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Abstract

The epididymis is essential for spermatozoa maturation, including the acquisition of progressive
motility and fertilizing ability. Without a safe dose regimen treating several related reproductive
disorders, the root of P. yohimbe remains one of the many herbs commonly used by traditional herbal
medicine practitioners in achieving such roles. The purpose of this study was to examine the effect of
herbal extract on sperm parameters and histoarchitexture of epididymal sperm cells in rats. Twenty-
five Wistar rats were randomly assigned to one of four treatment groups and one control group. For 28
days, the control group received only 10 mL/kg distilled water, while the treatment groups received 25,
50, 100, and 200 mg/kg b.w of P. yohimbe methanol root extract via oral cannula. On day 29, all
animals were anesthetized, and their caudal epididymis was isolated and histologically processed. P.
yohimbe root extract increased sperm count and motility, with normal histological indices of the
epididymises examined relaying immune-protected sperm cells in normal spermatogenetic sequential
maturation and viability, without lesion or architectural degeneration, and was comparable to, but not
different from, the control. The current study supports the safety profile of P. yohimbe herbal
preparation in doses administered to male Wistar rats, and that it could be used to justify human
circumstances, potentially improving human health. However, future research on this plant may
attempt to look at higher doses under similar conditions, providing a foundation for further screening
and research.
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INTRODUCTION

Spermatozoa that exit the testis and enter the epididymis, a long-convoluted tubule, are
known functional gametes (Cornwall, 2009). Spermatozoa develop progressive motility,
allowing them to fertilize ova only while passing through the epididymis (Amann, 1989).
Because spermatozoa are mostly synthetically inactive, maturation requires spermatozoa to
interact with proteins synthesized and secreted from the epididymal epithelium in a region-
dependent manner. Despite considerable effort, the molecular and biochemical events
necessary for epididymal sperm maturation remain unknown (Cornwall, 2009), but could be
ascribed to hygienic food intake of proteinous functional compounds (Ojatula, 2019). At birth,
the epididymis is derived from the Wolffian duct and is primarily composed of mesenchymal
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tissue (Amann, 1989). The epididymis undergoes significant remodeling, including duct
elongation and convolution, until it reaches puberty and has fully differentiated into a highly
tortuous tubule lined by epithelial cells (Rodriguez et al., 2002). The development of a fully
differentiated epithelium requires the influence of luminal factors from the testis as well as
androgens (Rodriguez et al., 2002).

Pausinystalia yohimbe is a well-known aphrodisiac with both sex-enhancing and fertility-
enhancing properties (Ojatula, 2020; Ojatula et al., 2020; Ojatula, 2022). The ethno-medicinal
plant is found in nearly every tropical country and region of the world, particularly Nigeria
as contained in the ethno-medicinal report of Erhabor et al. (2015). It is a member of the
Rubiaceae family. It is a tall tree with a 1.2-metre girth and an 18-metre height. It has a tap
root system and roots that can be erect, bent, folded, and branching (Ojatula, 2019; Ojatula et
al., 2020).

Sequel to numerous phytopharmacological applications of P. yohimbe in reproductive
medicine; as contained in the previous works of Amann (1989) and Ojatula (2022). Hence, the
need to investigate the effect on the cyto-architecture of reproductive visceral organs, such as
the epididymis, as applicable in this study, by giving credence to existing literature and
offering future hope on yohimbe as a potent spermatogenic agent. Therefore, the purpose of
this study was to investigate the effect of herbal extract from P. yohimbe roots on some sperm
parameters and histoarchitexture of epididymal sperm cells in male Wistar rats.

MATERIALS AND METHODS

Ethics Statement

The study employed animal research model and natural plant sources to justify human
circumstances. The procedures followed in this study were carried out in accordance with
National Research Council accepted principles and guidelines for laboratory animal use and
care (NRC, 1996); and more importantly, in accordance with the ethical standards of ethics
committee on animal and plant experimentation of Okitipupa, Nigeria: Olusegun Agagu
University of Science and Technology with protocol number
OAUSTECH/PHYTOMED.101/23/E.

Plant Procurement and Authentication

P. yohimbe roots were collected near the boundary of Okomu National Park in Udo, Edo State,
Nigeria. A voucher specimen was given and a sample plant was deposited at the
Departmental Herbarium, PhytoMedicine Unit, Department of Plant Biology and
Biotechnology, Faculty of Life Sciences, University of Benin, Nigeria (Accession No.
UPBHx1066).

Preparation of Extract from the roots of Pausinystalia yohimbe

The roots collected, were washed with tap water, dried in the oven, and finely powdered.
Roots powder were soaked in 90% methanol for three days to produce a crude extract. The
root suspension was filtered and rotary evaporated to yield 21.6 g of crude extract (6.27%
yield). This extract was then reconstituted with distilled water to procure the study's doses.
For subsequent assays, doses were prepared in increments of 25, 50, 100, and 200 mg/kg.

