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Abstract :

Male infertility is one of the major reproductive health problems worldwide and may result
from oxidative stress, inflammation, or hormonal imbalance. Medicinal plants rich in bioactive
compounds have attracted increasing attention because of their protective and therapeutic
potential. Among these plants, male date palm pollen (Phoenix dactylifera L.) is traditionally

recognized for its fertility-enhancing properties.

This study aimed to evaluate the protective effect of a hydro-ethanolic extract of male date
palm pollen against physiological and biochemical disturbances induced by Cetrotide in male
rats. The extract was prepared using 80% ethanol, with an extraction yield of 7.64%. The
experiment was conducted on four groups of male rats over 42 days. Treated groups received
the extract orally at doses of 200 mg/kg and 400 mg/kg. Body weight, clinical signs,

biochemical parameters, and histopathological changes were evaluated.

The results showed that the Cetrotide-treated group exhibited body weight instability,
lethargy, reduced activity, nasal bleeding, and elevated levels of TRIG, CRP, TGO, TGP, urea,
and creatinine, indicating metabolic, inflammatory, hepatic, and renal disturbances. In contrast,
treated groups, especially at 400 mg/kg, showed partial improvement in several parameters and
fewer clinical abnormalities. Histopathological observations supported these findings. The
beneficial effects may be related to the antioxidant and bioactive compounds present in date

palm pollen.



In conclusion, the hydro-ethanolic extract of Date Palm Pollen demonstrated promising
protective effects against Cetrotide-induced disturbances in male rats and may represent a

potential natural source for supporting male reproductive and metabolic health.

Keywords: Fertility, Date Palm Pollen (Phoenix dactylifera), Extrait, Cetrotide, Oxidative

Stress, Rats.



Study of the influence of certain medicinal plant extracts on male fertility in rats.

Résumé

L’infertilit¢ masculine représente un important probléme de santé reproductive dans le monde
et peut étre liée au stress oxydatif, a I’inflammation ou aux déséquilibres hormonaux. Les
plantes médicinales riches en composeés bioactifs suscitent un intérét croissant pour leurs effets
protecteurs et thérapeutiques. Parmi elles, le pollen male du palmier dattier (Phoenix dactylifera

L.) est traditionnellement reconnu pour ses propriétés favorisant la fertilite.

Cette étude avait pour objectif d’évaluer I’effet protecteur d’un extrait hydro-éthanolique de
pollen méle de palmier dattier contre les perturbations physiologiques et biochimiques induites
par Cetrotide chez des rats males. L’extrait a été préparé avec de 1’éthanol a 80 %, avec un
rendement d’extraction de 7,64 %. L expérimentation a été réalisée sur quatre groupes de rats
males pendant 42 jours. Les groupes traités ont recu I’extrait par voie orale a des doses de 200
mg/kg et 400 mg/kg. Le poids corporel, les signes cliniques, les paramétres biochimiques et les

modifications histopathologiques ont été évalués.

Les résultats ont montré que le groupe traité par Cetrotide présentait une instabilité du poids
corporel, une léthargie, une diminution de 1’activité ainsi qu’une augmentation des taux de
TRIG, CRP, TGO, TGP, urée et créatinine, indiquant des troubles métaboliques,
inflammatoires, hépatiques et rénaux. En revanche, les groupes traités par [|’extrait,
particulierement a la dose de 400 mg/kg, ont montré une amélioration partielle des paramétres
¢tudiés et moins d’anomalies cliniques. Les observations histopathologiques ont confirmé ces
résultats. Les effets bénéfiques observés pourraient étre liés a la richesse du pollen en composés

antioxydants et bioactifs.

En conclusion, I’extrait hydro-éthanolique de Date Palm Pollen a montré des effets protecteurs

prometteurs contre les perturbations induites par le Cetrotide chez les rats males.

Mots-clés : Fertility, Date Palm Pollen (Phoenix dactylifera), Extrait, Cetrotide, Oxidative
Stress, Rats.
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Introduction




Introduction:

Male infertility has become an increasingly important public health concern worldwide due to
the progressive decline in reproductive performance observed in recent decades (Devranoglu et
al., 2024; Lana Nazar et al., 2023; Nunes et al., 2023).Fertility is a complex biological process
that depends on the integrity of the male reproductive system, adequate hormonal regulation,
and the production of healthy spermatozoa capable of successful fertilization. However, several
environmental, physiological, and lifestyle-related factors such as obesity, stress, smoking,
pollution, exposure to toxic substances, and oxidative stress can negatively affect male
reproductive function and contribute to infertility. Among these factors, oxidative stress is
considered one of the major mechanisms involved in sperm dysfunction because of its harmful
effects on sperm membranes, DNA integrity, and testicular tissues (Bocu et al., 2025; Motawi
et al., 2024; Naseer et al., 2023; Rotimi & Singh, 2024).

