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Abstract

One of the major issues world is facing today is overpopulation, which has a significant
impact on social, economic and natural resources. Today, both developed and emerging
nations are very concerned about the ongoing population growth. The present need is to
explore medications with antifertility activity which have less side effects. Ancient Indian
physicians were well aware of the use of herbs as a contraceptive agents. In both male and
female animal models, the antifertility properties of several medicinal plant extracts have
been investigated. Nanoparticles are minuscule structures with distinct physical and
chemical characteristics that range in size from 1 to 100 nanometers. Herbal nanoparticles
of silver, gold, nickel etc are used for fertility regulation. This review's objective is to present
information regarding herbal nanoparticles and medicinal plants that have antifertility effects
in model animals.

Keywords: Population; Antifertility; Medicinal plants; Herbal nanoparticles

1. Introduction

Continuously growing population is a major concern all over the world, It is expected that
the world population will reach more than 11 billion by 2050 (Census of India, 2011). The
current average population rise is approximately 81 million people per year, and the present
world population is 8 billion (World population clock, 2022) [1]. The word "contraception”
is frequently used to refer to both contraception and contragestion in everyday speech. A
common component of family planning is the use of birth control [2]. Oral contraceptives,
commonly known as antifertility medicines, are medications that regulate fertility. These
medications have an impact on and are involved in female ovulation and the menstrual cycle.
When an antifertility drug stops ovulation, implantation, fertilization, zygote destruction, or

abortion in females, it is considered active. It inhibits testosterone, stops spermatogenesis in
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men, and has an impact on organ gonadotrophin or sperm mortality [3]. Birth control is a
method of purposefully preventing or lowering the risk of pregnancy or childbirth by using
one or more devices or drugs. There are a number of synthetic contraceptives on the market,
using them is linked to serious side effects like weight gain, hypertension, hormone
imbalances, and an increased risk of cancer [4]. To avoid these side effects individuals are
eager to resume the use of herbal remedies, which have few adverse effects [5]. Medicinal
herbs there have been examined for potential contraceptive benefits and antifertility effects,
the present need is to explore medications with antifertility activity and plant extracts have
long been studied for their ability to reduce fertility in animals [6].

Effects of herbal plants and their products on fertility

These days, natural plant products are frequently used because the number of ailments
(illness) has increased. Plant extracts with antifertility qualities are now frequently employed
due to their biodegradability, ease of extraction, nontoxicity, affordability and intrinsic
environmental friendliness [7]. Numerous plant extracts have the ability to decrease both
male and female reproduction, making them useful as contraceptives [8]. Animal
reproductive capabilities have been changed through the widespread use of bioactive
chemicals found in plants. Many distinct bioactive compounds included in plant extracts
have been employed in human health related pharmacological studies. Plant extracts contain
potent natural antioxidants [9].

Many mechanisms of action have been reported for medicinal plants antifertility effects. One
of these mechanisms is their influence on sex hormones, which is particularly useful for
suppressing fertility [10]. The uterus, fallopian tubes, ovaries, vagina, and external genitalia
make up the female reproductive system, which is essential to both population balance and
women's quality of life [11].

Traditional Chinese medicinal plants like Celosia cristata (Jiguanhua) belongs to
Amaranthaceae family, Catharanthus roseus (Changchunhua) belongs to Apocynaceae
family and many more plants which have fertility regulation properties and have
pharmaceutical uses [12].

Allium cepa is also known as onion and belongs to the Amaryllidaceae family. It contains a
variety of chemical components, including myristic acid, ferulic acid, B-sitosterol and
kaempferol. It is observed that ethanolic extract of Allium cepa plant has antifertility

properties, it inhibits implantation in female Rats [13].
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Biosynthesis and mode of action of silver nanoparticles

Nowadays, "green technologies™ are becoming more and more popular because they are eco-
friendly, effective and nontoxic. Producing basic silver nanoparticles (AgNPs) for
application in a variety of human endeavors, chiefly in medicine, is one of the avenues of
green synthesis [14]. Despite the fact that several papers explain how different groups of
organisms, including fungus, lichens, algae, higher plants, and bacteria, synthesize silver
nanoparticles, the mechanism behind this process is still entirely unknown [15].

AgNP creation can take place both inside and outside of cells, as shown by the findings of
AgNP synthesis using a range of microbes. Ag+ is converted to Ag0 through extracellular
synthesis, which is facilitated by proteins—enzymes found on bacterial cell walls and
secreted proteins. It was demonstrated that the extracellular synthesis of AgNP is common
for both Gram-negative bacteria like Klebsiella pneumonia and Gram-positive bacteria like
Bacillus [16].

However, several investigations have demonstrated that the nanoparticles produced by
microbes are intracellular. Gram negative bacteria are an example of this mechanism, which
is linked to the membrane protein that carries the silver ions into the cell. For instance, EI-
Baghdady demonstrated that the creation of silver nanoparticles for Enterobacter cloacae is
intracellular [17]. This mechanism was also shown for Gram-positive bacteria
Corynebacterium [18].

Enzymes are the key component in AgNP production, whether it occurs extracellularly or
intracellularly. The majority of scientists concur that it plays a key role in the AgNP
formation of NADH-dependent nitrate reductase, which functions as an electron shuttle,
removing electrons from the nitrate molecule and moving them to the metal ion to form
nanoparticles, as is evident for P. aeruginosa, F. oxysporum, and other bacteria [19,20,21,].
The precise way that silver nanoparticles work on cells is known, but a lot of information
has been gathered in this field, particularly from working with different plant extracts,
showing that AgNPs can physically interact with the cell surfaces of different bacteria. The
AgNP effect on the cell can be attributed to a number of factors, including adhesion on the
bacterial cell wall and membrane surface, penetration into the cell and disruption of
intracellular organelles and biomolecules, induction of oxidative stress, and modification of
the signal transduction pathway [22].

AgNPs were particularly seen to adhere to and accumulate on the cell surface of Gram
negative bacteria. AgNPs can enter bacterial cells by way of porins, which are water-filled
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passageways found in the bacteria's outer membrane. Since silver ions are more likely to
penetrate the cytoplasm of Gram positive bacteria due to their thicker cell walls, the impact
of AgNPs is more noticeable in Gram negative bacteria than in Gram positive bacteria [23].
Additionally, the presence of lipopolysaccharides may help maintain the structural integrity
of the cell wall of Gram negative bacteria, increasing their sensitivity to silver nanoparticles
because the negative charge of the polysaccharides facilitates the adhesion of AgNPs [24].
It has been proposed that cell membrane disintegration is the main mechanism of silver
nanoparticles [25]. Furthermore, when silver nanoparticles dissolve, antimicrobial silver
ions are released. These ions can interact with cell wall proteins that contain thiols and affect
how those proteins function. When silver nanoparticles interact with the outer membrane,
they can attach to proteins and form complexes with electronic donors that contain atoms of
sulfur, nitrogen, phosphorus, or oxygen. Consequently, by their interaction with disulfide
bonds and active site blockage, silver nanoparticles cause membrane-bound enzymes and
proteins to become inactive [26].

