Chapter One
Introduction

1.1 Background to the Study

The abuse and misuse of drugs is a serious public health concern worldwide and has become one
of the biggest societal issues in several nations of the world'. According to the World Drug
Report 2021, published by the United Nations Office on Drugs and Crime &@&C), an
estimated 275 million people used drugs at least once in 2020, and o .'@@illion people
suffered from drug use disorders, representing a 22 % increase in the l'esls decade?. Different
kinds of drugs have been reportedly abused, especially by coll}&%\}ﬁnts, and young adults.
The National Survey on Drug Use and Health (NSDUHy) z@%ﬁcted in 2019 by the Substance
Abuse, and Mental Health Services Administrati@%’HSA) estimated that 19.4 million
adults (aged 18 or older) in the United States@g substance use disorder (SUD) in the past
year®. In Africa and Sub-Saharan Africa',téh' s a report of drug abuse involving a large illicit
drug trade. The report elaborated th@%gal drug consumption in South Africa doubles world
norms, with the largest illegal rt}?arkets in Sub-Saharan Africa®.

An estimated number a@: 3.6 million Nigerians were estimated to have drug abuse
problems in 1996 QZOIS, a study steered by the National Bureau of Statistics (NBS)
established fﬂ%lge scale of Nigeria’s drug challenge. The survey indicated that, in 2017,
apprm%@ 15 percent of the adult population in Nigeria (around 14.3 million people)
reported a mandatorily significant level of use of psychotropic substances™. The drug data
statement of the National Drug Law Enforcement Agency (NDLEA) showed that all categories

of illicit drugs are widely abused in all the states of the federation, including the Federal Capital

Territory (FCT)*’



The indiscriminate use of contraceptives by young ladies has become worrisome in the last
decade and has been of global concern. The prevalence of sexual experience among young girls
is now alarmingly high, as they get introduced to sex as early as 12 to 15 years of age®. Factors
such as early onset of puberty, peer pressures, exposure to pornographic movies and life scenes,
lack of communication between parents and teenagers, adverse opinions on premarital sexual
abstinence, social media, a low level of sexual knowledge, late marriage, and ir@gg sexual
partner concurrency have greatly contributed to increased sexual acti .'tkg@'nong young
adults®!®!!, Many negative consequences attributed to unplanned p nanicy have led to the
indiscriminate use, and abuse of emergency contraceptives &®)\ he perceived societal
stigmatization, alienation from families, perceived effeoﬁ%@ education, stringent financial
implications, and illegalization of abortion are sod@’%e reasons many go to any length to
prevent an unwanted or untimed pregnancyma.@

‘Emergency contraception’ is the use oi’&aig-&r device to prevent pregnancy after unprotected
sexual intercourse'4!>. Emergency ¢ eptive pills (ECPs) are hormonal oral contraceptives
that a female can take withi 7.% ours after unprotected sexual intercourse. They are not
recommended as a r %®ly planning method but are useful after unprotected sexual
intercourse to red ié chance of unwanted pregnancies, ensure optimum spacing among
children, and’%ge child and maternal mortality'>. They are sometimes called “morning after”
pills 0@ ital contraceptives. They are used in situations of contraceptive failure, failure of
barrier methods such as slippage and breakage of condoms, unpredicted sexual intercourse,
coerced unprotected sex, or in cases of sexual assault!®.

Globally, hormonal contraceptives are used by the majority of sexually active females who are

still ovulating and under their fertility phase or childbearing age. A high percentage of these



users are adolescents and young unmarried females!”. Hormonal contraceptives, which are
usually adopted as a method of preventing pregnancy because they have been proven to be
effective when used between 1 and 3 days of sexual intercourse, work primarily by preventing or
delaying the release of eggs from the ovaries (ovulation) and impairing luteal function. It also
prevents pregnancy by inhibiting the fertilization of an egg by sperm cells, prevents sperm
migration and function in the genital tract by thickening the cervical mucous, %@prevents
implantation by thinning the endometrium. The Ulipristal acetate (Yuzpe " ) also delays
ovulation and inhibits the follicular ruptures especially when take? pri t% or immediately after
the luteinizing hormone (LH) surge. Other action mechanisms 1&@ reducing the endometrial
thickness, endometrial maturation delay, and alterations i i&%)rogesterone—dependent markers
required for implantation. This action reduces t@tivity potential of the uterus to a
trophoblast. Combined ECP work by inhibiti g@?ntation of a fertilized egg. Other postulated
mechanisms include delaying or suppre%gulation, interfering with corpus luteum function
and making changes in the endome@’ that prevents implantation '®. However, they do not
work if a woman is alread&%ﬁn‘a The sooner a contraceptive is taken, the greater its
efficiency!6:!’. Q’Q

Emergency contrao%gg)s are formulated differently, have different brand names, and are taken
at different‘% and times. There are those containing progestin alone or progestin, and
estrog@her. They are like the natural hormones, progesterone and estrogen, in a woman’s
body. ECP products formulated with levonorgestrel only (LNG), or estrogen and levonorgestrel
combined (LNG-EE), or ulipristal acetate (UPA); Progestin-only pills with levonorgestrel or
norgestrel; Combined oral contraceptives with estrogen, and progestin—Ilevonorgestrel,

norgestrel, or norethindrone (also called norethisterone) are taken in doses taken once, twice, or



within specified intervals. They are available for purchase over the counter and can be gotten
without a doctor’s prescription in many pharmacies, chemist stores, drug stores, or other
superstores!6:18.19,