Experimental Animals

Twenty-five inbred male Wistar rats weighing 202.25 g each were used in the study and
housed in wire gauze cages. This study used rats that had already been acclimatized in the
fly-proof Laboratory animal unit at room temperature (26-28 °C) and adequate ventilation at
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the Department of Anatomy, University of Benin, Benin City, Edo State, Nigeria. They were
fed with standard grower mash produced by Vita Feeds Nigeria Limited with free access to
clean tap water. The assessment of the experimental rats as regards its response to the extract
followed the protocol on the care and use of laboratory animals (NRC, 1996); and grouped
into five.

Experimental Protocol

The experimental rats were chosen one at a time with a hand towel, and an oral cannula was
used to administer appropriate concentrations of the extract to the rats in groups (B, C, D, and
E) ranging from (25, 50, 100, and 200 mg/kg) orally for 28 days.

The control group (A) received 10 mL/kg distilled water, while the other four groups (B, C,
D, and E) served as the test groups. The experimental rats were given the following
treatments:

- Feed + potable water (Control) Group A.

- Group B received 25 mg/kg b.w. of P. yohimbe root extract, feed, and potable water.

- Group C received 50 mg/kg body weight of P. yohimbe root extract, feed, and potable water.
- Group D received 100 mg/kg body weight of P. yohimbe root extract, feed, and potable
water.

- Group E received 200 mg/kg b.w. of P. yohimbe root extract, feed, and potable water.

The rats' body weights (g) were measured before and after extract administration from the
first day of feeding to the 28th day. The rats were sacrificed after twenty-eight (28) days of
treatment, and further evaluations and analyses were performed.

Evaluation of Sperm Motility and Sperm Count

Small cuts in the caudae epididymis were used to obtain samples in this study. These were
subsequently placed in 1 mL of modified Krebs Ringer-bicarbonate buffer (pH 7.4). Sperm
count and motility were assessed in the sperm suspension. The observed method described
by Anderson et al. (1983) was used to determine motility under a compound microscope,
while the Neubauer haemocytometer was used to count sperm with little modification from
the procedures reported by Ojatula (2020).

Evaluation of P. yohimbe Histological Effect on Epididymal Sperm Cells of Wistar Rats
On day 29, all of the experimental rats (treated and untreated) were sacrificed by cervical
dislocation at the end of the study. The epididymis was excised from test and control rats and
immediately preserved in Bouin's fluid after being weighed and examined for gross and
pathological alterations. Tissues were fixed in Bouin's fluid and dehydrated with increasing
concentrations of absolute alcohol. After clearing the tissues in xylene baths, they were
impregnated in paraffin wax. Sections were cut with an Erlich's Haematoxylin (H) and Eosin
(E) stained microtome (Hestion ERM 4000 Germany). Haematoxylin typically stains cell nuclei
bluish-black, whereas eosin stains cell cytoplasm and most connective tissue fibers pink. The
slides were examined microscopically with a light microscope (Olympus, England) and a
digital camera (Olympus, England), and a micrograph of each plate was taken and examined
for any sperm cell malformations or lesions, as reported by Neel et al. (2007).

Data Evaluation

Data generated from this study were presented as means and standard deviations of three
determinations. and were subjected to one-way analysis of variance (ANOVA) followed by
Duncan multiple range test to determine whether there was a significant difference between
groups at P < 0.05.
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RESULTS

Effect of Extract of P. yohimbe Root on Body and Visceral Organ Weights of Rats

Table 1 shows the calculated body weights as well as the weights of the animals' vital organs.
The study found that the treated groups had non-significantly higher mean body weight than
the control groups (P > 0.05) (Table 1). And that, the epididymis equally showed a non-
significant weight differences across treated and control groups of animals. All of the animals
had normal visceral organ weights, with no significant difference between the control and
treated groups. Results revealed that, visceral organ, the epididymis, was not adversely
affected throughout the treatment.

Table 1: Mean body and visceral organ weights of the extract-treated and control groups of
rats

Group No. of Rats Doses mg/kg  Body weight Body weight Weight of
before  extract after extract Visceral Organ
administration administration (Epididymis)

A (Control) 25 10 mL/kg 152.0+55 180.0£5.0 0.44 +0.03a

B 25 25 133.0%5.6 182.0£10.3 0.41 £0.03a

C 25 50 137.4+£0.25 190.0 £ 6.4 0.47 £ 0.06a

D 25 100 1456 +£4.0 200.3 £7.75 0.46 +£0.02a

E 25 200 157.1+£5.6 210.6 £4.5 0.45 £ 0.03a

*Values possessing same superscripts are not significantly (P > 0.05) different when compared to control and each other

Effect of Extract of P. yohimbe on Epididymal Sperm Cells in Wistar Rats

The effect of extract of P. yohimbe on epididymal sperm cells in experimental wistar albino rats
was thoroughly examined and recorded. From the findings of the study, sperm count and
percentage sperm motility were both increased significantly (P < 0.05) across treatment
groups of rats, in comparison to the control values (Table 2).