According to reports, AgNPs may increase the trans/cis ratio of unsaturated membrane fatty
acids, changing the lipid bilayer's composition and membrane fluidity. It may result in
structural alterations to the membrane that impair its ability to function, increasing
permeability and compromising its integrity [27]. By interfering with the bacterial actin
cytoskeletal network, it is showed that the silver nanoparticles might induce bacterial cell
death. The outcome demonstrates how the nanoparticles impacted the actin cytoskeleton
MreB, changing the bacterial shape and increasing the membrane's fluidity, which in turn
caused the cells to break [28].

AgNPs that build up on the cell membrane cause the bilayer to split and appear to be broken
however, AgNPs that enter the cell directly and interact with essential biomolecules
eventually cause cell death [29].

ZnO Nanoparticles - The ability of zinc oxide (ZnO) nanoparticles to suppress and inactivate
cell development in Campylobacter jejuni was studied. The findings demonstrated that C.
jejuni was highly responsive to ZnO nanoparticle therapy. ZnO nanoparticles were found to
have a bactericidal effect on C. jejuni [30]. ZnO's antibacterial qualities have led to its
incorporation into food can linings for meat, fish, maize, and pea packages in order to
maintain colors and stop spoiling. ZnO nanoparticles exhibit stronger antibacterial properties
than big particles because of their small size (less than 100 nm) and high surface to volume
ratio, which improves their ability to interact with bacteria [31]. Numerous antibacterial

properties of ZnO nanoparticles against both Gram positive and Gram negative bacteria have
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been demonstrated [32]. ZnO nanoparticles caused membrane blebbing and uneven cell
surfaces, as well as an increase in membrane permeability. When cells were exposed to ZnO
nanoparticles, this caused membrane leakage was also often seen in E. coli [33]. In C. jejuni
ZnO nanoparticles caused notable morphological alterations, detectable membrane leakage,
and substantial elevations in the expression of genes linked to oxidative stress. he direct
interaction between ZnO nanoparticles and cell surfaces, which alters the permeability of
membranes where nanoparticles enter and causes oxidative stress in bacterial cells, is a
plausible mechanism of ZnO inactivation of bacteria based on these phenomena and cell
responses. This ultimately leads to the inhibition of cell growth and, cell death [30].
Effects of Nanoparticles on Fertility

Nanoparticles are natural, organic or manufactured material containing particles, in an
unbound state [34]. Exploring the properties and uses of materials at the nanoscale (0.1-100
nm) is the field of nanotechnology. Nanomaterials may offer solutions to environmental and
technological problems in the fields of medicine, water treatment, solar energy conversion,
and catalysis [35].

Another potential source of nanoparticles exposure is the quickly evolving field of
nanotechnology, which is producing materials with size-dependent characteristics. New
materials include distinct physico-chemical features that make them advantageous for a
variety of commercial applications. These properties include enhanced strength, reactivity,
and conductivity. The kind of material utilized, as well as dimensions, shape, composition,
homogeneity, agglomeration and origin method, are used to categorize nanoparticles. Au,
Ag, Cu, Fe, Zn are metallic nanoparticles, FeO, VO, AlO, ZnO nanoparticles are metal and
non-metal oxides, ZnS, CdSe, ZnSe, CdS are semiconductor nanoparticles and carbon-based
nanoparticles are the four groups into which nanoparticles can be classified based on the
type of material employed [36]. Silver nanoparticles, are widely used antimicrobial
compounds that can be incorporated into textiles, plastics, and other materials. They are one
of the most commonly utilized nanoparticles in consumer items [34]. Plant-mediated silver
nanoparticles have several biological characteristics, including antibacterial, anti-
inflammatory and antifertility effects [37]. Particles as tiny as nanoparticles have the ability
to pass through biological membranes and reach even the body's tiniest capillaries, including
the blood-brain and blood-testes [38].

Many different nanostructures have been used to create nanoparticles. Because of their
special qualities, metal oxide nanoparticles, such as ZnO nanoparticles have attracted
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increasing attention lately. They are being applied in a variety of fields, including
biomedicine, manufacturing, and agriculture. Because of its special physical and chemical
characteristics, zinc oxide can be thought of as a substance with multiple uses. It is
significant to remember that the most vital microelement present in every bodily tissue is
zinc ions [39].

There have been reports of spermatogenesis arrest following exposure to high ZnO
nanoparticle concentration [40, 41, 42]. The development of immature germinal cells in the
epididymis, together with spermatocytes and sperm cells that have deteriorated and
desquamated in the lumen and epididymis of seminiferous tubules [42]. Additionally, Wistar
Han rats' seminiferous tubules were almost entirely absent of spermatids and spermatozoa
after being exposed to ZnO NPs, which also reduced the amount of germinative cells. In
addition, the quantity of Leydig cells (a crucial cell involved in the synthesis of testosterone)
decreased in the animals treated. These outcomes are in line with evidence from an in vitro
investigation employing a Leydig cell line, which shows that exposure to ZnO nanoparticles
in vitro causes a decrease in the viability of Leydig cells and an increase in apoptosis [43].
Due to the betterment of nanotechnology the use of nanoparticles applications shows
marvelous increase for industries, cosmetics and drug delivery system. Titanium dioxide
nanoparticles are produced in large quantities globally for a variety of applications, including
paints, rubber, plastics, food coloring, pharmaceuticals, and household necessities. It is
studied that TiO2 nanoparticles IP injection changed the testicular oxidant/antioxidant status
and mRNA expression of steroid-related genes, reduced the percentage of motile sperm in
the sperm count, decreased sex hormone levels, and caused architectural changes in the
tissues of the testicles, epididymal, and prostate glands. The quantity and quality of
spermatozoa, appropriate Leydig cell activity, and optimal hormonal balance are the main
factors that influence male fertility [44].

The antifertility effects of several plant species have been investigated with varying results.
For instance, in male Wistar rats, the hydroethanolic extract of Cordia dichotoma decreased
both sperm motility and total sperm count [45]. Studies have shown that oral administration
of Hibiscus rosa-sinensis phytosomes reduces the average concentration of sperm in the
epididymis, increases the percentage of anaplastic sperms in the caudal epididymis, and
decreases the percentage of motile sperm, the degree of sperm activity, and the percentage
of live sperm and when the aqueous extract of Hibiscus rosa sinensis flowers given orally to
the male mice it decrease the concentration of sperm in the testes and epididymis as well as

the decreased fertility percentage significantly [8].
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Medicinal Plants which have Antifertility Properties

1. Adiantum lunulatum

Adiantum lunulatum commonly known as Hanspadi. It is a fern constituting
phytoconstituents such as terpeoids, flavonoids, steroids. It was observed that after oral
administration of crude extract of both alcoholic and decoction of whole plant of Adiantum
lunulatum, deformation in the germ cells of testis Leydig’s cells were atrophied.
Seminiferous tubules were filled either with edematous fluid and no spermatozoa could be
seen in seminiferous tubules [46].

