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ABSTRACT
Bisphenol A (BPA) have been reported to induced reprotoxicity in rats. This study was conducted to 
find out the ameliorative properties of  aqueous extract of  Cyperus esculentus (tigernut) on BPA induced 
testicular toxicity in Wistar rats.

Methods: Twenty male rats were divided randomly into 4 groups (n=5): group A: (Control); group 
B: Bisphenol A (BPA) (25 mg/kg b.w/day); group C: tigernut (200 mg/kg b.w); group D: (25 mg/
kg of  BPA+ 200 mg/kg of  tigernut extract. 25 mg/kg of  BPA was dissolved in 0.2 ml of  olive oil as 
vehicle and administration was given by oral gavage for 4 weeks. The body weights were measured. 
Blood were collected for the testosterone (T) and luteinizing hormone (LH) assays; the epididymis 
were processed for sperm count, sperm motility, sperm viability and sperm abnormality test; while 
the testes were harvested for histology

Results: There was a significantly (p < 0.05) decreased in body weight; reduced (sperm count, 
motility, viability, serum testosterone and luteinizing hormone) in BPA compared with control 
group. These parameters however increased significantly (p < 0.05) in tigernut (200mg) and BPA 
+ tigernut (200mg) compared with BPA. Also, histological examination showed widened interstitial 
spaces, some distorted seminiferous tubules, degeneration of  basement membrane, scanty Leydig 
cells, fewer spermatozoa and vacuolation While BPA + tigernut (group D); showed improved 
testicular architecture (preserved interstitial spaces and interstitial cells. restoration of  the loss of  
the basement membrane and closely packed seminiferous tubules with well-arranged germinal 
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epithelium. Supplementation with tigernuts following BPA administration produces a reversal of  
the deleterious effect of  BPA on the testis 
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1. Introduction
Urbanisation, consumerism, and progressive industrialization have all contributed to environmental 
degradation, which has an impact on public health. For a number of  years, worries about the health 
impacts of  chemicals on humans have arisen due to the large-scale manufacture of  synthetic and 
biological compounds that produce undesired contaminants (Kawa, et al., 2021) Endocrine-disrupting 
chemicals (EDCs) such as Bisphenol A (BPA) are external substances that can target many organs and 
systems within the human body, disrupting the endocrine system and causing several detrimental 
consequences on health (Abu Hasan, et al., 2023; Fonseca, et al., 2022). According to Aghajani, et al. 
(2023), BPA is a known endocrine disrupting (ED) substance that has estrogenic activity. It was first 
created as a synthetic oestrogen, meant to resemble the body’s natural oestrogen and obstruct the 
endocrine system’s regular operations. It’s used to make epoxide resins and polycarbonate plastics, as 
well as to speed up the growth of  cattle and poultry (Im & Löffer, 2016). It is a widely used chemical 
that is produced in vast quantities all over the world and is found in a wide range of  items, including 
food packaging, dental sealants, thermal paper receipts, epoxy resins, and polycarbonate plastics, 
dental filling material, water and food plastic containers, infant bottles and feeders, medical tubing, 
and the metal lining of  beverage and food cans (Kurniawan, et al., 2020; Moussavi & Haddad, 2019). 
BPA exposure can occur in humans and animals through a variety of  pathways, such as ingestion, 
inhalation, and skin contact. However, the primary human exposure route is by ingestion or oral 
intake of  food and water (Akash, et al., 2023). According to studies, BPA lowers plasma testosterone 
levels, induces structural abnormalities in rodent sperm, decreases testicular and epididymal sperm 
counts and weight (Santiago, et al 2021). In addition to the traditional genomic and non-genomic 
mechanisms, oxidative stress and the dynamic balance of  enzymatic antioxidants are the main causes 
of  the harmful effects of  BPA (Amjad, et al., 2020). Hence, one of  the most frequent ways that BPA 
damages sperm is through inducing oxidative stress (Sidorkiewicz, et al. 2017).