Available brands include Postinor 2, My Way, After Pill, E Contra, After A, Option 2, Post pill,
PLAN B, One Step, Ella One, Take Action, and Morning After Pills. There are also those
originally formulated for other purposes that are used as ECPs, such as misoprosg»}(xgtrogen,
and gynaecosid. Other birth control methods such as injectables, combine.'hg@control pills,
and Intrauterine devices (IUDs) are also used as regular contracepti nﬂmethods by sexually
active females. Studies have also indicated the use of herbs, an&@&oc ions, probably because
of misinformation, ignorance, availability, accessibility, af@%ﬁity, and ease of administration.
There is no known social marketing campaign for @hods of contraception in this part of

the world'®29, @

Among the several ECPs commercially %au' e, high-dose progestogen (Levonorgestrel) is the
most commonly known and use@%here have been reports on the misuse, and abuse of
ECPs, especially postinor-2, such %s taking more than the required doses and even multiple times
in order to increase e@iveness or due to ignorance. Often times, information about
contraceptives is t%si\)red among young females or via the internet, as parents often fail to
provide con(%ﬁve information and sex education to their children due to religious and socio-
culturgs”. It has been reported that many students who engage in sexual activities lack
knowledge about contraceptives, while many others do not know how to use birth control pills

appropriately?>2?

. This was contributed to by inadequate sex education, and reproductive health
knowledge, even among medical practitioners who are supposed to educate the public.

Additionally, proper consultation on the dosage and use of ECPs with medical practitioners is



not often done?*. A study by Jolic and his colleagues®®, implicated poor knowledge of
contraceptives among Pharmacists. This has motivated a recent legislative call to facilitate the
involvement of Pharmacists in ensuring the discharge of adequate information to patients and
prescribers on increasing knowledge and adherence as well as healthy options in contraceptive
care®. Also, a lack of in-depth knowledge as well as misconceptions among Nursing, and
midwives’ student has been reported?S. It was also observed that resident Doctor@ived very

little EC education with Obstetrics/gynecology having more knowledge than P@Q@)unterparts in

family medicine?*. N

There are also concerns over the indiscriminate or incessant use Qg:irug since such practice
may have toxicological and chronic effects on the body sya\é{g‘é’zmg. However, it has not been
measured how long the hormonal contraceptives n\% sed before they cause toxicity in the

female body or at what dosage; as toxicity :s ed by several factors, including immunity,

S

dosage, frequency of usage, duration of tisa nd so on. The usage of hormonal contraceptives
for a longer period or incessantly ha@‘propensity to cause damage to vital internal organs of
the female body, cause endocri e}r)uption, gonadal impairment, genetic alterations, which may
lead to infertility thro @ nt failed attachment of blastocysts to the uterus*-*°. There is
limited informationcon“the possible contribution of indiscriminate contraceptive use to uterine
fibroid deve@:glt, recurrent implantation failure (RIF), failed in vitro fertilization procedures,
and erally, the health of the woman. There is a possibility that the usage of hormonal
contraceptives for a longer period or incessantly has the propensity to cause damage to vital
internal organs of the female body, which may lead to infertility by inducing recurrent

spontaneous abortions and failed attachment of blastocysts to the uterus. It may also cause

aberrations in non-reproductive organs such as the liver, and the kidney.



Generally, hormonal contraceptives are manufactured from synthetic hormones, which have been
implicated in depression, mood swings, incessant headaches or dizziness, nausea, cancer,
irregular menstrual cycles, acne, enlarged or tender breasts, enlarged hips, vaginal bleeding or
spotting, and fatigue?!.

There have been a few conflicting reports on the effects of postinor-2 demonstrated in animal
studies?’?%%, Studies have associated the use of Postinor-2 with an increased@%rrence of
ectopic pregnancy as well as altered tubal environments and im .ﬁg mbryo-tubal
transportation®!*233, It was suggested in a study using Mongolian g;%il%t at LNG may have
inhibitory effects on uterine growth via its direct progestati(@fects. Decreased stromal
density, and atrophy of glandular epithelium have also b@ served after LNG treatment in
mice®. Cigarette smoking has been noted to exac@; e toxic effects of ECPs, with high
cardiovascular risk®¢. High dosages of ECP Tg@dly cause chronic toxicity in the body that
may directly lead to death or indirectly b ci’-ﬂg a disease’’.

1.2 Statement of the Problen%‘b‘

More than ever before, there i%)increase in unprotected sexual activities among youths,
irrespective of their dl@% , religious, or socioeconomic background or exposure, has
become a common gﬂ)ce in different parts of the country (Nigeria). Studies have ascertained
that many fe‘ﬁ%Qave knowledge of the existence of emergency contraceptives for use either
befora@r coitus and that a large population uses the pills often!®1827:30-3235 " Stydies have
also indicated that a good percentage of these young ladies do not possess adequate knowledge
about the proper use of these medications, as well as decreased compliance***, These may lead

to misuse, abuse and indiscriminate use of contraceptive pills that is likely to have toxicological

effects on the vital and reproductive organs, which in turn can adversely affect fertility or result



in chronic health issues later in life. Failure to conceive and bear children could be a devastating
condition for couples and may lead to psychological distress, depression, low self-esteem, and
domestic violence?®’.