2. Ailanthus excella

The researcher discovered that in female rats, hydroalcoholic extract of Ailanthus excella
(stem bark) dramatically decreased implantation and led to abortion. In rats with immature
ovariectomies, it considerably increased the uterine weight. Significant anti-estrogenic effect
was demonstrated when the extract and ethinyl estradiol were administered together.
However, based on the aforementioned data, the hydroalcoholic extract of Ailanthus excella
was found to have an antifertility effect [47].

3. Cordia dichotoma

A hydroalcoholic extract of Cordia dichotoma leaves was utilized to induce sterility in
indigenous women due to its abortificient activity. The extract has been shown to be safe
when taken orally. In female rats, a good anti-implantation activity was seen, additionally
the extract significantly increased the uterine weight and altered the metabolic markers in
the immature rats. Significant estrogenic action was demonstrated by simultaneously
administering the extract and ethinyl estradiol [48].

4. Carica papaya

Herbal oral contraceptive suspension with antifertility properties that contains methanol
extracts of Carica papaya leaves with strong contraceptive properties reported in folklore
and ancient Indian literature.

It was observed that, herbal oral contraceptive suspension treated rats had significantly lower
weights for reproductive organs such as the testis, epididymis, and seminal vesicle and sperm
concentration in the epididymis and motility declined, whereas sperm abnormalities
increased and sperm motility duration decreased. Therefore, the findings suggest that both

the androgenic and spermatogenic characteristics are disrupted [49].
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5. Curcuma longa

Rats implantation and estrus cycles were used to measure the antifertility effects of
curcumin. It was studied that the extract of this plant dramatically decreased the number of
implants and the size of the litters in the rats. Additionally, the drastically changed the
lengths of each estrus cycle phase and combined their effects to reduce the number of ovarian
follicles [50].

6. Derris brevipes

It was observed that oral administration of an alcoholic extract (ethanol) of the root of Derris
brevipes resulted in delay in implantation. The ethanolic extract from the roots of Derris
brevipes prevented the pregnant rats from giving birth after the complete gestation period,
indicating that the extract had antiimplantation and abortifacient activity [51].

7. Hymenocardia acida

Female albino rats' reproductive processes are inhibited by the dilute ethanolic extract of
Hymenocardia acida (stem bark). When the extract was taken orally between days 1 and 19
of pregnancy, the number of corpora lutea and live fetuses decreased [52].

8. Leonotis ocymifolia

To examine the antifertility effects of ethanol and aqueous extracts of Leonotis ocymifolia
leaves and roots, both in vitro and in vivo studies were conducted. The number of implants
decreased when aqueous root and leaf extracts were administered. However, the average
number of implants in rats given ethanol leaf extract did not differ significantly from that of
the control group at all. Acetylcholine-induced uterine contraction was shown to be
increased by all extracts. According to the study's findings, the plant's leaves and roots might
have hormonal qualities that could affect the rats' ability to reproduce [53].

9. Madhuca latifolia

Macbride, a tall tree of the Sapotaceae family, is also referred to as "Mahuwa." It has been
shown that giving male albino rats an aqueous powdered medication is an efficient
antifertility treatment. The action was verified by histological analyses, biochemical tests,
and a notable drop in the number of sperm. Madhuca latifolia seeds, thus, may be a
trustworthy herbal alternative following the required clinical investigations [54].

10. Piper betel

In addition to causing an irregularly prolonged estrous cycle, the ethanolic extract of Piper
betel also decreased the number of litters born, the weight of the reproductive organ, and the

amount of estrogen. All of these findings indicated that Piper betel ethanolic extract had
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antiestrogenic and antifertility properties in female rats without having any harmful side

effects [55].

11. Sage leaf alangium, Alangium salvifolium

It is studied that stem bark of this plant is used both as contraceptive and abortifacient.

Extract of this plant possess antiprogesterogenic activity [56].

List of herbal plants which exibites antifertility in males and females mentioned below in

table 1 & table 2. Table 3 repersents list of herbal nanoparticles.

Tablel. List of plants which exhibits antifertility properties in females

S. No. | Plant name Common Family Partused | Activity References
name
1. Alangium Sage-leaved Alangiaceae Stem, Abortifacient [57]
Salvifolium alangium Bark
2. Adhatoda vasica | Aedusi Acanthaceae Leaves Antiimplantation [58]
3. Arctium lappa Edible burdock | Asteraceae Leaves, Abortifacient [57]
Roots
4, Abrus precatorius | Goonj Fabaceae Seed Antiimplantation [59]
activity
5. Artemisia vulgaris | Mugwort Asteraceae Leaves Antiimplantation [60]
6. Acalypha indica | Indian Euphorbiaceae Whole Anti-estrogenic [61]
Acalypha plant activity
7. Achyanthes Chaff-flower Amaranthaceae Leaves, Abortifacient [62]
aspera seeds.
8. Anethum sowa Soya Apiaceae Fruit Contraceptive [63]
activity
Q. Barleria prionitis | Porcupine Acanthaceae Roots, Reduce protine | [64]
flower Leaves, contents of testes
and Stem
10. Barleria crista Jhinti Acanthaceae Root Contraceptive [65]
activity
11. Ballota undulate | Horehound Labiatae Leaves, Antiimplantation [59]
Flowers activity
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12. Cissampelos Velvetleaf Menispermaceae | Leaf Altered the estrous | [66]
pareira extract cycle

13. Cuminum Jira Apiaceae Fruit Contraceptive [67]
cyminum activity

14, Carica papaya Papaya Caricaceae Seed Abortifacient [68]

15. Cardiospermum Ballon vine Spindaceae Whole Antiimplantation [69]
Helicacabum plant activity

16. Desmodium Salparni Fabaceae Whole Abortifacient [70]
gangeticum plant

17. Dendrophthoe Long-leaved Loranthaceae Aerial parts | Antiimplantation [71]
falcate Mistletoe

18. Ficus religiosa Peepal Moraceae Fruit Antiimplantation [72]

19. Fevillea Fevillea Cucurbitaceae Seed Abortifacient [73]
passiflora

20. Garcinia kola Bitter Guttiferaceae Seeds Altered the estrous | [74]

Kola/Akuinu cycle

21. Momordica Bitter Cucurbitaceae Seeds Altered the estrous | [75]
charantia Melon/Karela cycle

22. Michelia Champa Magnoliaceae Leaf Antiimplantation [76]
champaca

23. Martynia annua | Devils claws Pedaliacea Root Antiimplantation [77]

24. Pyrethrum Guldaudi Asteraceae Root Abortifacient [67]
indicum

25. Plumbago rosea | Rakta Chitrak | Plumbaginaceae | Leaf Antiovulatory [78]

26. Nelumbo nucifera | Lotus Nymphaeaceae Seed Abortifacient [79]

217. Tanacetum Featherfew,Fe | Asteraceae Plant Abortifacient [80]
parthenium atherfoil without

Root
28. Trianthema Lalsabuni Aizoaceae Root Antiimplantation [67]

portulacastrum
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Table 2: List of plants with potential antifertility activity in male

