significant 

increase in testicular cells was observed in HS+PSO 

(P<0.05) and PSO (P<0.0001) groups compared with the 

HS group. 

 

 
Figure 6: Figure 6: Effects of pumpkin seed oil on antioxidant 

parameters of salt-loaded rats. A: Malondialdehyde (MDA); B: 

Glutathione (GSH). Data are expressed as mean ± SD; n=6, one-

way ANOVA followed by Tukey’s post hoc test. HS=High salt; 

HS+PSO=High salt with pumpkin seed oil; PSO=Pumpkin seed 

oil. *P<0.05; **P<0.01; ****P<0.0001. 

 

 

Figure 7: Effects of pumpkin seed oil on male sex hormones following oral administration of high salt for 14 days. A: Gonadotropic 

releasing hormone (GnRH); B: Luteinizing hormone (LH); Follicle stimulating hormone (FSH); and D: Testosterone. Data are expressed 

as ± SD; n=6 and analysed by one-way ANOVA followed by Tukey Post hoc test. HS=High salt; HS+PSO=High salt with pumpkin seed 

oil; PSO=Pumpkin seed oil. *P<0.05; **P<0.01; ***P<0.001, ****P<0.0001). 
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Effect of Pumpkin Seed Oil on Hypothalamic 

Histomorphology of Salt-loaded Rats 

The photomicrographs of the hypothalamus (Figure 9) 

show normal histology in the control group (panel A). In 

the HS group (panel B), there was substantial reduction in 

the number of viable cells which were improved in the 

HS+PSO group (panel C). The histology of the PSO group 

(panel D) was essentially the same as that of the control 

group. Panel E shows that there was a significant 

(P<0.0001) reduction in viable hypothalamic cells in the HS 

group compared with the control. There was also a 

significant reduction in the HS+PSO group (P<0.05) 

compared with the control. Similarly, a significant increase 

in viable hypothalamic cells was observed in HS+PSO 

(P<0.05) and PSO (P<0.001) groups compared with the HS 

group. 

Effects of Pumpkin Seed Oil on Anterior Pituitary 

Histomorphology of Salt-loaded Rats 

Figure 10 shows that the pituitary histomorphology of 

pituitary was normal in the control group (panel A). In the 

HS group (panel B), there was a reduction in the number of 

viable gonadotropic cells which was improved in the 

HS+PSO group (panel C). The micrograph of the PSO 

group (panel D) was like that of the control. In panel E,  

there was a significant (P<0.0001) reduction in viable 

gonadotrophs in the HS group compared with the control. 

There was also a significant reduction in the HS+PSO group 

(P<0.001) compared with the control. Similarly, a 

significant difference in viable gonadotrophs was observed 

when HS (P<0.0001) and HS+PSO (P<0.001) groups were 

compared with the PSO group. However, there was no 

significant difference between the HS and HS+PSO groups. 

Effects of Pumpkin Seed Oil on Testicular 

Microanatomy by MT Staining of Salt-loaded Rats 

In Figure 11, the microscopic examination of testes using 

Masson’s Trichrome (MT) staining technique revealed a 

relatively depleted collagen fibre of the tunica albuginea 

(red arrow) and congested blood vessel (blue arrow) in the 

high salt (HS) exposed rats (panel B). Treatment with 

HS+PSO resulted in mild deposition and regeneration of 

collagen fibre (red arrow) in the connective tissue capsule 

of the seminiferous tubules (panel 11C). Panels A  (control 

group) and D (PSO group) are similar. 