Cyperus esculentus L. varsativus (C. esculentus) commonly known as tigernut, is a perennial plant species 
and a tuberous plant that belongs to the Cyperaceae family (Nwakanma, et al., 2022)According to 
Adam, et al. (2020), the Hausas refer to it as “Aya,” the Yorubas as “Ofio,” and the Igbos as “Aki 
Hausa.” There are three recognised variations of  tiger nut that are grown in Nigeria: the yellow, 
brown, and black types. The brown and yellow variants are more widely grown, although the yellow 
variety is favoured due to its larger size, appealing appearance, and meaty body (Oyedepo & Odoje, 
2014). Tigernuts have been found to include phytochemicals such as cyanogenic glycoside, alkaloid, 
glycoside, resin, flavonoid, tannins, sterols, and saponins (Nwosu, et al., 2022). The different biological 
actions associated with tigernuts could be attributed to these phytochemicals; also due to their high fat, 
carbohydrate, mineral, and vitamin content, tiger nuts have the potential to be a valuable food source 
for both people and animals (Ofem, et al., 2023). Tigernuts provide a number of  additional functions 
besides eating. It promotes skin suppleness, minimises wrinkles, and slows down the ageing process of  
bodily cells; certain cosmetic items are also made from the milk concentrate of  tigernuts (Sánchez-
Zapata, et al., 2012). Studies on tigernuts have revealed that they are beneficial and can be used as an 
antimicrobial agent, to prevent and treat urinary tract infections and other bacterial infections, as well 
as to activate blood circulation and manage a number of  pathophysiological conditions like coronary 
heart disease, thrombosis, and obesity (Zhang, et al., 2022). Following tigernut administration, 
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improvements have also been noted in sperm count, motility and morphology, testicular architectural 
maintenance, and enhanced testosterone concentration (Gbotolorun, et al., 2022).

Additionally, studies have shown that tigernuts have significant antioxidant activity, demonstrating 
the presence of  minerals like zinc, potassium, and phosphorus as well as antioxidants like vitamin 
E, vitamin C, and quercetin (Yu, et al., 2020; Saeed, et al., 2022). This antioxidant activity could 
help treat a variety of  disorders linked to oxidative stress. Furthermore, it has been shown that 
administering tigernuts methanolic extract to male rats enhances sperm motility and count, which is 
linked to elevated serum levels of  testosterone and gonadotropins. According to Hassan, et al. (2018), 
tigernuts has been shown to increase testicular activity and lessen the negative effects of  flutamide on 
the testis. The purpose of  this study was to examine the preventive effect of  tigernuts in bisphenol 
A-induced damage testes on serum hormonals and testicular histology in Wistar rats.

Figure 1: Picture of  yellow fleshly Tigernut (Cyperus esculentus Linn)

2. Materials and Methods

Collection of  plant material
The fresh tigernuts (Cyperus esculentus L.) were purchased from Mararaba Market Abuja, Federal Capital 
Territory of  Nigeria. The tiger nuts were taken to a taxonomist in the Department of  Botany, University 
of  Lagos, Akoka, Lagos State, Nigeria, for authentication. The voucher, LUH 8022, specimen was 
deposited at the herbarium for the Department of  Pharmacognosy, Faculty of  Pharmaceutical Sciences, 
University of  Lagos, Akoka, Lagos State, Nigeria. 

Extraction of  tiger nuts: 
Fresh tigernuts were washed to get rid of  dirt and sand, they were allowed to air dry and then processed 
with a grinder to a fine powder. Three litres of  distilled water were used to soak about 700 grammes 
of  powdered nuts for a duration of  48 hours. It was filtered through Whatman filter paper No. 1 and 
evaporated to dryness using a rotary evaporator under reduced pressure at 45 °C. The yield of  the 
extract was 140g. The extract was placed in an airtight container and refrigerated at 4°C until it was 
needed. 
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Chemical
BPA (bisphenol A 99.9%) of  analytical grade were obtained from Sigma-Aldrich, USA and olive oil 
produced by Goya En Espana S.A.U. Sevilla Spain. Olive oil was used to dissolve BPA. 

Experimental Animals
Twenty mature male Wistar rats weighing between 162-194 g were acquired from the Animal House 
of  the College of  Health Sciences, Bingham University Karu, Nasarawa State, Nigeria. The animals 
were housed in an animal facility and maintained in ventilated cages with a light-dark cycle of  12 
hours and conventional laboratory conditions of  25 ± 2°C. Before the trials started, the animals 
were given two weeks to acclimatize. They had unrestricted access to water ad libitum and a regular 
laboratory rat chow 

The animals were split into four groups, each with five rats, at random: The oral dosage of  25mg/
kg of  Bisphenol A was dissolved in olive oil (0.2 ml) (Munir, et al., 2017); while tigernut extract was 
administered daily at a rate of  200 mg/kg body weight for a duration of  4 weeks respectively.