S.No. | Plants Common Family Part Activity References
Name

1. Aegle Bael Rutaceae Bark Antiandrogenic [81]
marmelos (Golden apple)

2. Bambusa Thorny Graminae Shoots, | Reduced  sperm | [82]
arundinacea | bamboo Stem motility

3. Balanites Hingan Zygophyllaceae | Fruit Antispermatogenic | [83]
roxburghii

4. Caesalpinia | Fever nut Caesalpiniacceae | Seed Antispermatogenic | [84]
bonducella

5. Mentha Pudina Lamiaceae Leaves | Antiandrogenic [85]
arvensis

6. Nicotiana Tobacco Solanaceae Leaves | Antiandrogenic [86]
tabacum effects

7. Pueraria Kudzu Fabaceae Tubers | Reduce sperm | [87], [88]
tuberose mortility

8. Withania Ashwagandha | Solanaceae Fruit Decreased Sperm | [89]
somnifera motility
Dunal

9. Trigonella | Fenugreek Leguminosae Seed Antispermatogenic | [90]
foenum-
graecum

10. Zizyphus Jujube,Chinese | Rhamnaceae Bark Reduce sperm | [91]
jujube date mortility
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Table 3: List of herbal nanoparticles that regulate fertility

S.No. | Plant Name Family Part Nanoparticles | Activity Reference
1. Carica papaya Caricaceae Seed Au Antispermatogenic | [92]
2. Carica papaya Caricaceae Seed Solid lipid | Reduce number of | [93]

extract nanoparticles spermatozoa
(PSCEN)
3. Cinnamomum Laurels Bark Ag Increase F.S.H | [94]
zeylanicum extract level and Decrease
Testosterone level
4, Fumaria officinalis | Papaveraceae | Leaves Ni Antiovarian [95]
cancer
5. Heracleum Apiaceae Phenolic | Nanoliposome | Decrease  sperm | [96]
persicum compound motility,viability
6. Hibiscus Malvaceae Flower Liposomes Decrease  sperm | [8]
rosasinensis extract mortility
7. Laurus nobilis Lauraceae Leaf ZnO Antibacterial [97]
8. Moringa oleifera Moringaceae | Leaf Ag Anti-arthritic [98]
Leaf
Q. Moringa oleifera Moringaceae | Leaves Zno Protective  effect | [99]
on LH, FSH,
Testosterone
10. Psoraleacorylifolia | Fabaceae Seed Ag Antidiabetic [100]

Medicinal Plants which Enhance Fertility in both

Animals Model

1. Allium cepa

Male and Female

Mice's testicular tissue was examined in relation to the effects of oral administration of

Allium cepa extract. The findings showed that oral delivery of raw Allium cepa extract

influenced the shape of the seminiferous tract, accelerated the trend of spermatogenesis,

and altered cell proliferation in mice's testicular tubules [101].

2. Apium graveolens
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Apium graveolens is commonly known as celery and member of the Apiaceae family. It was
observed that after receiving Apium graveolens leaf extract for 30 days, the mice's testicular
volume and seminiferous tubule width rose. Furthermore, an increase in spermatocytes,
spermatogonia, and spermatozoa led to an improvement in spermatogenesis [102].
Additionally, giving laboratory mice oral Apium graveolens leaf extract enhanced
spermatogenesis and raised the quantity of primary spermatocytes, Sertoli cells [103].
3. Carthamus tinctorius
The flower of Carthamus tinctorius is used medicinally in Iran. When mice were
administered Carthamus tinctorius extract, their serum testosterone concentration rose and
their physical self-control over testosterone output decreased [104].
4. Calligonum comosum
Calligonum comosum is commonly known as Escanbil and belongs to polygonaceae family.
When administered to male mice, calligonum comosum increased the expression of the gene
Catsper, which in turn improved sperm parameters. Calligonum comosum is a plant that has
antioxidant properties because it contains quercetin and catechin. As a result, it may have an
impact on sperm motility and viability [105].
5. Humulus lupulus
Through phytoestrogenic chemicals and the stimulation of LH secretion, It was studied that
flower extract of Humulus lupulus increases the quantity of spermatocytes, spermatogonial,
and spermatid cells as well as estrogen and testosterone [106].
6. Phoenix dactylifera
Phoenix dactylifera pollen is used to boost libido and treat infertility. For two months, sperm
parameters were evaluated while the use of Phoenix dactylifera pollen as an oral capsule to
treat infertile men was investigated. Pollen from Phoenix dactylifera was found to enhance
sperm morphology and boost sperm motility and quantity. In order to cure male infertility,
Phoenix dactylifera pollen can be used as a plant-based medication [107].
7. Malva sylvestris
Malva sylvestris is a member of the Malvaceae family and it has been utilized for thousands
of years in Iranian traditional medicine. A study looked into how this plant affected sperm.
The results of this investigation showed that treatment with hydroalcoholic M. sylvestris leaf
extract considerably enhanced the number of primary spermatocytes [108].
8. Withania somnifera

Withania somnifera belongs to Solanaceae family. In mice with already decreased

reproductive indices as a result of morphine addiction, According to one study, taking
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this plant orally increased gonadotropin hormones, which in turn modulated levels of
luteinizing hormone (LH) and FSH while also increasing levels of estrogen and
testosterone [109].
Conclusion
Medicinal plants are used for various purpose since human civilization. Plants are used for
treatment of numerous disease and they are also used for suppression of fertility by herbal
contraceptives. It was evident from the research that the specific herb and
nanoparticles possesses strong antifertility properties. According to this review, many
plants, their products and nanoparticles have effective contraceptive properties.
Acknowledgement
I would like to thank Head, Department of Zoology and Supervisor Prof. P.C. Mali for their

guidance, University of Rajasthan, Jaipur.

Funding — I am thankful to UGC, India for providing me junior research fellowship (NTA
ref. No. 211610044029).

Abbreviations — FeO (Iron oxide), VO (Vanadium oxide), AIO (Aluminium oxide), ZnO

(Zinc oxide), ZnS (Zinc Sulfide), CdSe (Cadmium Selenide), ZnSe (Zinc Selenide), CdS
(Cadmium Sulfide), NPs (Nanoparticles), TiO2 (Titanium dioxide)

References

e [1] Kumari S, Kansotiya KA, Bharti N. Herbal Nanoparticles to Control Fertility and
Regulation: A Review. Int. J. on Emerg. Tech. 2023;14:01-08.

e [2] Azamthulla M, Balasurbramanian R, Kavimani. A Review on Medicinal Plants Exhibiting
Antifertility Activity. World Journal of Pharmacy and Pharmaceutical Sciences 2015; 4(3):243-272.

e [3] Muhammad D, Muhammad A. Antifertility activity of medicinal plants. Journal of the Chinese
Medical Association. 2015; 78(7):382-388. doi: 10.1016/j.jcma.2015.03.008.

e [4] Vaidya P, Padmashali S, Vagdevi HM, Sathyanarayana ND. Antifertility effect of the plant

Balanites roxburghii (Balanitaceae) in female rats. Indian Journal of Pharmaceutical Sciences.
2006;68(3).

e [5] Jain S, Jain A, Paliwal P, Solanki SS. Antifertility effect of chronically administered
Tabernaemontana divaricata leaf extract on male rats. Asian Pacific Journal of Tropical Medicine.
2012; 5(7).

e [6] Singh R, Kakar S, Shah M, Jain R. Some Medicinal Plants with AntiFertility Potential: A
Current Status. Journal of Basic and Clinical Reproductive Sciences. 2018; 7(2).

e [7] Chemat F, Vian MA, Cravotto G. Green extraction of natural products: concept and

principles. International Journal of Molecular Sciences. 2012; 13: 8615-8627

292 International Journal of Engineering and Scientic Research
http://www.ijmra.us, Email: editorijmie@gmail.com



http://www.ijmra.us/

ISSN: 2347-6532[1 Impact Factor: 6.660

[8] Kareem SH, Alhady FN, Mansour A. Effect of Hibiscus Rosa nanoparticles on sperm parameters
of male albino rats. International Journal of Health Sciences. 2022;6(S6): 11017-11028.
https://doi.org/10.53730/ijhs.v6nS6.13008.

