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Abstract

Soybean (Glycine max) is a widely consumed lequme that has enjoyed consumer interest due to its
array of health benefits. This is not only due to its high protein content but also as a consequence of
beneficial phytochemicals that have physiologic attributes. One important constituent is isoflavones
which is considered as a phytoestrogen. This study investigates the effects of Glycine max extract on
ovarian and testicular prenatal development in Wistar rats. Gravid Wistar rats were administered
Glycine max extracts throughout pregnancy at doses of 250 mg/kg and 500 mg/kg bodyweight (Group
B and Group C respectively), while Group A served as control. Offspring were monitored until six
weeks for onset of gametogenesis and then sacrificed. Phytochemical analysis of the extract was
conducted. The effects of the extract on body and organ weights, oxidative stress markers, and
histological examination of the ovaries and testes of juvenile rats. Phytochemical analysis revealed the
presence of flavonoids, saponins, phenolics, eugenols, terpenoids, alkaloids, and proteins, with the
absence of tannins and steroids. A significant increase in body weight was observed in treatment
groups. Oxidative stress markers (SOD, CAT, MDA) showed no significant changes, while glutathione
peroxidase levels were significantly reduced in the 500 mg/kg group. Histological examination showed
altered folliculogenesis and spermatogenesis in treated female and male animals respectively.
Conclusively, prenatal exposure to Glycine max extract mildly interferes with ovarian folliculogenesis
by reduced follicular maturation and delays the process of spermatogenesis. The findings support its
potential impact in reproductive health but warrant further investigation on long-term effects.
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INTRODUCTION

The gonads—ovaries in females and testes in males—are essential components of the
reproductive system responsible for gamete production and the secretion of sex hormones.
These hormones regulate not only reproductive function but also influence secondary sexual
characteristics, metabolism, and overall endocrine homeostasis (Sadler, 2019; Guyton & Hall,
2021). Gonadal development begins early in embryogenesis and continues through postnatal
life, culminating in sexual maturity. The precise orchestration of hormonal signals and cellular
differentiation during this period is vital for ensuring fertility and reproductive competence
later in life. Disruptions in these tightly regulated processes may result in congenital
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anomalies, subfertility, or infertility, highlighting the importance of identifying
environmental and dietary factors that could impact gonadal health during critical
developmental windows (Oluwole et al., 2017).

During early stages of life, particularly the prenatal and postnatal periods, the reproductive
system is highly sensitive to external influences. At these stages, organogenesis and hormonal
imprinting occur, and any disruption can cause long-lasting physiological changes. Dietary
factors, pharmacological agents, and environmental contaminants—including endocrine-
disrupting chemicals—have been implicated in altering reproductive development
(Diamanti-Kandarakis et al., 2009; Gore et al., 2015). These agents may interfere with
hormonal receptors, signaling pathways, or gene expression profiles essential for normal
differentiation and function of the gonads. Studies have shown that early-life exposures, even
at low doses, can have latent effects that manifest later in adolescence or adulthood.
Consequently, understanding how common dietary substances affect reproductive system
maturation is of increasing importance in both environmental health and nutritional sciences
(Oluwole et al., 2017).

Among dietary constituents of interest, soybeans (Glycine max) have garnered attention due
to their rich content of phytoestrogens— plant-derived compounds structurally similar to
endogenous estrogens. Isoflavones like genistein and daidzein can bind to estrogen receptors
and mimic or antagonize estrogenic effects depending on dose, timing, and tissue context
(Setchell & Cassidy, 1999). As soy is commonly consumed in many parts of the world for its
nutritional and therapeutic value, concerns have emerged regarding its influence on
developmental processes, especially in the reproductive system.

While soy consumption has been associated with beneficial effects in cardiovascular,
menopausal, and metabolic health, its influence on reproductive development, particularly in
prenatal development, remains controversial (Ejeguo et al., 2024). Several studies have
investigated the physiological and histological effects of Glycine max or its constituent
phytoestrogens on reproductive organs. Wisniewski et al., (2003) reported that perinatal
exposure to phytoestrogens could alter reproductive organ size, disrupt endocrine function,
and delay or accelerate sexual maturation in rodents. In male models, Anwar et al., (2011)
observed increased testicular and epididymal weights, along with elevated testosterone
levels, following soy supplementation. Aryani et al., (2019) similarly demonstrated increased
body weight and testicular development in rats administered Glycine max extract, attributing
the changes to the high protein and isoflavone content. On the antioxidant potential Jaleel et
al., (2009) noted that soy supplementation helped maintain stable levels of key antioxidant
enzymes such as SOD and CAT, suggesting a protective role against oxidative stress in
reproductive tissues.