Therefore, more information is needed on the toxicological factors associated with the use of
contraceptives among females, especially in developing countries with inadequate information,
and low compliance, such as Nigeria®’. A survey through the use of a questionn@ras shown
that Postinor 2 is one of the most commonly used emergency contracepti %g unmarried
female adults. There is limited scientific evidence on the effect of inc ant use of Postinor 2 on
the menstrual cycle, reproductive and key metabolic organs*?; ‘@1’ his study was therefore
designed to assess the possible toxicological effects °9\@%§tlnor -2 on selected vital and
reproductive organs, using female Wistar rats as ex@’%ﬂ models.

%

1.3  Justification of the Study
A number of adverse effects have been sgr!ted with the use of Postinor-2 as an emergency
contraceptive method. They incl @ht gain, nausea, variations in menstrual flow, breast
changes such as tenderness, di c%o)rt, or swelling, depression or mood disturbances, decreased
sexual desire or resp s@cne. Rare but serious potential effects include cardiovascular
diseases, such as s‘ng)and an increased risk for breast cancer, liver tumors, and gallbladder
disease’??, ’%ﬂs a paucity of information, particularly in Nigeria and sub-Saharan Africa, on
the lo@t and impact of incessant use of postinor-2 on vital and reproductive organs, as
well as possible hormonal modulations that may have a negative impact on fertilization,
implantation, and invariably infertility, which is a major public health concern in Nigeria, and

the world at large. Several studies have been inconclusive on the causes and contributions of

different biological and environmental factors to unexplained infertility and recurrent



implantation failure (RIF)*”- 4% 4°_ Infertility has been shown to affect about 15 % of the world’s
reproductive-age population®*. The World Health Organization (WHO) forecasts that in the 21st
century, infertility will probably become one of the three major diseases affecting human health,
next to cancer and cardiovascular diseases®. It is therefore imperative to evaluate the incessant
use of Postinor 2 as a probable contributing factor to hormonal imbalance, implantation failure,
and other metabolic disoders that may ultimately result in reproductive complexiti@{b

1.4  Aim and Objective of the Study . ‘\QO

The study sought to assess the possible toxicological effec‘.ts Q%P'%)stinorQ in selected

reproductive and vital organs using female Wistar rats as experir@bmodels.

1.5  Specific Objectives . QQ

The specific objectives are to: ®

i.  evaluate the awareness, knowledge, Q&& f emergency contraceptives among selected
adan,

a \
students of Lead City University, using a semi-structured questionnaire

ii.  to determine the prevalent mq@'of contraception, the frequency of use of the prevalent

0’

among the stu@@

iii.  determine t&e ct of Postinor 2 intake on the behavior of rats by observation before

and a‘ﬂ%@atmen‘[

iv. @e the effect of incessant use of postinor-2 on the menstrual (estrus) cycle through

contraceptive, and thm@zer e effects observed with the use of the contraceptive method

physical evaluation, and vaginal cytological evaluation of the estrus cycle of the Wistar

rats



Vi.

Vii.

Vviii.

iX.

xi.

investigate the effects of Postinor-2 intake on body weights and organ weights by
measuring the weights of the rats before and after treatment and the relative organ
weights

investigate the effects of Postinor-2 intake on selected organs namely uterus, ovary, liver,
and kidney through histopathological examination of the organs

estimate hormonal changes (sex hormones) associated with the use 0f®§'mor-2 by
measuring the serum levels of progesterone (P4), estradiol (E2 h Q@ing hormone
(LH), and follicle stimulating hormone (FSH) using the EL}SA et%md.

evaluate the effect of postinor-2 on fertilization a@plan‘[ation by measuring
endometrial proteins such as, progesterone assoeﬂ&gl) endometrial protein (PAEP),
leukemia inhibitory factor (LIF), prolactin @é)%lnd sex hormone - binding globulin

(SHBG) in the serum using an enzymf i\)@)immunosorbent assay (ELISA).

assess some markers of inflamm ue damage by determining the levels of Nuclear

Factor Kappa B (NF-«B), a@bﬁmor Necrosis Factor o (TNF-a) in the serum, and
reproductive tissues usi g§)ELISA method.
investigate the e@c potential of the indiscriminate use of Postinor-2 by measuring
aspartate tr%gnase (AST), alanine amino transaminase (ALT), the AST:ALT ratio,
alkalf%hosphatase (ALP), and total protein in the serum and liver using standard
%@ds.
assess the nephrotoxic effect of LNG by measuring cystatin c, urea, creatinine, gamma

glutamyl transferase (GGT), BUN, and the BUN-creatinine ratio in the serum, and tissues

using standard procedures.



xii.  assess the level of oxidative damage associated with the use of Postinor-2 by measuring
selected oxidative stress biomarkers and the activities of some enzymatic antioxidants
such as, catalase (CAT), reduced glutathione (GSH), glutathione peroxidase (GPx),
glutathione-S-transferase (GST), superoxide dismutase (SOD) and Lipid peroxidation
(LPO) in selected tissues using standard procedures. %

N

1.6 Significance of the Study . Qg)

This study was designed to assess the toxicological effects .of 4%os;%norQ on vital, and

reproductive organs. The outcome of this study will therefore R{ﬁg&c\‘important information to

the public, especially, young female adults, about the* @%fal danger of incessant use of

Postinor-2 (if any) as it relates to female reproduct&% h, and other vital organs such as the

liver and kidney. . @

1.7 Scope of the Study %C-)

This is an animal-based, toxicologi%mxperimental study carried out on female rats of the