[9] Kirtikar KR, Basu BD. Indian medicinal plants. Periodical Experts. 1935; 2: 848-849

[10] Williamson EM, Okpako DT, Evans F. Selection preparation and pharmacological evaluation
of plant material. Pharmacological Methods in phytotherapy Research. John Wiley and Sons Ltd.,
London, 1996; Vol.1.

[11] Lima SM, Kehm RD, Terry MB. Global breast cancer incidence and mortality
trends by region, age-groups and fertility patterns. Eclinical Medicine. 2021;38:100985
https://doi.org/10.1016/j.eclinm.2021.100985

[12] Hartig T, Mitchell R, de Vries S, Frumkin H. Annual Review of Public Health.
Nature and health. 2014;35:207-28.

[13] Thakare VN, Kothavade PS, Dhote VV, Deshpande AD. Antifertility activity of
ethanolic extract of Allium cepa in rats. International Journal of Pharm Tech Research.
2009; 1(1): 73-78. »

[14]Henglein A. Small-particle research: Physicochemical properties of extremely small
colloidal metal and semiconductor particles. Chem. Rev. 1989;89:1861-1873.

[15]Elbeshehy EK, Elazzazy AM, Aggelis G. Silver nanoparticles synthesis mediated by
new isolates of Bacillus spp., nanoparticle characterization and their activity against bean
yellow mosaic virus and human pathogens. Front. Microbiol. 2015;6:453.

[16] Singh R, Wagh P, Wadhwani S, Gaidhani S, Kumbhar A, Bellare J, Chopade BA.
Synthesis, optimization, and characterization of silver nanoparticles from Acinetobacter
calcoaceticus and their enhanced antibacterial activity when combined with antibiotics.
Int. J. Nanomed. 2013; 8: 4277-4290.

[17] El-Baghdady KZ, EIl-Shatoury EH, Abdullah OM, Khalil MMH. Biogenic
production of silver nanoparticles by Enterobacter cloacae Ism26. Turk. J. Biol. 2018;42:
319-328.

[18] Zhang H, Li Q, Lu Y, Sun D, Lin X, Deng X, He N, Zheng S. Biosorption and
bioreduction of diamine silver complex by Corynebacterium. J. Chem. Technol.
Biotechnol. 2005; 80:285-290.

[19]Jeevan P, Ramya K, Edith Rena A. Extracellular biosynthesis of silver nanoparticles
by culture supernatant of Pseudomonas Aeruginosa. Indian J. Biotechnol. 2012;11:72—
76.

23 International Journal of Engineering and Scientic Research
http://www.ijmra.us, Email: editorijmie@gmail.com



http://www.ijmra.us/
https://doi.org/10.53730/ijhs.v6nS6.13008
https://doi.org/10.1016/j.eclinm.2021.100985

ISSN: 2347-6532[1 Impact Factor: 6.660

[20] Cho KH, Park JE, Osaka T, Park SG. The study of antimicrobial activity and
preservative erects of nanosilver ingredient. Electrochim. Acta 2005;51:956-960.
[21]Ali J, Hameed A, Ahmed S, Ali M1, Zainab S, Ali N. Role of catalytic protein and
stabilising agents in the transformation of Ag ions to nanoparticles by Pseudomonas
aeruginosa. IET Nanobiotechnol. 2016;10:295-300.

[22] Dakal TC, Kumar A, Majumdar RS, Yadav V. Mechanistic Basis of
Antimicrobial Actions of Silver Nanoparticles. Front. Microbiol. 2016;7:1831.
[23]Chauhan N, Tyagi AK, Kumar P, Malik A. Antibacterial potential of Jatropha curcas
synthesized silver nanoparticles against food borne pathogens. Front. Microbiol. 2016;
7:1-13.

[24]Pal S, Tak YK, Song JM. Does the antibacterial activity of silver nanoparticles
depend on the shape of the nanoparticle? A study of the gram-negative bacterium
Escherichia coli. Appl. Environ. Microbiol. 2007; 27:1712-1720.

[25] McQuillan JS, Groena Infante H, Stokes E, Shaw AM. Silver nanoparticle
enhanced silver ion stress response in Escherichia coli K12. Nanotoxicology
2012;6:857-866.

[26]Holt KB, Bard AJ. Interaction of silver(l) ions with the respiratory chain of
Escherichia coli: An electrochemical and scanning electro-chemical microscopy study
of the antimicrobial mechanism of micromolar Ag+. Biochemistry 2005;44:13214—
13223. [27] Mashwani ZR, Khan T, Khan MA, Nadhman A. Synthesis in plants and
plant extracts of silver nanoparticles with potent antimicrobial properties: Current status
and future prospects. Appl. Microbiol. Biotechnol. 2015;99:9923-9934.

[28] Jena P, Bhattacharya M, Bhattacharjee G, Satpati B, Mukherjee P, Senapati D,
Srinivasan R. Bimetallic gold-silver nanoparticles mediate bacterial killing by disrupting
the actin cytoskeleton MreB. Nanoscale 2020;12:3731-3749.

[29] Cakic M, Glisic S, Nikolic G. Synthesis, characterization and antimicrobial activity
of dextran sulphate stabilized silver nanoparticles. J. Mol. Struct. 2016;1110:156-161.
[30] Xie Y, He Ylrwin PL, Jin T, Shi X .Antibacterial Activity and Mechanism of Action
of Zinc Oxide Nanoparticles against Campylobacter jejuni. Appl Environ Microbiol77
2011; 02149-10 https://doi.org/10.1128/AEM.

[31] Reddy KM. Selective toxicity of zinc oxide nanoparticles to prokaryotic and
eukaryotic systems. Appl. Phys. Lett. 2007;90:2139021-2139023.

24 International Journal of Engineering and Scientic Research
http://www.ijmra.us, Email: editorijmie@gmail.com



http://www.ijmra.us/

ISSN: 2347-6532[1 Impact Factor: 6.660

[32]Jones N, Ray B, Ranjit KT, Manna AC. Antibacterial activity of ZnO nanoparticle
suspensions on a broad spectrum of microorganisms. FEMS Microbiol. Lett. 2008;
279:71-76.