In recent years, scientific interest in medicinal plants and natural products has increased
considerably as researchers seek safer and more effective alternatives capable of protecting
reproductive function and reducing the adverse effects associated with oxidative and
inflammatory damage(Habib et al., 2023a; Monageng et al., 2023a; Ourani-Pourdashti et al.,
2024; Roozbeh et al., 2021; Selmani et al., 2017a). Medicinal plants contain a wide variety of
bioactive compounds such as polyphenols, flavonoids, carotenoids, vitamins, minerals, and
essential fatty acids that exhibit antioxidant, anti-inflammatory, and cytoprotective activities.
These biological properties may contribute to improving spermatogenesis, regulating
reproductive hormones, and preserving the structural and functional integrity of reproductive
organs.(Nguyen-Thanh et al., 2024; Salhi et al., 2024)

Among the medicinal plants traditionally used to enhance fertility, date palm pollen (Phoenix
dactylifera L.) occupies a particular place in traditional medicine in North African and Middle
Eastern countries. (Farag et al., 2025).1t has long been consumed as a natural tonic believed to
improve vitality and reproductive performance. Recent phytochemical and experimental studies
have confirmed that date palm pollen is rich in biologically active compounds including
phenolic compounds, flavonoids, amino acids, vitamins, minerals, and substances with
hormonal activity(Kadhim & And Maisa’a Ala’a Abdulhussein, 2012; Siahpoosh et al., 2012;

Zimmerman et al., 1984). These constituents are believed to play an important role in reducing

oxidative stress, improving sperm quality, stimulating testosterone production, and protecting

reproductive tissues against cellular damage(Al-Asmari et al., 2020; Sami & Obaid, 2022).




Despite the growing number of studies investigating the beneficial effects of date palm pollen,
several aspects of its biological activity and therapeutic potential on male fertility remain
insufficiently explored, particularly under experimental conditions involving reproductive
disturbances. For this reason, experimental animal models are widely used to better understand
the mechanisms underlying fertility disorders and to evaluate the protective effects of natural
compounds on reproductive health(Advani et al., 2018; Al-Abbasi et al., 2023; Mirzaeli,
kalejahi, et al., 2026).

The present study aims to investigate the potential effect of a hydro-ethanolic extract of date
palm pollen on male fertility in rats subjected to fertility disturbances induced by steroid
treatment(Mirzaei, kalejahi, et al., 2026). The work focuses on evaluating the biological activity
of the extract through biochemical, hormonal, behavioral, and histopathological analyses in
order to determine its possible protective and restorative effects on male reproductive function.
Through this study, we aim to contribute to the valorization of medicinal plants as promising
natural alternatives in the field of reproductive toxicology and male fertility management.

This dissertation is organized into four chapters. The first chapter provides general
information on male fertility, the causes of male infertility, and the importance of medicinal
plants in reproductive health, with particular emphasis on the biological and therapeutic value
of male date palm pollen . The second chapter reviews the chemical composition and biological
properties of date palm pollen and discusses its potential effects on male fertility,. The third
chapter describes the materials and methods used in the experimental study, including the
preparation of the hydro-ethanolic extract, the experimental design, animal treatment protocols,
and the biochemical and histopathological analyses performed. The fourth chapter presents and
discusses the obtained results concerning extraction yield, body weight variation, biochemical
parameters, and histopathological observations, while comparing the findings with data
reported in the literature. Finally, a general conclusion summarizes the main outcomes of the
study and highlights the potential protective role of male date palm pollen extract against

physiological, biochemical, and histopathological alterations induced by Cetrotide in male rats.
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Chapter:1 General information on male fertility

In this chapter, we will discuss the main concepts related to male fertility and infertility, as well
as the anatomical and physiological aspects of the male reproductive system. We will also focus
on the different factors affecting male fertility, particularly oxidative stress and its impact on

reproductive functions.

I.  Male fertility:

1. Definition of male fertility:

Male fertility is defined as the man's ability to produce offspring following sexual
intercourse resulting in the fertilization of the oocyte by a functional spermatozoon. It depends
mainly on the anatomical and functional integrity of the male reproductive tract, qualitative and
quantitative spermatogenesis, as well as adequate hormonal regulation ((Devranoglu et al.,
2024) .

Fertility requires the production of a sufficient number of spermatozoa, with normal
motility and morphology, capable of crossing the female genital tract and reaching the oocyte
to achieve fertilization. Any alteration in any of these elements can result in decreased fertility
or even male infertility ((Devranoglu et al., 2024) .

2. Definition of Male Infertility:

1. Male infertility is a man's inability to induce pregnancy after one year of
unprotected sex.
2. Definitions vary by organization, but all emphasize the inability to contribute to

a successful pregnancy (Emilio Gomez Sanchez et al., 2018).
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1. Male reproductive system:
The human reproductive system is composed of the internal and external organs depending on
their location. We explain the two types of organs in detailn (Fig01) : (Emilio Gomez Sanchez
et al., 2018)

urinary
bladder

seminal vesicle

ejaculatory duct prostate gland

ductus deferens

epididymis
testicle

glans penis penis

Figure 1 Male reproductive system ( Conceive Plus,. 2024).

1.1. External Organs:
The external organs are located, as their name suggests, outside the body and are the visible

reproductive organs (Emilio Gomez Sanchez et al., 2018).

a. Testicles:
Egg-shaped, they are found inside a membranous pouch called the scrotum. Their main
function is the production of spermatozoa (spermatogenesis) inside the seminiferous
tubules(Fig02).(Emilio Gomez Sanchez et al., 2018)
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Figure 2 :Testicular Structural (Adobe Stock, 2026).
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b. Penis or penis:

It is the copulatory organ of the man whose reproductive function is to deposit sperm inside
the woman's vagina during sexual intercourse. It is formed by the corpus cavernosum, which
causes erection by filling with blood, and the corpus spongiosum formed by the glans on the

lower part (Emilio Gomez Sanchez et al., 2018).

