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SUMMARY
Studies have demonstrated the harmful con-

sumption of palm wine (PW) in rats’ reproduc-
tion. These include impairment of sperm param-
eters such as sperm motility, count, viability and 
morphology. In addition, Amaranthus hybridus 
(AH) has been shown to protect against the effects 
of noxious substances. This study aims to investi-
gate the protective potential of AH in PW-induced 
testicular toxicity in Wistar rats. The rats were 
randomly divided into seven groups, with five 
rats each. The treatment of all groups lasted for 8 
weeks (orally administered). 

Group A received 5 ml/kg normal saline; Group 
B rats received 50 mg/kg AH; Group C received 
100 mg/kg AH; Group D received 5 ml/kg PW; 
Group E received 10 ml/kg PW for 56 days; Group 
F received 5 ml/kg PW + 50 mg/kg Amaranthus 
hybridus for 56 days; Group G received 10 ml/kg 
palm wine + 100/kg Amaranthus hybridus. Body 
weight increased in all treated groups but was 
not significantly different from the control. Tes-
ticular weight and volume decreased in all treat-

ed groups, with significant changes in the testis 
weight to body weight ratio in groups D and E. 
Groups A-C maintained normal sperm param-
eters. Chronic consumption of PW results in a 
decrease in sperm count and motility and an in-
crease in dysmorphology. Furthermore, AH ad-
ministration results in increased sperm count 
and motility and a decrease in dysmorphology. 
The AH protects against decreased sperm count, 
motility and dysmorphology in PW-induced tes-
ticulotoxicity in rats.

Key words: Toxicity – Testis – Palm wine – Am-
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INTRODUCTION
Palm trees are found in the tropical regions of 

Africa, Asia, and South America (Sarma et al., 
2022; Aworh, 2023; Deka and Sit, 2023). Palm 
wine (PW), a fermented drink obtained from palm 
trees, is a common drink and is culturally signifi-
cant to people of these regions (Erukainure et al., 
2019; Oluwole et al., 2023). The nutritional pro-

Corresponding author: 
Peterson M. Atiba. Department of Clinical Anatomy, College of Health 
Sciences, University of KwaZulu-Natal, Durban, South Africa. E-mail: 
petersonmakinde.atiba@gmail.com  -  ORCID: 0000-0002-9408-1387

Submitted: May 22, 2025. Accepted: June 14, 2025

https://doi.org/10.52083/NOHP7977

https://doi.org/10.52083/NOHP7977


Protective Effects of Amaranthus hybridus on Testicular Toxicity

848

file of PW indicates that it contains natural sugars, 
sodium, potassium, irons, amino acids, and vi-
tamins (Erukainure et al., 2019). Similarly, some 
studies highlighted its antioxidative and anti-in-
flammatory properties linked to the polyphenols 
(Oluwole et al., 2023). Consumption of PW has 
demonstrated some deleterious effects on rat tes-
tes, primarily impacting hormonal balance (such 
as decreased serum and testicular testosterone 
level, luteinizing hormone and follicle-stimulat-
ing hormone levels), sperm quality, and testicu-
lar histology (Oyedeji et al., 2013; Haruna et al., 
2020).

Amaranthus hybridus (AH) belongs to the fam-
ily of Amaranthaceae. It is an annual herbaceous 
plant that typically reaches a height of 1-6 feet. 
Its leaves are alternately arranged, petiolate, and 
range from 3 to 6 inches in length. They have a 
dull green coloration, a rough texture with fine 
hairs, exhibiting an ovate or rhombic shape with 
wavy margins. In many developing countries, the 
leaves of AH are widely utilized in culinary prac-
tices, including as an ingredient in soups and as a 
leafy vegetable consumed in the form of spinach 
or salad (Oyeniran et al., 2022). Some studies sug-
gest that AH contains both essential and non-es-
sential amino acids (Aja et al., 2021), quercetins, 
alkaloids and rutins, facilitating antioxidative and 
steroidogenic protective activities in the female 
reproductive system in rats (Watcho et al., 2022). 
Moreover, nephroprotective and hepatoprotective 
activities were reported in streptozotocin and al-
loxan-induced diabetes mellitus in rat models 
(Phoswa and Mokgalaboni, 2023). A recent study 
demonstrated the ameliorative potential of AH 
against monosodium glutamate-induced testicu-
lar derangement in rats (Oyeniran et al., 2022). 

This study aims to investigate the protective po-
tential of AH in PW-induced testicular toxicity in 
Wistar rats.