In contrast, other researchers have highlighted potentially adverse reproductive effects of soy
and its phytoestrogenic components. Jefferson et al., (2006) showed that neonatal exposure to
genistein impaired oocyte nest breakdown and increased oocyte survival in mice, indicating
disruption of normal ovarian programming. Odiase et al., (2023) also reported histological
alterations in testicular tissue and reduced spermatogenic activity in adult male rats exposed
to soy extract, while Mona et al., (2022) found that dietary soybean sauce administered in
varying doses induced dose- and duration-dependent testicular degeneration. These
conflicting findings underscore the complexity of soy’s actions, which may vary depending
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on factors such as dose, duration, extract type (crude vs. purified), route of administration,
and the developmental timing of exposure (prenatal vs. postnatal vs. adult).

This study therefore seeks to add to current knowledge by evaluating the effects of prenatal
administration of aqueous Glycine max extract on reproductive development of both juvenile
male and female Wistar rats. By examining morphological growth, histological structures, and
oxidative stress biomarkers in the ovaries and testes simultaneously, this research provides a
better understanding of soybean’s reproductive implications during the critical window of
fetal development—offering novelty in its comparative, dual-gender, and extract-based
approach.

MATERIALS AND METHODS

PLANT EXTRACT

The Department of Plant Biology and Biotechnology, University of Benin, Benin City,
identified the soybean seeds that were bought at a local market in Benin City. The seeds were
cleaned, allowed to air-dry for approximately 4 hours, and then ground into a powder using
a previously described method (Enogieru and Omoruyi, 2022), with a few minor adjustments.
The powdered soybeans were then extracted three times in distilled water at room
temperature on a shaker for 48 hours. The resulting filtrate was then lyophilized using a freeze
dryer (LGJ-10, Search Equipment, UK), and the dried powdered extract was then
reconstituted with distilled water to achieve the desired concentrations.

RESEARCH DESIGN

For the study, a total of thirty-six (36) juvenile offspring from dams administered with Glycine
max were used. Eighteen (18) female juveniles for the ovarian study and eighteen (18) male
juveniles for the testicular study, all weighing between 35 g - 69.5 g, were bred in the Animal
House of the Department of Anatomy, School of Basic Medical Sciences, University of Benin,
Nigeria. The animals were kept in clean, well-ventilated plastic cages under standard
environmental conditions (light/dark cycle), with free access to clean drinking water and
Grower’s Mash (Premier Feed Mill Co. Ltd, Nigeria) ad libitum. The animals were allowed to
acclimatize to laboratory conditions for two weeks prior to the commencement of the
experiments. The dams were administered with the extract daily throughout pregnancy until
term. They were randomly assigned into three groups (A-C). Group A received 1 ml distilled
water daily; Group B received 250 mg/kg body weight of extract; Group C received 500
mg/kg body weight of extract. All administration, via an oral orogastric tube, was done
throughout gestation. On postnatal day (PND) 21 the pups were weaned and placed into
separate groups corresponding to their mothers. Pups were sacrificed on PND 42 following
the onset of gametogenesis. The juvenile rats were anesthetized with chloroform and
sacrificed. Ovaries and testes were excised, weighed, and fixed in 10% formal saline for
histological analysis. Additionally, some tissues were kept in normal saline for biochemical
tests.

HISTOLOGICAL ASSESSMENT
Harvested ovaries and testes were fixed in 10% neutral buffered formalin, dehydrated in
ascending grades of alcohol, cleared in xylene, and embedded in paraffin wax. Sections of
5pm thickness were obtained using a rotary microtome, stained with Hematoxylin and Eosin
(H&E), mounted, and examined under an Olympus light microscope. Photomicrographs were
taken at 4x and 10x magnifications.
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BIOCHEMICAL AND OXIDATIVE STRESS ANALYSIS

Oxidative stress markers were evaluated in both ovarian and testicular tissues. After
homogenization, the supernatants were obtained and assays were performed according to
standard biochemical protocols, for catalase (CAT) (Cohen, 1983), superoxide dismutase
(SOD) (Misra and Fridovich, 1972), malondialdehyde (MDA) (Buege and Aust, 1978), and
gluthathione peroxidase (GPx) (Nyman, 1959).