The testicles are located on the outside because of the temperature they need to produce
sperm. The temperature should be lower than the body temperature ((Emilio Gomez Sanchez
etal., 2018).

Disorders in the anatomy of the male reproductive tract can lead to infertility, as in the case
of chryptorchidism (Emilio Gomez Sanchez et al., 2018).

1.2. Internal organs
The genitals of the internal reproductive tract are mainly found in the pelvis. Their function
is to secrete and transport the components that form sperm.(Emilio Gomez Sanchez et al., 2018)

a. Epididymis:
It is a tube formed by the accumulation of all the seminiferous tubes, located inside each
testicle. The spermatozoa are stored there and it keeps them in an adequate environment for

their maturation. (Fig. 03) (Emilio Gomez Sanchez et al., 2018).

Initial Segement

Efferent Ducts

Figure 3:Testicle and épididymes structure (James et al., 2020)
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b. Vas deferens:
This is the duct that carries sperm from the epididymis to the ejaculatory ducts (Fig.
04)(Emilio Gomez Sanchez et al., 2018).

Figure 4: Vas deferens.

c. Seminal vesicles:
These are the glands responsible for secreting most of the semen. In addition, they provide
nutrients and energy to the spermatozoa that travel through the duct.Cliquez ou appuyez ici

pour entrer du texte.(Emilio Gomez Sanchez et al., 2018).

d. Prostate :
A glandular organ that also secretes seminal fluid to protect sperm. Below the prostate are
bulbourethral glands or Cowper's glands, which secrete a lubricating fluid (Fig. 05)(Emilio
Gomez Sanchez et al., 2018).
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Figure 5: The prostate with the seminal vesicles, from above and in front.
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e. Urethra
This is a duct through which semen is expelled during ejaculation that passes through the

penis. In addition, it also serves to expel the urine accumulated in the bladder during urination.

Unlike women, the male urethra is part of the excretory and reproductive tract, as it can

expel urine and semen through the penis (Fig. 06) (Emilio Gomez Sanchez et al., 2018).
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3. Factors influencing male fertility:

I. Impact of lifestyle changes on male fertility:
Male fertility is increasingly recognised as a global health issue, with lifestyle factors
playing a crucial role in declining fertility rates. This review examines how various lifestyle

choices can influence male reproductive health (Devranoglu et al., 2024).

1.1 Biological factors influencing fertility:
e Spermatogenesis is a complex process requiring hormones and growth factors.
e Endocrine and paracrine signals regulate sperm production.
e The deterioration of hormonal regulation can lead to germline apoptosis and impairments
of spermatogenesis (Bocu et al., 2025; Georgieva et al., 2023; Nunes et al., 2023b; Rocco
et al., 2025; Rotimi & Singh, 2024).

1.2 Environmental factors affecting male fertility:
e Qutdoor pollution and chemicals such as pesticides and heavy metals affect sperm quality.
e Exposure to heat can cause genital heat stress, leading to testicular atrophy.
e Non-ionizing radiation, such as that from mobile phones, can also affect sperm
quality.(Lana Nazar Abdul-Razzag, 2023; Nunes et al., 2023a; Rotimi & Singh, 2024).

1.3 Influence of diet and nutrition
e Dietary habits are essential for reproductive health, with specific nutrients influencing
spermatogenesis.
e Omega-3 fatty acids and antioxidants like vitamins C and E improve sperm quality.
e A Mediterranean diet is associated with better sperm quality.(Nunes et al., 2023a; Rotimi
& Singh, 2024a)

1.4 Physical activity and male fertility
e Insufficient physical activity is linked to lower sperm quality.
e Moderate physical activity can improve sperm production, while excessive exercise can
impair fertility.
e Physically active men show better sperm quality compared to sedentary men. (Bocu et al.,
2025 ; Devranoglu et al., 2024 ; Nunes et al., 2023)
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1.5 Effects of substance use on fertility
e Smoking reduces sperm count and motility.
e Excessive alcohol consumption is linked to lower testosterone levels and impaired sperm
quality.
e The use of recreational drugs, such as cannabis and opiates, can affect male fertility (Bocu
et al., 2025).

1.1 Stress and mental health
e Chronic stress can disrupt reproductive function by unbalancing hormones.
e Mental health conditions like depression can reduce libido and sperm quality.
e Managing stress through techniques like cognitive behavioral therapy can improve fertility
outcomes (Lana Nazar Abdul-Razzaq, 2023; Rotimi & Singh, 2024).

1.2 Importance of sleep for fertility
e Adequate sleep is crucial for hormonal regulation and sperm quality.
e Sleep disturbances can lead to hormonal imbalances and decreased sperm production.

e Good sleep is associated with better sperm quality and motility (Rotimi & Singh, 2024).

1.3 Weight Management and Male Fertility
e Obesity is linked to decreased sperm quality and hormonal imbalances.
e Even being slightly overweight can increase the risk of infertility.
e A healthy weight is essential for maintaining optimal reproductive function (Lana Nazar
Abdul-Razzaq, 2023; Rotimi & Singh, 2024).