Group A: control (normal saline)

Group B: BPA (25 mg/kg/day) dissolved in olive oil (0.2 ml) as vehicle

Group C: Aqueous extract of  tigernut at 200mg.kg 

Group D: BPA (25 mg/kg/day) dissolved in olive oil (0.2 ml) + aqueous extract of  tigernut at 
200mg/kg

The Wistar rats were weighed to determine their final body weight on the last day that they received 
bisphenol A and tiger nut extract. The rats were sacrificed under chloroform anaesthesia 24 h after 
the last treatment. Rats’ hearts were punctured to obtain blood samples for the test of  luteinizing and 
testosterone hormones. The epididymis was removed, and the sperm was subjected to tests for sperm 
abnormalities, motility, count, and viability; while the testes was taken out for histological examination.

Semen parameter analysis
Sperm count
The left cauda epididymis of  each rats was excised and placed in a small clean Petri dish containing 
2 mL of  normal saline and the concentration was allowed to settle at 37 °C for 10 minutes. After 
collecting the sperm, it was suspended in normal saline and used a Pasteur pipette to transfer 200 
μL of  the sperm suspension to the improved Neubauer hemocytometer. Chamber (Deep1/10mm, 
LABART Germany). The sperm were then counted in five large squares using a microscope (Leica 
DM 750, Switzerland) and was expressed as million/mL of  suspension (Cheng, et al., 2007) 

Sperm Motility
Ten microliter of  the sperm suspension was placed in a microscope slide and covered with a coverslip 
and examined at x40 and x 100 magnifications with the help of  a light microscope (Leica DM 750, 
Switzerland). The number of  progressively motile sperm cells were counted and divided by the total 
number of  spermatozoa counted and was expressed as a percentage (Ekaluo, et al., 2013). 

Sperm Morphology
One drop of  the sperm suspension was smeared on a glass slide and stained with 1 % eosin Y 

solution (10:1) for 30 min and air-dried smears were prepared on glass slides for the sperm abnormality 

https://www.sciencedirect.com/topics/medicine-and-dentistry/eosin
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test. A light microscope (Leica DM 750, Switzerland) was then used to view it at x400 magnification. 
For each rat, 200 sperm were screened and five air-dried smears were prepared on glass slides for each 
sample. The percentage of  total abnormalities of  head, middle piece and tail was calculated (Ekaluo, 
et al. 2009).

Sperm viability 
Twenty microliter of  0.05 % eosin Y–nigrosine was briefly added to equal volume of  sperm suspension 
and five air-dried smears were prepared on glass slides for each sample. The slides were viewed 
microscopically (Leica DM 750, Switzerland) at x100 and x400 magnifications within 15 min for 
percentage viability. Normal live sperm cells were unstained and appeared whitish, whereas dead sperm 
cells appeared pinkish. Percentage viability was calculated based on the number of  live sperm cells out 
of  the total number of  sperm cells observed (Bjorndahl, et al., 2003).

Blood Sampling and Hormonal Analysis
Blood was withdrawn via cardiac puncture from anaesthetized rats and allowed to clot then centrifuged 
at 3000 rpm for 15 min (Laboratory centrifuge CD-0412-50; PHOENIX Instrument GmbH, 
Garbsen, Germany) to obtain the serum. Serum samples were assayed for levels of  testosterone and 
luteinizing hormones using the Microwell (solid phase) enzyme linked immunosorbent assay (ELISA) 
kits, according to the manufacturer’s instructions and guidelines.

Histological Examination
Testicular tissues were fixed in 10% buffered formalin for 48 hours. Testicular tissues that had been 
fixed were dehydrated in ethanol concentrations of  30, 50, 75, 95, and 100% before being cleared in 
xylene and embedded in paraffin wax. Using a microtome, 5 µm thick paraffin slices were cut. The 
obtained sections were routinely deparaffinized and stained with hematoxylin and eosin (H&E) for 
light microscopy for histopathological analysis

Statistical analysis 
Data that was obtained from this study, was analyzed using GraphPad Prism software, (Version 6.0. 
San Diego, USA). One way analysis of  variance (ANOVA) was done; which was followed by Bonferroni 
post hoc- test. The confidence limit of  statistically significance was set at P<0.05. The result therefore 
was presented as mean ± standard deviation (SD).