Table 2: Pausinystalia yohimbe's effect on sperm motility and count in Wistar albino rats

Group Treatment Dose % sperm motility Sperm count
(mg/kg) (log N/mm?)
A Control 10 mL/kg 50.00 + 34.75b 451 +£0.200
B Yohimbe 25 66.25 * 34.562 4.69 +0.162
C Yohimbe 50 70.25 £ 28.932 479 £0.162
D Yohimbe 100 90.00 £+ 6.132 476 £0.132
E Yohimbe 200 95.01 £6.13a 4.88 +0.092

*Values possessing superscripts when compared to the control, a, b are significantly (P < 0.05) different from each other

Effect of Extract of P. yohimbe on Histoarchitexture of Epididymes of Experimental Rats
Histological examination of the control group's caudal epididymis (Plate 1) revealed regular
epididymal ducts with pseudostratified columnar epithelia and stereocilia. The basement
membrane, which contains basal cells, surrounds the epithelia. Spermatozoa were packed into
the tubule lumens. Histological analysis of cross sections obtained from groups given 25, 50,
100, and 200 mg/kg of the extract uncovered relatively normal tubules sequentially packed
with mature spermatozoa, increased sperm cell population, and moderately increased
spermatozoa population, across all groups, with an intact epithelial lining (Plate 1, I-V).
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Plate 1: Rat epididymis sections stained with hematoxylin and eosin. Panel (I) A control rat's
epididymis with epididymal tubules-A lined by ciliated columnar epithelium cells, a lumen
packed with mature spermatozoa-B, and an interstitial space-C. Panel (II) Rat epididymis
treated with 25 mg/kg P. yohimbe for 28 days demonstrated normal architecture with a focal
area of epididymal tubule normalcy-A and a population of mature spermatozoa in the lumen-
B. Panel (III) P. yohimbe 50 mg/kg rat epididymis showed normal epididymal tubules lined
by columnar epithelium-A, lumen with increased spermatozoa population-B, and sparse
interstitial tissue-C. Panel (IV) Rat epididymis exposed to 100 mg/kg P. yohimbe for 28 days
demonstrates epididymal architecture with tubules-A, increased luminal spermatogenic
population-B, and interstitial tissue spaces-C, as well as spleen white pulp hyperplasia due to
non-specific immune-stimulation at all levels (arrow heads). Panel (V) Rat epididymis treated
for 28 days with 200 mg/kg P. yohimbe. displaying tubules A, lined by spermatogenic series-
B, with normal sequential maturation-C, and interstitial tissue spaces containing luminal
spermatozoa. Each photomicrograph enlargement is 100 pm.

Sections of the epididymis body from the experimental rats in the treatment groups (11, 111, IV,
and V) that were given increasing doses of a methanol extract of P. yohimbe root exhibits
normal epididymal histological indices leading to enhancement of sequential maturation of
epididymal sperm cells as shown in Plates 1: II-V resemblance of the control group (Plate 1,

I).

DISCUSSION

Phytotherapeutic products derived from medicinal plants have gained widespread
acceptance in primary healthcare, and were mistakenly thought to be safe simply because they
are derived from nature (Vaghasiya et al., 2011). Nonetheless, these bioactive plant products
are presumed to be safe, with no adverse health effects, as a result, it is widely used for self-
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medication (Ojatula, 2020). In general perspective, the relative organ weight is critical in
determining whether the organ was injured or not; and changes in body weight gain and
internal organ weights of experimental animals would reflect toxicity following toxic
substance exposure (Carol, 1995). Changes in body weight are indicators of drug and chemical
side effects, as well as an important indicator of physiological and pathological status in
animals (Raza et al., 2002). The relative and absolute organ weight in both the control and
treated groups increased non-significantly (P > 0.005) in this study, indicating that the extract
nurtured the organ. Meanwhile, when compared to control, administration of the extract had
no negative effect on organ weight in all treated rats. As a result, it can be concluded that P.
yohimbe methanol root extract was almost nontoxic, rather, it enhanced immune protection in
experimental rats, resulting in sequential maturation of epididymal sperm cells. These
findings agree with the work of Ojatula (2020) who undertook a study on spermatogenic
efficacy of Pausinystalia yohimbe roots in male rats.