[33] Liu Y . Antibacterial activities of zinc oxide nanoparticles against Escherichia coli
0157:H7. J. Appl. Microbiol. 2009;107:1193-1201.

[34] Ema M, Okuda H, Gamo M, Honda K. Reproductive and developmental toxicity
of silver nanoparticles in laboratory animals. Reproductive Toxicology. 2017;67.

[35] Sharma VK, Yngard RA, Lin Y. Silver nanoparticles: Green synthesis and their
antimicrobial activities. Advances in Colloid and Interface Science. 2009;145:83-96
https://doi.org/10.1016/j.cis.2008.09.002

[36] Buzea C, Pacheco Il, Robbie K. Nanomaterials and nanoparticles: Sources and
toxicity. Biointerphases. 2009; 2.

[37] Yadav P, Bharti N, Choudhary KS. Assessment of the antifertility potential of Silver
nanoparticles synthesized using Pongamia pinnata leaf extract in male wistar rats for the
development of a male contraceptive agent. Biomedical and Therapeutics Letters.
2024:;11:918.

[38] Raj A, Shah P, Agrawal N. Dose-dependent effect of silver nanoparticles
(AgNPs) on fertility and survival of Drosophila: An in-vivo study. PloS one.
2017;12:e0178051.

[39] Saptarshi SR, Duschl A, Lopata AL. Biological reactivity of zinc oxide

nanoparticles with mammalian test systems. Nanomedicine. 2015; 10.

[40] Shen J, Yang D, Zhou X, Wang Y, Tang S, Yin H, Wang J, Chen R, Chen J. Role of Autophagy
in Zinc Oxide Nanoparticles-Induced Apoptosis of Mouse Leydig Cells. International Journal of
Molecular Science. 2019;20(16):4042 doi: 10.3390/ijms20164042.

[41] Talebi A, Barkhordari A, Hekmatimoghaddam S, Jebali A, Khalili MA, Noorani M. Effect of
zinc oxide nanoparticles on viability of human spermatozoa. Iranian Journal of Reproduction
Medicine. 2013; 11(9): 767-771.

[42] Mozaffari Z, Parivar K, Roodbari NH, Irani S. Histopathological evaluation of the toxic effects
of zinc oxide (ZnO) nanoparticles on testicular tissue of NMRI adult mice. Advanced Studies in
Biology. 2015;7.

[43] Pinho AR, Rebelo S, Pereira ML. The Impact of Zinc Oxide Nanoparticles on Male (In)Fertility.
Materials. 2020;13(4).

[44] Said AA, Nasr Y, Galal AAA, Abdelhamid AE, Mohamed HA, Metwally MMM, Mahmoud SA,
Nassan MA, Dahran N, Mohamed AAR. Concerns with Male Infertility Induced by Exposure to

25 International Journal of Engineering and Scientic Research
http://www.ijmra.us, Email: editorijmie@gmail.com



http://www.ijmra.us/
file:///C:/journal/advances-in-colloid-and-interface-science
https://doi.org/10.1016/j.cis.2008.09.002

ISSN: 2347-6532[1 Impact Factor: 6.660

Titanium Nanoparticles and the Supporting Impact of Pelargonium graveolens Essential Oil:
Morphometric Records in Male-Wistar Rats. MDPI. 2022; 12(5):
639 https://doi.org/10.3390/1ife12050639.

[45] Opeyemi JF, Akwu NA, Lekhooa M, Hayeshi R, Aremu AO. Utilisation of

medicinal plants for their antifertility activities: A bibliometric analysis of research
endeavours from 1968 to 2023. Phytomedicine Plus. 2024;4(3):100580.
https://doi.org/10.1016/j.phyplu.

[46] Bhatia DK, Sharma AK, Pathania PC. Antifertility effects of crude different of
Adiantum lunulatum Burm. On Reproductive Organs of male albino rats. Biological
Forum — An International Journal. 2010; 2(2): 88-93.

[47] Ain QU, David M, Shah Q, Ahmad M, Jahan S. Antifertility effect methanolic leaf
extract of Chenopodium ambrosioides Hook. in male Sprague Dawley rats. Andrologia.
2018; 50(10):e13129.

[48] Sharma P, Manjusha, Rani S, Malhotra H, Nitesh, Deswal S, Singh S. Antifertility
potential of hydroalcoholic extract of Cordia dichotoma G Forst (C.dichotoma) leaves.
A folklore medicine used by Meena community in Rajasthan state in India. Asian Pacific
Journal of Reproduction. 2015; 4(2):100-105.

[49] Rajan TS, Sarathchandiran I, Kadalmani B. Evaluation of anti-fertility activity of herbal oral
contraceptive suspension on male Wistar albino rats. Journal of Pharmacy Research. 2013;
7(4):342- 346.

[50] Shinde N, Chauhan A, Gupta S, Bodakhe D, Pandey DP. Antifertility studies of curcumin and
andrographolide combination in female rats. Asian Pacific Journal of Reproduction. 2015; 4(3):188-
194.

[51] Savadi RV, Alagawadi KR, Darade SS. Antifertility activity of ethanolic extract and
its n-hexane and benzene fractions of Heliotropium indicum leaves on albino rats.
Journal of Pharmacy Research. 2009;2(5): 927-930.

[52] Hyacinth AA, Nwocha UC, Antifertility activity of aqueous ethanolic extract of
Hymenocardia acida stem bark in female rats. Iranian Journal of Reproductive Medicine.
2011; 9(3):217.

[53] Tafesse G, Mekonnen Y, Makonnen E. In vivo and in vitro anti-fertility and anti-
implantation properties of Leonotis ocymifolia in rats. African Journal of Traditional,
Complementary and Alternative Medicines. 2005;2(2): 103-112.

[54] Gopalkrishnan B, Shimpi SN. Antifertility effect of Madhuca latifolia
(roxb.)Macbride seed extract. International Journal Applied Biology Pharmaceutical
Technology. 2011; 2(4): 49-53.

26 International Journal of Engineering and Scientic Research
http://www.ijmra.us, Email: editorijmie@gmail.com



http://www.ijmra.us/
https://doi.org/10.3390/life12050639
https://doi.org/10.1016/j.phyplu.2024.100580

ISSN: 2347-6532[1 Impact Factor: 6.660

[55] Sharma JD, Sharma L, Yadav P. Antifertility efficacy of Piper betle Linn. (Petiole)
on female albino rats. Asian J Exp Sci. 2007;21(1):145-150.

[56] Murugan V, Shareef H, Ramasharma GVS. Antifertility activity of the stem barks
of Alangium salvifolium in wistar female rats, Indian Journal of Pharmacology.
2000;32:388-3809.

[57]Shah GM, Khan MA, Ahmad M, Zafar M, Khan AA. Observations on antifertility
and abortifacient herbal drugs. Afr J Biotech. 2009; 8(9):1959-1964.

[58] Pokharkar RD, Saraswat RK, Kotkar S. Survey of plants having antifertility activity
from Western Ghat area of Maharashtra state. Herb Med Toxicol. 2010; 4(2).