MATERIALS AND METHODS

Ethical approval

Ethical clearance and approval for this study 
were received from the Ethics and Research Com-
mittee of the College of Medicine, Ekiti State Uni-
versity, Ado-Ekiti (ERCANA/2024/02/002). The 

method and procedures used in this experiment 
were entirely in accordance with the National In-
stitute of Health Guidelines for the Care and Use 
of Laboratory Animals (National Research Coun-
cil, 2011).

Plant materials

Amaranthus hybridus plants

Fresh AH leaves were purchased, rinsed, and 
air-dried for 2 weeks, yielding 840g of dried leaves. 
The leaves were blended, mixed with 5ml distilled 
water, and stirred every 2 hours for 24 hours. The 
mixture was filtered through a muslin bag and 
Whatman filter paper. The filtrate was concentrat-
ed using a rotary evaporator at 40°C, then further 
concentrated in a vacuum oven at 45°C and 700 
mmHg. The final extract was weighed, and the 
yield was calculated. The concentrate was stored 
at 4°C in an airtight container. 

Palm Wine

Palm wine obtained from Raffia palm was col-
lected on a daily basis from a local PW seller in 
Ado-Ekiti, Nigeria. The palm wine was adminis-
tered to the rats according to their body weight 
(b. w.), using the standard value of 10 ml/kg b. w 
(Oyedeji et al., 2013).

Study Design

This study was conducted in the animal house 
of the Faculty of Health Sciences, Department of 
Anatomy, Ekiti State University, Ado-Ekiti. A to-
tal of thirty-five (n=35) male Wistar rats weighing 
200-214 g. The rats were housed in well-ventilated 
hanging stainless-steel wire cages kept in an iso-
lated room at a controlled temperature (23-25ºC) 
and humidity (40-60%). Lighting was maintained 
on a 12-h cycle (lights on from 07.00 to 19.00h). 
The rats were allowed free access to water (ad libi-
tum) and standard rat chow (SRC). The rats were 
acclimatized for two weeks.

The rats were randomly divided into seven (7) 
groups with each containing five (n=5) rats each. 
The treatment of all groups lasted for 8 weeks.

•	 Group A rats received 5 ml/kg normal saline 
for 56 days (p. o.). 
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•	 Group B rats received 50 mg/kg AH for 56 
days (p.o.).

•	 Group C rats received 100 mg/kg AH for 56 
days (p. o.).

•	 Group D rats received 5 ml/kg PW for 56 days 
(p. o.).

•	 Group E rats received 10 ml/kg PW for 56 
days (p. o.).

•	 Group F rats received 5 ml/kg PW and 50mg/
kg AH for 56 days (p. o.).

•	 Group G rats received 10 ml/kg PW and 100/
kg AH for 56 days (p. o.).

At the end of day 56 of the experiment, the final 
body weight was recorded. The rats were eutha-
nized with ketamine (20 mg/kg) on day 57 intra-
peritoneally, and 5ml of whole blood sample was 
obtained from the cardiac puncture into plain 
bottles. The testes were removed along with the 
epididymides. The caudal epididymides were 
separated from the testes, blotted with filter pa-
pers, lacerated to collect the semen, and gently 
placed on a clean, warm glass slide; semen char-
acteristics and morphology were determined by 
the method described by Zemjanis (1970) and Oy-
eyemi and Ubiogoro (2005).

Semen analysis

Progressive sperm motility: Immediately fol-
lowing semen collection, sperm were extruded 
from the caudal epididymis onto a pre-warmed 
microscope slide (27°C). Two drops of warm 2.9% 
sodium citrate solution were then added to the 
sample. The slide was covered with a warm cov-
er slip and examined under a microscope at 400x 
magnification. Ten random fields were selected 
for evaluation, and the motility of 10 sperm was 
assessed in each field, resulting in the analysis 
of a total of 100 sperm. Sperm were categorized 
as motile, sluggish, or immotile. The percentage 
of motile sperm was calculated according to Mo-
hammad-Reza et al. (2005) by dividing the num-
ber of motile spermatozoa by the total number of 
spermatozoa counted (100).

Sperm morphology: Two drops of warm Wells 
and Awa stain were added to the semen on a pre-
warmed slide, and a uniform smear was prepared 
and air-dried (Wells and Awa, 1970). The stained 
slide was then immediately examined under a 

microscope at 400x magnification (Laing, 1979). 
Five random fields were selected for analysis, and 
the types and numbers of abnormal spermatozoa 
were evaluated from the total spermatozoa pres-
ent in those fields. The percentage of abnormal 
spermatozoa was calculated by dividing the num-
ber of abnormal spermatozoa by the total number 
of spermatozoa counted.