Plants, in particular, make significant contributions to the list of natural products used as
drugs, and are an important source of many standard drugs used in the treatment and
management of human and animal diseases and disorders (Ojatula, 2019b; Newman and
Cragg, 2020). A plant-derived natural product plays critical immune-protective roles against
oxidative stress in vertebrate gonadal tissue (Ojatula, 2020). Furthermore, the male
reproductive and immune systems have a close functional relationship (Hedger, 2015).
Immunological responses to sperm antigens or other reproductive tract elements can result in
androgen deficiency, infertility, or chronic inflammation of the epididymal layers (Hedger,
2015). Medicinal plants, according to the findings of Ojatula (2020), have been used to alleviate
such systemic responses by interfering with the development of spermatogenic cells and the
formation of sperm antibodies, resulting in increased sperm motility and count. The
epididymis, testis, and other sex organs comprise the male reproductive system. During
reproductive processes, their primary function is to generate spermatozoa capable of
fertilizing an ovum (Ojatula and Enoyoze, 2023), in addition to providing a habitat for
spermatozoa growth and maturation (Obianime et al., 2010). Compounds that change the
shape and function of the epididymis may have a significant impact on the quality and
quantity of spermatozoa (Obianime et al., 2010). Some plants are known to contain
components that can cause negative systemic effects in both animal and human epididymis,
resulting in spermatozoa malformation (Oyeyemi et al., 2007). The epididymis is a convoluted
tubule connecting the testis to the vas deferens, is in charge of spermatozoa maturation,
transport, and storage, as well as sperm concentration and transport, and immune protection
for male gametes (Cornwall, 2009). Spermatozoa must be exposed to the epididymal
environment, which is controlled by its epithelium and testicular androgens, in order to
acquire fertilizing capacity (Johnson et al., 2000). The protein secreted by the epididymal
principal cell has been shown to regulate sperm maturation (Amann, 1989), as well as
maturing and storing sperm, epididymal tubules transport sperm during ejaculation (Ojatula,
2020). The epididymal epithelium's functions, which include absorption, secretion, synthesis,
and metabolism, contribute to the development of a suitable luminal environment for
spermatozoa motility and fertilizing ability (Turner, 1991). Hinton (1990) and Hedger (2015)
previously demonstrated that spermatozoa acquire their fertilizing ability and forward
motility during epididymal transit; and that sperm maturation implies the changes that the
transiting male gamete undergoes (Ojatula, 2022; Ojatula and Nwanja, 2023; Ojatula and
Enoyoze, 2023). As a result, the structural and functional integrity of sperm is critical for
fertilization and the quality of progeny (Cooper and Yeung, 2006).

The histological evaluation performed in this study revealed that the plant induced varying
degrees of normalcy of epididymal sperm cells in sequential maturation without any lesion
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or spermatic pathological degeneration, and as a result, the synthesis for spermatozoa
maturation was unaffected. This agrees with the findings of Turner et al. (1995) while they
were studying the in-vivo influence of protein synthesis and secretion by the rat caput
epididymidis on the luminal microenvironment. Hence, the immune-protection exhibited by
the extract on the experimental rats” epididymal tissue spaces of the spermatic cells. This
study's findings are consistent with those of Ojatula (2020), while working on spermatogenic
efficacy of Pausinystalia yohimbe at a given graded doses of concentrations. Furthermore, a
higher luminal spermatogenic population was found in the interstitial tissue spaces of the
epididymis of extract-treated rats (particularly the 200 mg/kg body weight) in comparison to
control rats. The pattern observed in this study on sequential sperm cell maturation was
consistent with the plant's effect. The quantifiable presence of bioactive compounds
determined in medicinal plants that aided in immune response could lead to increased
testosterone production, and as well, explain the histological normalcy observed in the
epididymises of rats in the study, which may be responsible for normal reproductive visceral
organ architecture. This may result in the regulation of spermatogenesis and Sertoli cell
functions, as both testosterone and follicle stimulating hormone (FSH) bind to Sertoli cell
receptors (Ojatula et al., 2020). This study's epididymal histology findings, compare favorably
to a previous study by Verma and Chinoy (2002) who discovered that oral administration of
Carica papaya ethanol extract had no negative effect on the caudal epididymal histological
profile of experimental rats.

CONCLUSION

Overall, this study found that P. yohimbe has a potential fertility and immune-protection
enhancing effect based on the administered doses and duration without causing lesion or
degeneration in the epididymal architecture of animals, resulting sequential maturation of
epididymal sperm cells. In the search for a male fertility agent, more research light may be
focused on P. yohimbe in order to discover its full potential. However, caution should be
exercised in its use as a medicinal agent.
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