Wistar strain within the Lead&%ﬁliversity animal house using the emergency contraceptive

pill, Postinor 2. The sidd@

administration ofw quéstionnaires, acclimatization and treatment of animals, sacrifice,

rried out between October 2021 and August 2023 through the

homogeniza(ﬁ%md centrifugation, laboratory analyses, and statistical analysis. Questionnaires
were identify the prevalent ECP used among female students, which was evaluated in
this study to determine its effects on vital and reproductive organs in the body. The study
accessed seven categories of biochemical assays: (i) the hormonal assays which investigated any
modulatory effects or irregularities the levels of sex hormones due to incessant use of Postinor 2,

(i1) the reproductive assays which studied the effects of Postinor 2 on fertility, (iii) the liver-

10



function, and kidney-function assays to determine the effects of Postinor 2 on liver, and renal
health hepatotoxic effects, the nephrotoxic effects, (iv) histopathological examination of the
organs of interest to determine the effects of Postinor 2 on their morphology as anatomical
evidence of toxicity (if any), (v) the estrous cycle monitoring for 2 cycles to assess any effect of
Postinor 2 on its regularity, (vi) oxidative stress assays to evaluate the effects of Postinor 2 on
the oxidant-antioxidant balance in th e tissues of interest, and (vii) markers o%ﬁmatory

assay. These laboratory analyses were done within and outside the univgrs@%atories using

different methodologies and equipment. ‘% -
1.8 Limitations of the Study @
i. During administration of questionnaire, some students &&unresponsive, and reluctant to

reveal information about their sexuality @

ii. This research was self-funded. Hence, mo genes expressed in unexplained infertility,
c?:-ki

S

recurrent abortions, or implantation failu? not be studied because of a lack of funding.

1.9 Operational Definition of '@

1. Contraception: T 's%\tg use of a drug, device or surgery to prevent pregnancy

il. Emergenc @ﬁptives: These refers to several contraceptive options that can
be used g&ﬁ) a few days after unprotected or under protected intercourse or sexual
a@%reduce the risk of pregnancy.

iii@vonorgestrel: Levonorgestrel is a synthetic progestogen similar to progesterone

used in contraception, and hormone therapy that works by preventing ovulation and
fertilization by altering tubal transport of the ova and sperm. It is the active ingredient

of popularly used pills such as Postinor-2, Plan B, and After pill

11



1v.

Vi.

Vil.

Viii.

Ethinyl Estradiol: It is an ECP containing estrogen but with greater oral
bioavailability, and effectiveness. There is a substitution of an ethinyl group at carbon
17 of estradiol which makes it structurally different. However, this difference in
structure leads to a significant increase in estrogenic activity of the drug. It was
granted FDA approval on 25 June 1943.

Ulipristal Acetate: Ulipristal acetate is a selective progesterone rece%g odulator
that is approved by the U.S. Food and Drug Administration I r emergency
contraception. This can still be used up to 5 days after tl.le sga'l3 intercourse
Combined Oral Contraceptive Pills: The combined @\contraceptives (COC) pills

are commercially available formulations taken HQ%G divided doses with each dose

containing synthetic estrogen (usually 1@@% mcg ethinylestradiol), and progestin

(either 0.50 — 0.60 mg levonorgesim@Ol .2 mg norgestrel)

Fertilization: This is the fulsio male and female gametes to produce a new

individual or offsprin§§' ate its development
onip

Implantation: Thiﬁl rises of a unique biological phenomenon, by which the
'\

developinig@

maternai\e'n metrial surface to form the placenta that will provide an interface

b‘e%n the growing fetus, and the maternal circulation

nown as blastocyst becomes intimately connected to the

ix@ulaﬁon: Ovulation occurs in females when a matured egg (follicles) from an ovary

X.

is released. It plays an important role in fertility
Infertility: Infertility is a disease of the reproductive system characterized by
inability to achieve pregnancy after 12 or more months of regular unprotected sexual

intercourse.

12



xi. Morbidity: This is the rate of an individual suffering from a disease or medical
condition
xii.  Mortality: The condition of being subject to death in a given area or period, or from

a particular cause
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e
2.1 Increased Sexual Activities amon@)\\'gﬁdults

More than ever before drug misuse, Q@buse particularly among adolescents, and/or young
adults for different reasons is (Nr}stic increase. The increasing exposure of adolescents to
sexual activities is becomi %&ing, and has contributed immensely to the incessant use of
contraceptives to pre@t) wanted pregnancy, and unsafe abortion'. It was reported by United
State Centre ft ]@é@e Control? from their survey among U.S. high school students that 38 %
has had e)@ intercourse, 9 % had four or more sexual partners, 7 % had been physically forced
to have sex, 27 % had had sexual intercourse within the previous 3 months, and, of these 46 %
was unprotected last time they had sex, 12 % did not use any method of contraception, 21 % had
drunk alcohol or used drugs before last sexual intercourse, less than 10 % of all students have
been tested for sexually transmitted diseases during the past year. Data from the survey on

sexual activities contraceptives use among teenagers in the US between 2015 — 2017 by National
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Survey of Family Growth showed that, 42 % of female teenagers aged 15 — 19, and 38 % of male
teenagers had had sexual intercourse®. In Nigeria, reduced age at sexual debut, and multiple
sexual partners have been reported to have contributed immensely to increased sexual activities.
In a study involving 60, 611 women, 45.4 % reported experiencing first intercourse before

reaching 15 years, whereas 47.2 % had 2 - 3 sexual partners while 47.6 % had more than 3

sexual partners®. Q’)&\
Several factors have been noted to cause increased exposure to sé@cglvities among