STATISTICAL ANALYSIS

All data were analyzed using SPSS version 22. One-way ANOVA was used to compare means
across groups, followed by Tukey's post hoc test where applicable. Results were presented as
mean * standard error of mean (SEM) and significance was set at p < 0.05.

RESULTS

Prenatal exposure to aqueous Glycine max extract resulted in a dose-dependent increase in
testicular weight in juvenile male Wistar rats. As shown in Figure 1, animals in the 250 mg/kg
group exhibited higher testicular weight compared to the control, while those in the 500
mg/kg group demonstrated a statistically significant increase (p < 0.05). These findings
suggest that in utero exposure to Glycine max may promote testicular growth during early
postnatal development.

SOD activity was measured in both ovarian and testicular tissues to assess enzymatic
antioxidant response following prenatal exposure to aqueous Glycine max extract. In the
ovary, the 250 mg/kg group exhibited a slight reduction in SOD levels compared to control,
while the 500 mg/kg group showed a near return to baseline, with no significant difference
among groups (Fig 2). Similarly, in the testis, a gradual reduction in SOD activity was
observed from control to 500 mg/kg, although these changes were not significant p>0.05 (Fig
3). These results suggest that prenatal administration of Glycine max did not significantly alter
SOD activity in either sex.

Catalase (CAT) levels were analyzed in both ovarian and testicular tissues. In the ovary, the
250 mg/kg group showed reduced CAT activity compared to the control, while the 500
mg/kg group exhibited a mild increase. However, these changes were not statistically
significant (Fig 4). In the testis, CAT activity followed a similar trend: the control group had
the highest values, while both 250 mg/kg and 500 mg/kg groups recorded lower levels,
approximately equal to each other, with no significant differences (Fig 5). These results
indicate that Glycine max extract did not substantially impact CAT activity in either gonadal
tissue.

GPx activity was assessed in ovarian and testicular tissues to determine the antioxidant
defense status. In the ovary, GPx activity declined in a dose-dependent manner, with a
statistically significant reduction observed in the 500 mg/kg group (p < 0.05) compared to
control (Fig 6). In the testis, both the 250 mg/kg and 500 mg/kg groups showed significantly
reduced GPx levels compared to control (p < 0.05), with no meaningful difference between
the two treated groups (Fig 7). These findings suggest that prenatal exposure to Glycine max
may suppress GPx activity in both male and female reproductive tissues, particularly at
higher doses.
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MDA levels, a marker of lipid peroxidation, were measured in the ovaries and testes. In
ovarian tissue, the 500 mg/kg group showed a slight increase in MDA compared to the control
and 250 mg/kg groups, which had similar levels. However, the differences were not
statistically significant (Fig 8). In the testis, MDA was highest in the control group, with a
decline observed in the 250 mg/kg group and a moderate level in the 500 mg/kg group.

Again, no statistically significant differences were noted (Fig 9).
*
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Figure 10: Representative photomicrograph of ovarian tissue in juvenile Wistar rats (PND42)
revealed distinct morphological differences across treatment groups, The control group
(Figure 10a) exhibited normal ovarian architecture, with follicles at various stages of
development, clearly visible atretic follicles, and well-vascularized medullary regions. In the
250 mg/ kg treatment group (Figure 10b), ovarian tissue showed follicles (f), at different stages
of folliculogenesis, atretic follicles (af), blood vessels (bv) in the medulla. The 500 mg/kg
group (Figure 10c) demonstrated reduced folliculogenesis with reduced follicle density and
active maturation, indicating a dose-dependent inhibition of follicular development. No other
pathological alterations were observed in any group.

Figure 11: Representative photomicrograph of testicular sections from juvenile rats (PND42)
also displayed well-preserved histoarchitecture across all experimental groups (Figure 11). In
the control group. seminiferous tubules (ST) appeared structurally intact, with developing
lumina (lu), prominent spermatogonia (sg), Sertoli cells lining the tubular walls, and Leydig
cells (LC) distributed in the interstitial space. The 250 mg/kg group (Figure 11b) showed
comparable features, with evidence of progressive spermatogenesis and no observable
disruptions in the seminiferous epithelium. The 500 mg/kg group (Figure 11c) exhibited a
slight reduction in spermatogonia, though the seminiferous structure, Sertoli cells, and Leydig
cells remained intact, with continued spermatogenic activity. No degenerative or necrotic
changes were detected in any testicular tissue except delayed lumen acquisition.