Results

Effects of  BPA and tigernut on body weight of  rats
Figure 2 shows body weights in the different experimental groups (A, B, C, and D). The initial body 
weight showed no significant difference among the different groups. The final body weight was 
significantly (p < 0.05) decreased in the group B (BPA alone) when compared with the group A 
(Normal control). The final body weight was significantly (p < 0.05) increased in group C (200 mg of  
tigernut) and group D (BPA + 200 mg of  tiger nut), when compared with group B (BPA). Also the final 
body weight was increased in group C (200 mg of  tigernut) and group D (BPA + 200 mg of  tiger nut), 
which was comparable with group A (Control). 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/eosin
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Figure 2: Values represented as M± SD. N=5; *(P< 0.05) when compared to control. Group A= 
Control; Group B= BPA; Group C=Tigernut; Group D= BPA+Tigernut

Effect of  BPA and Tigernut on seminal parameters in male Wistar 
rats
The result showed a significant (p<0.05) decrease in sperm motility in the BPA alone group when 
compared to the tigernut alone and control groups. There was no significant increase in tigernut 
group when compared with control group. Also, there was significantly (P < 0.05) increased in BPA 
+ tigernut group when compared with BPA. Sperm count significantly (p<0.05) reduced in the BPA 
alone treated group when compared to all the groups; but when the BPA + tigernut (group D) were 
compared to the tigernut alone group, sperm count was reduced but was not significant. Percentage 
of  sperm abnormal morphology significantly decreased (P < 0.05) in tigernut alone (group C), BPA 
+ tiger nut (group D) and control group (group A) but increased (P < 0.05) in BPA alone (group C). 
Sperm viability was significantly decreased (P < 0.05) in BPA alone (group B); and increased (P < 0.05) 
in tigernut alone (group C) when compared with normal control (group A). It was also significantly 
(P < 0.05) increased in tigernut + BPA (group D) compared with BPA (group B) as shown in Table 1.

Table 1: Effect of  BPA and tigernut on seminal parameters in adult male Wistar rats
Group A Group B Group C Group D

Sperm motility (%) 83 ± 2.1 40 ± 11.5* 92 ± 2.0 70 ± 12.0

Sperm count (106/ml) 85 ± 3.00 50 ± 5.7* 96 ± 2.5 80 ± 6.3

Abnormal Morphology % 5.0 ± 2.1 12 ± 4.7 * 4.0 ± 2.2 7.0 ± 1.7

Sperm viability % 97 ± 3.3 60 ± 8.8* 98 ± 3.3 84 ± 3.3

Values are Mean ± SD, Values represented as M ± SD. N=5; *(P< 0.05) when compared to control. Group A= Control; 
Group B= BPA; Group C=Tigernut; Group D= BPA+Tigernut
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Effects of  BPA and tigernuts on the levels of  testosterone and 
luteinizing hormones 
The result showed serum testosterone and luteinizing hormone (LH) levels were significantly (p < 0.05) 
decreased in BPA alone treated group compared with normal control. There was also a significant (P 
< 0.05) decrease in serum testosterone and LH levels in BPA compared with tigernut. There was an 
increase in serum testosterone and LH levels in tigernut group and tigernut + BPA when compared 
with the control group, but the increase was not significant (p < 0.05); however, the increase was 
significant when compared with BPA group (Figure 3).

Figure 3: Graphical representation of  testosterone and luteinizing hormone levels of  BPA and 
aqueous extract of  tiger nut-treated rats. *P<0.05 indicates a significant difference from the control. 

ns Not statistically significant difference from the control; ns Not statistically significant compared to 
control group

Histology of  Testes
The histological feature of  Groups A and C shows normal circular and closely packed seminiferous 
tubules, with well-arranged germinal epithelium. The interstitial spaces containing the Leydig cells 
appeared normal, basement membranes also appeared normal and intact. Large numbers of  normally 
dividing spermatids were seen extending their cellular processes into the lumen of  the seminiferous 
tubules (Figure 4A and 4C). Photomicrograph of  Group B (BPA) showed widened interstitial spaces, 
some distorted seminiferous tubules, and degeneration of  basement membrane, scanty Leydig cells 
and fewer spermatozoa (Figure 4B). Sections from group D (BPA + tigernut) showed better-preserved 
interstitial spaces and interstitial cells, than the BPA group and the histoarchitecture of  the tubules 
appeared similar to the control group. There was restoration of  the loss basement membrane in group 
D (Figure 4D), 
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Figure 4: A photomicrograph of  the testes of  Wistar rat from group A: Control, group B: BPA, 
group C: tiger nut, group D: BPA and tigernut. Red arrow head shows the spermatozoa. Green ar-
row head shows spermatogonia. Black arrow shows Leydig cells in the interstitial space surrounded 
by connective tissue. Yellow arrow head shows a well-defined Basement membrane. Magnification- 

