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ABSTRACT

Several medicinal plants have been explored by many researchers regarding their anti-
fertility effects. In the present study, we have assayed the effects of leaves of Artemisia
vulgaris ethanol extracts on acrosome reaction, viability, sperm membrane integrity,
protein profiling and in vivo fertilization. Mouse spermatozoa were incubated in DMEM
medium with various concentrations of extract. The acrosome exocytosis was studied by
labeling spermatozoa with FITC peanut agglutinin (FPNA) and staining with Coomassie.
Sperm viability and sperm membrane integrity were studied by Trypan-blue staining and
hypo-osmotic swelling test. Artemisia extract at very low concentration caused precocious
acrosome reaction and loss of sperm viability. Acrosome integrity decreased
exponentially from 81.85% to 14.09% and 77.36% to 11.58% in Coomassie and FPNA
staining respectively, with increasing extract concentration up to 2000 pg/ml and an
optimum effect at 1000 pg/ml in both staining techniques. However, the mean viability
percentage of sperm sample was found to be decreased from 88.29+3.61 in control to
36.2745.48 in treated sample with extract concentration of 2000 pg/ml evaluated by
Trypan-blue staining and from 97.43+0.61 to 75.77+0.54 evaluated by hypo-osmotic
swelling test. Sperm viability and membrane integrity was found to be affected less by
plant extract compared to the acrosome integrity. These results indicate that Artemisia
extract might effectively block fertilization by causing precocious acrosome exocytosis for
spermatozoa, even without affecting their viability. A direct contraceptive effect was
tested by injecting the plant extract into the vagina of female mice and allowing them to
mate with normal males. The p-value of 0.0137 was obtained from the performed
experiments, supporting the significant differences between extract treatment and
control. However, the extract seemed to have no remarkable effect on major protein

bands in SDS-PAGE of mouse spermatozoa.

Keywords: Artemisia vulgaris, spermatozoa, acrosome reaction, viability, in vitro sperm

functions test, vaginal contraceptive



CHAPTER 1. INTRODUCTION

CHAPTER 1. INTRODUCTION
1.1 Background:

Human population is growing in a rapid pace, posing a major problem worldwide on all
aspects of development. So there is an urgent necessity to control population explosion
and to ensure better reproductive health to all. Half of the unplanned contraception and
half of the resulting undesired pregnancies are due to the failure of contraception
method. In this regard, WHO and other health organizations have put great notice on the
search for a better form of contraception which will be safe, cheap, socially and
economically acceptable and can interfere with natural process of reproduction (Luhadia
et al., 2015, Madhukar, 2018).

Nearly 80% of the world population relies on traditional medicines for primary health care,
most of which involve use of plant extracts (Singh & Hamal, 2013). On the basis of mode
of actions, contraceptive medicinal plants can be divided into different categories such as
anti-fertility plants, anti-ovulatory plants, anti-implantation plants, abortifacient plants
etc. (Bala et al. 2014). These plants may act through impairment of fertilization, inhibition
of implantation due to interruption in estrogen progesterone balance, fetal abortion,
perhaps due to the lack supply of nutrients to the uterus and the embryo, and on the

male by affecting sperm count, motility and viability (Madhukar, 2018, Shaik et al., 2014).

Despite tangible role of various hormonal contraceptives in controlling population
growth, there has been a long debate on their uses because of their various undesirable
side effects such as increased risk of cervical/breast cancers, heart attack, stroke, gall
bladder disease and even infertility. There are other forms of non-hormonal
contraceptives such as condoms, intrauterine implantation, vasectomy, etc. but these
methods rely on physical interventions and may cause discomforts and physical
impairments. Researches have been made for new types of non-hormonal contraceptives,
but no tangible success has been achieved. One of the alternative approaches to such
research could be the use of herbal extracts, which could be applied topically when
required and would directly affect the gamete function without causing any hormonal

imbalance (Peachman, 2018).

Nepal being rich in floral biodiversity, provides habitat to numerous medicinal plants. In
Nepal, it has been reported that traditional healers use 1,792 plant species as medicine.
Since many centuries, medicinal herbs have been used in successful management of
various diseases like respiratory tract infection, gastrointestinal problems, dermatological
disorders, etc. Researchers are also investigating various indigenous plants for their anti-

fertility properties (Singh & Hamal, 2013).
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Various plants and their extracts have been used for their anti-fertility properties. Plants
with anti-fertility effects includes Rubica cardiofolia, Artemisia vulgaris, Piper nigrum,
Juniperus phoenica, Cuscuta reflexa, Leptadenia hastate, Tinospora cardiofolia,
Acyranthes aspera etc. (Daniyal & Akram, 2015). Medicinal plants contain various inherent
active ingredients, mostly secondary metabolites, like alkaloids, flavonoids, terpenoids,
phenolics, etc. which could directly or indirectly inhibit fertilization. With the advent of
science and researches, several medicinal plants have been investigated and screening of
various biochemical active components possessing contraceptive properties have been
succeed. And many more others putative medicinal plants are left be investigated,
screened and analysed (Daniyal & Akram, 2015).

Artemisia vulgaris (Titepati), belonging to the family Asteraceae is one of the important
perennial and aromatic medicinal herb growing 1-2 m (rarely 2.5 m) tall and grows at the
sides of paths and tracks, margins of cleared forests (Abiri et al., 2018). This medicinal
plant possess a broad spectrum of therapeutic properties like anti-malarial,
antispasmodic, anti-steroidogenic, anti-fertility, antihypertensive, muscle relaxant,
antiviral, antibacterial, antioxidant, cholinergic, diuretic etc. It is one of the important

medicinal plant due to the presence of anti-malarial drug artemisinin, sesquiterpene

lactones (derivative of artemisinin) and is usually known for its volatile oils (Trendafilova
etal., 2018)

(a) (b)
Figure 1.1 (a) Artemisia vulgaris whole plant growing wild around Central Department of
Biotechnology, Tribhuvan University, Kritipur, Kathmandu; (b) Leaves of A. vulgaris.

1.2 Current Studies in Nepal

Nepal consists of 1,624 plant species with medicinal and aromatic values. For primary
health care needs, 80% of the Nepalese population are dependent on the traditional
plant-based medicines. Herbal Encyclopedia Bir Nighantu or Bir pharmacopia by Pandit
Ghana Nath Devkota in 1969 is probably the first hand written effort towards medicinal

2
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plants of Nepal covering 750 plants in detail (Shrestha, 2018). While work done by Banerji
et al., in 1955 is the earliest published work on medicinal plants in East Nepal. Research
was done in Nepal by Nepalese researchers on medicinal plants like Achyranthes aspera,
Arnebia benthamii, Berberis aristata, Cissampelos pareira, Tinospora sinensis etc.
(Bhattarai et al., 2009). Different scientific research on medicinal plants are generally
conducted by institutions like Kathmandu University, Tribhuvan University, Pokhara
University, Nepal Academy of Science and Technology (NAST), Department of Plant
Resources (DPR), National Ayurveda Research and Training Center (NARTC), Agriculture
and Forest University and various other colleges and research institute in Nepal. Foreign
researchers have also published articles based upon some Nepalese medicinal plants like
Centipeda minima, Drymaria diandra, Macaranga pustulata, Asparagus racemosus,
Rhododendron anthopogon etc. ( Rajbhandari et al., 2001, Shrestha, 2018).

1.3 Statement of the Problem
Presently available allopathic contraceptives are endowed with multiples of problems.

e They cause hormonal imbalance, do not act directly on gametes.
e They cause serious side effects.

e They are costly.

So, the best alternatives to such problems is to explore the various locally available
medicinal plants that would be safe and side-effect free contraceptive properties. An ideal
contraceptive should be such that they act directly on gamete function, perturbing
fertilization but not causing hormonal imbalance. Thus, screening method of putative
contraceptive plants should be designed in such a way that the plant extract would act

through non-hormonal pathway, and can be applied topically whenever required.
1.4 Research Hypothesis

The aim of the research is to investigate whether the ethanol extract of the plant

Artemisia vulgaris possess contraceptives effects on various mouse sperm functions.
1.4.1 Null hypothesis

Hol: Ethanol extract of Artemisia vulgaris does not inhibit various in vitro mouse

sperm functions.

Ho2: Ethanol extract of Artemisia vulgaris has no effect on in vivo fertilization of

mice.
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1.4.2 Alternative hypothesis

H.1: Ethanol extract of Artemisia vulgaris inhibits various in vitro mouse sperm

functions.

H+2: Ethanol extract of Artemisia vulgaris has effect on in vivo fertilization of mice.

1.5 Objectives
1.5.1 General Objectives

Study of contraceptive effects of ethanol extract of the plant Artemisia vulgaris by various

in vitro sperm function tests and in vivo fertilization in mice.
1.5.2 Specific Objectives

1) Estimation of the dry material content of ethanol extract of Artemisia vulgaris and
spectrophotometric analysis of the extract.

i) To study the effect of extracts on acrosome reaction of mouse spermatozoa by
Coomassie and FPNA staining methods.

i) Viability testing of extract treated sperm cells by Trypan-blue staining method.

IV) Viability and membrane integrity testing of mouse spermatozoa treated with
various concentrations of extract by hypo-osmotic swelling (HOS) test.

V) Protein profiling of extract treated sperm protein by SDS PAGE.

Vi) Analyzing the effect of standardized concentration of plant extract on mouse in

vivo fertilization.
1.6 Rationale of the study

Various forms of both hormonal and non-hormonal contraceptives are currently in use.
But long term and continuous use of such contraceptives causes several undesirable side
effects. Hormonal contraceptives predispose to increased risk of cervical/breast cancers,
heart attack, stroke, migraine, higher blood pressure, infertility, liver tumors etc. Presently
available non-hormonal contraceptives either require invasive procedures or cause
physical discomfort or are unreliable. This calls for the development of alternative
methods which have lesser side effects, self-administrable and economic. Much of these
properties have been observed in medicinal plants. The anti-fertility properties of various
medicinal plants have been discovered by many researchers from time to time. The major
focus of our study was to study various contraceptive effects of locally available medicinal
plant Artemisia vulgaris. The research was mainly focused on studying the effect of
ethanol extract of plant leaves on mouse sperm acrosome, viability, membrane integrity
and protein profiling. Also, this study was carried out to ascertain the contraceptive claim

of A. vulgaris by assessing its effect on in vivo fertilization rate in mice. This research work
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is only the preliminary attempt to validate the contraceptive effects of plant in laboratory

set up.

1.7

1)

2)

3)

4)

5)

6)

Scope of the Study

The initial screening of A. vulgaris could suggest a necessity for further isolation of
active compounds and their further analysis on a large scale.

In villages and rural areas, people cannot afford costly allopathic medicine, locally
and easily available medicinal plants could be a better choice for solving and

enhancing the health-related issues.

This research work will highlight the importance of A. vulgaris. If the plant is
proved to be a potential contraceptive, people may be economically benefited by

cultivating them or collecting from wild.

Novel information gathered from the current data will be important in preserving
indigenous plants as well as in the discovery of novel compounds with promising
anti-fertility potential.

The work will lay out a protocol for rapidly screening enormous store of putative
contraceptive plants of Nepal.

The work will encourage to explore many more medicinal plants native to Nepal.
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According to UN report the world population was seven billion in 2011 and will reach to 8
billion in 2024, and 9.15 billion in 2050. Population growth is one of the main causes of
poverty and pollution in developing countries. Modern medicines provided various
methods for contraception but most have serious side effects. Most of the countries
banned the use of hormonal contraceptive due to their carcinogenic effects (Zaman et al.,
2019).

2.1 Anti-fertility agents or contraceptives

Rapid reduction of worldwide fertility rates from a total fertility rate (average number of
births per woman) of 4-7 births in the early 1970s to 2-6 births in the late 2000s is
predominantly credited to increased contraceptive use. Use of contraceptives has begun
from the time when the first oral contraceptive pill was approved for public use by the
FDA in 1960. Despite advances in contraceptive technology, the world population is still
increasing at a tremendous rate, particularly in developing countries. Also, apart from this
population growth, unintended pregnancies leading to elective abortions continue to be
a major public health issue. This calls for a better method of contraception that is
acceptable, effective, and available both in the developed and developing nations. It
should be non-steroidal, non-barrier, non-surgical, intercourse independent, and
reversible (Metchnikoff & Baskin, 2011, Ahmed et al., 2012).