adolescents (age 13 - 18) such as decreasing age of menarche,.a ftarche, peer pressure,
social influences, access to pornographic sites, nudity displa%c(;a\social media, and movies,
poor sex education, emotional well-being, family struct ) Nbody image, socio-economic status,
participation in sport, and family support amon %rs”. Consequently, there has been a
geometric progression in the incidence of L@)&i}d regnancy, and abortion all over the world.
Out of the estimated 210 million pregna@ that occur annually, 46 million (22 %) are reported
to be unwanted, and more than%% of the unwanted pregnancies usually end in induced-
abortion with its attendant Fcations®. The situation is worse in low, and middle-income
countries like Nigeria(w an estimated 89 million unwanted pregnancies occur annually. Fifty
percent (50 % o@wnintended pregnancies ends in abortion, 38 % results in unplanned births,
and others éﬁ in miscarriages, and maternal deaths. Abortion in many African countries is

prohibi@and unsafe, contributing 9 % of all maternal deaths, leading to contraceptives being

identified as one of the four pillars of safe motherhood program’.

2.2 Impact of Unwanted Pregnancy and Unsafe Abortion
The reproductive, emotional, and psychological impact of unintended pregnancies, and unsafe

abortion could be damaging. Unsafe abortion with its associated complications is a major public
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health concern due to its immense contribution to women infertility, morbidity, and mortality®.
In developing countries like Nigeria where abortion is not legalized, several crude, and unsafe
methods are used to terminate, and prevent pregnancies, thus making unwanted pregnancy a
major cause for concern. The potential of emergency contraceptives to play a major role in the
prevention of unwanted pregnancy is now well known, and popular’. In Nigeria, and several

countries in Africa, this awareness is apparently substantial. However, a%e\of these

contraceptives is on the increase, probably due to poor sex educatic;t@ of adequate
knowledge about the use of contraceptives. ‘% -

A
N
e
23 Emergency Contraceptive Pills (ECPs) Q
Emergency contraceptives are substances, eizhﬁvices or pills that can be used to prevent
unwanted pregnancy when used within the first days of sexual intercourse usually 1 - 3 days.
Emergency contraceptive pills (EC& e pills or oral tablets also known as post-coital
contraceptives, emergency birthwol or “morning—after” pills used after unprotected sex to
prevent pregnancy'’. TherQe ?everal myths or wrong beliefs about the use of emergency
contraceptives. These hs among others include the following: (i) They can only be used the
next mornin, ex (i1) They are the same as abortifacients (iii) There are no side effects
associ @h their use. (iv) They protect against sexually transmitted diseases (STDs) (v) The
higher the¢ dosage, the greater the efficiency’. Geographical location is believed to influence the
use of EC as women from urban areas use EC more than their counterparts in rural areas. The
rural resident females tend to prefer the use of the traditional or local methods, probably due to

lack of knowledge, fear of side effects, and lack of access'!.
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Several regimens are currently available globally as emergency methods of contraception.
However, the recommended methods in clinical practice include the progesterone-only pills
(levonorgestrel), the combined estrogen-progesterone pills, otherwise known as the Yuzpe
regimen, Ulipristal acetate (UPA), and Copper-T intrauterine contraceptive device (IUD). The
oral pills are called emergency contraceptive pills (ECPs). The IUD must be inserted within five
days after unprotected sexual intercourse which must be removed after the next %&1 cycle
when it is certain that the individual is not pregnant®!2, Other methods n: .bg@only used in
clinical practice include: The progesterone antagonist, mifepriston?, hi%d'?se estrogen regimens,

synthetic, androgen-Danazol, and the luteinizing hormone @ﬂsing hormone analogue

(Buserelin). Low dose mifepristone is available only in e@%@s like Armenia, China, Russia,

and Vietnam®3. @

EC has been in existence for over 40 years,@.)@wms’ and since then several changes have
been made in dosage, and there are sever@ands of ECPs in pharmacies worldwide. There have
been advocacies to move thew@ prescription-only to over-the-counter medicine which
increased accessibility to them!{. ‘Emergency contraceptive method should not replace normal
contraceptive metho@é%&uld be avoided or monitored in patients with health conditions
such as pelvi il@imatory diseases, hepatic impairment, cardiovascular disorders, diabetes
mellitus, s%lr , mental depression, migraine, and high blood pressure'*. The World Health
Organ@n (WHO) recommended the use of any of the following drugs for emergency

contraception:

1. ECPs containing UPA taken as a single dose of 30 mg;
ii.  ECPs containing levonorgestrel (LNG) taken as a single dose of 1.5 mg, or alternatively,

LNG taken in 2 doses of 0.75 mg each, 12 hours apart.
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iii.  ECPs as Combined oral contraceptives (COCs) containing LNG, and Ethinyl estradiol
(EE), taken as a split dose, one dose of 100 pg of EE plus 0.50 mg of LNG, followed by a

second dose of 100 pg of EE plus 0.50 mg of LNG 12 hours later.

2.3.1 Brief History of ECPs

The use of emergency contraceptives is as far back as 1920s when researchers first ol{@ed that
estrogenic ovarian extracts could interfere with pregnancy in mammals. Veter] %}s were the
first to apply this finding by administering estrogens to dogs, and horsé%‘\?g mated when
their owner had not wanted them to. The first documented cases v@n'@t published until the
mid-1960s despite scattered reports of clinical use of post-coit@%\ogens in humans as early as
the 1940s when physicians in the Netherlands appl'e@reterinary practice of post-coital

o

estrogen administration to a 13-year-old girl who h raped at midcycle'.