Sperm count: The caudal epididymis of each 
rat was immersed in 5 ml of normal saline. The 
caudal epididymis was minced in 2 ml of normal 
saline at 1:2 for each rat. The sperm suspension 
was diluted with 40% sodium bicarbonate forma-
lin fluid at a ratio of 1:100, about 20 µl of the al-
iquot was transferred to the improved Neubauer 
hemocytometer counting chamber and observed 
under a light microscope (Leica DM 500). The 
sperm count was expressed as No. x 106 per ml 
(Oyeniran et al., 2022).

Statistical analysis

The results obtained were expressed as mean ± 
SD. The data were analyzed using one-way analy-
sis of variance (ANOVA) followed by Tukey’s mul-
tiple comparison test using Graph Pad 5.0 (Graph 
Pad Software Inc., CA, USA). The results were con-
sidered significant at p<0.05.

RESULTS

Body weight, testicular weight, and volume

Across all the treatment groups (B-G), body 
weight was increased between the initial and fi-
nal. However, these increases were not signifi-
cant compared to (control) group A. The testicular 
weight and volume decreased across all treatment 
groups in both PW and AH compared to group 
A. The testis weight: body weight ratio across all 
groups was not significant except in groups D and 
E (p<0.05) compared to group A (Table 1).

Sperm motility

Group E sperm motility decreased significant-
ly compared to group A. In other treated groups, 
sperm motility decreased but not significantly 
compared to group A. In addition, the sperm mo-
tility of group G increased significantly compared 
to group E (Fig. 1).
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Sperm count

Group E’s sperm count decreased significantly 
compared to group A. In other treated groups, the 
sperm count decreased but not significantly com-
pared to group A. In addition, the sperm count 
of group G increased significantly compared to 
group E (Fig. 2). 

Sperm morphology

Group E’s normal sperm morphology reduced 
significantly compared to group A. In other treat-
ed groups, sperm morphology did not reduce sig-
nificantly compared to group A. In addition, the 
normal sperm morphology of group G increased 
significantly compared to group E (Fig. 3).

DISCUSSION
Male infertility is the inability of a male to con-

ceive with a female partner after one year of reg-
ular, unprotected sexual intercourse. It affects 
approximately 40% of infertility cases in couples, 
and arises from disruptions in sperm production, 
delivery, or function (Oyeniran et al., 2022). This 
may result from hormonal imbalance, abnormal 
sperm morphology, count, motility, exposure to 
toxins and alcohol abuse. PW is a natural bever-
age commonly consumed singly or combined with 
other medicinal plants. Previous studies have 
indicated its role in reducing sperm count, mor-
phology, motility, and testicular weight (Oyedeji et 
al., 2013; Oyeniran et al., 2022) due to decreased 
testosterone levels and increased free radicals’ 

Table 1. Mean and standard deviation (Mean ± SD) of the body weight, testis weight and testis volume among experimental 
groups.

Groups Initial body 
weight (g)

Final body 
weight (g) Testis weight (g) Testis volume (ml) Testis weight / body 

weight ratio

Group A 205 ± 3.5 233 ± 3.3 1.313 ± 0.96 1.200 ± 0.23 0.005

Group B 203 ± 3.2 227 ± 3.6 1.273 ± 0.31 0.966 ± 0.03 0.005

Group C 207± 2.3 230 ± 0.9 1.310 ± 0.15 1.067 ± 0.03 0.005

Group D 209± 4.3 221 ± 4.1 1.207 ± 0.20 1.000 ± 0.05 0.002*

Group E 210 ± 4.1 224 ± 5.3 0.953 ± 0.02 1.000 ± 0.01 0.002*

Group F 205 ± 1.0 225 ± 1.7 1.243 ± 0.02 1.033 ± 0.03 0.004

Group G 206 ± 3.2 223 ± 3.8 1.234 ± 0.03 1.067 ± 0.03 0.004

Group Group A: Control group, Group B: 50 mg/kg AH, Group C: 100 mg/kg AH, Group D: 5 ml/kg PW, Group E: 10 ml/kg PW, 
Group F: 5 ml/kg PW + 50 mg/kg AH, Group G: 10 ml/kg PW + 100 mg/kg AH. Mean ± SD, *p-value: <0.05 is significant compared 
Group A.