H & E stain X100 

3. Discussion
Reproductive health and chemical pollutants are related and have long been public health issues. 
Endocrine disruptors like BPA lower oestrogen synthesis and may contribute to male infertility 
(Lahimer, et al., 2023). The purpose of  this work was to examine the impact of  tigernut aqueous 
extract on testicular dysfunction in Wistar rats caused by BPA. According to our findings, rats exposed 
to BPA (group B) saw a modest decrease in body weight when compared to the control group A. 
However, some research has found that at low doses of  BPA, rats’ body weight did not alter much 
(Yamasaki, et al., 2002). Rats in the tigernut treated group D, however, had lower body weights than 
those in groups A (control) and C (tigernut alone), but somewhat higher body weights than those in 
group B (BPA alone). Tigernuts are rich in nutrients, including protein and fat and carbohydrates, 
which provide energy; and are attractive because of  their crude fibre content (Nwosu, et al., 2022). 
Thus, foods high in energy provide the body with fuel and can aid in a healthy weight gain. 

A decline in semen quality has been documented, and exposure to environmental toxins may be the 
cause of  unfavourable trends in male reproductive health. Damage to the sperm cell can arise from 
physiological, cytotoxic, or genetic mechanisms (Qiu, et al., 2020). Chemical exposure may result 
in pituitary hypothalamus or sex hormone impacts, which may impact spermatogenesis and lead to 
anomalies in seminal fluid that impair sperm’s ability to function (Bakare, et al., 2005). According to 
studies, long-term exposure to BPA in adult male Wistar rats results in testicular oxidative stress, which 
disrupts spermatogenesis processes by reducing sperm production and causing structural changes in 
testicular tissue as well as endocrine changes (Ullah, et al., 2018; Olukole, et al., 2020). 
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The study’s evaluation of  sperm parameters revealed a negative effect after BPA was administered, 
suggesting that sperm function is compromised by BPA exposure. The findings are consistent with 
those of  Kumar, et al. (2020), who after BPA treatment observed a disruption in spermatogenesis and 
a decrease in sperm count, concentration, vitality, and aberrant morphology in mice. When compared 
to the normal control rats, the group C (given tigernut extract) had considerably higher sperm counts, 
motility, and viability as well as decreased aberrant sperm morphology. These results suggest that 
the extract can enhance sperm function. Additionally, BPA treated with tiger nuts demonstrated an 
enhancement in the sperm (count, motility, viability, and abnormalities). 

The male reproductive organs, including the testis and prostate, develop primarily in response 
to testosterone; rats exposed to BPA showed a significant reduction in their levels of  both LH and 
testosterone. According to Smith & Walker, (2014), spermatogenesis is impaired when these hormone 
levels drop. The Leydig cells secrete testosterone, which is necessary for the testicular germinal cells 
to proliferate and divide. The sperm count decrease in the BPA group of  rats may have been caused 
by the BPA’s direct harmful action on the hypothalamic-pituitary axis, which affects the endocrine 
control of  reproduction. The anterior pituitary gland secretes LH, which causes the Leydig cells to 
release testosterone. Therefore, LH functions through a feedback mechanism to maintain testosterone 
production since the amount of  testosterone released increases roughly in direct proportion to the 
amount of  LH available [Gbotolorun, et al., 2022]. It has been observed that BPA in rats results 
in pituitary and hypothalamic deformities that impact LH secretion and reduce the amount of  
testosterone secreted by Leydig cells (Shamhari, et al., 2021). 

Furthermore, research indicates that BPA may affect androgen and oestrogen receptors, 
as well as obstruct LH binding and testosterone production in Leydig cells (Li, et al., 2020).  
In contrast to natural androgens, BPA interacts with cell androgen receptors with a lesser affinity as 
an endocrine disruptor. According to Lahimer et al. (2023) BPA has the ability to bind to androgen 
receptors and impede or militate specific androgenic responses. This might potentially cause changes 
in hormone signalling, including the manufacture of  testosterone. 