1.4 Sexual Habits and Fertility
e The frequency of sexual intercourse can influence the chances of conception.

e The use of lubricants can affect sperm motility, and it is advisable to choose suitable
lubricants (Rotimi & Singh, 2024).

1.5 Environmental and occupational exposures
e Exposure to heat and chemicals at work can harm male fertility.
e Work policies must be put in place to reduce these risks and protect men's reproductive
health.(Rotimi & Singh, 2024a).

1.6 Use of Personal Protective Equipment
e Radiofrequency (RF) radiation can affect germ cells, leading to a reduction in
spermatogenesis, motility, and sperm count.
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e RF causes genetic and hormonal changes, contributing to oxidative stress and degradation
of sperm quality.

e Exposure to ionizing radiation is linked to abnormal sperm and reduced motility.

e The use of radiation protection is essential, especially during urological procedures such as

varicocele embolization (Dong et al., 2022).

1.7 Controversies and limitations of studies

e Evidence regarding lifestyle effects on male infertility is limited, making it difficult to
establish robust guidelines.

e Smoking, alcohol and drug use affect sperm quality, but details about the types and amounts
of substances are unclear.

e Sedentary lifestyles are associated with lower sperm quality compared to regular exercise,
but no direct comparisons of training programs are available (Lana Nazar Abdul-Razzaq,
2023).
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Chapoter: 2 Medicinal plants and male fertility

This chapter presents the role of medicinal plants in improving male reproductive health and
their mechanisms of action. Particular attention will be given to date palm pollen ,its

phytochemical composition, and its potential effects on fertility and reproductive parameters.
l. Medicinal Plants and Male Fertility

l. Medicinal Plants in Traditional Medicine
Medicinal plants have occupied a central role in traditional medical systems for thousands
of years. In Ayurvedic, Traditional Chinese, Arab, and African medicine, plants have been used

to treat male fertility disorders, particularly problems related to:

e Low sperm concentration

e Reduced motility

e Abnormal sperm morphology
e Hormonal imbalances

e Oxidative stress

(Roozbeh et al., 2021)

1. Meécanismes d'action des plantes médicinales sur la fertilité masculine:
2.1 Antioxidant Mechanism
Medicinal plants contain various phytochemical compounds, including flavonoids,
polyphenols, and carotenoids, which act as potent antioxidants that reduce reactive oxygen

species (ROS) in male reproductive tissues. (Monageng et al., 2023b)

Reducing oxidative stress helps protect Leydig and Sertoli cells from damage and supports

testosterone production as well as spermatogenesis. (Monageng et al., 2023b)

Recent studies indicate that enhancing antioxidant enzymes such as superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase (GPx) is associated with improved semen

quality and reproductive function. (Monageng et al., 2023b)

2.2 Hormonal Modulation (HPG Axis Regulation)
Certain medicinal plants influence the Hypothalamic—Pituitary—Gonadal (HPG) axis, which

regulates male reproductive hormones. (Nguyen-Thanh et al., 2024)
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By modulating this axis, herbal compounds may enhance the secretion of GnRH, leading to
increased LH and FSH levels, which subsequently stimulate testosterone production and
promote spermatogenesis. (Nguyen-Thanh et al., 2024)

Hormonal balance restoration is considered one of the central mechanisms by which
medicinal plants improve male fertility. (Nguyen-Thanh et al., 2024)

2.3 Improvement of Semen Parameters
Medicinal plants such as Mucuna pruriens, Withania somnifera, and Nigella sativa have
demonstrated beneficial effects on semen parameters, including:

e Sperm count
e Sperm motility

e Sperm concentration

These improvements are mainly attributed to antioxidant activity and hormonal regulation,

which enhance the microenvironment within the testes and protect sperm DNA integrity.
(Nguyen-Thanh et al., 2024)

2.4 Enhancement of Testicular Structure and Function
Several studies report that medicinal plants improve testicular tissue integrity, stimulate

Sertoli cell activity, and reduce oxidative and inflammatory damage in reproductive organs.

This contributes to enhanced spermatogenic activity and better structural organization of
seminiferous tubules. (Adeniyi et al., 2025)

2.5 Anti-Inflammatory and Cytoprotective Effects
Many medicinal plants possess anti-inflammatory properties that reduce chronic
inflammation within reproductive tissues. (Adeniyi et al., 2025)

By limiting inflammatory cytokines and oxidative damage, these plants help preserve normal
spermatogenesis and maintain hormonal homeostasis. (Adeniyi et al., 2025)
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1. Date palm pollen :
1. General information about palm pollen:

Date palm pollen a monocotyledonous species belonging to the Arecaceae family, is widely
cultivated in arid and semi-arid regions of the Middle East and North Africa. Often referred to
as the “tree of life”, it provides not only highly nutritious fruits but also several medicinally
valuable derivatives used in traditional medicine. Among these products, date palm pollen
(DPP), obtained from the male inflorescences of the date palm, has attracted considerable
scientific interest due to its nutritional and therapeutic properties. Ethnopharmacological
records from ancient civilizations such as Egypt, China, and Mesopotamia document its use as
a rejuvenating tonic and aphrodisiac, particularly for enhancing fertility and improving
reproductive health. Today, date palm pollen production is estimated at approximately 1000
tons annually in Arabian regions, where it continues to be used as a dietary supplement to

improve fertility and pregnancy outcomes.(Habib et al., 2023; Talaat et al., 2025)