Adolescent fertility regulation and pregnancy prevention is one of the most important
health care issues of the twenty-first century. Reducing marriage before the age of 18
years by only 10% could contribute to a 70% reduction in maternal mortality rate. But due
to various problems related, decline in child marriage rate could not be achieved in a fast
track. So, to reduce pregnancy before the age of 20 years could be somehow achievable
by development of contraceptives. Contraceptives use could control 2.1 million
unplanned births, 3.2 million abortions, and 5,600 maternal deaths each year (Remsburg,
2014). But development of contraceptives is not fast as required. It could be due to that
large pharmaceutical companies and research institutes of the developed countries have

not included new contraceptive development as a priority (McLaughlin & Aitken, 2011).
Need and development of male contraceptives

Although several different choices and approaches are available for contraception in
women, male involvement in the field of contraception has been low. The limited work
on male contraception may be due to cultural background, social and economic condition,
indifference and poor understanding of factors controlling male fertility. The only method
available to men is still limited to condoms characterized by a high failure rate. The second

popular method of male contraception is vasectomy, which is invasive and virtually not
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reversible. These two methods account for only 8.9% of global contraceptive use. Many
male hormonal contraceptives developed over the past several years have now advanced
to clinical trials, and the outcome of these studies is yet far from realistic ( Kogan & Wald,
2014, Rand et al., 2004, Dey et al., 2014) .

Infertility is frequently seen as a problem, with a 10-15% rate of incidence, and is
associated with male factors in as many as 50% of the cases. A male infertility-associated
factor is usually found together with abnormal semen parameters (Ovayolu et al., 2016).
Although female contraceptives are very effective to prevent unintended pregnancy,
because of health conditions or side-effects, some women can not use them. The
availability of male hormonal contraceptives would give men the chance to have control
over their own fertility and to share the responsibility for family planning. Also,
approximately 30% of couples currently rely on male contraceptive methods. Surveys
have demonstrated that nearly 80% of men believe contraception is a shared
responsibility and also, globally more than 50% of men showed interest in an alternative
male contraceptive. So there is a high necessity for development of male contraceptives
( Kogan & Wald, 2014, Amory, 2016).

Current studies

Many drugs have been investigated in male contraception. Development of one drug,
Nifedipine, induces sterility by blocking calcium channels of sperm cell membranes which
results in cholesterol deposition and membrane instability, rendering them incapable of
fertilization. Herbal preparations have also been used as male contraceptives. Gossypol,
a constituent of cottonseed oil, was found to be an effective male contraceptive in very
large-scale experiments conducted in China. But gossypol cannot be used due to several
drawbacks. It may cause respiratory distress, impaired immunity, body weight gain,
anorexia, weakness, liver damage, apathy, and even death. Most recently, a glycopeptide
from the outer coating of human eggs has been isolated that interacts with spermatozoa
during fertilization process. One of the most researched methods of male contraception
using drugs involves the use of hormones. Like female contraceptive pills, Male Hormone
Contraceptives (MHCs) seek to stop the production of sperm by stopping the production

of hormones that direct the development of sperm (Dey et al., 2014).

Among the different approaches to control male fertility, hormonal contraception is the
closest to possible clinical application. The support of government agencies such as the
World Health Organization (WHO), Contraceptive Research and Development (CONRAD),
and the National Institute of Child Health and Human Development has led to important
progress in this field. However, progress in research continues to be slow and a

marketable product is not on the horizon (Gava & Meriggiola, 2019).
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2.2 Medicinal Plants

Medicinal plants are plants containing inherent active ingredients and are a great gift of
nature as a cure for a plethora of human ailments. Approximately 75% of the population
in developing nations receive herbal medical health care, compared with over half of the
population in developed nations, mostly for lifestyle-related diseases (Daniyal & Akram,
2015). Evidences suggest that more than 70% of the current drugs that are in use have
originated from nature (Gupta et al., 2017). More than 25% of prescribed drugs are
obtained from plants and their products. In the last few decades, researches on various
medicinally important plants has progressed from simple documentation and screening

process to modern day drugs (Zaman et al., 2019).

According to the Global Industry Analyst Market, the global herbal medicine sector was
close to $115 billion profit in 2015, and the tremendous growth towards herbal and
nature-based products was based on the presumption that these products cause fewer
side effects than modern medicines (Daniyal & Akram, 2015). Medicinal plants could be a
reliable  source in development of non-toxic, orally effective, alternative and
complementary medicine for preserving health and avoiding disease transmission (Liu et
al., 2013). The consumption pattern of medicinal plants have been started before the
validation of so called “scientific drug therapy” or “modern medicine” (Abad et al., 2012).
The conceptual and practical knowledge of medicinal plants have varyingly considered as
a cultural changes, function of plant habitat collection as well as biochemical and

ecological aspects (Goulletquer, 2014).
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Figure 2.1 Frequency of the different types of contraceptive methods in family planning used by
the respondents in Kano, Nigeria in which herbal medicine was the most commonly used method.
(Source: Rabiu & Rufia, 2018).

2.2.1 Contraceptive Effects of Various Plants

Study of ethanol extract of Tinospora cordifolia was carried out for finding the reversible
contraceptive effect and safety evaluation in animal model (Singh et al., 2011). In that
research, the extract was found to be effective in producing reversible sterility. Weight
reduction of the reproductive organ like testis, epididymis, seminal vesicle and ventral
prostate of the treated male rats were observed. The treated rats also showed significant
reduction in the sperm density, motility and fertility and also the induced infertility was

completely reversed after withdrawal of treatment of another period of 60 days.

Anti-fertility effect of alcoholic extract of Iranian neem (Azadirachta indica) seeds was
studies on mouse epididymal spermatozoa. Adult healthy mice were administered first 50
mg/kg body weight /day then 100 mg/kg body weight/day orally for 15 days where
significant change in epididymal sperm motility was observed only in mice fed with 100
mg/kg body weight as compare to the control. Extract treated males when conjugated
with normal cycling females, the fertility rate was also found to be decreased to 17% as
compared to 97% in control animals (p<0.001) concluding that the extract could be as a

potential anti-fertility agent (Dehghan et al., 2005).

The aqueous extract of the leaf of Aegle marmelos (Bel) when fed at a dose of 50 mg/100
g body weight in male albino Wistar rats, resulted a significant reduction in the activities
of testicular steroidogenic enzymes along with low levels of plasma testosterone and

reduced weights of sex organs. The applied dose of the extract had no toxic effects on the
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activities of transaminases and phosphatases in metabolic organs like liver and kidney.
Hence, the plant was considered as a potent contraceptive (Das et al., 2006).

Similarly ethanol extract of Dioscorea esculenta tuber resulted significant reduction in the
weight of testes and epididymis in male albino rats. Ethanol extract was found to inhibit
sperm concentration, motility, sperm abnormality and testosterone in treated rats but no
significant changes were noted in the serum biochemical and liver marker enzymes (SGOT,
SGPT and ALP), which might result in a male infertility (Shajeela et al., 2011).

To find out the contraceptive efficacy of neem leaf extract on female albino rats, an in vivo
study was performed. Fifteen female albino rats were taken and divided into three groups
of five female rats of each and after confirmation of estrus cycle, the extract was applied
intravaginally at doses of 150 mg and 200 mg in the two groups of female rats of five
numbers each in 0.9% saline solution. Five female rats were taken for control group and
only 0.9% saline solution was applied intravaginally. And, immediately after application of
the extract, the female rats were kept for mating with male rats in 2:1 ratio and after 24
h were checked for spermatozoa in the vaginal smears. At 200 mg dose all the
spermatozoa were non-motile or dead and at 150 mg dose only 3-4% spermatozoa were
sluggish and the rest were non-motile or dead. So, from this study it was found that 200
mg dose of the extract possessed 100% anti-fertility effect on implantation sites. In the
control group of rats, 4-7 number of implantation sites were found in each (Suryawanshi,
2011).

Table 2.1: Some medicinal plants of Nepal, that have been surveyed for contraceptive actions

S.N. | Name of the plant Parts of the plant used | Mode of action
1. Hyppophae rhamnoides | Fruit Shows 50% anti-fertility
0,
(Gautam et al., 2015 (Dose of 500mg/kg) effect and 19.04% foetal loss.
2. Carica papaya (Soni et | Leaves Membrane damage in
al, 2015) (Methanolic extract) acrosome.
3. Dichranostigma Whole plant (Dose of | Shows 75% anti-fetility effect
lactucoides 500 mg/kg and | and 85% foetal loss in
1000mg/kg) treatment with 500 mg/ml

(Gautam et al., 2015
and 75% foetal loss in

treatment with 1000 mg/mi

of extract.

10
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4, Azadirachta indica Seeds Change in epididymal sperm
(Dehghan et al., 2001) | (Alcoholic extract) motility.
5. Mamira teeta (Gautam | Whole plant Shows 50%  anti-fertility
/., 201
etal., 2015) (Dose of 200mg/kg) effect.
6. Dioscorea esculenta | Tuber Reduction in weight of testis

(Shajeela et al., 2011) and epididymis.

(Ethanolic extract)

2.2.2 Artemisia vulgaris

Artemisia is a large and diverse genus of plants, belonging to the family Asteraceae. In
the plant kingdom, family Asteraceae is endowed with essential oil-yielding plants, and
among these plants, the genus Artemisia occupies top position for its bio-prospection and
comprises over 500 species, mainly found in Asia, Europe and North America. Genus
Artemisia comprises important medicinal plants which are currently the subject of
phytochemical attention because of their biological and chemical diversity, and essential
oil production (Pandey & Singh, 2017).

The name of genus Artemisia has come from the Greek word “goddess of hunting”. It is
also known as mugwort, sailor's tobacco, common wormwood, wild wormwood, felon
herb, old Uncle Henry, chrysanthemum weed, old man or St. John's plant and naughty
man (Abiri et al., 2018). It is known as ‘pati’ or ‘titepati (bitter-leaf plant)’ in Nepal. A.
vulgaris is a perennial and aromatic herb growing 1-2 m (rarely 2.5 m) tall and grows at
the sides of paths and tracks, margins of cleared forests. Leaves are 5-20 cm long, pinnate,
sessile, alternate, simple and the margins are often rolled back. The upper surface is
usually dark green and glabrous, occasionally pubescent while dense white tomentose
hairs on the underside. The basal leaves are short petiole and lobbed with an end section
and one to two pairs of small side leaflets. The rest of the leaves are sessile or almost
sessile with a slit base. These plants are more common in Europe, Asia, Northern Africa,
and Alaska and are naturalized in North America. The strong and aromatic smell of the
plant is due mainly to high concentrations of volatile terpenes, constituents of their
essential oils, especially in leaves and flowers (Abad et al., 2012, Lian et al., 2018, Shaik et
al., 2014).

11
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Taxonomic Position:

Kingdom: Plantae

Class: Angiosperms

Order: Asterales

Family: Asteraceae

Genus: Artemisia

Species: A. vulgaris

Botanical name: Artemisia vulgaris

Common name: Mugwort, Common wormwood, Titepati, Sailor’s tobacco etc.
Distribution in Nepal: 300 — 2500 meters

(Source: Plants profile for Artemisia vulgaris (common wormwood)". PLANTS USDA.gov)

Phytochemical Analysis and Screening of Metabolites of A. vulgaris

In phytochemical screening of methanol extract of leaves of A. vulgaris, showed the
presence of high amount of alkaloids, flavonoids, and terpenoids, steroids and tannin
along with several other phytonutrients. HPLC analysis of extract revealed the presence

of two members of flavonoids, luteolin and morin (Pandey et al., 2017).

Among various species of genus Artemisia, Artemisia annua is the mostly studied and
researched species and the active ingredients, sesquiterpene lactone, artemisinin are the
major components. Phytochemical analysis of A. annua resulted more than 80 natural
products that include various flavonoids, coumarins and phenolic acids. Among many
species of Artemisia genus, A. vulgaris is one of the important medicinal plant due to the
presence of anti-malarial drug artemisinin, sesquiterpene lactones (derivative of
artemesinin) (Abolaji et al., 2014, Trendafilova et al., 2018). The 2015 Nobel Prize in
Physiology or Medicine was awarded to Professor Youyou Tu for her key contributions to

the discovery of artemisinin in treating malaria (Su & Miller, 2015).

A. vulgaris collected from Nepal was found to be rich in a-thujone (30.5%), 1, 8-cineole
(12.4%), and camphor (10.3%), which were obtained by hydrodistillation and analysed by
GC-MS (Satyal et al., 2012). Artemisinin, discovered first time from A. annua was later
reported from other species of Artemisia also including A. vulgaris. But the amount of
artemisinin in this specimen was lower than the other Artemisia species. The content of
artemisinin was found to be 50, 20 and 3 mg kg-1 dried weight for leaf, stem and root,
respectively. Nepalese A. vulgaris has not been used as a commercial source of
artemisinin but has number of other applications and such as ingredients in foods,

pharmaceutics and cosmetics (Abiri et al., 2018).
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A study was carried out on ethanol extract from aerial parts of plant Artemisia alba Turra,
by HPLC—MS and GC-MS analysis. The total amount of flavonoid was found to be 0.78
mg/mL while large amounts of chlorogenic acid were observed (4.66 mg/mL).
Phytochemical screening of the methanol extract show the presence of flavonoids and
saponins (Peron et al., 2017).