Effects of Pumpkin Seed Oil on Hypothalamic Nissl 

substance by CFV Staining of Salt-loaded Rats 

Photomicrographs of hypothalamic Nissl substance after 

staining with CFV are shown in Figure 12. The control 

group (panel A) shows abundant Nissl substance in the 

neurons of arcuate nucleus of hypothalamus. In the HS 

group (panel B), there was a reduction in Nissl substance, 

and the neurons were noticeably degenerated, but in the 

HS+PSO group (panel C), these abnormalities were 

improved. The PSO (panel D) had similar histoarchitecture 

 

 
 

 

 

 

 

 

 

Figure 8: Photomicrographs of the testis of adult male Wistar rats treated with pumpkin seed oil following high salt administration. Group 

A=Control, with a significant abundance of healthy testicular cells and other components; Group B=High salt (HS) showing reduced 

testicular cellularity with sloughed germinal cells, Leydig cell loss, enlarged seminiferous lumina devoid of mature spermatozoa, and 

disrupted basal lamina and Sertoli cells; Group C=High salt concurrently administered with pumpkin seed oil (HS+PSO) showing increased 

viable testicular cells with restored germinal organization, intact basal lamina, and improved cellular integrity; Group D=Pumpkin seed oil 

(PSO) similar to the control group, showing numerous high abundance of normal testicular cells and components. Red, yellow and blue 

arrows (array of germinal cells); Green arrow (Leydig cells in interstitial space); L (lumen of seminiferous tubules); and E (graph of testicular 

cell counts, *P<0.05; **P<0.01; ***P<0.001, ****P<0.0001). × 800 (H&E).   
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as the control. Histomorphometry revealed that there was a 

significant (P<0.001) reduction in Nissl substance in the HS 

group compared with the control and PSO groups. A 

significant reduction was also observed in the HS+PSO 

group compared with the control (P<0.01) and PSO 

(P<0.001) groups. However, no significant difference was 

observed between the HS and HS+PSO groups. 

 

 
 

 

 

 

 

Figure 9: Photomicrographs of hypothalamus of adult male Wistar rats treated with pumpkin seed oil following high salt administration. 

Group A=Control with a significant abundance viable cells and normal cellular structure; Group B=High salt administration (HS) with a 

substantial reduction in viable cells, pyknotic and degenerated cells are notable; Group C=High salt concurrently administered with pumpkin 

seed (HS+PSO) with improved viable cells number and regeneration of sloughed  hypothalamic cells; Group D=Pumpkin seed oil treatment 

(PSO), similar to control group, with high abundance of normal hypothalamic cells. Red (pyknotic cell); blue arrow (normal cells); yellow 

arrow (vacuolation); ARC (arcuate nuclei); 3V (third ventricle); and E (graph of hypothalamic cell counts, *P<0.05; **P<0.01; ***P<0.001, 

****P<0.0001). ×800 (H&E).   

 

 
 

 

 

 

 

 

Figure 10: Photomicrographs of anterior pituitary gland of salt-loaded rats administered pumpkin seed oil. Group A=Control - with an 

abundance gonadotropic cells; Group B=High salt administration (HS) with a substantial reduction in viable cells, pyknotic cells and shrunken 

gonadotrophs’ cytoplasm are notable; Group C=High salt concurrently administered with pumpkin seed oil (HS+PSO) with improved cellular 

integrity; Group D=Pumpkin seed oil (PSO) similar to control group by showing numerous high abundance of cells. Red (pyknotic cell); blue 

arrow (gonadotrophs); yellow arrow (pituicytes); and E (graph of anterior pituitary cell counts, *P<0.05; **P<0.01; ***P<0.001, 

****P<0.0001). ×800 (H&E).   



 

61 
 

Ajibola et al. Pharmacol Toxicol Nat Med 2025, 5(3&4): 53-66   

 

 

 
 

 

 

 

 

 

Figure 12: Photomicrographs of hypothalamus of adult male Wistar rats treated with pumpkin seed oil following high salt 

administration. Group A= control with a significant abundance Nissl substance in the neuron of arcuate nucleus of hypothalamus; 

Group B=High salt exposed (HS) with a substantial reduction in Nissl substance at the arcuate region of hypothalamus, pyknotic and 

degenerated neurons are notable; Group C=High salt concurrently administered with pumpkin seed oil (HS+PSO) with improved 

neurons and cellular structure but slightly much Nissl substance than group B; and Group D=Pumpkin seed oil treated (PSO) similar 

to control group, showing notable Nissl substance in hypothalamic arcuate cells. Red (pyknotic cell); black arrow (neuron with 

adequate Nissl substance); ARC (arcuate nuclei); 3V (third ventricle); and E (graph of hypothalamic Nissl substance area, *P<0.05; 