These results are comparable to the study (Takahashi & Oishi, 2003) that demonstrated a drop in 
testosterone following BPA treatment. However, the group D (BPA and tiger nuts), showed an increase 
in Testosterone and LH; but it was not significant. When compared to normal control rats, rats given 
the tigernut alone (group C) experienced a considerable increase in serum testosterone and LH levels. 
It’s possible that the tigernut stimulated the production of  testosterone by acting directly on the Leydig 
cells. Antioxidants like quercetin, vitamins C and E, and trace elements may be the reason why tigernut 
extract can raise testosterone levels (Allouh, et al., 2015; Udefa, et al., 2020). Consequently, the rise in 
LH and testosterone levels points to a potential androgenic quality of  tiger nuts.

According to reports, the testis of  rats given BPA treatment showed signs of  spermatogenic arrest 
in a number of  seminiferous tubules, decreased in the diameter of  the tubules, abnormalities in the 
formation of  spermatids and cellular changes such as edema between the tubules, a lack of  cellular 
components, a wide empty lumen, degeneration of  germinal epithelial cells, and aspermatogenesis 
(Norazit, et al., 2012). The control and tigernut alone groups’ histological photomicrographs display the 
typical testicular architecture, with the spermatozoa, Leydig cell, and basement membrane arranged 
in an orderly fashion. On the other hand, the testicular histoarchitecture of  the testes rats treated with 
BPA alone was only aberrant, exhibiting degradation of  the basement membrane and a reduction in the 
number of  spermatozoa. Exposure to environmental toxins like BPA can induce Endoplasmic reticulum 
(ER) stress and contribute to testicular cell damage leading to impaired spermatogenesis and apoptosis 
(Yin, et al., 2017). The testicular histoarchitecture was normal upon co-administration of  tigernut and 
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BPA, as evidenced by normal seminiferous tubules, an intact basement membrane, normal interstitial 
spaces, and a lumen filled with spermatids. This suggests that the extract could potentially mitigate 
the impaired histoarchitecture and decreased spermatogenesis resulting from the BPA administration.  
The antioxidant found in tigernuts may have a beneficial effect on the synthesis of  LH and testosterone 
as well as an improvement in testicular histology. As a result, giving tigernuts had ameliorated effects 
on the effects of  BPA-induced spermatotoxicity. 

4. Conclusion 
According to the current study, tigernuts can shield rats from the spermatotoxicity caused by BPA. The 
hazardous damage caused by BPA was somewhat mitigated by tigernut extract, including changes in 
body weights, sperm parameters, testicular histology, and hormonal parameters. 
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RESUMEN 
El bisfenol A (BPA) ha sido reportado por inducir reprotoxicidad en ratas. Este estudio se llevó a 
cabo para determinar las propiedades paliativas del extracto acuoso de Cyperus esculentus (chufa) 
sobre la toxicidad testicular inducida por BPA en ratas Wistar. Métodos: Veinte ratas macho 
fueron divididas aleatoriamente en 4 grupos (n=5): grupo A: (Control); grupo B: Bisfenol A (BPA) 
(25 mg/kg de peso corporal/día); grupo C: chufa (200 mg/kg de peso corporal); grupo D: (25 mg/
kg de BPA + 200 mg/kg de extracto de chufa). Se disolvió 25 mg/kg de BPA en 0.2 ml de aceite 
de oliva como vehículo y se administró por gavaje oral durante 4 semanas. Se midieron los pesos 
corporales. Se recogió sangre para los ensayos de testosterona (T) y hormona luteinizante (LH); 
los epidídimos se procesaron para contar espermatozoides, motilidad espermática, viabilidad 
espermática y prueba de anormalidades espermáticas; mientras que los testículos se recolectaron 
para histología. Resultados: Hubo una disminución significativa (p < 0.05) en el peso corporal; 
reducción en el conteo de espermatozoides, motilidad, viabilidad, testosterona sérica y hormona 
luteinizante en el grupo BPA en comparación con el grupo control. Estos parámetros aumentaron 
significativamente (p < 0.05) en el grupo chufa (200 mg) y BPA + chufa (200 mg) en comparación 
con el BPA. Además, el examen histológico mostró espacios intersticiales ampliados, algunos 
túbulos seminíferos distorsionados, degeneración de la membrana basal, células de Leydig escasas, 
menos espermatozoides y vacuolización en el grupo BPA. En cambio, el grupo BPA + chufa 
mostró una mejora en la arquitectura testicular (preservación de los espacios intersticiales y células 
intersticiales, restauración de la membrana basal perdida y túbulos seminíferos cercanamente 
empaquetados con epitelio germinal bien organizado). Conclusión: La suplementación con chufas 
después de la administración de BPA produce una reversión del efecto perjudicial del BPA sobre 
el testículo. 
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