Contraceptive Properties and Studies of the Plant

In a study carried out by researchers for knowing the anti-fertility activity of Artemisia
vulgaris leaves on female Wistar rats, the plant extract in 70 % methanol was fed to rats
for 7 days. The extract was found to cause 50 % and 100 % anti-implantation effect with
feeding extract at concentration 300 and 600 mg-kg-1 body weight respectively and
strong estrogenic effects. It was shown that the plant extract inhibited implantation in a
dose-dependent manner. The methanolic extract of the plant was also found to cause a
significant (P < 0.05) increase in uterine weight in immature ovariectomised rats in dose-
dependent manner (Shaik et al., 2014).

A. vulgaris extract also showed anti-fertility effect on Callosobruchus chinensis (weevil).
The study was performed to estimate the percentage of anti-fertility and toxicity (AD50
and LD50) of A. vulgaris in C. chinensis through the effect on hatchability rate of weevil.
The findings showed that the plant extract is pollution-free biological anti-fertility agent,

that can effectively control weevil reproduction (Pal & Pandey, 2011).

In another research, alcoholic extract of A. vulgaris was found to induce an irregular
estrous cycle in female albino rats and caused 80% anti-implantation activity. The herbal
extract even at the high dose did not cause gross malformations in pups delivered, proving
its non-toxic nature (Narwaria et al., 1994). Similar anti-implantation or abortifacient
effect was exhibited by extracts of related species like A. kopetdaghensis and A. annua on
female rats (Abolaji et al., 2014). Decrease in litter size in all A. annua treated groups was
observed, and the significant reductions in litter size were noted in the 100 and 300 mg/kg
groups compared to the control. From this, it could be implied that A. annua might have
prevented fertilization in rats. A. annua administered to pregnant rats during second and
third trimesters of pregnancy, caused reductions in the levels of estrogen and litter size
(Abolaji et al., 2014).

Studies in Nepal

In spite of bearing numerous uses and advantages of Artemisia, only limited researches
have been carried out on this plant in Nepal. In one such study, Pandey et al.,, 2017
investigated chemical composition, antioxidant and antibacterial activities of essential oil
of A. vulgaris extracted with methanol. Gas chromatography, mass spectroscopy and

HPLC studies showed that the plant extract is rich in phenolic and flavonoids compounds.

13
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2.3 Fertilization

Fertilization is a complex process of molecular events involving mature haploid male and
female gametes and their mutual recognition and fusion to establish the genotype of a
new individual. Fully grown, matured oocytes and normally differentiated haploid
spermatozoa are the prerequisites for the success of the fertilization process (Kupker et
al., 1998).

Mammalian oocytes are released at the metaphase Il arrested stage. Oocytes acquire the
ability to fuse with sperm when they are fully mature and are arrested at the metaphase

of meiosis Il (Georgadaki et al., 2016).
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Figure (2.2) The features of mammalian egg. Ovulated eggs (yellow) are surrounded by small
cumulus cells embedded in extracellular material (blue), the cumulus layer is separated from the
egg by the zona pellucida (gray), consisting of three glycoproteins (ZP1-3 in mouse and ZP1-4 in
human) (Okabe, 2013); (2.3) Structure of a mouse spermatozoon, different regions of a

spermatozoon are indicated (Manandhar & Sutovsky, 2007).

The distal segment of the caudal epididymis is the principal site for the storage of mature
spermatozoa (Yanagimachi, 1994). Spermatozoa are small, asymmetrical and motile cells
and is derived from the Greek word ‘sperma’ (meaning ‘seed’). These are the elongated
motile cells specialized to deliver haploid male genomes to oocytes. The length of human
and common domestic animal spermatozoa is about 50 um, while rodent spermatozoa
measure 150 um to 250 um. Homey opossum (Tarsipens rostratus) has the longest
spermatozoa (350 um) among mammals. Rodent spermatozoa have sickle-shape,
falciform heads. Mammalian spermatozoa have three components; head, mid-piece and
tail (Manandhar et al., 2005, Georgadaki et al., 2016).

The sperm head is the anterior-most part of spermatozoa, comprising the nucleus,
perinuclear theca, acrosome, and plasma membrane. Its main function is to penetrate
into the oocyte, deliver the haploid genome, and initiate embryonic development after

fertilization. The central core of the sperm head is the nucleus that encloses a haploid set
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of paternal chromosomes (Manandhar, et al., 2005). The mammalian sperm nuclei are
surrounded by a compact cytoskeletal structure, the perinuclear theca (PT) from all sides
except the base. Topographically, the PT can be divided into three regions: sub-acrosomal
layer, equatorial segment, and post-acrosomal sheath (Sutovsky et al., 2003). The inner
acrosomal membrane (IAM) overlying the sub-acrosomal PT is exposed after acrosome
reaction, possibly playing roles in binding and penetrating through the zona pellucida
(Manandhar & Toshimori, 2003).

Acrosome

The acrosome (Gr. akros = extreme or tip, soma = body) is a Golgi-derived cap-like vesicle
located at the tip of the sperm head of many mammalian species (Buffone et al., 2008).
Structurally and functionally it can be divided into two regions: (1) the anterior bulbous
region that is exocytosed when spermatozoa pass through the cumulus cells or interact
with the zona pellucida, and (2) a narrow pocket-like equatorial or posterior acrosome
that is retained after acrosomal exocytosis and incorporated into an oocyte after
fertilization (Manandhar & Toshimori 2001). Acrosome contains proteolytic enzymes,
such as acrosin, trypsin, hyaluronidase and proteases, which are released by exocytosis
during the acrosome reaction and required for the penetration of egg investments

(cumulus cell layers and the zona pellucida) (Okabe, 2013).

Spermatozoa penetrate the cumulus oophorus by releasing hyaluronidase, breaking down
hyaluronic acid, and dispersing the cumulus cells. During the acrosome reaction, fusion of
the outer acrosomal membrane with the plasma membrane releases the contents of the
acrosome and exposes the inner acrosomal membrane as the functional outer boundary
of the sperm head (Georgadaki et al., 2016, Manandhar & Toshimori, 2001).

Mammalian sperm must have properly formed acrosomes to be fully functional in the
process of binding and penetrating the zona pellucida (ZP), the extracellular matrix
surrounding the egg. Men or mice carrying mutations resulting defective acrosome are
infertile or sub-fertile (Buffone et al., 2008).

2.3.1 Events of fertilization

A successful fertilization comprises several steps of sequential events that are

physiologically unique from somatic bodily functions (Georgadaki et al., 2016).
Capacitation and Acrosome Reaction

Ejaculated sperm are not ready to fertilize an egg when they enter the vagina. During
sperm maturation through the epididymis, spermatozoa obtain their fertility from the
caput to corpus and motility from the corpus to caudal regions. In response to the dilution
of semen in the vagina, they undergo several changes, which are collectively known as

capacitation. This is the functional maturation of spermatozoa that takes place in the
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uterus and fallopian tube during normal fertilization (Yanagimachi, 1994). After
capacitation the spermatozoa becomes hyperactivated, enabling them to undergo
acrosome reaction and penetrate through the zona pellucida. It is calcium-dependent and
consists of a change in sperm membrane fluidity involving activation of adenosine
triphosphatase (ATPase), and redistribution of mannose receptors, glycoproteins and
glycolipids on the sperm surface with subsequent changes in the properties of the
membranes (Kupker et al., 1998). Manandhar et al., 2009 reviewed that a very significant
marker of capacitation could be ability to undergo acrosome exocytosis when

spermatozoa allowed to interact with zona pellucida.

The sperm head binds the zona pellucida through specific ligand-receptor interaction and
the binding process causes the acrosome to vesiculate and release enzymes on the zona
pellucida by a process called acrosome reaction which was considered to assist
spermatozoa to penetrate the egg investments. Spermatozoa that are unable to shed
acrosome upon zona binding cannot penetrate the zona pellucida and cannot fertilize.
However, recent observation indicates that fertilizing spermatozoa are acrosome reacted
before contact with zona pellucida The percentage of acrosome reacted spermatozoa or
the rate of successfully capacitated spermatozoa can be evaluated by briefly incubating
the spermatozoa with denuded oocytes (cleaned from cumulus cells), fluorescent labeling
sperm acrosome with FITC peanut agglutinin and then studying under fluorescent

microscope (Llanos et al., 1993, Castellini, 2007).
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Figure 2. 4: (A) Sperm acrosome reaction. (B) The acrosome-intact sperm (Upper Right) the plasma
membrane (PM) fuses with the outer acrosomal membrane (OAM), and acrosomal contents are
released through resultant fenestrations (Center). Acrosome-reacted sperm within the
perivitelline space have an exposed inner acrosomal membrane (IAM) and fuse to the egg via the

residual equatorial segment of the plasma membrane (Lower Left) (Avella & Dean, 2011).
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Zona Penetration and Sperm Oocyte Fusion

Spermatozoa initially interact with zona pellucida by loose binding which might be
probably due to bonding between ZP3 proteins of zona pellucida and B-1, 4-
galactosyltransferase of sperm surface (Miller et al., 1992). The expression of ADAM3 on
sperm surface was considered to be essential for sperm fertilizing ability in terms of
enabling spermatozoa to bind to zona. After acrosome content has been shed, the inner
acrosomal membrane of spermatozoa binding tightly with zona, penetrate the zona
pellucida (Okabe, 2013) and then fuses with the oocyte plasma membrane. Quickly after
sperm-oocyte fusion, the cortical granules of the oocytes are released, react with zona

pellucida and thus make it impermeable to other spermatozoa.
Pronuclear Development

The third cytological observable event of fertilization is first embryonic cleavage and
formation of 2-celled pro-embryos. After sperm-oocyte fusion, the oocyte is activated and
completes the meiosis Il division. Anaphase Il takes place and the second polar body is
extruded, and a haploid female pro-nucleus is formed. The sperm nucleus also form
swollen male pro-nucleus. The percentage of two celled pre-embryos is the index of

fertilization success.
Studies on Fertilization

Fertilization was originally studied for the purpose of developing an in vitro fertilization
system. Initially, the role of female reproductive tract in capacitating spermatozoa was
discovered by MC Chang in 1951. Soon a defined medium was developed in which
spermatozoa could be capacitated, acrosome reacted and eggs fertilized. From then in
vitro fertilization system was utilized by many researchers to analyze the mechanism of
fertilization, with numerous factors contributing to sperm-egg interaction (Okabe, 2013).
With the advent of in vitro fertilization (IVF) treatment programmes, a potential source of
inseminated/unfertilized oocytes is now available for use in laboratory studies.
Unfertilized oocytes from IVF cultures are typically discarded and offer the most abundant
source of available oocytes for the sperm-zona binding assay (Graczykowski et al., 1998,
Hammitt et al., 1993).

Fertilin is an ADAM1b/ ADAM2 heterodimer, a sperm-specific protein which was thought
to be essential protein for sperm-egg fusion and ultimately success fertilization. So the
elimination of Adam2 results in the loss of fertilin from spermatozoa, caused infertility in
males. Therefore, researches are being proceeding by making fertilin null spermatozoa by
disrupting the Adam1b gene. Also, infertility was success in mice by developing the
Adam2-deficient/fertilin knockout mice as ADAM2 had a function in testis to form a dimer
with testicular ADAM1a (Kim et al., 2006, Okabe, 2013).
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2.4 Various in vitro Mouse Sperm Function Tests
2.4.1 Acrosome integrity test

After capacitation, only those spermatozoa that have undergone acrosome reaction (AR),
are capable to fertilize. A sufficient number of motile acrosome-intact spermatozoa
capable of fertilizing the oocyte at the appropriate time is a necessary prerequisite to
ensure efficient fertilization of the oocyte (Reckova et al., 2015). Acrosome reaction is a
modified exocytotic event in which the outer acrosomal membrane fuses with the plasma
membrane of the spermatozoon at discrete points resulting in hybrid membrane vesicles.
These vesicles then detach from the spermatozoa and finally lead to the complete loss of
the acrosome with the release of the acrosomal enzymes which are thought to play a role
in the penetration of spermatozoa throughout the outer oocyte vestments. Many studies
have shown that infertility is also related to reduction of acrosin activity and/or reduced

protamine content in the DNA in the acrosome (Tavalaee, et al., 2007).

Many protocols of staining methods have been found to be useful for evaluation of
acrosome integrity of semen samples of different animals. Methods include like the
gelatin slide test, Coomassie staining, Chlortetracycline staining, phase-contrast
microscopy, electron microscopy, monoclonal antibodies, FPNA etc. Among which only
few methods are found to be appropriate for acrosomal assessment (Tavalaee, et al.,
2007). Larson & Miller in 1999, studied acrosomes by using simple histochemical stain like
Coomasse G-250 and by labeling with fluorescein conjugated Pisum sativum agglutinin
(FITC-PSA) and found from statistical testing that there is no significant difference

between either method.
Coomassie Staining

Acrosome integrity evaluated by Coomassie Blue G-250 staining method has become a
reliable method for the assessment of acrosomal status in a variety of species including
cattle and buffalo (Mehmood et al., 2009). 0.22% Coomassie Blue G-250 in 50% methanol
and 10% glacial acetic acid was found to be simple and useful staining method for finding
the acrosome integrity in semen sample and may be useful for studies of fertilization and
as a part of a male fertility evaluation (Bendahmane et al., 2002, De La Vega-Beltran et al.,
2012, Oliveira et al., 2009). In humans, Coomassie staining has often been used to
measure sperm concentration and morphology as indicators of fertility problems
(Thiangtum et al., 2009).