**P<0.01; ***P<0.001, ****P<0.0001, ns=not significant. ×800 (CFV).   

 
 

 

 

 

 

Figure 11: Photomicrographs of testis of adult male Wistar rats treated with pumpkin seed oil following high salt administration. Group 

A= Control with  connective tissue capsule (tunica albuginea) of seminiferous tubules lined by fine structured collagen fibre; Group B= 

High salt administration (HS) with depleted and minimum collagen fibres are present in the connective tissue capsule of seminiferous 

tubules, congested seminiferous tubules with thickened blood vessels; Group C= High salt concurrently administered with pumpkin seed 

oil (HS+PSO) showing mild and improved collagen fibres and shaped seminiferous tubules; Group D= Pumpkin seed oil treatment (PSO) 

with seminiferous tubules outlined by normal and fine collagen fibres as seen in control group. Red arrow (collagen fibres), blue arrow 

(blood vessel) ×800 (MT).  
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Effects of Pumpkin Seed Oil on Anterior Pituitary Nissl 

Substance by CFV Staining of Salt-loaded Rats 

Figure 13 shows CFV-stained Nissl substance in the 

anterior pituitary of the rats. There was substantial re-

duction of Nissl substance in gonadotropic neurons in  the 

HS group (panel B) when compared with the control (panel 

A) in which they were in abundance. In the HS+PSO group 

(panel C), there was an increase in the Nissl substance in 

the HS  group. The micrograph of the PSO group (panel D) 

is similar to that of the control (panel A).  

Histomorphometric plot (panel E) showed a significant 

(P<0.001) reduction in Nissl substance in the HS group 

compared with the control. A significant reduction was also 

observed in the HS group compared with the HS+PSO 

group (P<0.01). Similarly, a significant difference was 

observed when comparing the HS+PSO group with the PSO 

group (P<0.001). 

DISCUSSION 

Salts, particularly sodium chloride, are essential nutrients 

for human survival. However, contemporary dietary habits 

often result in excessive salt intake, which presents 

significant health risks at both individual and population 

levels. There is substantial evidence linking high salt 

consumption to cardiovascular diseases (Baldo et al., 2015) 

and neurological disorders (Li et al., 2012; Abdoli, 2017), 

but the connection between high salt intake and 

reproductive dysfunction remains under-explored and 

inadequately evidenced. 

Pumpkin seed oil (PSO) offers a promising intervention due 

to its health benefits, largely attributed to its rich fatty acid 

profile and phytoestrogenic compounds (Basir et al., 2025), 

which may positively influence reproductive health. 

Investigating these properties could provide valuable 

insights into its efficacy in addressing reproductive 

dysfunction associated with high salt consumption. The 

significant decrease in testicular weight in the high salt 

group in this study, which improved upon PSO 

administration. Wube et al. (2009) reported that 3.5% or 5% 

NaCl over 6–8 weeks reduced spermatogenesis and 

testicular weight in mice. Similarly, Abdelnour et al., 

(2020) found that a high salt diet decreased testis weights in 

rats, with changes in testicular mass potentially affecting 

seminiferous tubules. Given the hypothalamus and pituitary 

gland's roles in male reproduction, we examined brain 

weight and found no significant differences across groups, 

thereby corroborating Verbalis (2010) report that noted the 

brain's compensatory mechanisms to maintain sodium 

balance. This study also investigated the role of PSO in 

enhancing sexual function in high salt-administered rats. 

Results showed significant improvements in mounts and 

intromissions. Kishimoto et al., (2020) observed that a 

high-salt diet increased blood pressure and impaired erectile 

function in Dahl-S rats. 