Date palm pollen represents the male reproductive cells of palm flowers and serves as a
natural reservoir of numerous bioactive compounds. Phytochemical studies have revealed the
presence of several biologically active constituents, including steroidal compounds such as
estradiol, estriol, estrone, cholesterol, and triterpenes, as well as saponins, carbohydrates, fatty
acids, tannins, phenolic compounds, carotenoids, and flavonoids.(Farag et al., 2025) These
compounds contribute significantly to the high nutritional value and therapeutic potential of
DPP. In addition, the pollen is rich in vitamins and minerals that play important roles in
maintaining physiological functions and reproductive health (Chhoud et al., 2025; Selmani et
al., 2017).

The presence of phenolic acids, carotenoids, flavonoids, and tocopherols confers strong
antioxidant and antimicrobial properties to date palm pollen, enabling it to neutralize free
radicals and protect biological tissues from oxidative stress(Habib et al., 2023b). Several studies
have also demonstrated that DPP can positively influence male reproductive parameters,
including sperm count, motility, morphology, semen volume, and sex hormone levels, thereby
improving fertility and alleviating certain forms of infertility (Chhoud et al., 2025; Ibtihaj H Al
Temimi, 2020). Moreover, beyond its reproductive benefits, date palm pollen and its derivatives

have been reported to exhibit various pharmacological activities, including anticancer,
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antidiabetic, anti-inflammatory, nephroprotective, neuroprotective, antimicrobial, and

antioxidant effects (Selmani et al., 2017)

2. Phytochemical Composition

DPPhas been recognized since ancient times for its nutritional value and therapeutic
properties. Ancient Egyptian and Chinese civilizations used it as a natural tonic to improve
vitality and fertility. Recent studies have confirmed that this natural product is rich in bioactive
compounds, including secondary metabolites with strong antioxidant activity. Its composition
varies according to several factors such as the variety of palm tree, the nature of the soil and the
climatic conditions. In addition to these compounds, pollen is an important source of protein,
amino acids andessentiels, carbohydrates, fatty acids, minerals and vitamins.(Ibtihaj H Al
Temimi, 2020; Selmani et al., 2017)

2.1 Secondary metabolites

DPP contains a wide variety of secondary metabolites, including phenolic compounds,
flavonoids, sterols, carotenoids, and some triterpenoids. These molecules play an important role
in protecting the plant from environmental stresses and pathogens. In humans, they have several
biological activities, including antioxidants, anti-inflammatory, and protective of the
reproductive system. Several studies suggest that these metabolites may contribute to improved
fertility and hormonal balance.(Ibtihaj H Al Temimi, 2020; Selmani et al., 2017)

2.2 Phenolic compounds

Phytochemical analyses revealed the presence of many phenolic compounds in palm pollen,
such as caffeic acid, gallic acid, coumaric acid, catechin, chlorogenic acid, quercetin and rutin,
as well as several flavonoids such as isorhamnetin, apigenin and naringin. The concentration of
these compounds can vary depending on the environmental and genetic conditions of the plant.
(Salhi et al., 2024; Selmani et al., 2017)

Experimental studies have shown that aqueous and ethanolic extracts of palm pollen improve
several reproductive parameters in laboratory animals, including testosterone levels, sperm
count and motility, and testicular histological structure. These effects are mainly linked to the
antioxidant properties of polyphenols, which are capable of neutralizing free radicals and

protecting reproductive cells against oxidative stress. Phenolic compounds can also modulate
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certain cell signaling pathways, including the ERK/Nrf2 pathway, resulting in increased

expression of antioxidant enzymes.(Salhi et al., 2024; Selmani et al., 2017)

2.3 Hormones

Some studies have suggested the presence of hormone-active substances in palm pollen.
Previous work has shown that certain pollen extracts can induce effects similar to those of
estradiol in rats. Other research has also reported the presence of molecules with gonadotropin-
like activity such as FSH and LH. However, the identification and complete purification of
these hormones in pollen is still limited and requires further investigation.(Ibtihaj H Al Temimi,
2020)

2.4 Protéines et acides aminés

DPP is particularly rich in protein, with levels generally varying between 15 and 38%
depending on the variety and the region of cultivation. It is also an important source of essential
amino acids such as arginine, leucine, lysine, valine, and phenylalanine. These compounds play
a fundamental role in the synthesis of sex hormones and in the regulation of several metabolic

processes involved in reproduction. (Ibtihaj H Al Temimi, 2020; Salhi et al., 2024)

Some studies suggest that arginine may improve sperm quality and protect germ cells from
oxidative and heat stress, thus contributing to improved reproductive function. (Ibtihaj H Al
Temimi, 2020; Salhi et al., 2024)

2.5 Carbohydrates and fatty acids

Male date palm also contains a noticeable proportion of carbohydrates and fatty acids.
Carbohydrates are an important source of energy for reproductive tissues, while fatty acids are
involved in the structure of cell membranes. Essential fatty acids such as linoleic acid and oleic
acid have been identified in different varieties of pollen. These molecules can be involved in
the synthesis of certain hormones and biological mediators involved in reproduction.(Salhi et
al., 2024)