In a study for the assessment of acrosomal status in rat spermatozoa, Coomassie brilliant
blue (CBB G-250) dye staining procedure was followed and was found to be effective to
assess in vitro capacitation and the status of the rat sperm acrosome. Researchers found

that the majority of spermatozoa were either acrosome-intact or completely acrosome-
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reacted; however, a small number of the spermatozoa appeared to be in the process of
undergoing the Acrosome Reaction (AR) as evident by the presence of the stained
membranous vesicles on the dorsal side of the sperm head after use of agonists that
induces the AR (Bendahmane et al., 2002).

FITC Peanut Agglutinin (FPNA) Staining

In addition to the different acrosomal enzymes, acrosomal matrix of the spermatozoa also
consists of glycoconjugates and variety of lectins have the ability to bind to those
glycoconjugates. With the concept of this, different lectins have been developed and used
to assess the sperm acrosomal status. The use of fluorescent labelled plant lectins or
antibodies raised against acrosomal proteins are frequently described for the evaluation

of the acrosomal status (Lybaert et al., 2009).

Fluorescein Isothiocyanate-Pisum sativum agglutinin (FITC-PSA) which binds to
glycoconjugates in the acrosome and stains the acrosomal matrix had been used to detect
the acrosomal loss of stallion spermatozoa (Cheng et al., 1996). In that study, only two
patterns of staining were observed, with intact acrosomes and missing acrosomes but not
with acrosome reaction in progress. Peanut agglutinin (PNA) exclusively binds to the outer
acrosomal membrane so, FITC-conjugated Arachis hypogea agglutinin (FITC-peanut
agglutinin; FPNA) was used to assess the sperm acrosomal status and the acrosome
reaction during equine gamete interaction (Mortimer et al., 1990). But among the two
fluorescein-labelled (FITC) plant lectins, Pisum sativum (edible pea) agglutinin (PSA) and
Arachis hypogaea (peanut) agglutinin (PNA), FPNA was found to be the most accurate and
reliable method to experimentally detect and assess the acrosome reaction in mouse
spermatozoa, as FPSA not only labelled the acrosome, but also the whole head and the
flagellum. Also, combining of fluorescent antibody labelling other spermatozoa proteins

is the major plus point of using this technique (Lybaert et al., 2009).

Several studies have been carried out using a variety of different fluorescent lectins to
confirm the specificity and justify the use of the peanut lectin. These included lectins from
wheat germ (Triticum vulgaris), soybean (Glycine max) and lentil (Lens culinaris) but all
failed to bind exclusively to the acrosome. A study using fluorescein isothiocyanate (FITC)-
labelled peanut lectin from Arachis hypogaea as a fluorescent acrosomal marker was able
to find to differences in spermatozoa or sperm quality and was quantified by flow
cytometry (Engh et al., 1991). Srivastava et al., 2013 in their research, also checked for
acrosome integrity of spermatozoa by FITC-PSA. A total of 200 spermatozoa were counted
per slide and spermatozoa devoid of PSA staining were considered as fully acrosome

reacted whereas PSA positive as acrosome intact live.
2.4.2 Viability and Sperm Membrane Integrity Testing
Sperm membrane integrity and viability are the most important measures of sperm
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quality (Foster et al., 2011). For normal fertility, about 60% or more sperm need to
be viable. Spermatozoa viability was also evaluated using the LIVE/DEAD spermatozoa
viability kit (L-7011; Molecular Probes, Eugene, OR, USA) using fluorescent microscopy
(Thiangtum et al., 2009). For viability testing, various stains are being routingly used like
Eosin-Nigrosin, Giemsa stain, Trypan-blue stain, etc. Trypan-blue staining is one of the
cheap and rapid technique to determine sperm viability. The percentage of live
(unstained) spermatozoa are expressed as viability. Principle behind this test is that viable
spermatozoa with intact cell membranes remain colorless excluding the stain whereas,
dead cells stain blue colored (Strober, 1997, Valle et al., 2008).

Hypo-Osmotic Swelling Test (HOS Test)

Sperm membrane integrity is an important measure of sperm quality. Different
techniques like flow cytometry using SYBR-14/propidium iodide (PI) stain, an automated
cell counting device using PI stain, eosin-nigroson stain, hypo-osmotic swelling test (HOS)
etc. are frequently used to estimate sperm membrane integrity (Foster et al., 2011).
Functional integrity of buffaloes and bulls spermatozoa is often evaluated by hypo-
osmotic swelling test (Mehmood et al., 2009). The principle of the HOS assay is based on
fluid transport across the sperm tail membrane under hypo-osmotic conditions until
equilibrium is reached and due to this influx of fluid, the tail expands and bulges in
different patterns, considered as hypo-osmotic response which can be readily identified
with a phase-contrast microscope. An undamaged sperm tail membrane permits one-way
passage of fluid (water) into the cytoplasmic space by osmosis making such space swollen,
and the generated pressure makes tail fibres curl, while the damaged or chemically
inactive tail membrane allows fluid to pass in-and-out across the membrane freely
without generating any pressure. Cytoplasmic swelling and curling of the tail do not occur.
Thus, the resultant swelling of the tail means presumably normally functioning

spermatozoa with an intact membrane (Hossain et al., 2010).

The advantage of the HOST is that it is very simple and repeatable (WHO, 1992). The test
was first introduced to evaluate hypo-osmotic swellings for investigating membrane
integrity of human spermatozoa (Hossain et al., 2010). And different patterns of tail
swelling observed in this condition makes the HOS test useful in providing valuable

information on sperm viability.

In a study, membrane functional integrity was assessed by the hypo-osmotic swelling test.
The technique consisted of incubating 30 ul of diluted semen with 100 pl of hypo-osmotic
solution (100 mOsm/Kg) at 37°C for 15 min. The samples were then fixed in 2%
glutaraldehyde in buffer. One hundred cells were counted by sample for each parameter
and the proportion of spermatozoa with swollen tails was considered as HOS positive
(Monton et al., 2015).
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Figure 2. 5: Schematic representation of typical morphological changes of human spermatozoa
subjected to hypo-osmotic stress: a = no change; b-g = various types of tail changes. Tail region

showing swelling is indicated by the hatched area (Jeyendran et al., 1984).
2.5. Identification of Estrous Cycle of Mice for in vivo fertilization

For various research works in vivo fertilization, protocols are followed using mouse as an
experiment model. The laboratory mice have been extensively used in many fields of
medical and biological research because of their body size, ease of manipulations and
breeding characteristics (Kashiwazaki et al., 2009). Female mice attain sexual maturity by
5 to 8 weeks with their productive breeding life of 7-8 months. Gestation period is of 18-
21 days and litter size vary from 2 to 12+ (Silver et al., 2000).

The reproductive cycle in rodents called estrous cycle is short, precise and lasts for 4-5
days comprising four phases namely proestrus, estrus, metestrus and diestrus. Estimation
of the estrous cycle is crucial to assess the functioning status of the female reproductive
system in mice. At around 26th day of birth, reproductive period of mice begins with the
opening of vagina. Vaginal opening is an apoptosis mediated event and is an important
secondary sexual character in mice and can be used as an external indicator for the

puberty onset, identified by simple visual inspection (Ekambaram et al., 2017).

Beginning of estrous cycle i.e. proestrus phase begins when a new batch of eggs reach
maturity within ovarian follicles that are ripe and large. At this phase female usually show
a bloated vulva with an open vagina. Estrus phase begins with the ovulation of fully
mature oocytes in which mice remains in an extended state with an open vagina and lasts
for 15 hours. This is the phase in which females are maximally receptive to male advances.
Then follows the metestrus phase in which mature eggs move through the oviducts and

into the uterus and the vagina is closed at this stage. At the end of metestrus, if there has
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been a successful copulation, induces hormonal changes that prepare the uterus for a
pregnancy. If pregnancy has not occurred, the metestrus phase is ultimately followed by
the last phase of the estrous cycle, diestrus. At this phase unfertilized eggs are eliminated
with the vagina at a minimum size, and new follicles begin to undergo a rapid growth for
the next ovulation (Silver et al., 2000).

In the proestrus phase there is an increase in 17-f Estradiol levels and small surge in
Prolactin and with the elevated Estradiol level, Luteinizing Hormone (LH) and Follicle
Stimulating Hormones (FSH) are released from anterior pituitary into the circulation. And
the peak in FSH levels signals ovulation and entry into the estrus stage, in which there is
sharp decline of 17-B Estradiol levels and Prolactin levels peak. It is the period of heat or
sexual receptivity. Metestrus and Diestrus are homologous to the human early and late

secretory phases respectively in which progesterone levels peak (Ekambaram et al., 2017).

Figure 2. 6 (a-d): Appearance of vagina in different phases of estrous cycle. a-Proestrus; b-Estrus;
c-Metestrus; d-Diestrus (Ekambaram et al., 2017).

2.6 Immunocontraceptives

Immunocontraception is non-hormonal form of contraception, based on the same
principles as disease prevention through vaccination. The advent of
“immunocontraception” represents the first true approach to the development of family
planning methods. It involves the administration of contraceptive vaccines (CVs) or
preformed antibodies that induces an adaptive immune response against some essential
element of the reproductive process, thus preventing pregnancy or causing an animal to
become temporarily infertile. There are three major targets involved in the development
of CVs, namely, gonadotropin releasing hormone (GnRH), follicle stimulating hormone
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(FSH), and luteinizing hormone (LH). Other targets of CV are, human chorionic
gonadotropin  hormone (hCG), zona pellucida (ZP) and sperm antigens.
Immunocontraceptives may overcome the demerits of currently used hormonal
contraceptives in terms of safety, target specificity, lack of endocrine metabolic side
effects and no requirement of an implant or device or surgical intervention. Contraceptive
of this type is not currently available for human use (Dwivedi & Yadav, 2012, Kaur &
Prabha, 2014).

The history of immunocontraception started with the ‘spermatozoa’, as the first target. It
started earlier from 1899 when Karl Landsteiner from Austria and Serge Metchnikoff from
Russia, demonstrated that injection of sperm from heterospecies can produce antibody
response. In 1929, Morris J. Baskin, a Denver-based surgeon and the clinical director of
the Denver Maternal Hygiene Committee, used human sperm to produce reversible
sterilization in fertile women. Subsequently, there are few preliminary reports that used
bull sperm instead of human sperm to induce antibodies in women for contraception.
Between 1950 and 1970, the sperm immunization studies regained impetus for fertility
regulation. The recent Nobel Prize winner of Physiology and Medicine in 2010, Dr. Robert

Edwards, was also very interested in immunocontraception (Metchnikoff & Baskin, 2011).

Targets for immunocontraception
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Figure 2.7: Schematic model indicating various targets that are being explored for the
contraceptive vaccine development. These include targeting gamete production [gonadotropin-
releasing hormone (GnRH), follicle-stimulating hormone (FSH), and luteinizing hormone (LH)],
gamete function [zona pellucida (ZP) proteins of the oocytes and sperm antigens], and gamete

outcome (human chorionic gonadotropin [hCG]) (Metchnikoff & Baskin, 2011).
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CHAPTER 3. MATERIALS AND METHODS
3.1. Laboratory Setting and Study Site

All the works for the thesis was conducted in the Research Laboratory of Central
Department of Biotechnology, Tribhuvan University, Kirtipur, Kathmandu, Nepal.

3.2 Collection of Plant Material and Extract Preparation

Leaves of Artemisia vulgaris (before the onset of flowering) were collected from plants
growing wild around the Tribhuvan University, Kritipur, Kathmandu and only healthy
leaves were selected. The selected leaves of A. vulgaris were subjected to washing under
running tap water to remove the surface contamination. The plant material was dried in
air in shade for overnight followed by oven drying at 60°C. After complete drying leaves
were then grinded to fine powder form using a mechanical blender. Fine powdered form
of leaves (approximately 100 g) was mixed with 80% ethanol as a solvent in 1:3 ratio in a
dark bottle. Then the mixture was kept in shaker for three overnights and after incubation,
the extract was filtered through 0.2 micron Whatman filter paper. The filtered extract was

then preserved for further use in airtight dark bottle in refrigerator.
3.3 Plant Extract Concentration

For finding the concentration, 5 ml of extract was taken in a clean Petri plate and left for
complete drying in hot air oven at 110°C.

Weight of empty plate = V1

Weight of plate+ 5 ml extract = V2

Weight of plate + extract after vaporization = V3

Net weight of extract = V3-V1

Concentration of extract = (V3-V1)/5 ml

And from this stock extract, different concentrations were prepared by diluting with
DMEM medium.