High salt ingestion has been linked to oxidative damage of 

cells and DNA (Krajina et al., 2022). Cellular energy 

creation, largely reliant on oxidative phosphorylation 

within mitochondria, produces reactive oxygen species 

(ROS) under oxidative stress. These ROS impair 

 

 
 

 

 

 

 

 

Figure 13: Photomicrographs of anterior pituitary of adult male Wistar rats treated with pumpkin seed oil following high salt 

administration. Group A= control with an abundance Nissl substance in gonadotropic neurons; Group B=High salt (HS) with a 

substantial reduction of Nissl substance; Group C=High salt concurrently administered with pumpkin seed oil (HS+PSO) ameliorating 

anterior pituitary histological structure; and Group D=Pumpkin seed oil treatment (PSO) similar to control group, showing numerous 

high abundance Nissl substance in gonadotropic cells. Black arrow (gonadotrophs with Nissl substance) and E (anterior pituitary Nissl 

substance area, *P<0.05; **P<0.01; ***P<0.001, ****P<0.0001). ×800 (CFV).   
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biomolecular functions, affecting proteins, lipids, amino 

acids, and DNA (Juan et al., 2021). Our findings indicate 

that impaired antioxidant defenses following high salt 

administration, evidenced by increased MDA levels and 

reduced GSH levels, were mitigated by administration of 

PSO. Iranloye et al. (2013) noted increased MDA levels and 

decreased antioxidant status in high salt diet-fed rats, 

indicating oxidative stress. Our findings are strengthened 

by those of Ekpono et al. (2024) that pumpkin seeds possess 

anti-oxidative properties which may account for their health 

benefits. 

Sperm cells quality and male reproductive functions are 

regulated by complex hormonal interactions (Dutta et al., 

2019). The global decline in semen quality over recent 

decades is a major concern, necessitating exploration of 

underlying mechanisms. Endocrine disruptions in male 

reproductive functions significantly affect semen quality 

(Sengupta, 2014). The hypothalamo-pituitary-gonadal 

(HPG) axis controls spermatogenesis, with the 

hypothalamus stimulating anterior pituitary gonadotropin 

secretion via pulsatile GnRH release (Darbandi et al., 

2018). Steady high intratesticular testosterone levels, 

mediated by Leydig cells upon LH stimulation, maintain 

spermatogenesis. The low levels of male sexual hormones 

(GnRH, LH, FSH, and testosterone) in high salt 

administered group were ameliorated by treatment with 

PSO which demonstrates its phytoestrogenic properties and 

potential to treat hormonal imbalances induced by high salt 

intake. This aligns with Fang et al. (2018), who found that 

excessive salt intake reduces sex hormone levels and 

reproductive performance. Abed and Alkalby (2018) also 

reported that PSO extract normalized male sex hormone 

levels after chlorpyrifos-induced reproductive toxicity. 

Sperm parameters, such as count, motility, and 

morphology, are crucial fertility indicators. Decreased 

sperm count, motility, and increased abnormal sperm cells 

often lead to reduced fertility rates (Irvine, 1996). In this 

study, high salt-fed rats had low sperm counts, increased 

abnormal sperm cells, and slow progressive motility. These 

were all improved with PSO demonstrating its effectiveness 

in improving sperm parameters. Studies have linked semen 

quality to lifestyle factors, including diet (Gabrielsen and 

Tanrikut, 2016; Shirani et al., 2020). Highly processed 

foods, known for high salt content, contribute to current 

high salt intakes (Gibson et al., 2000). Our findings is 

supported by that of Aghaei et al. (2014) that pumpkin seed 

extract significantly improved sperm parameters and 

minimized cyclophosphamide toxic effects. 

Histological changes such as decreased and sloughed germ 

cells, deformed seminiferous tubules, widened interstitium 

with Leydig cell necrosis, absence of cells in seminiferous 

tubule lumens, and loss of collagen fibres observed in the 

high salt group are consistent with the histoarchitectural 

alterations reported by other workers (Alalwani, 2014; 

Anderson et al., 2020). It has been suggested that these 

histological changes may result from direct chemical effects 

or hormonal imbalances (Dalsenter, 2006). Exfoliated 

spermatids and vacuolar degeneration indicate testicular 

toxicity and cell degeneration (El-Deeb et al., 2000). 