[59] Priya G, Saravanan K, Renuka C. Medicinal plants with potential antifertility
activity- A review of sixteen years of herbal medicine research. International Journal of
Pharm. Tech. Research. 2012; 4:481-494.

[60] Shaik A, Kanhere RS, Cuddapah R, Kumar N, Vara PR, Sibyala S. Antifertility
activity of Artemisia vulgaris leaves on female Wistar rats. Chinese Journal of Natural
Medicines. 2014; 12(3):180-185 https://doi.org/10.1016/S1875.

[61] Kong YC, Ng KH, Wat KH, Wong A, Saxena IF, Chen KF, But PP, Chang HT.
Yuechukene, a novel anti-implantation indole Alkaloids from Murraya paniculata.
Planta Medica. 1985; 51(4):304-307.

[62] Kulkarni T, Kothekar MA, Mateenuddin M. Study of antifertility effect of lemon

seeds(Citrus limonum) in female albino mice. Indian journal of Physiology and
Pharmacology. 2005;49(3):305-312.

[63] Malhi BS, Trivedi VP. Vegetable anti-fertility drugs of India. Quarterly Journal of
Crude Drug Research. 1972; 12.

[64] Hiremath SP, Rao SH, Jain P. Antifertility activity of striga lutea-Part I. Indian
Journal Physiology Pharmacology. 1990; 34: 23-25.

[65] Mitra S, Mukharjee SK. Some abortifacient plants used by the tribal people of west
Bengal. Nature Product Radiance. 2009; 8,167-171.

[66] Ganguly MK, Borthakur M, Devi N, Mahanta R. Antifertility activity of the methanolic leaf

extract of Cissampelos pareira in female albino mice. Ethnopharmacol. 2007;111(3): 688-9.

[67] Nadkarni KM. Indian Materia Medica. Popular Prakashan Pvt. Ltd, Bombay, India. 1976, 1.

27 International Journal of Engineering and Scientic Research
http://www.ijmra.us, Email: editorijmie@gmail.com



http://www.ijmra.us/
https://doi.org/10.1016/S1875

ISSN: 2347-6532[1 Impact Factor: 6.660

[68] Bhatt N, Deshpande MA. critical review and scientific prospective on contraceptive
therapeutics from ayurveda and allied ancient knowledge. Frontiers in Pharmacology.
2021, 12, 1-32.

[69] Ahmad S, Jamal Y, Mannan A. Review of some Medicinal plants with antifertility
activity. Unani Research. 2011; 1(2):24-28.

[70] Muzaffer A, Pillai NR, Purushothaman AK. Examination of bio-chemical parameter
after administration of gangetin in female albino rats. J Res Ayurveda Sidha. 1982;3:
172-175.

[71] Nadkarni km. Indian materia medica Mumbai: Popular Prakashan. 1, 750. (1276,
1277). 1993

[72] Sharma RK, Goyal AK, Yadav SK, Bhat RK. Anti-fertility activity of Ficus
religiosa fruits extract on goat uterus in vitro. International Journal of Drug Development
Research. 2013; 5(4): 330-335.

[73] Garcia D, Dominques MV, Rodriques E. Ethnopharmacological survey among
migrants living in the Southeast Atlantic Forest of Diadema, Sao Paulo, Brazil. J
Ethnobiol Ethnomed. 2010;6: 29.

[74] Akpantah AO, Oremosu AA, Noronha CC, Ekanem TB, Okanlawon AO. Effects
of Garcinia kola seed extract on ovulation, oestrous cycle and foetal development in
cyclic female sprague - dawley rats. Nigerian Journal of Physiological Sciences. 2005;
20(1-2):58-62.

[75] Ifeanyi AC, Eboetse YO, Ikechukwu DF, Adewale OA, Carmel NC, Olugbenga
OA. Effect of Momordica charantia on estrous cycle of sprague-dawley rats. Pacific
Journal of Medical Sciences. 2011; 8(1).

[76] Singh R, Kakar S, Shah M, Jain R. Some medicinal plants with anti-fertility potential: A current
status. J Basic and Clin Reprod Sci. 2018; 7(1):7-19.

[77] Mali PC, Ansari AS, Chaturvedi M. Antifertility effect of chronically administered
Martynia annua root extract on male rats. Ethnopharmacol. 2002; 82(2-3):61-67.

[78] Sheeja E, Joshi SB, Jain DC. Antiovulatory and estrogenic activity of Plumbago
rosea leaves in female albino rats. Indian Journal of Pharmaceutical Biology.
2009;41(6): 73-277.

[79] Mutreja A, Agarwal M, Kushwaha S, Chauhan A. Effect of Nelumbo nucifera seeds
on the reproductive organs of female rats. Iranian Journal of Reproductive Medicine.
2008;6:7-11.

28 International Journal of Engineering and Scientic Research
http://www.ijmra.us, Email: editorijmie@gmail.com



http://www.ijmra.us/

ISSN: 2347-6532[1 Impact Factor: 6.660

[80] Andrade-Cetto A. Ethnobotanical study of the medicinal plants from Tlanchinol,
Hidalgo, Mexico. Ethnopharmacol. 2009;122(1): 163-171.

[81] Goswami P, Basak M. Medicinal Plants Exhibiting Antifertility Activity: A Review.
Journal of Pharmaceutical Research International. 2021; 33(60B): 230-237

[82] Vanithakumari G, Manonayagi S, Padma S, Malin T. Antifertility effects of
Bambusa arundinacea shoot extracts in male rats. Journal of Ethnopharmacology. 1989;
25(2): 173-180.

[83] Dixit VP, Bhargava SK, Gupta RA. Hyperglycemia induced testicular dysfunction
after chronic administration of Balanites roxburghii Planch fruit pulp extract in dogs
Canis indicus L. Indian Journal of Experimental Biology. 1981; 19(10): 918-921.

[84] Tripathy B, Swain SN, Panda MK, Pradhan RN, Acharya UR. Antispermatogenic
effects of seed extract of Caesalpinia bonducella in Swiss mice. International Journal of
Biosciences. 2018;12(4):23-34.

[85] Kumar D, Kumar P, Singh H. Biocontrol of mosquito vectors through herbal
derived silver nanoparticles: prospects and challenges. Environmental Science and
Pollution Research. 2020; 27: 25987-26024.

[86] Londonkar RL, Srinivasreddy P, Somanathreddy P. Nicotine induced inhibition of
the activities of accessory reproductive ducts in male rats. Ethnopharmacol. 1998;60:
215-221.

[87] Prakash AO, Saxena V, Shukla S, Mathur R. Contraceptive potency of Pueraria tuberosa D.C.
and its hormonal status. Acta Eur Fertil. 1985;16(1): 59-65.

[88] Gupta RS, Sharma R, Sharma A, Choudhary R, bhatnager AK, Joshi YC.
Antifertility effects of Pueraria tuberose. Root extract in male rats. Pharm Biol. 2005;
42(8): 603-6009.

[89] Mali PC, Chouhan PS, Chaudhary R. Evaluation of antifertility activity of Withania
somnifera in  male albino rats. Fertility and Sterility. 2008;90(S18),
10.1016/j.fertnstert.2008.07.394.