DISCUSSION

This study explored the prenatal effects of aqueous extract of Glycine max on the ovarian and
testicular development of juvenile Wistar rats whose dams were administered with varying
doses of the extract. The findings suggest that Glycine max may exert dose-dependent
influences on postnatal reproductive development, potentially mediated by its
phytoestrogenic activity. Soybean and its products are recognized as rich sources of
phytoestrogen, having same properties as estrogen of serve as beneficial anti-estrogens.

A. Ejeguo et al, DUJOPAS 11 (2d): 295-306, 2025 301



Effects of Prenatal Exposure to Soybean (Glycine Max) Extract on Ovarian and Testicular Development in
Offspring of Wistar Rat

Nevertheless, the benefits of such compounds are either indirect or controversial. Certain
reproductive system anomalies and cancers have been linked to estrogen compounds
particularly during certain stages of life (Bar-El and Reifen, 2010). Phytoestrogens have high
affinity for estrogen receptors and share structural similarities with natural estrogen. There
are several kinds of phytoestrogens, such as coumestants, isoflavones, and prenylated
flavonoids. One of the most prevalent of these substances is genistein, which is found in
soybeans (Khani et al., 2011).

This study revealed that exposure to soybean was associated with increased organ weight in
male offsprings at the highest dose of 500 mg/kg bw (Fig 1). However, the initial findings of
a study that looked at the relationship between the use of soy protein-based infant formula
(SBIF) and reproductive health in neonatal pigs, which metabolize isoflavones similarly to
human infants and showed no variation in testes weight (Badger et al., 2009). However, it
should be mentioned that these measures were made at postnatal day 21, before sexual
maturity, and the sample size was somewhat small (n = 4/group). At variance are the reports
of Odiase et al., (2023) and Ekaluo, (2013) who reported no difference in testicular weight when
administered in adult male Wistar rats. These results are in agreement with the findings that
associated increased reproductive organ weight with heightened gonadal cellular
proliferation following phytoestrogen exposure. Testicular weight is influenced by the
quantity of spermatogenic cells (Kianifard et al., 2013), thus, the increased testicular weight
observed from the current study could be attributed to aberrant spermatogenic activity caused
by the active ingredient in the extract. Increased testicular weight does not however, correlate
with increased fertility that is dependent on other factors other than the number of
spermatogenic cells.

Biochemical analysis of oxidative stress markers superoxide dismutase (SOD), catalase (CAT),
malondialdehyde (MDA) revealed no significant changes in across groups, suggesting that
Glycine max extract did not induce oxidative stress (Fig 2-9). This further reinforces the use of
soybean as a good nutritional source and is in contrast to exposure to certain microplastics
that can induce oxidative stress to the developing gonads (Haddadi et al., 2024). However, a
statistically significant decrease in glutathione peroxidase (GPx) levels was observed in the
500 mg/kg group for both the ovary and testis, indicating a potential mild suppression of
antioxidant defense at higher doses. Sufficient glutathione activity has been reported to
improve testicular spermatogenesis in male Wilson disease TX mice by oxidative stress,
mitochondrial damage, and apoptosis (Kuiyu et al., 2023).