Alawani (2014) linked pyknosis of cell nuclei to functional 

inefficiency. Treatment with PSO increased viable germ 

cells and improved testicular histoarchitecture which agrees 

with the finding by Mousa et al. (2023) that PSO alleviated 

lead acetate-induced testicular pathology. 

Reduced gonadotrophs with cell deterioration and death 

evidenced by pyknotic cells and loss of Nissl substance in 

the hypothalamus and anterior pituitary gland of high salt-

fed rats were ameliorated by PSO administration and aligns 

with the findings of Anderson et al. (2020). 

CONCLUSION 

Taken together, the findings from this study highlight the 

detrimental effects of high salt intake on male reproductive 

health. Specifically, high salt consumption adversely 

affects sexual function, hormonal balance, semen 

parameters, oxidative stress, inflammation, and structural 

integrity of the male reproductive axis. This includes 

pronounced atrophy and degeneration of germinal cells, 

gonadotropic cells in the anterior pituitary 

(adenohypophysis) and neuronal loss in the arcuate nucleus 

of the hypothalamus. Furthermore, this study highlights the 

therapeutic potential of pumpkin seed oil in mitigating these 

adverse effects. The administration of pumpkin seed oil 

following high salt exposure resulted significant 

amelioration of testicular cell atrophy, restoration of 

degenerated gonadotropic cells, and regeneration of 

hypothalamic neurons. Additionally, there was a notable 

improvement in sexual function, levels of male sex 

hormones and semen quality in adult male Wistar rats 

exposed to high salt toxicity. Exploring interactions with 

key cellular processes involved in spermatogenesis, such as 

mitochondrial function and apoptotic pathways, may 

uncover novel targets for intervention in male reproductive 

disorders exacerbated by dietary factors.  

ACKNOWLEDGMENTS 

The authors acknowledge the support of Afe Babalola 

University Central Research facilities and the support of the 

Tertiary Education Trust Fund (TETfund) for one of the 

author’s tuition fees. 

 

 



 

64 
 

Ajibola et al. Pharmacol Toxicol Nat Med 2025, 5(3&4): 53-66   

AUTHORS’ CONTRIBUTION 

TAA & MAA: validation, investigation, formal analysis, 

data curation, writing of draft. LAE & EEE: 

conceptualization, project supervision, writing, reviewing 

and editing. OSS, SOA, OIA & EEE: investigation, formal 

analysis, data curation, conceptualization, methodology, 

project administration, writing, reviewing and editing.  

CONFLICT OF INTEREST 

Authors declare no conflict of interest  

FUNDING 

This research received no grant from any funding 

agency.  

AUTHORS’ DECLARATION 

The authors declare that the work presented in this article is 

original and that any liability for claims relating to the 

content of this article will be borne by them. 

REFERENCES 

Abdelnour SA, Abd El-Hack ME, Noreldin AE, Batiha GE, 

Beshbishy AM, Ohran H, Swelum AA (2020). High salt 

diet affects the reproductive health in animals: An 

overview. Animals 10(4): 590. 

Abdoli A (2017). Hypothesis: High salt intake as an 

inflammation amplifier might be involved in the 

pathogenesis of neuropsychiatric disorders. Clinical and 

Experimental Neuroimmunology 8(2): 146-157. 

Abed NM, Alkalby JM (2018). Protective effect of 

pumpkin seed oil on reproductive system in chlorpyrifos 

treated adult male rats. Basrah Journal of Veterinary 

Research 17(2): 292-307. 

Aghaei S, Nikzad H, Taghizadeh M, Tameh AA, Taherian 

A, Moravveji A (2014). Protective effect of pumpkin seed 

extract on sperm characteristics, biochemical parameters 

and epididymal histology in adult male rats treated with 

cyclophosphamide. Andrologia 46(8): 927-935. 