2.6 Minerals and vitamins

DPP also contains several essential minerals, including zinc, calcium, potassium,

magnesium, iron, and selenium. These elements play an important role in hormone regulation
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and in the maintenance of reproductive function. For example, zinc is essential for testosterone
production and normal sperm development. (Ibtihaj H Al Temimi, 2020; Salhi et al., 2024;
Selmani et al., 2017)

Par ailleurs, le pollen contient des vitamines antioxydantes telles que les vitamines A, C et
E, qui contribuent a la protection des cellules reproductrices contre les dommages oxydatifs.
En neutralisant les radicaux libres, ces vitamines peuvent améliorer la motilité des

spermatozoides et préserver l’intégrit¢ de leur ADN, ce qui favorise la fertilité

masculine.(Ibtihaj H Al Temimi, 2020; Salhi et al., 2024; Selmani et al., 2017)

3. Effect of Date Palm Pollen on Human Reproduction

3.1 Traditional Use of Date Palm Pollen in Fertility

DPP has long been used in traditional medicine as a natural supplement to improve health
and reproductive function. In several cultures, it has been consumed directly or mixed with
honey, molasses, or other natural products. Ancient civilizations such as the Egyptians and
Chinese considered date palm pollen a rejuvenating substance and used it to enhance vitality
and fertility. Traditional practices in North African countries also report its use for treating male
and female infertility, often consumed with honey or other natural remedies, particularly during
the ovulatory period. The persistence of these practices has encouraged scientific research
investigating its potential benefits for reproductive health.(Salhi et al., 2024; Talaat et al., 2025)

3.2 Effects on Male Sexual Function

Male infertility is a complex condition influenced by hormonal, genetic, environmental, and
lifestyle factors. Because effective pharmacological treatments remain limited, natural products
such as date palm pollen have attracted increasing scientific interest. Traditionally recognized
as an aphrodisiac, date palm pollen has been reported in clinical studies to improve sexual desire
and overall sexual performance. Its beneficial effects are attributed to its rich content of
polyphenols, flavonoids, steroids, and saponins, which may enhance nitric oxide production,
improve blood circulation, and stimulate endogenous testosterone production.(Salhi et al.,
2024; Talaat et al., 2025)
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3.3 Effects on Sperm Quality and Hormonal Levels

Semen quality is a key determinant of male fertility. Several studies have shown that
supplementation with date palm pollen may improve sperm concentration, motility,
morphology, and semen volume in infertile men. These improvements are largely associated
with its strong antioxidant properties, which protect reproductive tissues from oxidative stress
caused by reactive oxygen species. In addition, date palm pollen contains essential
micronutrients such as zinc, copper, and antioxidant vitamins including vitamins C and E,
which play important roles in maintaining testicular function and supporting spermatogenesis.
These compounds may enhance antioxidant defense mechanisms, stimulate testosterone
production, and ultimately improve male reproductive performance.(Salhi et al., 2024; Talaat
et al., 2025)
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Chapoter :3 Materials and Methods

In this chapter, we will describe the experimental procedures adopted in this study, including
the preparation of the hydro-ethanolic extract and the experimental protocol carried out on rats.
The methods used for monitoring, treatment administration, and biological evaluations will also

be presented.
I.  Matiriel:

1. Plant material:

Date palm pollen (Phoenix dactylifera L.) from the state of E| OUED Hassani Abdel Karim

are *El Sahn El Gharbi* was used as plant material in this study.

The pollen was dried and ground into a fine powder before extraction,the amount used was

170 g of pollen powder.

o)

N
oD

Figure 6:Date Palm Pollen

+ Reagents
e Ethanol 96%

e Distilled water

e Hydro-ethanolic solution (80% ethanol / 20% distilled water

2. Experimental Animals

To evaluate the ability of plant extracts to improve fertility, the study was carried out
using four groups of male rats aged 6 to 8 weeks and weight Ben 170-200g.
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The rats were randomly divided into four groups. Each individual was numbered to
distinguish him from the others. Each individual had its own table for recording

observations: weight, behaviors, movements, etc

3. Materials and equipment

3.1 Extraction Materials and Equipment
e Analytical balance

e Glass beakers
e Amber glass bottles or flasks
e Graduated cylinders
e Laboratory spatula
e Mechanical or orbital agitator
e Whatman filter paper
e Glass funnel
e Rotary evaporator (Rotavap)
e Water bath
e Laboratory oven (drying oven) set at 37-40°C
e Glass containers for extract storage
3.2 Reagents and Experimental Products
e Cetrotide (Orgalutran 0.25mg/0.5ml)
e Tween 20 (10%)
e Distilled water
e Physiological saline
e Ethanol 70%
e Chloroform (for anesthesia)
e Formalin 10%

e Hydro-ethanolic extract of male date palm pollen

3.3 Histological Instruments, Equipment and Reagents
Equipment

e Tissue Processor

e Microtome

e \Water Bath
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X/
°e

Laboratory Drying Oven
Light Microscope
Embedding station
Metal molds

Slide staining rack

Instruments and Consumables

Glass slides

Cover slips

Forceps

Scalpel

Microtome blades
Sample containers
Pipettes

Slide labels and markers

Gloves and laboratory coat

Reagents

10% Neutral Buffered Formalin

Ethanol solutions (70%, 80%, 95%, 100%)

Xylene
Paraffin wax
Hematoxylin
Eosin

Distilled water

DPX mounting medium
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1. Methods:

1. Principle of the Study

This study is based on the hypothesis that date palm pollen possesses bioactive compounds
with potential protective and modulatory effects on male reproductive function. The
experimental principle relies on inducing a state of reproductive and biochemical imbalance in
male rats using Cetrotide, followed by the administration of a hydro-ethanolic extract of date
palm pollen at different doses to evaluate its corrective and protective effects.