At around the same time, U.S. researcher, re}vestigating the efficacy of high-dose estrogens,
and in 1960, the first contraceptive pi Qas marketed in the USA, and in a few years, the
contraceptive method spread thr out the world. Women typically received conjugated

.\
estrogens, the steroidal estQan thinyl estradiol or the non-steroidal estrogen diethylstilbestrol

(DES)!®. Later, hig}{d s¢ estrogens were administered in the so-called 5 by 5 regimen which

involves 5 u@hinyl estradiol per day for five days. In the early 1970s, the high-dose

estrog@wens gave way to a combined estrogen-progestin standard. Canadian physician

Albert Yuzpe, and his colleagues in 1972 formulated a combined regimen, guided by their
observation that a single dose of 100 pg of estrogen coupled with Img of the progestin
Norgestrel induces endometrial changes that prevented implantation. The "Yuzpe method," later
named after the inventor, replaced high-dose estrogen formulations, chiefly because it offered a

lower incidence of side effects more effective, and also because the commonly used DES at the
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time was linked to vaginal cancer in the daughters of women who had taken it to prevent
miscarriages'>. The regimen then extended to 72 hours after unprotected intercourse, and

typically contains 200 ug of ethinyl estradiol, and 1mg of levonorgestrel!”.

Over the years, many drugs were formulated such as danazol, and mifepristone. Danazol, a
synthetic progestin, and antigonadotropin, was first used as an emergency contraoe@? in the
carly 1980s. Mifepristone, more commonly known as RU-486, is potent tS’ogesterone
registered in four countries as an abortifacient. As seen in recent years,‘@:e eration in the
production of EC was caused by modernization, urbanization, greati@ssfénce of women in the
labor market, increased female education, and the boom of ultinational pharmaceutical
industry. The market for ECPs developed rapidly, de pi. Qstrictions imposed by the Criminal
Misdemeanors Act of 1941 — which prohibited Q\cing the process, substance or object
intended to cause abortion or prevent pre .&‘s h as contraceptives or abortifacients as a

result of social, and religious norms tha@ﬁed both pro-Natalist, and conservative patterns of

sexual morality, and the intens%@versies surrounding the issue of the concept of family

planning!®. %'\
N

The spread of this ianajl'Qve fertility control technology in recent times has had important social
effects, sparki Qtworks of interactions among stakeholders such as doctors, scientists,
gover@uthorities, researchers, political groups, religious representatives, private family
planning ~entities, pharmacists, pharmaceutical industry, media, and, of course, women
consumers. Between 1970s up until now, ECPs are already stabilized having a large contingent
of women using the different available methods'8. Since then, studies have explored the
trajectory of ECPs, discussing different aspects: the experiences of women using ECPs, the

development of new reproductive norms, and fertility management practices, and the effects of
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this technology on gender, the role of pharmacy attendants, as "moral eyes" on users'®!°. The fast
assimilation of ECPs in the daily practices of medical practitioners, and their relationship with
the formation of a modernizing style of medical thinking, the dissemination of knowledge about
ECPs, and the transfer of the knowledge to upcoming generations?’. Today, several regimens are

available, and scientists are constantly studying about their awareness, use, effectiveness as well

A
as side effects. \
&

2.3.2. Lack of Adequate Information on ECPs ‘@ :

Inadequate, and wrong information on EPCs is a major problem eoi@ge'd to its use by a large
chunk of the African populace. This may be because people sh%@ and seldom discuss issues
about sexuality as a result of religion, and social b l@inancial capacity, education, and
cultural values are also important factors in Qductive behavior?!. Confusion, and

misconceptions exist among studied po{u}ﬁ%}%bout ECPs, and how they work. The

. Many

misunderstandings reflect poor qualit%sex education, and public information!
researchers have called for urg&%@d to educate Nigerian young people about emergency

contraception, emphasizing_awvailable methods, and correct timing of use'" 2!. Evidence has

shown from many co(intr@ tgtat comprehensive programs on sex education, and awareness lead

2

adolescentb .

repetiti se, and abuse as it was reported that young women now chew Postinor-2 drug ‘as

to a safer sexu t@wiors as low levels of sexual knowledge contribute to risk behaviors among
1,22

ncreased availability of this drug over the counter has greatly increased its

chocolate in Kenya, and as candy in India?>.

A German survey explained that the use of oral contraceptives can be controlled, and the women
properly educated on their proper use, if the drugs are made available only in pharmacies (over-
the-counter, OTC) though without a prescription. This way Pharmacists will be able to dispense
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their professional expertise in giving advice, instructions, directions to the consumers. They will
also be able to intervene in situations of unsafe sex, sexually transmitted diseases, suspicion of
assault/ abuse, acute health impairment or chronic diseases, potential drug/drug interaction, and
refer to gynecologists if need be. Pharmacists’ safety concerns when dispensing emergency
contraceptives will ensure a reduction in the abuse of these pills?*, %

There have been conflicting reports from developed, and developing c.:ou&tg:‘;g\about the
knowledge, use, contraindications, and toxicity of EC. Knowledge o }propriate use at
correct time, and dose reportedly vary from 83 % in developed eo\@'e@to less than 60 % in
developing countries®. One of the lowest percentages (10 %)&%}sewed in a study done in
Ethiopia at the Addis Ababa University, and Unit X iversity College, Ethiopia on the
knowledge, attitudes, and practices affecting the Qf EC?. Another study examined the
awareness, and usage of Emergency Contré-)mxs ECs) among students of the University of

Ghana. They showed that majority (87.9%)’*/61’6 aware of some regular contraceptives, and ECs.