3.4 Spectrophotometric Reading of the Extract

Scanning spectrophotometer (Thermo Scientific) was used for reading absorbance of the
extract. Extract dilution of 1:50, 1:100 and 1:500 were prepared and absorbance noted
with wavelength ranging from 200 nm- 800 nm. All those wavelength versus absorbance
records were taken in photographs and also those data were recorded manually. Also, the

peak points at which wavelength showed the maximum absorbance were noted.
3.5 Mice Purchasing and Handling

Swiss albino male and female mice of 8-12 weeks were purchased from the Department

of Plant Resources (DPR), Thapathali, Kathmandu. They were housed in our animal lab
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house in polypropylene cages and maintained on a 12 h light: 12 h dark cycle, controlled
temperature of 24-28°C, with water and solid pellet food and were handled by following

approved protocol.

(b}

Figure 3. 1 (a) and (b) Mice housed in animal lab house of Central Department of Biotechnology.

3.6. Sperm Collection, Culture and Treatment

After one week of acclimatization, mice were used for the experiment. Mice were
sacrificed using cervical dislocation method and dissection performed with sterile
dissection equipment’s. Testes were located and excluding fat bodies wrapped around it,
both caudal epididymis were excised and immediately placed in 5 ml of DMEM
(Dulbecco’s Modified Eagle’s Media) supplemented with 5 mg/ml BSA, 15-20 mM HEPES
buffer. Epididymis were minced and sperm samples were collected. For all experiments
the sperm concentration was adjusted to 10° cells/ml. For studying sperm function assays,
treatment of spermatozoa with various concentrations of herbal extracts was done for

duration of capacitation period (2 h).

Various concentrations of extract were prepared by mixing required volume of plant

extract and making the final volume of 1 ml with media.
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Table 3.1: Various concentrations of the extract with media and 80% ethanol.

S.N. Extract concentration Extract volume Media volume  (ul)
(ug/ml) (w) (DMEM+HEPES+BSA)

1 0 0 1000

2 25 0.61 999.39

3 100 2.5 997.5

4 400 9.85 990.15

5 500 12.32 987.68

6 800 19.70 980.29

7 1000 24.64 975.36

8 2000 49.26 950.74

9 80% ethanol volume (pul)
10 1000 (Vehicle control) 24.64 975.36

11 2000 (Vehicle control) 49.26 950.74

3.7 In-Vitro Sperm Function Tests

For studying the contraceptive effects of ethanol extracts of Artemisia leaves, in vitro
cultured mouse spermatozoa were treated with various concentrations of extracts. The

effects of the extract on various sperm functions were analyzed as described below:
3.7.1 Effect of Extract on Sperms Acrosome Integrity

To have idea on how extracts effect on mice spermatozoa, first of all effect was observed
on acrosome of mice spermatozoa. Sperm samples were treated with various
concentrations of extract and effect was observed. For finding extract effect on acrosome

integrity, two staining techniques were followed.
3.7.1.1 Coomassie Staining of Mice Spermatozoa

Sperm Isolation, Treatment and Incubation

First of all, various concentrations of plant extract (25 pug/ml, 100 pg/ml, 400 pg/ml, 500
pg/ml, 800 pg/ml, 1000 pg/ml and 2000 pg/ml) were prepared by mixing required volume
of extract on media (Table 3.1). Media without extract was prepared as a control and also
replacing extract with 80% ethanol on media, (vehicle control) was prepared for checking
the effect of ethanol on acrosomes. And then those prepared samples were incubated in

incubator at 37°C for two hours for media stabilization with the plant extract. Within this
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two hours of incubation, sperm sample was collected as described above. Prepared
spermatozoa sample on media was centrifuged at 300 rpm for 1 minute just to sediment
the unwanted tissue particles. Supernatant containing spermatozoa were collected. Then
100 pl of sperm samples were added to each prepared different concentration of extracts
and mixed properly.

Incubation was performed for two hours at 37°C and then 50 pl of 40% formalin (final 4%)
was added to each eppendrof tube and left at room temperature for 15 minute.
Centrifugation was done at 12,000 rpm for 3 minute. Discarding the supernatant, pellet
with around 100 pl of media was preserved and re-suspended. A thin layer of saliva was
applied on coverslips to improve the sperm cell attachment. After complete drying, 50 pl
of sperm suspension was applied on each coverslip. After 2 min of sedimentation the
remaining fluid was removed and the coverslips were allowed to air dry. They were
stained with Coomassie Brilliant Blue (CBB G-250) for 5 minutes and then washed
properly. Finally after complete drying the coverslip were attached on slides with cells
side up and then observed in microscope under 40X and 100X lens. Spermatozoa with
acrosome and without acrosome were counted for finding the effect of extracts on

acrosome integrity (Larson & Miller, 1999).

Acrosome integrity (%) = (Spermatozoa with intact acrosomes / Total Number of

spermatozoa counted) x 100%
3.7.1.2. FITC Peanut Agglutinin (FPNA) Staining
Sperm isolation, treatment and incubation were done as described above.

Incubation was performed for two hours at 37°C followed by centrifugation at 12,000 rpm
for 3 minute. Then clean coverslips were taken and thin smear of saliva was made for
enhancement of attachment of sperm cells on coverslip. After complete drying of the
coverslip, 50 pl of sperm suspension of fairly good concentration was added and allowed
to stand for 3-5 minutes. Then the unattached spermatozoa were removed by washing
with 1X PBS and coverslips were flooded with 4% formalin (made in PBS) for 30 minutes
to 1 hour. After washing with PBS, the coverslips were treated with 1% Tween 20 (made
in PBS) for 30 minutes at room temperature. Tween is poured off and then 50 pl of 250X
diluted FPNA was added followed by incubation at 37°C for 1 hour (covered with
aluminum foil to avoid light). After then removing FPNA, 50 ul of Ethidium Bromide (EtBr)
(100 pg/ml) was added and incubation for 10 minutes at room temperature in dark. EtBr
was removed and washed with PBS. Then a drop of 10% glycerol (in PBS) on a clean grease
free slide was taken and the labelled coverslips were mounted on individual slides by
inverting on the mounting drop. Flowingly the edges of coverslips was sealed with DPX
(mordant). Observation of spermatozoa was done under blue channel of epifluorescent

microscope and the sperm cells with acrosome and without acrosomes were counted.
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Acrosomes appeared green as stained by FPNA and nucleus appeared red. Acrosome
integrity were calculated as below:

Acrosome integrity (%) = (Spermatozoa with intact acrosomes / Total Number of
spermatozoa counted) x 100%

3.7.2. Effect of Extracts on Spermatozoa Viability

Viability and membrane integrity of spermatozoa, were studied by staining with Trypan-

blue staining and hypo-osmotic swelling test.
3.7.2.1. Trypan-blue Staining

Sperm isolation, treatment and incubation were done as described above.

Incubation was performed for two hours at 37°C followed by centrifugation at 12,000 rpm
for 3 minute. Supernatant is discarded and the pellet with around 20-30 ul of media was
preserved and immediately kept in ice bucket. Then from each tubes, 5 pl of sperm was
dropped in a clean grease free slide and mixed with 5 pl of 0.4% Trypan-blue stain. The
mixture was covered with the coverslip were observed under 100X objective of a

microscope (Strober, 1997). The viability of sperm cells were calculated as:

Spermatozoa viability (%) = (Viable spermatozoa / Total Number of spermatozoa counted)
x 100%

3.7.2.2. Hypo-Osmotic Swelling Test (HOS Test)

Preparation of HOS solution:

0.735 g Sodium citrate dehydrate and 1.351 g D-fructose were taken and mixed in 100 ml

of distilled water.

Sperm isolation, treatment and incubation were done as described above.

After incubation, centrifugation was performed for 3 minute at 1,800 rpm and pellets with
around 100 ul sample was collected. For control sample, sperm sample and hypo-osmotic
solution was added in 1:10 ratio whereas for different concentrations of extracts, only 100
ul of sperm sample was added. Then 2 hours incubation was performed for extracts

samples whereas only 1 hour incubation for control sample.

After 1 hour of incubation at 37°C, centrifugation was done at 2,000 rpm for 4 minute and
leaving around 100 pl sample a bottom remaining supernatant was discarded. 1-2 drops
of sperm sample was placed on slide, covered by coverslip, edges was sealed by DPX and
then tail swellings of spermatozoa were observed under 40X microscope. For sperm
samples treated with different concentrations of extracts, after 2 hours incubation,
centrifugation was performed for 3 minute at 1,800 rpm and pellets with around 100 pl

sample was kept. HOS solution was added as like for control in 1:10 ratio followed by
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incubation for 1 hour followed by centrifugation at 2,000 rpm for 4 minute and similarly
like that for control, slide was prepared and sperm cells were counted with straight or
different types of tail curling (Jeyendran et al., 1984).

Spermatozoa viability (%) = (Spermatozoa with swollen tails / Total Number of
spermatozoa counted) x 100%

3.8 Protein Profiling by Sodium Dodecyl Sulfate Polyacrylamide
Gel Electrophoresis (SDS-PAGE)

For analyzing the effect of extract on sperm proteins, SDS-PAGE and silver staining was
performed. 10% SDS polyacrylamide gel were casted in tray by following a standard
method. The required glass plates were assembled and the prepared 12% resolving gels
(22.2% Acrylamide, 0.6% Bis-acrylamide, 1M tris/HCL pH 8.8, 10% SDS, 10% APS, TEMED,
distilled water) was poured between glass plates and left for polymerization. APS and
TEMED were added just before pouring. As soon as the gels got polymerized, stacking gel
(22.2% Acrylamide, 0.6% Bis-acrylamide, 1M tris/HCL pH 6.8, 10% SDS, 10% APS, TEMED,
distilled water) was poured over resolving gel and again left for polymerization by keeping

comb over.

Within this period, 30 pl of concentrated sperm suspension (treated with 1000 pg/ml of
extract) was mixed with 8 ul of 5X sample buffer (1M Tris HCI, pH 6.8, 25% glycerol, 10%
SDS, 5% 2-mercaptoethanol, 2% bromophenol blue in ethanol) and heated in a boiling
water for 5 minutes. The protein extracts were spinned for 5 min. Then after
polymerization of gels, 10 ul of samples and protein marker were loaded to 10% PAGE
precast gels and electrophoresed with tris-glycine buffer. After electrophoresis, the gels
were stained with Coomassie Brilliant Blue R-250 (CBB) (2.5 g CBB R-250, 450 ml
Methanol, 100 ml Glacial acetic acid and made volume of 1 liter with distilled water) and
left overnight. On the next day, excess stain was removed by washing with destaining
solution (300 ml Methanol, 100 ml Acetic acid and made volume of 1 liter with distilled

water) and then gels were photographed.

The gels were further processed for silver staining. The gel previously stained with
Coomassie was used. So without fixation, Coomassie stain was removed as far as possible
by destaining solution as described before. It was followed by washing the gel in H,O for
30 minutes. Then the gel was sensitized in 0.02 % sodium thiosulfate (0.04 g Na, S;03, 200
ml H20) for 1 min and washed for three times in water for 20 sec. Incubation of gel was
performed for 20 min in 4°C cold 0.1% silver nitrate solution (0.2 g AgNO3, 200 ml H,O,
0.02% formaldehyde) and after washing in water for 20 seconds for three times was
placed in a new staining tray. The gel was then developed in 3% sodium carbonate (7.5 g
Na,COs3in 250 ml H20) and 0.05% formaldehyde in which 125 pl of 35% formaldehyde was

added just before use. The developer solution was changed immediately when it turns
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yellow and was terminated when the staining was sufficient. Then after the gel was
washed for 20 seconds in water followed by terminating the staining in 5 % acetic acid for
5 minutes. The gel was again washed in water for three times for 10 minutes to ensure

complete removal of acetic acid and then was only visualized.
3.9 In-vivo Fertilization

To perform in vivo fertilization, female mice of 6-8 weeks old and male of 8-10 weeks old
were used. Before experimentation, they were caged in our animal lab house for 1 weeks
for acclimatization providing them with adequate foods and water. After 1 weeks of

acclimatization, estrus cycle was checked each day in each female mice.