The biological response is assessed through multiple endpoints, including biochemical
parameters (lipid profile, inflammatory markers, liver and kidney function), hormonal
variations, and histopathological examination of reproductive organs. The comparison between
control, treated, and extract-administered groups allows the evaluation of whether the plant

extract can counteract or reduce the alterations induced by Cetrotide.

Overall, the principle of the study is to determine whether date palm pollen extract can restore
physiological balance and improve male reproductive and metabolic functions under

experimentally induced stress conditions.

2. Extraction of Date Palm Male Pollen by Hydro-Ethanolic Maceration

2.1 Preparation of the solvent

An 80% hydro-ethanolic solution was prepared by mixing:

e 80 mL ethanol
e 20 mL distilled water

to obtain 100 mL of solvent.

2.2 Extraction procedure
a. Maceration

The extraction was carried out using a plant material to solvent ratio of 1:10 (w/v).

Thus: 170 g of pollen powder were macerated in 1700 mL of hydro-ethanolic solution (80%
ethanol).
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Procedure:

1. The pollen powder was placed in an amber glass flask.

2. 1700 mL of hydro-ethanolic solvent was added.

3. The flask was tightly sealed.

4. The mixture was placed on an orbital agitator for 24 hours at room temperature.
5. Maceration was performed in the dark to prevent degradation of light-sensitive

compounds.

Figure 7: Maceration Materials

b. Successive macerations

To improve extraction efficiency, the maceration process was repeated three times.

1. After 24 hours, the mixture was filtered using Whatman filter paper.

2. The filtrate was collected.

3. The plant residue was re-macerated with fresh solvent under the same
conditions.

4. This process was repeated three times (3 x 24 h).
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Finally, all filtrates were combined.

Figure 8: The three stages of the nomination process every 24 hours

c. Solvent evaporation:

The combined filtrates were concentrated using a rotary evaporator (Rotavap) at 40°C under

reduced pressure to remove ethanol.

Figure 9: Solvent evaporation

d. Drying of the extract

The concentrated extract was further dried in a laboratory oven at 37—40°C until complete

removal of residual solvent.
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e. Extractyield

After complete drying, the crude extract was weighed using an analytical balance.

The final mass of the obtained extract was: 13g of crude extract.

The extraction yield is determined according to Guo et al. (2020) as follows:

Dry weight of polysaccharide extract (g)

Extraction yield =100 x

Dry weight of the initial plant material (g)

Figure 10: Extract after drying

(El-Kashlan et al., 2015b; Roth et al., 2000)
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3. Assessing the Ability of Medicinal Plants to Improve Fertility

To evaluate the ability of plant extracts to improve fertility, the study will be carried out

using four groups of male rats aged 6 to 8 weeks.

The rats are randomly divided into four groups. Each individual must be numbered to
distinguish him from the others. Each individual has his or her own table for recording

observations: weight, behaviors, movements, etc.
The groups are as follows

Group 1: This is a control group where individuals received 20 to 25 ul of physiology water
by subcutaneous injection for 21 days. Afterwards, they were given 1 m1/100 g of distilled water
or 20 to 10% Tween solution orally every day for 21 days.

Group 2: Group treated with cetrotide (0.05 mg/kg) by subcutaneous injection for 21 days.
Afterwards, they were given 1 ml/100 g of distilled water or 20 to 10% Tween solution orally
every day for 21 days.

Group 3: Group treated with cetrotide (0.05 mg/kg) by subcutaneous injection for 21 days.
Afterwards, they were given 1 ml/100 g of the extract (200 mg/kg) orally every day in a solution
of Tween 20 to 10% for 21 days.

Group 4: group treated with cetrotide (0.05 mg/kg) by subcutaneous injection for 21 days.
Afterwards, they were given 1 ml/100 g of the extract (400 mg/kg) orally every day in a solution
of Tween 20 to 10% for 21 days.

Subcutaneous injection

Lower abdominal wall (belly).

The location must be changed to avoid irritation.

If the rat weight is 1709

Dose: 0.05 mg/kg

Required amount:0.05 x 0.170 = 0.0085 mg
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Orgalutran concentration:0.25 mg / 0.5 mL = 0.5 mg/mL
Injection volume:0.0085 + 0.5 =0.017 mL
Final dose:0.017 mL = 17 pL per rat/day

Group 3: Group treated with cetrotide (0.05 mg/kg) by subcutaneous injection for 21 days,
then by plant extract (200 mg/kg) by gavage for 21 days.