Ågmo A (1997). Male rat sexual behavior. Brain Research 

Protocols 1(2): 203-209 

Aguwa US, Eze CE, Obinwa BN, Okeke SN, Onwuelingo 

SF, Okonkwo DI, Umezulike AJ (2020). Comparing the 

effect of methods of rat euthanasia on the brain of Wistar 

rats: Cervical dislocation, chloroform inhalation, diethyl 

ether inhalation and formalin inhalation. Journal of 

Advances in Medicine and Medical Research 32(17): 8-16. 

Alalwani AD (2014). Monosodium glutamate induced 

testicular lesions in rats (histological study). Middle East 

Fertility Society Journal 19(4): 274-280. 

Alvarez-Buylla A, Ling CY, Kirn JR (1990). Cresyl violet: 

A red fluorescent Nissl stain. Journal of Neuroscience 

Methods 33(2-3): 129-133. 

Anderson EL, Tunde O, Edem E, Adeshina A (2020). 

Histological studies of effect of dichlorvos on 

hypothalamic-pituitary-testicular axis following the 

administration of Mimosa pudica extract. Journal of 

Endocrinology and Hormones 1(1): 25-34. 

Baldo MP, Rodrigues SL, Mill JG (2015). High salt intake 

as a multifaceted cardiovascular disease: new support from 

cellular and molecular evidence. Heart Failure Reviews 

20(4): 461-474. 

Bashir K, Jan K, Habib M, Jan S (2025). Pumpkin seed oil. 

Pumpkin seed: Newer perspectives, Springer, Pp 65-100. 

DOI:10.1007/978-3-031-83803-3  

Bliss SP, Navratil AM, Xie J, Roberson MS (2010). GnRH 

signaling, the gonadotrope and endocrine control of 

fertility. Frontiers in Neuroendocrinology 31(3): 322-340. 

Brown IJ, Tzoulak I, Candeias V, Elliott P (2009). Salt 

intakes around the world: Implications for public 

health. International Journal of Epidemiology 38(3): 791-

813. 

Cardiff RD, Miller CH, Munn RJ (2014). Manual 

hematoxylin and eosin staining of mouse tissue sections. 

Cold Spring Harbor Protocols 2014(6): 073411. 

Dalsenter PR, Santana GM, Grande SW, Andrade AJ, 

Araujo SL              (2006). Phthalate affect the reproductive 

function and sexual behavior of male Wistar rats. Human & 

Experimental Toxicology 25(6): 297-303. 

Darbandi M, Darbandi S, Agarwal A, Sengupta P, 

Durairajanayagam D, Henkel R, Sadeghi MR (2018). 

Reactive oxygen species and male reproductive hormones. 

Reproductive Biology and Endocrinology 16: 1-14. 

Dhole B, Kumar A (2017). Hypothalamic-pituitary-

testicular axis. Basics of Human Andrology: A Textbook. Pp 

117-134. http://dx.doi.org/10.1007/978-981-10-3695-8_9 

Dutta S, Sengupta P, Muhamad S (2019). Male 

reproductive hormones and semen quality. Asian Pacific 

Journal of Reproduction 8(5): 189-194. 

Dwyer AA, Quinton R (2019). Anatomy and physiology of 

the hypothalamic-pituitary-gonadal (HPG) axis. Advanced 

Practice in Endocrinology Nursing, Springer. Pp 839-852. 

http://dx.doi.org/10.1007/978-981-10-3695-8_9


 

65 
 

Ajibola et al. Pharmacol Toxicol Nat Med 2025, 5(3&4): 53-66   

Ekpono EU, Eze ED, Adam AM, Ibiam UA, Obasi OU, Ifie 

JE, Aja PM (2024). Ameliorative potential of pumpkin seed 

oil (Cucurbita pepo L.) against tramadol-induced oxidative 

stress. Dose-Response 22(1): 15593258241226913. 