Experimentation was performed on five sets of mice. For each set of experiment five mice
were used for extract treatment and five as a control. Estrus cycle was regularly monitored
for female mice. On the day in which they were found to be in estrus cycle, 24.64 ul of
1000 pg/ml of Artemisia extract was injected through vagina while for control no any
treatment. Immediately, extract injected female mice were caged with male mice in 2:1
ratio. Extract injection was regularly performed for three consecutive days on the evening
time. On the following morning regularly for three days (within 10-12 hours post mating),
the female mice were checked for the evidence of copulation. Mice with closed
copulatory plug and waxy, whitish substances around vaginal area were found to be gone
successful mating. Also microscopy was performed with the vaginal swab for the presence
of spermatozoa on successful mated mice. And on the following morning of the last dose
treatment i.e. fourth day morning, female mice were separated and that day was
considered day one of pregnancy. Mice were routinely fed throughout the gestation
period of 21 days and after delivery, number of pups delivered by control mice and extract

injected mice were compared (Suryawanshi, 2011).
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(3.2) (3.3)

Figure (3. 2) Mice in the right side with vaginal opening in estrus cycle, in the left side not in estrus
cycle; (3.3) Mice with closing of copulatory plug and presence of waxy, fluidy substances outside

vagina revealing successful mating.
3.10 Statistical Analysis

Each experiment were done in triplicate repeats. Statistical processing of data for the
calculating mean, standard deviations, standard errors, and for drawing graphs and
interrelationship curves, Microsoft Excel program was used. Data are expressed as Mean
+ S.E. For statistical analysis of the data, two-tailed t test was employed wherever
required. p<0.05 was considered significant and was calculated from the website given

below.

https://www.medcalc.org/calc/comparison of means.php?fbclid=IwAR3Uo03Psutlulk3
8yCOqwAplmheuxrBlkaZznGY4Q24zv-cVCOgGohrY kwQ
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4.1 Plant Extract Concentration

Powdered form of leaves sample of Artemisia vulgaris was extracted with 80% ethanol in
1:3 ratio and the concentration of the ethanol extract of the plant was found to be 40.6
mg/ml.

4.2 Spectrophotometric Reading of Ethanol Extract of A. vulgaris

Absorption spectrophotometer reading of ethanol extract was performed in scanning
spectrophotometer with wavelength ranging from 200-800 nm. The extract was diluted
with 80% ethanol in 1:50, 1:100 and 1:500 ratio with 80% ethanol and performed
separately for all three dilutions. Absorption spectrum of ethanol extract shows that the
peak value of the plant between 200-500 nm and the major peak was obtained at 300 nm
with the absorbance 1.142 (Graph 4.1). The UV-visible spectroscopy was performed for

general overview on presence of metabolites in the extract.

Table 4. 1. Absorbance of A. vulgaris extract sample of concentration 100 pg/ml.

Wavelength (nm) Absorbance

0 -

100 -

200 0.226

300 1.142

400 0.519

500 0.065

600 0.041

700 0.006

800 0.000
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Graph 4.1. Absorption spectrum of Artemisia leaf extract in 1:100 dilution with 80% ethanol.

4.3 Treatment with Artemisia Extract Causes Precocious
Acrosome Exocytosis in Mouse Spermatozoa

4.3.1. Coomassie Staining of Spermatozoa

Artemisia extract caused precocious acrosome reaction in mouse spermatozoa. The
percentage of acrosome intact spermatozoa were estimated by counting 150-200
spermatozoa and acrosome integrity (%) was calculated in the control sample and

treatment samples.

Effect of plant extract on acrosome integrity (%) of mouse spermatozoa was analyzed by
staining with coomassie staining technique. In untreated control incubation for 2 h, the
percentage of intact acrosome was 81.85% (Tab. 4.2). The plant extract caused high rate
of acrosome reaction. The percentage of acrosome intact spermatozoa steeply decreased
with increasing extract concentration from 25 pg/ml to 1000 pg/ml. At extract
concentration 2000 pg/ml, only 14.09% spermtaoza showed intact acrosome was
observed (Tab. 4.2). At higher concentration range of extract, beyond 1000 pg/ml, the
percentage of acrosome reaction did not appreciably increase (Graph 4.2). Also compared
to the control, integrity (%) was not found to be notably decreased in both vehicle controls
(1000 pg/ml and 2000 pg/ml; Tab. 4.2).
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Table 4.2. Acrosome integrity of mouse spermatozoa treated with different concentrations of

Artemisia vulgaris extract.

Experiments

(1) (2) (3)

Extract Acrosome Acrosome Acrosome Mean Standard Standard

SN concentration integrity integrity (%) integrity Deviation Error
(%) (%)

(ng/ml)
1 0 82.14 84.32 79.09 81.85 2.62 1.51
2 25 76.05 80.47 75.06 77.19 2.88 1.66
3 100 68.55 75 72.24 71.93 3.23 1.86
4 400 53.33 55.34 52.18 53.61 1.59 0.92
5 500 45.77 46.9 44.09 45.58 1.41 0.81
6 800 32.96 31.06 30.98 31.66 1.12 0.64
7 1000 20.5 21.68 22.73 21.63 1.11 0.64
8 2000 16.96 12.00 13.33 14.09 2.56 1.48

9 1000 (Vehicle 78.32

control)

10 2000 (Vehicle 75.90

control)
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Graph 4.2. Acrosome integrity of mouse spermatozoa treated with various concentrations of
Artemisia leaf extract. Each dotted point is a mean value from three readings taken. The vertical

lines indicate the standard deviations.

Acrosome intact mouse spermatozoa displayed crescent-shape staining on the dorsal side
of the head when stained with the protein dye Coomassie Brilliant Blue G-250 (Fig. 4.1,
insert A) whereas spermatozoa with no or disintegrated acrosomes or spermatozoa that
have undergone acrosomal exocytosis do not display such acrosomal crescent staining
(Fig. 4.1, insert B). Around 80 % spermatozoa were found to be with intact acrosomes as
observed in the control sample (Fig. 4.1). Similarly, in extract treated group, a greater

number of spermatozoa displayed lack of acrosomal staining (Fig. 4.2 a and b).
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Figure 4. 1. Acrosome of mouse spermatozoa stained with Coomassie blue in control sample.
Spermatozoa with intact acrosome show distinct blue-ridge on the dorsal (convex) surface of the
head, at the curved tip and at the concave, upper head region (Insert A). Sperm head that were

lacking in the acrosome did not show such staining (Insert B).

(a) (b)

Figure 4. 2 (a) Coomassie staining of spermatozoa treated with extract of concentration 500 pg/mil;

(b) Spermatozoa treated with 2000 pug/ml concentration of extract.
4.3.2. FPNA Labeling of Spermatozoa

Effect of extract on acrosome exocytosis in mouse spermatozoa was also studied by FPNA
staining method. The results were very similar to those observed with coomassie staining.
In untreated control sample, the percentage of intact acrosome was 77.36 % and was
found to be steeply decreased with increasing extract concentration from 25 pug/ml to
1000 pg/ml. At extract concentration 2000 pug/ml, only 11.58% spermtaoza showed intact
acrosome. Compared to the control, integrity (%) was not found to be significantly
decreased in both vehicle controls (1000 pg/ml and 2000 pg/ml) having 75.67% and
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71.28% respectively (Tab 4.3). But at concentration above 1000 pg/ml, the percentage of

acrosome reaction did not appreciably increase (Graph 4.3).

Table 4.3: Acrosome integrity of mouse spermatozoa treated with different concentrations of A.

vulgaris extract.

Experiments

(1) (2)

Extract Acrosome Acrosome Acrosome Mean Standard Standar
concentration integrity (%) integrity (%) integrity (%) Deviation d Error
(ng/ml)

0 77.46 79.08 75.55 77.3633 1.76 1.02

25 71.17 70.02 72.72 71.30 135 0.78

100 66.24 68.09 69.79 68.04 1.77 1.02

400 50.6 52.34 55.97 52.97 2.73 1.58

500 41.44 43.88 47.61 44.31 3.10 1.79

800 30.21 29.74 26.97 28.97 1.75 1.01
1000 19.66 20.4 19.59 19.88 0.44 0.25
2000 14.52 10.88 9.35 11.58 265 1.53
1000(Vehicle  75.67

control

2000(Vehicle  71.28

control)
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Graph 4.3: Acrosome integrity of mouse spermatozoa treated with various concentrations of
Artemisia leaf extract.

On staining of sperm cells with FPNA and ethidium bromide and observation under blue
light of epifluorescence microscope, the spermatozoa were observed with green
acrosome portion and red on nucleus. Control sperm sample without extract treatment
were found to emit green fluorescence on the acrosome stained by FPNA stain and red
fluorescent due to the staining of nucleus by Ethidium Bromide (Fig. 4.3 —4.6). Acrosome
loss was found to be increased in a dose-dependent manner of extract as number of fully
or partially disintegrated acrosomes was found to be increased in extract treated with
concentration of 2000 pg/ml (Fig. 4.6). Spermatozoa stained with FPNA were found to be
very low whereas spermatozoa stained only with EtBr were found to be more in treatment
with extract of 2000 pg/ml (Fig. 4.6).
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(4.3) (4.4)

(4.5) (4.6)

Figure (4.3) (a) Spermatozoa with intact acrosome on the dorsal part of the head; (b) Spermatozoa

without acrosome and stained only by EtBr; (c) Spermatozoa with acrosome undergoing
exocytosis due to treatment with plant extract; (4.4) FPNA staining of mouse spermatozoa
without extract treatment (control) in which most of spermatozoa possess green, crescent shaped
acrosome on the dorsal side and stained red on nuclei part with EtBr; (4.5) Spermatozoa treated
with extract concentration of 400 ug/ml in which few are stained with FPNA and most of them
are also with disintegrated acrosomes; (4.6) Spermatozoa treated with 2000 pg/ml concentration

of extract.

The acrosome integrity of 81.85£1.51 in control untreated sample was found to decreased
to 21.63+0.64 in spermatozoa sample treated with extract concentration of 1000 ug/ml
and from 77.36£1.02 to 19.88+0.25 when stained with Coomassie and FPNA staining
techniques respectively. Also as shown in the Table 4.4, p=0.0001 in comparison between
control and extract treatment for both staining techniques, the extract showed significant

effect on acrosome reaction.
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Table 4.4. Prediction equations of acrosome assessment comparison between control and
standardized concentration of extract by two staining techniques.

Parameters Coomassie staining FPNA staining
Control Treatment Control Treatment
(1000 pg/ml) (1000 pg/ml)
Acrosome 81.85+1.51 21.63+0.64 77.361£1.02 19.88+0.25
integrity
(Mean#S.E.)
p-value 0.0001 0.0001

4.4 Treatment of spermatozoa with extract have minimal effects on
viability and sperm membrane integrity

In comparison to the effect of ethanol extract of A. vulgaris on acrosome integrity, effects
on sperms viability and membrane integrity were found to be low. In freshly isolated

sample, almost 90% to 98% spermatozoa were viable in each experiments.
4.4.1 Trypan-blue staining

In untreated control sample after incubation for 2 h, the percentage of viable
spermatozoa was found to be 88.29%. On treatment with different extract concentration,
decrease in viability (%) of spermatozoa was found in a concentration dependent manner
from 25 pg/ml to 2000 pg/ml. At extract concentration of 2000 ug/ml, only 36.27%
spermtaoza were viable (Tab. 4.5). In spermatozoa treated with extract concentration of
1000 pg/ml, viability was found to be largely deviated from its mean with standard
deviation value of 11.57 and also at concentration above 1000 pg/ml, viability was not
found to be steeply decreased (Graph 4.4) signifying it the most effective concentration
for effect on spermatozoa viability loss. Compared to the control, ethanol seemed to have
minimal effects on spermatozoa viabilty as viability (%) was found to be decreased in both
vehicle controls (1000 pg/ml and 2000 pg/ml) having 84.50% and 82.38% respectively
(Tab. 4.5).
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Table 4.5: Calculation of viability of spermatozoa treated with different concentration of extracts.

Experiments

Extract (1) (2) (3)
concentration Viability  Viability Viability = Mean Standard  Standard
(ug/ml) (%) (%) (%) Deviation  Error
0 95.4 85.93 83.55 88.29 6.26 3.61
25 86.78 76.61 79.37 80.92 5.25 3.03
100 76.79 72.62 70.52 7331 319 184
400 445 62.82 65.4 5757 1139 6.57
500 44.5 60.73 62.5 5591 992 572
800 38.75 56.37 55.89 50.34 10.03 5.79
1000 31.29 52.23 50.32 44.61 1157 6.68
2000 25.33 40.99 42,5 36.27 9.50 5.48

1000(Vehicle 84.50
control, VC)

2000(VC) 82.38

100
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Graph 4.4. Sperm viability against various concentrations of Artemisia leaf extract. The sperm

viability has been estimated by Trypan-blue method.
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On Trypan-blue staining, viable spermatozoa possessing intact cell membrane exclude
stain and remained colorless (Fig. 4.7 a) whereas dead spermatozoa stained as blue color
(Fig. 4.7 b). On control sample without extract treatment, most of the spermatozoa were
viable as revealed by Coomassie staining. Most of the visualized spermatozoa were
colorless (Fig. 4.8). On increasing the extract concentration on treatment, more
spermatozoa were found to be stained by Trypan-blue as viability loss was increased due
to effect of extract. In comparison to spermatozoa with extract treatment of 100 pg/ml
concentration (Fig. 4.9), higher frequency of blue stained spermatozoa with Trypan-blue
when they were treated with concentration of 2000 pug/ml (Fig. 4.10) signifying the effect
of extract on viability loss in a concentration dependent manner.
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Figure (4.7-4.10). Trypan-blue staining of mouse spermatozoa (a) Viable spermatozoon with intact
membrane unstained by Trypan-blue; (b) Dead spermatozoon stained blue by Trypan-blue; (4.8)
Viability testing of spermatozoa without extract treatment, control sample; (4.9) Staining of
spermatozoa treated with extract concentration of 100 ug/ml; (4.10) Viability test with extract
treatment of 2000 pg/ml.
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In addition to viability test, HOS test also determines membrane integrity of spermatozoa.