[90] Singh M, Verma GN. Effect of ethanolic extract of Trigonella foenum-graecum L.

seeds on the reproductive system of male albino androgen-induced polycystic ovarian
syndrome in rats. Journal of Complementary and Alternative Medical Research.
2019;33(55A): 220-227.

[91] Mahajan RT, Chopda MZ. Phyto pharmacology of Ziziphus jujuba Mill-A plant
review. Pharmacognosy. 2009; 3(6): 320 329.

29 International Journal of Engineering and Scientic Research
http://www.ijmra.us, Email: editorijmie@gmail.com



http://www.ijmra.us/
http://dx.doi.org/10.1016/j.fertnstert.2008.07.394

ISSN: 2347-6532[1 Impact Factor: 6.660

[92] Mohammad I. Gold nanoparticles: An efficient carrier for MCPI of carica papaya seeds extract
as an innovative male contraceptive in albino rats. Journal of drug delivery science and tech.
2019;52: 942-956.

[93] Arora P, Thukral R, Singla N, Bansal N. Antireproductive changes instigated by efficient drug
delivery via papaya seed chloroform extract-based nanoparticles in male rat Bandicota bengalensis.
Pesticide Biochemistry and Physiology. 2023;192. https://doi.org/10.1016/j.pestbp.2023.105408

[94] Shukrya H, Alwan, Al-saeed H, Muna. Biosynthesized silver nanoparticles (using Cinnamomum
zeylanicum bark extract) improve the fertility status of rats with polycystic ovarian syndrome.

Biocatalysis and Agricultural Biotechnology. 2021;38.

[95] Hung Y, Zhu C, Xie R. Green synthesis of nickel nanoparticles using Fumaria
officinalis as a novel chemotherapeutic drug for the treatment of ovarian cancer. Journal
of Experimental Nanoscience. 2021; 16: 368-381.

[96] Alami SA, Saeed PA, Seghatoleslami S, Faraji S, Bajgiran FR, Poorbagher
MRM, Shafaei N, Karimi E, Oskoueian E. The anti-spermatogenic activity of
nanoliposomes loaded with Heracleum persicum phenolic compounds in Balb/C mice.
Biotechnology and Applied Biochemistry. 2023; 70(6):2088-2096.
https://doi.org/10.1002/bab.2511

[97] Chemingui H, Missaoui T, Mzali JC, Yildiz T, Konyar M, Smiri M, Saidi N, A.
Hafiane, H.C. Yatmaz. Facile green synthesis of zinc oxide nanoparticles antibacterial

and photocatalytic activities. Material Research Express. 2019; 6.

[98] Verma D, Macwan D, Mangrola A, Solanki S, Bariya H, Patel H. In vitro anti arthritic and
antiglycation potential of a combination of silver nanoparticles and Moringa oleifera leaves extract.
Nanomedicine. 2022; 9(4): 334-344.

[99] Shaukat A, Rasool U, Saeed F, Shah YA, Muhammad A. Physicochemical
Assessment of Zinc Oxide Nanoparticle and Moringa oleifera Supplementation on the
Male Reproductive System of a Diabetic Rat Model. Journal of Nanomaterials. 2023;1:
8201449.

[100] Shanker K, Mohan GK, Hussain MA, Jayarambabu N, Pravallika PL. Green
biosynthesis, characterization, in vitro anti diabetic activity and investigational acute
toxicity studies of some herbal-mediated silver nanoparticles on animal models.
Pharmacognosy Magazine. 2017; 13(49): 188-192.

[101] Nikroush M, Jalali M, Mohammadi S. Effect of crude extract of the onion on rat testis tissue.
Reprod Infertil Q. 2009; 10(4); 239-44.

30 International Journal of Engineering and Scientic Research
http://www.ijmra.us, Email: editorijmie@gmail.com



http://www.ijmra.us/
https://doi.org/10.1016/j.pestbp.2023.105408
https://iubmb.onlinelibrary.wiley.com/authored-by/Alami/Seyed+Amirsajjad
https://iubmb.onlinelibrary.wiley.com/authored-by/Seghatoleslami/Saeed
https://iubmb.onlinelibrary.wiley.com/authored-by/Faraji/Sara
https://iubmb.onlinelibrary.wiley.com/authored-by/Bajgiran/Fatemeh+Rahimzadeh
https://iubmb.onlinelibrary.wiley.com/authored-by/Poorbagher/Mahsa+Rastegar+Moghaddam
https://iubmb.onlinelibrary.wiley.com/authored-by/Shafaei/Negin
https://iubmb.onlinelibrary.wiley.com/authored-by/Karimi/Ehsan
https://iubmb.onlinelibrary.wiley.com/authored-by/Oskoueian/Ehsan
https://doi.org/10.1002/bab.2511

ISSN: 2347-6532[1 Impact Factor: 6.660

[102] Hardani A, Afzalzadeh MR, Amirzargar A, Mansouri E, Meamar Z. Effects of aqueous extract
of celery (Apium graveolens) leaves on spermatogenesis in healthy male rats. Avicenna J Phytomed.
2015;5(2):113-9.

[103] Kooti W, Mansouri E, Ghasemiboroon M, Harizi M, Ashtary-Larky D, Afrisham R. The
effects of hydroalcoholic extract of Apium graveolens leaf on the number of sexual cells and testicular
structure in rat. Jundishapur J Nat Pharm Prod. 2014; 9(4): e17532.

[104] Modaresi M. The effect of Carthamus tinctorius plant extracts on the pituitary-gonad axis and
testicular histology in mice. ZUMS J. 2005;13(53): 1-7.

[105] Jahromi MA, Movahedin M, Mazaheri Z, Amanlu M, Mowla SJ, Batooli H.
Evaluating the effects of Escanbil (Calligonum) extract on the expression level of
Catsper gene variants and sperm motility in aging male mice. Iran J Reprod Med. 2014;
12(7): 459-66.

[106] Kazeroni HT, Hosseini SE, Shariati M. The effect of hops (Humulus lupulus)
ethanol extracts on the sexual hormones levels and sexual dynastic cells of Syrian adult
male mice. J Sabzevar Univ Med Sci. 2014; 21(3):514-21.

[107] Rasekh A, Jashni HK, Rahmanian K, Jahromi AS. Effect of palm pollen on sperm
parameters of infertile man. Pak J Biol Sci. 2015;18(4): 196-9.

[108] Nouhizadeh Z, Parivar K, Hayati-Roudbari. The effect sylvestris Malva leaves on the sperm
and spermatogenesis in mice. J Anim Biol. 2014; 7(2): 81-8.

[109] Rahmati B, Moghaddam MHG, Khalili M, Enayati E, Maleki M, Rezaeei S. Effect of Withania
somnifera dunal on sex hormone and gonadotropin levels in addicted male rats. Int J Fertil Steril.
2016;10(2): 239-44.

31 International Journal of Engineering and Scientic Research
http://www.ijmra.us, Email: editorijmie@gmail.com



http://www.ijmra.us/