Fig. 1.- Sperm motility (%) of the experimental groups. Control group, Group B: 50 mg/kg AH, Group C: 100 mg/kg AH, Group D: 5 
ml/kg PW, Group E: 10 ml/kg PW, Group F: 5 ml/kg PW + 50 mg/kg AH, Group G: 10 ml/kg PW + 100 mg/kg AH. Mean ± SD, *p-value: 
<0.05 is significant compared Group A. # p-value: <0.05 is significant compared Group E. *Significantly compared to A. #Signifi-
cantly compared to E.
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production (reactive oxygen species). AH phyto-
chemical analysis reveals polyphenol as one of its 
constituents, contributing to its antioxidant ac-
tivities in the testes, pancreas and ovaries (Tang 
et al., 2019; Oyeniran et al., 2022; Watcho et al., 
2022).

In our study, the final body weights of the AH, 
PW and PW+AH groups did not significantly in-
crease compared to the control group. Other stud-
ies suggest AH may not negatively affect the body 

weight of male rats but promotes weight gain 
when administered orally (Ejiofor et al., 2022; Oy-
eniran et al., 2022). Oyedeji et al. (2013) and Isaac 
et al. (2017) reported no significant weight change 
in PW-administered rats, but Haruna et al. (2020) 
reported a significant decrease in body weight 
after day 21. The significant change in the testes 
weight to body weight ratio in the PW-adminis-
tered groups compared to Group A suggests PW 
disrupts spermatogenesis and Leydig cell hor-

Fig. 2.- Sperm count (x106/ml) of the experimental groups. Control group, Group B: 50 mg/kg AH, Group C: 100 mg/kg AH, Group 
D: 5 ml/kg PW, Group E: 10 ml/kg PW, Group F: 5 ml/kg PW + 50 mg/kg AH, Group G: 10 ml/kg PW + 100 mg/kg AH. Mean ± SD, 
*p-value: <0.05 is significant compared Group A. # p-value: <0.05 is significant compared Group E.* Significantly compared to A. 
#Significantly compared to E.

Fig. 3.- Sperm morphology (%) of the experimental groups. Control group, Group B: 50 mg/kg AH, Group C: 100 mg/kg AH, Group 
D: 5 ml/kg PW, Group E: 10 ml/kg PW, Group F: 5 ml/kg PW + 50 mg/kg AH, Group G: 10 ml/kg PW + 100 mg/kg AH. Mean ± SD, 
*p-value: <0.05 is significant compared Group A. # p-value: <0.05 is significant compared Group E. * Significantly compared to E. 
#Significantly compared to F.
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mone synthesis, potentially via blood-testis barri-
er compromise (Oyedeji et al., 2013).

In the studies using Raffia PW at 150 and 300 
mg/kg over 5-6 weeks, PW treatment restored al-
tered testicular morphology, reduced oxidative 
stress markers, and modulated glycolytic and lip-
id metabolic enzymes (Erukainure et al., 2019; 
Erukainure et al., 2021). In the study by Oyedeji 
et al., PW alone reduced sperm count, motili-
ty, and testosterone levels in rats (Oyedeji et al., 
2013). These effects suggest that palm wine dis-
rupts spermatogenesis and Leydig cell hormone 
synthesis, potentially via blood-testis barrier 
compromise (Oyedeji et al., 2013). Our study cor-
roborates this finding, i.e. that sperm count, mo-
tility and morphology decreased significantly in 
the 10 ml/kg PW-administered group (Group E) 
compared to the control group (Group A). More-
over, the sperm motility of Group G (10 ml/kg PW 
+ 100 mg/kg AH-administered group) increased 
significantly compared to Group E. Similarly, AH 
administration (50-100 mg/kg) improves sperm 
quality by increasing sperm motility and viabil-
ity and decreasing sperm dysmorphology. This 
shows that AH ameliorates testicular damage in 
models of oxidative stress and chemical toxicity 
due to its antioxidant properties and no deleteri-
ous effects on blood parameters (Oyeyemi et al., 
2020; Oyeniran et al., 2022).

CONCLUSION
Our findings highlighted the deleterious effect 

of chronic consumption of PW in rats. This in-
cludes a decrease in sperm count and motility 
and an increase in dysmorphology. The AH pro-
tects against decreased sperm count, motility and 
dysmorphology in PW-induced testiculotoxicity 
in rats.
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