In the testes, control group sections revealed typical seminiferous tubule morphology, with
Sertoli cells, spermatogenic layers, and Leydig cells intact (Plate 4). The testicular sections of
treated groups also demonstrated progressive development and maturation of seminiferous
tubules, however, there was evidence of pathological alterations or spermatogenic arrest
(Plate 5 & 6). Seminiferous tubules (ST) and spermatocyte development was impaired in testes
of male offspring in the highest dose group. This was displayed by the presence of more ST
without a lumen as compared to control and the low dose. Emergence of lumen is
instrumental for proper spermatogenesis and spermiogenesis. Failure of the lumen to canalize
might result in failed ejaculation. This was in contrast with Brake and Evenson (2004), who
reported that the transgenic soybean diet had no negative effect on fetal, postnatal, pubertal
or adult testicular development. This disparity could be accounted for by the specific days of
administration, and putting this into consideration, the animals in this study simply had
delayed canalization of the ST instead of irreversible occlusion. This also supports the results
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by Odiase et al., (2023) and Atia et al., (2023), who reported spermatogenic arrest and cellular
degeneration following Glycine max treatment in adult male rats. Nurdiana et al., (2016) also
reported that with regard to the histology of the seminiferous tubules, it was found that the
offspring of dams administered with higher the dose of soybean extract had more severe
alterations to spermatogenesis than lesser doses as observed from this study. Delclos et al.,
(2001) also reported that maternal consumption of a soy- and alfalfa-free meal diet led to male
offspring with, aberrant or delayed spermatogenesis in the seminiferous tubules relative to
controls was observed at 1250 ppm. The basic structural unit of the adult testis is the
seminiferous tubule containing large numbers of germ cells involved in spermatogenesis and
Sertoli cells. The fetal and postnatal period of testicular development prior to the onset of
spermatogenesis is referred to as the prespermatogenic stage (Gondos, and Hobel, 1971). The
onset of spermatogenesis at puberty begins after the differentiation of prespermatogonia into
spermatogonia, which then undergo a series of mitotic divisions. The groups of
spermatogonia differentiate into spermatocytes, which undergo two successive meiotic
divisions, followed by the formation of spermatid s and spermatozoa. Important events
associated with the initial spermatogenic cycle are the development of a lumen within the
seminiferous tubules and the formation of a blood-testis barrier by occlusive Sertoli cell
junctions (Camatim et al., 1981).

Histological analysis of the ovaries showed normal architecture in the control group, with
follicles at different stages of development and normal vascularization. Groups treated with
Glycine max exhibited folliculogenesis lesser to control, with presence of developing follicles —
especially in the high-dose group. This suggests a slight inhibitory effect of the extract on
ovarian follicle maturation, possibly mediated by estrogenic isoflavones. This observation is
in line with the work of Van Putte et al., (2016), which linked follicular proliferation to elevated
FSH levels during ovarian maturation. However, our findings support those of Jefferson et al.,
(2006), who reported that genistein inhibited oocyte nest breakdown in mice. The difference
may be attributed to the extract type and exposure timing, as we used a crude aqueous extract
administered prenatally rather than purified genistein (Jefferson et al., 2005). In the same
study, increased numbers of corpora lutea after low dose genistein treatment (subcutaneous
injection of 0.5 and 5 mg genistein/kg body weight) and reduced numbers of corpora lutea
after higher doses (subcutaneous injection of 50 mg genistein/kg body weight) were
observed. A prolonged estrous cycle without changes in serum estrogen, progesterone and
testosterone before and during pregnancy was also reported at varying doses but showing a
higher incidence of extended estrous at the highest subcutaneous dose of 50 mg genistein/kg
body weight (Jefferson et al., 2005). One study reported no corpora lutea after genistein
treatment, smaller corpora lutea after daidzein treatment and both treatments resulted in
smaller ovaries and these were at higher subcutaneous doses of approximately 83 mg
genistein and daidzein/kg body weight (Kouki et al., 2003). Other abnormalities observed at
subcutaneous doses of 50 mg genistein/kg body weight include the presence of multioocyte
follicles (MOFs) (Jefferson et al., 2006). Furthermore, MOFs were accompanied by prolonged
nest breakdown and fewer oocytes undergoing apoptosis (Jefferson et al., 2006). The
implications of these findings are noteworthy since in vitro data suggest oocytes derived from
MOFs have reduced fertilization capacity compared to single oocytes follicles (Iguchi et al.,
1990). More recently, however, Jefferson et al., (2009) has demonstrated that mice treated with
the same subcutaneous dose of genistein had competent oocytes but these mice could not
support normal implantation of control embryos and were unable to deliver live pups
(Jefferson et al., 2009). Using the same dose and route of administration, ER-a but not ER-p
transcription was upregulated in mouse ovaries after exposure to genistein. Early exposure to
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genistein compromises ovarian development and reproductive function in rodent models at
serum levels that resemble those of human infants (Hillisch et al., 2004).

CONCLUSION

Maternal exposure of soybean (glycine max) extract altered ovarian and testicular development
in Wistar rat by arresting normal folliculogenesis and spermatogenesis. Further research is
needed to explore long-term reproductive implications. Limitation of this study includes the
absence of hormonal profiling (FSH, LH, Estradiol, Testosterone) to support mechanistic
insights, and the relatively short postnatal evaluation period. Future studies should
incorporate endocrine assays, investigation in adulthood and specific gene studies.
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