Body weight: 170 g = 0.170 kg
1. 200 mg/kg

200 x 0.170 = 34 mg

Final dose: 34 mg/rat/day

Group 4: Group treated with cetrotide (0.05 mg/kg) by subcutaneous injection for 21 days,
then by the plant extract (400 mg/kg) by gavage for 21 days.

Dose=400 mg/kg; rat weight=230 g=0.23 kg (for example)
2. 400 mg/kg

400 x 0.170 =68 mg

Final dose: 68 mg/rat/day

Weight gain should be done weekly. Therefore, the dose injected or administered by gavage

will be adjusted according to changes in weight each week.
The behavior of the rats should be recorded every day for 42 days.

On the 42nd day, the animals are anesthetized and blood is drawn separately from each
individual. Testosterone (T) and FSH Levels — Blood was drawn from each animal and serum

and testicular testosterone levels as well as serum FSH were determined using the method

Removal of organs, in particular from the testicles, for histopathological study.(El-Kashlan
et al., 2015b; Roth et al., 2000)
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4. Complete Rat Dissection and Sample Collection Protocol

1. Preparation

e The working surface was cleaned and disinfected using 70% ethanol.
o All dissection instruments were prepared and arranged in advance.
e Blood collection tubes were labeled according to each animal’s code.
o Two types of tubes were prepared:

o Red-top tubes (Serum)

o Green-top tubes (Heparin plasma)

2. Weighing and Recording

« Each rat was individually weighed using a precision balance.
e The following data were recorded:

o Cage number

o Animal ID

o Body weight

3. Anesthesia

o Rats were anesthetized using chloroform inhalation.

o Deep anesthesia was confirmed by the absence of the pain reflex (toe pinch response).

4. Cardiac Blood Collection (Cardiac Puncture)

e The thoracic area was disinfected with ethanol.
e Asyringe was carefully inserted into the heart at an appropriate angle.

« Blood was slowly aspirated to avoid cardiac collapse.
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o Blood was distributed into:

e Red tubes for serum separation
o Green tubes containing heparin for plasma collection.

Figure 11: Blood Samples Taken from Rats

5. Opening of Body Cavities

e A longitudinal incision was made from the abdominal region to the thorax.
« Skin was gently separated from underlying muscles.
e The abdominal and thoracic cavities were fully opened.

A
>

Figure 12: Opening of Body Cavities

53



Chapoter :3 Materials and Methods

6. Organ Collection

« All major internal organs were carefully excised, including:

it}

Figure 13: Organ Collection

8. Sample Preservation

o All collected organs were immediately placed in 10% formalin for fixation.

« Half of each liver was preserved in glycerol for further biochemical analysis.

9. Documentation

o Observations were recorded for each animal, including:
o Body weight
o Organ appearance

o Any visible abnormalities (color, size, lesions, etc.)
10. Cleaning and Waste Disposal

« Animal carcasses were disposed of in biohazard bags.
« Sharps (needles and blades) were discarded in designated safety containers.

o All instruments and the working area were thoroughly cleaned and disinfected after
completion.
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5. Histological Processing Protocol (Paraffin Technique)

1. Histological Procedure
a. Tissue Fixation
Immediately after dissection, the organs were immersed in:
e 10% neutral buffered formalin
Purpose: To preserve tissue architecture and prevent autolysis.
The samples were kept in fixative containers until processing.
b. Tissue Processing
The tissues were placed inside the:
Tissue Processor
The processing steps included:
e Dehydration

Samples were passed through ascending ethanol concentrations:

e 70%
¢ 80%
e 95%
e 100%
Purpose:

« Removal of water from tissues.
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e Clearing

The tissues were then immersed in:
e Xylene

Purpose:
e To replace alcohol and prepare tissues for paraffin infiltration.
« Duration
o Approximately 16 hours for the complete processing cycle.
2. Paraffin Infiltration

After processing, tissues were transferred into molten paraffin wax.
« Duration
e Approximately 5 hours.

Purpose:
o To impregnate tissues with paraffin for proper sectioning.
3. Embedding

The tissues were placed into metal molds filled with paraffin wax and allowed to solidify,
producing paraffin blocks.

4. Sectioning
The paraffin blocks were sectioned using a:
Microtome

o Section thickness

e Approximately 3-5 pm.
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5. Water Bath

The sections were floated on a warm:

Water Bath

Purpose:

e To flatten tissue sections and remove wrinkles.

The sections were then mounted onto glass slides.

6. Drying

The slides were dried in a:

Laboratory Drying Oven

Purpose: To improve tissue adhesion and remove residual moisture.

7. Deparaffinization and Rehydration

The slides were immersed in:

e Xylene for paraffin removal

Then rehydrated through descending ethanol concentrations followed by distilled water.

8. Histological Staining
The slides were stained using: Hematoxylin and Eosin (H&E)
Hematoxylin: Stains nuclei blue-purple.

Eosin: Stains cytoplasm and connective tissues pink.
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9. Dehydration and Mounting
After staining, the slides were:

o Dehydrated through ascending alcohol concentrations
e Cleared with xylene

Finally:

o DPX mounting medium was applied

o Slides were covered with cover slips.
10. Microscopic Examination
The stained sections were examined under a:
Light Microscope
« Magnifications commonly used

o x4 for general observation
o x10 for tissue architecture

o x40 for cellular details

The histological changes were then evaluated and photographed when necessary.
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