Despite this, majority (70.4 %) c@hey had never used any form of contraceptives®.

Knowledge, and informatio@gu.‘z EC methods among Resident Doctors (n = 689) showed that
Residents Doctors re iQd very little EC education?®. Additional training to ensure that all
medical pragti are knowledgeable about the effectiveness, and different types of EC
methods= @essary to decrease unintended pregnancies as well as myths surrounding EC use?®.
Appro&tely a third of pharmacy students at the University of Arkansas’s College of
Pharmacy were reported to lack the knowledge of the mechanism of action of levonorgestrel, and
only 4 % knew the appropriate time frame for effectiveness. Only 26.7 % agreed that they felt

competent instructing patients on the appropriate use of emergency contraception?’.
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Particularly, several studies have observed the awareness, and perception of students to EC, and
observed varying level of knowledge about the correct use, and timing of the drugs in different
parts of Nigeria. About 75 % of sexually active (13 - 19) teenage girls in the south-west
geopolitical zone of Nigeria use some form of perceived contraceptive devices such as laxatives,
local potash, “white quinine”, and mestrogen pills. Many women preferred the traditional

methods of contraception to the more effective modern methods for the fear of sid&i@cts“.

X

A questionnaire based cross-sectional survey using randomly ‘%}d 700 female
undergraduates of Imo State University, Owerri reported two- third@’{o')} of the students to be
sexually active. 85.1 % was observed to have awareness of %@ncy contraception which is
very high but only 34.6 % could correctly identi @ppropriate time interval for its
effectiveness. The awareness was also observed tg bewsignificantly higher amongst students in
health-related faculties than in the non- hea@&b faculties. The main sources of information
about ECPs were via friends (43.1 %), a@ctures (22.1 %). High dose progestogen (postinor-2)
was the most commonly knownﬁ@@ emergency contraception (70.8 %). In their conclusion,

they pointed out that althou ¢hawareness of emergency contraception was high, the attitude,

and practice are still ;@DQ

In a cross- observational study, 675 female non-medical undergraduates in South
Eastew@ Nigeria were interviewed using pretested semi-structured questionnaire to assess
their knowledge, and experience with emergency contraception. 51.6 % of the respondents
reported knowledge of emergency contraception which was significantly influenced by being
sexually active, use of regular family planning methods, and having fear for unintended
pregnancy. Only 45.7 % was reported to know the correct methods (Postinor-2, combined oral

contraceptive, and intra-uterine contraceptive device)?. In the Northern part of Nigeria, another
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study determined factors associated with knowledge, and use of EC by female nursing, and
midwifery students. Out of the 317 students examined, 94.3 % indicated awareness of EC. Of the
respondents, and 24.1 % were not aware of the correct timing for the use of hormonal EC
following unprotected sexual intercourse. In addition, 25.8 %, 13.4 %, and 9.4 % of the
participants incorrectly identified menstrogen, quinine, and ampicillin, respectively as forms of
EC. They concluded that although a large number of the student nurses, and mid%@rsurveyed
had adequate general knowledge of EC, but many lacked the knowled .\8®some having
misconceptions about the forms of EC*’. An empirical study amor.lg f@gﬂ’? students of Ahmadu
Bello University, Zaria investigated the issues surrounding &@)}ncy contraceptives, and
problems that characterized the use of EC among female s@ . They explored the knowledge
of female students about EC, out of the 500 femal\h}%lts randomly selected for the study,
(58.0 %) affirmed knowledge of EC, (38.0 V@Se never heard while only (4.0 %) did not
respond to this question. They revealed t%gyfmowledge of female students about ECs was not
adequate because they are ignorant al@%hat to use, and do not know the correct usage in cases

of unprotected sex with their ertner L

N
These studies collec@’%@v that there is misconception, gap in knowledge among the users
of ECPs, and o@sho are supposed to educate the populace on the correct use, and timing of
the drug. E@c ion on emergency contraception is therefore needed to improve the knowledge
of the@lic on EPCs as well as the confidence, and counseling skills of medical, and
paramedical practitioners®’. It means the health sector has quite a number of intervention
steps/work to do in terms of seminars/workshops, enlightenment, orientation, and educating the
students, and women on the use of contraceptives, its various options, their side effects, and

management!!,
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2.3.3 When to Use ECPs
Emergency contraception can be used in different situations following sexual intercourse which

can be unplanned, untimed or unprotected. These include:

i.  When no contraception method has been used.

ii.  Sexual assault when the woman was not protected by an effective contracepti&b‘method

such as rape, assault or incest @'&

iii.  When a woman is concerned about possible contraceptive fai@m improper or
incorrect use, such as: . \‘%'3
iv. A situation of condom breakage, slippage, or incorrect %\%\
v.  Three or more consecutively missed combined @ontraceptive pills or 3 days late
during the first week of the cycle 6
vi.  More than 3 hours late from the .N‘\%\e of intake of the progestogen-only pill
(minipill), or more than 27 hours @' the previous pill
vii.  More than 12 hours late ‘&Ql)%e usual time of intake of the desogestrel-containing pill
(0.75 mg) or more than36hours after the previous pill
viii.  More than 2 @e)@la for the norethisterone - enanthate (NET-EN) progestogen-only
injecti 6\»
ix. More, than 4 weeks late for the depot-medroxyprogesterone acetate (DMPA)
Qestogen-only self-injection
Xx.  More than 7 days late for the combined injectable contraceptive (CIC)
xi.  Dislodgement, tearing, breakage, or early removal of a diaphragm
xii.  Failed coitus interjectus (withdrawal) leading to ejaculation in the vagina or on external

genitalia
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xiii.  Failure of a spermicide tablet or film to melt before intercourse

xiv.  Miscalculation of the free period, or failure to use a barrier method on the fertile days of
the cycle when using fertility awareness- based methods

xv.  Misplacement or expulsion of an intrauterine contraceptive device (IUD) or hormonal

contraceptive implant'2.