In untreated control sample after incubation for 2 h, the mean percentage of viable

spermatozoa with intact plasma membrane was found to be 97.43%.

Extract

concentration was ranged from 25 ug/ml to 2000 ug/ml in which the viability (%) was
found to be 94.53% and 75.77% respectively (Tab. 4.6). With the increasing concentration
of extract, viability was decreased in a similar trend for all treatment. But there was not

a sharp decrease in viability with increasing concentration of the extract (Graph 4.5). And

as the value did not differ much from the control, the extract is supposed to have minimal

effect in the viability of spermatozoa.

Table 4.6: Effect of Artemisia leaf extract on the membrane integrity of mouse spermatozoa,

estimated by hypo-osmotic swelling test.

Experiments

Extract (1) (2) (3)

concentration Viability  Viability Viability = Mean Standard Standard
(ng/ml) (%) (%) (%) Deviation  Error

0 98.49 97.45 96.36 97.43 1.0651 0.6149345
25 95.08 94.11 94.4 94.53 0.4979 0.2874601
100 89.81 87.69 87.06 88.18 1.44071 0.8317919
500 85.21 85.03 85 85.08 0.11358 0.0655743
800 80.9 81.66 83.46 82.00 1.31474 0.7590637
1000 79.81 78.7 77.98 78.83 0.9219 0.5322593
2000 76.7 74.81 75.8 75.77 0.94536 0.5458021
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Graph 4.5. Sperm viability against various concentrations of Artemisia leaf extract by using hypo-
osmotic swelling test. Curve plotted from the data shown in the Tab. 4.6.

In hypo-osmotic swelling test, viable spermatozoa with intact membrane when treated
with hypo-osmotic solution, developed bent or different types of swollen tails (Fig. 4.11
a, b) but dead spermatozoa with damaged plasma membrane maintained straight middle-
piece and tail (Fig. 4.11 c). In untreated control sample almost all spermatozoa were found
to have different types of tail swelling (Fig. 4.12). On treatment with different extract
concentration, viability percentage was found to be in decreasing trend with increasing
number of dead spermatozoa with straight middle-piece or tail (Fig. 4.13 and 4.14).
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(4.11) (4.12)

(4.13) (4.14)

Figure 4.11. (a) and (b) Viable spermatozoa with swelling or bended middle-piece and tail; (c)
dead sperm with straight body structure when kept in hypo-osmotic solution; (4.12) Different
types of hypo-osmotic swelling of mice spermatozoa (control sample). (4.13) Hypo-osmotic
swelling test of mice spermatozoa treated with 25 pg/ml concentration of plant extract; (4.14)

Spermatozoa treatment with 2000 pg/ml) extract.

Spermatozoa viability was 88.291£3.61% in control untreated sample. This value was
decreased to 44.61+6.68% in sperms sample treated with extract concentration of 1000
ug/ml (p=0.0045). Identical value was also obtained by Trypan-blue staining method. This
signified that the extract has significant effect on sperms viability loss. In hypo-osmotic
swelling test also spermatozoa viability was decreased from 97.43+0.61 to only
78.83+0.53 (p=0.0001) (Tab 4.7).
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Table 4.7. Comparative spermatozoa viability loss due to extract treatment, evaluated by two
staining techniques.

Parameters Trypan-blue staining Hypo-osmotic swelling test
Control Treatment Control Treatment
(1000 pg/ml) (1000 pg/ml)
Viability percentage 88.29+3.61 44.61+6.68 97.43+0.61 78.83+0.53

effect (MeanS.E.)

p-value 0.0045 0.0001

4.5 Extract effect on spermatozoa proteins by Sodium Dodecyl
Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE)

Protein expression pattern of sperms sample treated with two different concentrations of
extract 500 pg/ml (A1) and 1000 pg/ml (A2) were compared with control sample without
extract treatment. Fig. 4.15 a, showing the bands after Coomassie staining and Fig. 4.15
b, is of gel with bands visualized after performing silver staining. In both staining protocols
GeNei Protein Molecular Weight Marker (3.5 kDa to 205 kDa) was used (Fig. 4.15 c).
Protein marker was loaded on Lane 1, followed by extract untreated control sample on
Lane 2 and Lane 3 and Lane 4 loaded with spermatozoa treated in DMEM media with

extract concentration of 500 pug/ml (A1) and 1000 pg/ml (A2) respectively.

In both gels, there was observation of major 11 protein bands ranging between 23-82 kDa
but most of the observed bands were not clear and distinct for their molecular weight.
Among them also, protein bands of molecular weight 23, 66 and 82 kDa were observed to
be most abundant proteins of the spermatozoa. And on comparison of bands between
treated and control samples with marker, no distinct differences on expression pattern
was observed. This might be due to changes in minor proteins may not be visible in total
protein profile by both these performed staining techniques. But was seen some
differences in protein intensities of some bands like as protein bands of molecular weight
30 kDa and 23 kDa in extract treated sample lanes which might be due to effect of extract

treatment.
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Figure 4.15. Protein profiling of untreated control and treated mouse spermatozoa (a) PAGE
electrophoresis stained with Coomassie staining and (b) Silver staining; (A1) spermatozoa treated

with 500 pg/ml extract, and (A2) spermatozoa treated with 1000 pug/ml of extract.
4.6 Extract have significant effects on in vivo fertilization

The effect of the extract on in vivo fertilization rate of mice was performed in five sets of
mice. After delivery, no. of the litters born were counted from each mice in each
experiment and litter size was compared between control and extract treated mice. In all
experiments in extract untreated control mice, number of litters born was found to be
either 9 or 10 whereas number of litters delivered was reduced to 5 in extract treatment
mice (Tab. 4.8). Among the five sets used for the experiment, sample injected mice of the

first set did not give any birth.
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Table 4.8. Comparison of number of mice births in control and extract treated mice (24.64 pul of

1000 pg/ml concentrate extract, intravaginally injected).

Set Number of litters born(control) Number of litters born
(treatment)

1 9 0

2 10 8

3 9 7

4 10 5

5 9 5

The mean of number of pups’ birth was found to be decreased from 9.4+0.21 in untreated

control mice to 5+2.22 in treated mice. The p-value of 0.0137 was obtained from the

performed experiments in five sets of mice which was less than chosen significance level

() 0.05 suggesting that the observed data is sufficiently inconsistent with the null

hypothesis and so null hypothesis was rejected. And also as t-value is greater than critical

value (Tab. 4.9), there seems significant difference between control and plant extract

treatment in mice in in vivo fertilization.

Table 4.9: Prediction equations of the effect of extract on in vivo fertilization of mice between

control and standardized concentration of the extract.

Parameters Control Treatment (1000 pg/ml)
Meanz S.E. 9.41+0.21 512.22

t-value 3.143

p-value 0.0137

Critical value 2.30
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There has been many researches on plant Artemisia vulgaris in their medicinal uses, but
very few works were focused on the contraceptive use of the plant. The present study has
shown that Artemisia leaf extract exerts significant effect on acrosome exocytosis and in
vivo fertilization, minimal effects on viability and membrane integrity whereas not readily

visible effect on protein profiling.

From spectrophotometric analysis of the extract, absorption spectrum was obtained with
the highest peak at wavelength of 300 nm (Graph 4.1) that resembles absorbance of
flavonoids in the extracts as UV—Vis absorption spectrum of flavonoids shows two peaks
of maximum absorption at 240-280 nm and 300-550 nm (de Oliveira-Junior et al., 2017).
Presence of flavonoids in our extract could be supported by work done by Shaik et al.,
2014 in which phytochemical examination of methanolic extract of the leaves of A.
vulgaris in 70% methanol revealed the presence of steroids, flavonoids and saponins.
Flavonoids have been reported to possess anti-fertility activities like anti-implantation and

anti-estrogenic.

But from only absorption spectrum, various active metabolites of extract exhibiting their
effects cannot be confirmed. So, further phytochemical analysis and HPLC-MS or GC-MS
should be carried out. Phytochemical analysis of A. annua by Abolaji et al., 2014 resulted
more than 80 natural products that include various flavonoids, coumarins and phenolic
acids. Pandey et al., 2017 showed the presence of high amount of alkaloids, flavonoids,
and terpenoids, steroids and tannin along with several other phytonutrients in methanol

extract of leaves.

The acrosome reaction is very important in the series of events leading to a successful
fertilization of oocytes. Acrosome assessment is a fundamental tool for both research
purpose and diagnosis of male infertility (Lybaert et al., 2009). After capacitation i.e. the
functional maturation of spermatozoa, spermatozoa are supposed to become fusion-
competent only after they have undergone the acrosome reaction (Yanagimachi, 1994).
During acrosome reaction, spermatozoa head binds the zona pellucida through specific
ligand-receptor interaction causing the acrosome to vesiculate and release enzymes on
the zona pellucida. Primary attachment is performed by either acrosome-intact or
acrosome reacted spermatozoa but in the mouse, only acrosome-intact spermatozoa can
initiate binding to the zona pellucida (Llanos et al., 1993). Spermatozoa that are unable to
shed acrosome upon zona binding cannot penetrate the zona pellucida and cannot
fertilize. So, for successful fertilization spermatozoa must go acrosome reaction. But

spermatozoa quickly die after acrosome reaction. That means, precociously acrosome
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reacted spermatozoa cannot penetrate zona-pellucida or fertilize oocytes. Hence, here
we investigate whether the extract could induce acrosome reaction and then block

fertilization.

The products or extracts of different medicinal plants are known to exert their effects on
spermatozoa by generating reactive oxygen species (ROS) or protect spermatozoa by
scavenging free radicals of ROS. Oxidative stress induced by free radicals could in turn
disturb the membrane structural components which lead to the sperm plasma membrane
and acrosome dysfunction (Eskandari & Momeni, 2016). Spermatozoa with intact
acrosomes display acrosome crescent intensely dark blue staining like shown in Fig. 4.1,
(Insert A), whereas spermatozoa with disintegrated acrosomes remain unstained with the
stain (Fig. 4.1, Insert B).

On treatment of spermatozoa with different concentrations of the extract, spermatozoa
with intact acrosomes were found to be decreased with increase in the concentration of
extract which might be due to increased oxidative stress on increased extract
concentration leading to the more acrosome exocytosis. The acrosome loss occurred at
an exponential rate from 0 to 1000 pg/ml concentration of extract and beyond 1000 pg/ml
(i.e 2000 pg/ml), acrosomal loss was higher but did not appreciably increase ( Graph 4.2).
So, here we chose 1000 pg/ml as standardized concentration of the extract for protein
profiling and in vivo fertilization experiment. Higher concentration of the extract means
higher volume of the ethanol to be injected in mice which might possess more undefined

toxic effects.

FPNA stains the acrosome matrix by binding to glycoconjugates in the acrosome and
produces bright green fluorescence under fluorescence microscope. Hence FPNA labeling
is a standard method to study presence or absence of acrosome in spermatozoa.
Spermatozoa with disrupted acrosome do not label with FPNA (Fig. 4.5, 4.6) (Okabe, 2014,
Bevers, 1996). In a study by Cheng et al., 1996, Fluorescein isothiocynate (FITC-PNA) was
followed to assess the acrosomal status and the zona-pellucida induced acrosome
reaction in stallion spermatozoa. Spermatozoa sample were stained with FITC-PNA, and
counterstained with the DNA dye ethidium homodimer. In the research, acrosome-intact
spermatozoa were found to display intensively green fluorescence over the acrosomal

cap, whereas reacting spermatozoa showed a patchy disrupted image of fluorescence.

In acrosome integrity test by both Coomassie and FPNA staining techniques, the mean
integrity (%) was found to be 81.85+1.51 and 77.36+1.02 in untreated control sample and
was decreased to 21.63+0.64 and 19.88+0.25 in treated sample with 1000 pg/ml
respectively. And, as both staining methods showed no significant differences on their
results both protocols were considered as effective. By both staining techniques the

extract was found to have significant effect on acrosome integrity (p= 0.0001). In a study
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by Larson & Miller, 1999, both methods were followed and were found to have very
similar results on acrosome reaction frequencies. We have also found very similar results

of acrosome staining with FPNA and Coomassie staining.