El-Deeb R, Zakaria I, Abd El-Khalik I, Abd EL-Aziz S 

(2000). The influence of short and long-term treatments 

with sildenafil citrate on the testis and liver of albino rats. 

Egypt Journal of Zoology 35: 163-187. 

Fang Y, Zhong R, Sun X, Zhou D (2018). High salt diet 

decreases reproductive performance in rams and down-

regulates gene expression of some components of the renin-

angiotensin system in the testis. Theriogenology 107: 127-

133. 

Gabrielsen JS, Tanrikut C (2016). Chronic exposures and 

male fertility: the impacts of environment, diet, and drug 

use on spermatogenesis. Andrology 4(4): 648-661. 

Gauthaman K, Adaikan PG, Prasad RN (2002). 

Aphrodisiac properties of Tribulus terrestris extract 

(protodioscin) in normal and castrated rats. Life Sciences 

71(12): 1385-1396. 

Gibson J, Armstrong G, McIlveen H (2000). A case for 

reducing salt in processed foods. Nutrition & Food Science 

30(4): 167-173. 

Hashemi JM (2013). Pumpkin seed oil and vitamin E 

improve reproductive function of male rats inflicted by 

testicular injury. World Applied Sciences Journal 23(10): 

1351-1359. 

Iranloye BO, Oludare GO, Morakinyo AO, Esume NA, 

Ekeh LC (2013). Reproductive parameters and oxidative 

stress status of male rats fed with low and high salt diet. 

Journal of Human Reproductive Sciences 6(4): 267-272. 

Irvine S, Cawood E, Richardson D, MacDonald E, Aitken J 

(1996). Evidence of deteriorating semen quality in the 

United Kingdom: Birth cohort study in 577 men in Scotland 

over 11 years. BMJ 312(7029): 467-471.  

James WP, Ralph A, Sanchez-Castillo C (1987). The 

dominance of salt in manufactured food in the sodium 

intake of affluent societies. The Lancet 329(8530): 426-

429. 

Juan CA, Pérez de la Lastra JM, Plou FJ, Pérez-Lebeña E 

(2021). The chemistry of reactive oxygen species (ROS) 

revisited: Outlining their role in biological macromolecules 

(DNA, lipids and proteins) and induced pathologies. 

International Journal of Molecular Sciences 22(9): 4642. 

Kishimoto T, Kataoka T, Yamamoto Y, Asano G, 

Fukamoto A, Hotta Y, Kimura K (2020). High salt intake 

impairs erectile function in salt-sensitive rats through 

mineralocorticoid receptor pathway beyond its effect on 

blood pressure. The Journal of Sexual Medicine 17(7): 

1280-1287. 

Krajina I, Stupin A, Šola M, Mihalj M (2022). Oxidative 

stress induced by high salt diet: Possible implications for 

development and clinical manifestation of cutaneous 

inflammation and endothelial dysfunction in psoriasis 

vulgaris. Antioxidants 11(7): 1269. 

Li XY, Cai XL, Bian PD, Hu LR (2012). High salt intake 

and stroke: Meta-analysis of the epidemiologic evidence. 

CNS Neuroscience & Therapeutics 18(8): 691-701. 

Mousa HR, Allam AM, Ali Mohamed AM (2023). The 

possible protective role of crocin and pumpkin seed oil 

against lead-induced testicular cytotoxicity in adult male 

Albino rat. Hormonal, histological and 

immunohistochemical study. Benha Medical Journal 40: 1-

16. 

Odetayo AF, Olayaki LA (2022). Effect of bisphenol on 

sexual performance and quality of offspring in Male Wistar 

rats. Ecotoxicology and Environmental Safety 244: 114079. 

Ozawa A, Sakaue M (2020). New decolorization method 

produces more information from tissue sections stained 

with hematoxylin and eosin stain and Masson-trichrome 

stain. Annals of Anatomy-Anatomischer Anzeiger 227: 

151431. 