In a study carried out by Alvarez et al., 1988, ethanol was found to possess effects on
spermatozoa by two possible actions, one via inhibition of the acrosome reaction and
another by accelerating loss of acrosomes accompanied by loss of other membrane
structures or components needed for gamete fusion. So, we performed a vehical control
experiment by replacing the extract by 80% ethanol. Spermatozoa with intact acrosomes
was found to be 78.32% and 75.90% when treated with amount of ethanol equivalent to
the extract concentration of 1000 ug/ml and 2000 pg/ml (vehicle controls) respectively.
These values were not significantly different from the blank control (81.85%). Hence,
absence of significant differences on intact acrosomes in blank control and vehicle

controls proved that ethanol itself had no significant effect on acrosome status.

Viable spermatozoa possess intact cell membrane so, they exclude Trypan-blue stain
remain colorless whereas dead cells with their damaged or injured membranes stain with
blue color (Valle et al., 2008). On treatment of spermatozoa with different concentrations
of the extract, viabiilty loss was found to be increased on increasing extract concentration.
Extract may damage membranes of spermatozoa due to which number of dead

spermatozoa increased and viability (%) decreased.

Different components of the extract may exert effects on spermatozoa by generating ROS.
As spermatozoa membranes are rich in polyunsaturated fatty acids, they can easily
undergo lipid peroxidation and significant damage to cell structure in the presence of ROS
which may lead to change in membrane fluidity and results in loss of motility (Thiangtum
et al., 2009). Membranes are the primary site for structural and functional injury in
spermatozoa. Sperm membrane integrity is of fundamental importance in the fertilization
process as fertilization will not occur if sperm membrane is biochemically inactive despite
of being structurally intact also (Srivastava et al., 2013, Neild et al., 1999). So, the effect
of extract on sperm membrane integrity or viability was analyzed between control and
treated spermatozoa by hypo-osmotic swelling test. Viability (%) of 97.43 + 0.61 on
untreated control sample was decreased to 78.83 + 0.53 on treatment of spermatozoa
with extract concentration of 1000 pg/ml (p<0.05) which signifies that there seemed
significant effect of extract on spermatozoa viability loss but was minimal effect than on

acrosome integrity.

Spermatozoa sample when exposed to a hypoosmotic solution, functional spermatozoa,
water and small molecular-weight compounds and elements enter into the spermatozoa
and will undergo swelling higher pressure. This results various types of tail bendings

(Neild et al., 1999). Effect of extract on viability analyzed by two different techniques
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resulted different data. Trypan-blue method showed higher percentage of effect than
HOS method (Tab. 4.7). This discrepancy might be due to two reasons. First, spermatozoa
which have intact plasma membrane might be permeable to Trypan-blue. Second, Trypan-
blue staining increases if spermatozoa are kept longer in Trypan-blue solution. Hence at
present, we would consider only an overall effect, but not comparative effects.

Spermatozoa of mammals contain several proteins and during fertilization sperm-zona
binding is mediated by several proteins and glycoproteins triggering the acrosome
reaction and facilitating sperm-zona penetration. During this reaction, several proteins
responsible for sperm-oolemma binding and penetration are exposed into the equatorial
region of the sperm membrane (Ashrafzadeh, et al. 2013). So, a change in the expression
of these sperm proteins may be a major cause of men’s infertility or subfertility. The
molecular mechanisms associated with spermatozoa functions, such as motility,
capacitation, an acrosome reaction, and fertilization (spermatozoa—oocyte interaction),
are reported to be altered by the sperms protein expression pattern (Selvam et al., 2019).
So, as protein expression pattern is crucial in fertilization here we checked out the protein
expression pattern of untreated control and extract treatment sperms protein via SDS-

PAGE electrophoresis and silver staining.

Compared to the control, as no remarkable difference on different lanes expression was
observed (Fig. 4.15 a, b). In both gels, 11 protein bands were observed but were not clearly
distinct which might be due to overlapping of one protein by others. The protein bands of
molecular weight 23, 66 and 82 kDa were found to be more concentrated compared to
others. There was seen some differences in protein intensities in both staining of some
bands like as protein bands of molecular weight 30 kDa and 23 kDa in extract treated
sample lanes which might be due to effect of extract or other unknown possible reasons.
Protein bands of 23 kDa is supposed to be a major component of rat epididymal secretions
and sperm plasma membranes (Jones and Hall, 1991) while the observed protein bands
of 66 kDa to be of acrosomal protein proacrosin which is enriched in both the caput and
cauda epididymis (Tanphaichitr et al., 2015). The protein bands of 82 kDa could be Fertilin
beta (ADAM-2) proteins which are integral membrane proteins of the ADAM family and
are highly produced in the testis, but also in the vas deferens and the epididymis. This
protein is involved in key steps of the sperm-oocyte membrane interaction (Fabrega et
al., 2011). Reasonably the plant extract might exert effect on minor proteins which could
be obscured by the other dominant protein bands in the total protein profile. To reveal
such proteins differential extraction, preferentially membrane proteins must be pursued.

Putative target proteins could be identified by Western blotting and/or Ms sequencing.

Standardized concentration of the extract (i.e. 1000 pug/ml) was injected intravaginally
during estrus cycle of five sets of mice. Plant extract efficiency as a vaginal contraceptive

would be reflected by the number of litters delivered. The present work has shown that
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the plant extract effectively reduced the litter size (p<0.05) but the efficiency was not
100%. In estrus cycle, pro-estrus phase lasts for 13 h and estrus or ovulation phase for 15
h. After estrus it the pro-estrus phase in which females are able to conceive when mating.
So, to have maximum chance of successful mating between mice, we put mating couples

for three overnights with extract injection on each day.

Among the five sets of mice used for experiments, extract injected mice of first set did not
give any birth. For reproductive success of mice to bring out different environmental
factors play a crucial role like nutrition, light cycle and intensity (14h light/10h dark),
stress, noise, vibrations, odors, over-handling, health status, seasonal effects etc. So one
among these reasons could be the cause for unsuccessful breeding on first set of mice.
Also, pseudo-pregnancy might have occurred as the presence of vaginal plug does not
guarantee pregnancy (Silver et al., 2000). Here, we performed tests on only five sets of
mice. The results provided a strong evidence that the extract could be an efficient
contraceptive if applied intravaginally. For confirmative conclusion more experiments are
needed to be performed with more sets of mice. Moreover several toxicological studies
must be performed before it could be tested for human use. A similar study was carried
out by Paul et al., 2010 in which hexane fraction (0.1 g/ml) of the two plants Achyranthes
aspera and Stephania hernandifolia, was tested in rats as vaginal contraceptives. The
results based on the number of litters delivered resulted in 100% contraceptive efficiency,
indicating that the hexane fraction of the two plants can be used as an effective vaginal

contraceptive (Paul et al., 2010).
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A more recent method of estimating fertility of spermatozoa is to assay their ability to
undergo the acrosome reaction (Larson & Miller in 1999) when they bind zona pellucida.
Itis because spermatozoa must release acrosomal enzymes on zona surface to digest zona
fibers and make passage through them. Spermatozoa soon die after acrosome reaction.
Hence spermatozoa which lose acrosome precociously cannot penetrate zona or fertilize.
The present study was done to investigate whether ethanol extract of Artemisia vulgaris
leaves, could qualify as a potent contraceptive, by affecting sperm functions including

acrosome exocytosis, viability and membrane permeability.

To know the effect of ethanolic extract of leaves of A. vulgaris on acrosome integrity,
effect was analysed with the different concentrations of the extract ( 0 pg/ml to 2000
ug/ml). And the extract seemed to have significant effects on acrosomal disintegration
which was in a dose-dependent manner. Acrosomal staining performed by both staining
techniques, Coomassie and FPNA labeling was found to be almost comparable with the
most significant effect on acrosome loss when treatment with extract concentration of
1000 pg/ml in both staining techniques. Then the effect of extract was analysed on
viability of mouse spermatozoa. With the increased concentration of the extract
treatment, spermatozoa viability loss (%) was in increasing trend in both techniques
performed i. e. Trypan-blue staining and hypo-osmotic swelling test (p,0.05). Compared
to the acrosomal integrity, the extract was found to be have significant but minimal effect

on spermatozoa viability.

After performing some in vitro mice sperm functions test, effect of extract was checked
on protein profiling of the spermatozoa sample prepared in DMEM media. Protein
profiling was performed by SDS PAGE followed by Coomassie and silver staining
techniques. Extract untreated control spermatozoa sample and standardized
concentration of the extract (1000 pug/ml) were loaded on both gels. On comparison with
the marker loaded, no significant differences on observed different bands in all lanes was
visualized expect in some bands of extract treated lanes, in which intensities of staining
of expressed protein in both gels was observed. Lastly but the most important, the effect
of the extract was checked for its efficiency in in-vivo fertilization in mice. Experiment
carried out in five different sets of mice was found to have significant effects (p<0.01) on
the number of pup’s delivered when comparison was made between intravaginally

extract injected (1000 pg/ml) mice and control sets of mice.
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CHAPTER 7. CONCLUSION

Plants have been used as a source of contraceptive agents to control fertility by human
being to check population and maintain sustainable development. This study revealed
strong evidence that ethanol extract of A. vulgaris can be a potent contraceptive. The
present study has shown that the contraceptive effect is due to premature acrosomal
exocytosis rather than damaging sperm membrane or killing spermatozoa. Low resolution
SDS PAGE analysis could not distinctly reveal the protein changes in spermatozoa due to
the treatment. The extract directly inhibits fertilization as shown by the fact that

intravaginal application of the extract significantly reduces the fecundity.

This research is only the preliminary step. So, a much wider study is needed before using
the plant extract as contraceptive in humans. More supportive evidence are needed from
IVF experiments and toxicity studies before Artemisia vulgaris extract could be tested in

humans.
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This is only the preliminary research. So, more analysis and experiments should be
carried out for the confirmation of leaves of A. vulgaris as a potent anti-fertility
agent.

Phytochemical screening and isolation of the various metabolites possessing
different contraceptive properties is recommended.

To know the significant effect and mechanisms of extract on in vivo fertilization,
experiments should be carried out in a large number of mouse sets. So in future,
experiments in a large scale is expected to be carried out.

Besides in vivo studies, in vitro fertilization experiment is a powerful technique to
investigate various key processes of fertilization like capacitation,
spontaneous/induced acrosome reactions, zona binding, zona penetration,
ooctyte activation, cleavage etc. Direct effect of extract on gamete functions,
fertilization and early embryonic developments can be effectively studied in in
vitro system.

As this research could lay out a protocol for researches on medicinal plants, many
more are yet be carried out regarding various aspects of various still hidden plants

also.
LIMITATIONS OF THE EXPERIMENT

Our research lacks research on toxic effects of the plant extract which it could
possess too.

We were not able to carry out research for knowing the effect of extract on in vivo
fertilization in sufficient sets of mice.

We were not able to carry out the in vitro fertilization in the present study.
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APPENDIX

DMEM (Dulbecco’s Modified Eagle’s Media) Phosphate Buffer Saline 10X (PBS)

DMEM powder
HEPES
BSA

PVP

pH
4% Formalin

40% Formaldehyde
1X PBS

2 pg/ml Ethidium Bromide (EtBr)

Stock Solution

EtBr
DMSO (100 mg/ml)

Working Solution

Ethidium bromide (200 pg/m
PBS

FPNA Stain (250X)
PBS
10 % NaN2
FPNA (from stock)
10 ml Stacking Gel Solution
22.2% Acrylamide/Bisacrylamide

Distilled Water

10 g/I NaCl 8 g/l

15mM KCl 0.2 g/l
Na2HPO4.2H20 1.44 g/l

5 mg/ml

0.5% KH2PO4 0.24 g/I

7.2 pH 7.2

Coomassie (G-250) Stain (100ml)
1.25ml Glacial acetic acid 10 ml
5ml

Coomassie G-250 powder 0.25g

Sample Buffer 5X

1M Tris/HCl pH=6.8 31.25 ml
50 mg Bromophenol Blue (2% in ethanol) 750 pl
500 pl SDS Powder 10g

Glycerol 25 ml
2 ul 2-mercaptoethanol 5ml
1 ml Distilled water 28 ml

990 pl
10 ul

4 ul

2ml

6.6 ml
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1M Tris/HCI, pH 6.8 1.25 ml

10% SDS 100 pl
10% Ammonium Persulfate 50 ul
TEMED 5 ul

20 ml Running Gel Solution

22.2% Acrylamide/0.6 % Bisacrylamide 9.01 ml

Distilled Water 7.5 ml
1M Tris/HCI, pH 8.8 3.18 ml
10% SDS 200 pl
10% Ammonium Persulfate 100 pl
TEMED 10 pl

10X PAGE Running Buffer

Tris base 30g
Glycine 144 g
SDS 10g
Distilled Water 1000 ml

1X PAGE Running Buffer
10X Stock 100 ml
Distilled Water 900 ml

Destaining Solution

Methanol 300 ml
Acetic Acid 100 ml
Distilled Water 600 m
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Figure: Plant sample collection around

locality of Tribhuvan University.
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Figure:  Swiss
Albino mice
dissection and
sperm sample
preparation

from cauda
epididymis  in
DMEM media.

Figure: International researchers of IVF visit to our

Department.
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DNA Day, 2019.
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