Partearroyo T, Samaniego-Vaesken MDL, Ruiz E, 

Aranceta-Bartrina J, Gil Á, González-Gross M, Varela-

Moreiras G (2019). Sodium intake from foods exceeds 

recommended limits in the Spanish population: The 

ANIBES study. Nutrients 11(10): 2451. 

Peneme BML, Odele R, Akasa H, Ngono MH, Etou Ossibi 

AW, Abena AA (2023). Evaluation of the antihypertensive 

effect of the aqueous extract of the roots of Dissotis brazzei 

Cogn at the Wistar rat. World Journal of Pharmaceutical 

Research 13(1): 12-26. 

Roth GA, Abate D, Abate KH, Abay SM, Abbafati C, 

Abbasi N, Borschmann R (2018). Global, regional, and 

national age-sex-specific mortality for 282 causes of death 

in 195 countries and territories, 1980–2017: A systematic 

analysis for the global burden of disease Study 2017. The 

Lancet 392(10159): 1736-1788. 

Rouag M, Berrouague S, Djaber N, Khaldi T, Boumendjel 

M, Taibi F, Messarah M (2020). Pumpkin seed oil alleviates 

oxidative stress and liver damage induced by sodium nitrate 

in adult rats: Biochemical and histological approach. 

African Health Sciences 20(1): 413-425. 

Sengupta P (2014). Current trends of male reproductive 

health disorders and the changing semen quality. 

International Journal of Preventive Medicine 5(1): 1. 



 

66 
 

Ajibola et al. Pharmacol Toxicol Nat Med 2025, 5(3&4): 53-66   

Shaban A, Sahu RP (2017). Pumpkin seed oil: An 

alternative medicine. International Journal of 

Pharmacognosy and Phytochemical Research 9(2). 11. 

Doi:10.25258/phyto.v9i2.8066 

Shafiei MT, Gonczi CMC, Rahman MS, East A, François 

J, Darlington PJ (2014). Detecting glycogen in peripheral 

blood mononuclear cells with periodic acid Schiff staining. 

JoVE (Journal of Visualized Experiments) (94): 52199. 

Shirani M, Saneei P, Nouri M, Maracy M, Abbasi H, Askari 

G (2020). Associations of major dietary patterns and dietary 

diversity score with semen parameters: A cross-sectional 

study in Iranian infertile men. International Journal of 

Fertility & Sterility 14(3): 185. 

Stevenson DG, Eller FJ, Wang L, Jane JL, Wang T, Inglett 

GE (2007). Oil and tocopherol content and composition of 

pumpkin seed oil in 12 cultivars. Journal of Agricultural 

and Food Chemistry 55(10): 4005-4013. 

Verbalis JG (2010). Brain volume regulation in response to 

changes in osmolality. Neuroscience 168(4): 862-870. 

Wang H, Cai Y, Shao Y, Zhang X, Li N, Zhang H, Liu Z 

(2018). Fish oil ameliorates high-fat diet induced male 

mouse reproductive dysfunction via modifying the 

rhythmic expression of testosterone synthesis related genes. 

International Journal of Molecular Sciences 19(5): 1325. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

World Health Organization (1999). WHO laboratory 

manual for the examination of human semen and sperm–

cervical mucus interaction. 4th edn. Cambridge University 

Press, Cambridge. 

Wube T, Haim A, Fares F (2009). Effect of increased 

dietary salinity on the reproductive status and energy intake 

of xeric and mesic populations of the spiny mouse, Acomys. 

Physiology & Behavior 96(1): 122-127. 

Xue XD, Li W, Xie MQ, Wang DZ, Li DD, Xin P, Jiang 

GH (2023). High sodium diet intake and cardiovascular 

diseases: An attributable death study in Tianjin, China. The 

Journal of Clinical Hypertension 25(1): 30-37. 

Zhao X, White R, Huang BS, Van Huysse J, Leenen FH 

(2001). High salt intake and the brain renin–angiotensin 

system in Dahl salt-sensitive rats. Journal of Hypertension 

19(1): 89-98. 