AL
234 Effectiveness of ECPs . @'&\
ECPs should be taken as early as possible after unprotected intercour:e,%k}n 3 days. ECPs
with UPA can still be effective up to 5 days after unprotected inteic than other ECPs while
LNG are most effective within 8 hours of unprotected sexz %&%\rlier the pills are taken, the

more the effectiveness’. ®

Analysis showed that women who used ECPS}K&%’PA had a pregnancy rate of 1.2 %. Studies
have shown that ECPs with LNG had a re@ rate of 1.2 % to 2.1 %. Efficacy studies of the
COCs also known as the Yuzpe meth&)ﬁ@e yielded greatly varying results, in part because the
definition of efficacy is slightly di nt for a post-coital method than for a conventional method.
In one approach, research@Q) grve women using EC in a given cycle, note the number of

pregnancies that occ d divide that number by the number of women who took the drug.

When studie@ fashion, the failure rate of the Yuzpe method ranges from about 0.2 % -

2 %IZQQ

It has also shown that the probability of observed pregnancy was zero whenever LNG EC was
administered at any time before the day of ovulation. Analysis has shown a direct relationship
between potential mechanisms of action of LNG EC, and the observed clinical effectiveness. If

ovulation disruption is taken to be the only significant mechanism of action, the total
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effectiveness could be not much higher than 50 % if EC is administered immediately after
intercourse; with delays, it would be substantially less than 50 %. Similarly, if LNG EC given
before the day of ovulation were able to completely prevent fertilization by any mechanism, if
there were no post-fertilization effects, and if there were a 24-hour delay in administration, the
highest possible effectiveness would be about 60 %!2. The marked decline in effectiveness of
LNG with increasing delay between the time of intercourse, and administration i%&able to
the increasing proportion of women who are within the fecundity win .NQ@ the time of
intercourse, and subsequently have already ovulated by the time of. E‘C\Aﬁeﬁ .

If EC is administered within 24 hours after intercourse, it has 9&’?‘0%}ectiveness, if administered
25 to 48 hours after intercourse, it was reported to be 8 ) Qeffective, and if administered 49 to
72 hours after intercourse, it was observed to be %&ffective. Similarly, in a study of 1356

women receiving LNG EC, it was estimat@

hours after intercourse, and 60 % effecti%when administered between 72, and 120 hours after

9 % effective when administered up to 72

intercourse. However, in anot%%ﬁy of 1021 women receiving LNG EC, the overall
effectiveness was estimated be 64 %, and there was no evidence for a trend of reduced
effectiveness with in@&ielay between intercourse, and administration of ECPs although
the results be rr@dexplainable if disruption of ovulation plays a major role!>. In a Chinese
study of 2@% receiving two different formulas of LNG EC, the proportion of observed
pregna@ was higher when EC was administered after a 72-hour delay, but the difference was

not significant, and it was not presented in the form of effectiveness®*.

There discrepancies observed in the results of the findings may be due to the fact that the
effectiveness rates estimated in trials of LNG could be inflated; the actual effectiveness of LNG

may be substantially lower than what has been estimated from clinical trials. Recent analyses of
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the procedures used to estimate effectiveness of LNG have suggested that the overall

effectiveness has indeed been overestimated by approximately 10 % (absolute difference).
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2.3.5 Mode of Action of ECPs

ECPs have been shown to have an effect on fertilization as well as disrupting ovulation. They
can delay ovulation for less than 5 days, inhibit sperm migration, and function in %&%ﬂital tract,
or reduce sperm capability for fertilization of the egg (although this potenti I ﬁg@has not been
supported in physiologic studies ¢. In addition, they work by thiclfeni}gﬂ'lye cervical mucus, and
by thinning the lining of the endometrium. If the lining is thin 1s difficult for a fertilized

egg to implant in it, which will prevent a pregnancy. S‘t@gﬂave shown that levonorgestrel

works by preventing or delaying ovulation, and 1mp@ teal function. Similar to the hormone

rogesterone, it promotes the closure of the cery revent the entrance of sperm?7-3%,
prog p f \ p

Ulipristal acetate is thought to inhibit of delay ovulation. A clinical trial showed that it could
delay ovulation for 24 — 48 hou&%on the day of the luteinizing hormone (LH) peak. When
ulipristal was given before orﬁn?ediately after the LH surge, it inhibited 100 % of the follicular
ruptures. Other meck@i)&%‘lclude reducing the endometrial thickness, delayed endometrial
maturation, a @ations in the progesterone—dependent markers required for implantation.
These effe y subsequently inhibit implantation because the uterus will be less receptive to
the trc@last. Combined ECP work by inhibiting the implantation of a fertilized egg. Other
postulated mechanisms include delaying or suppressing ovulation, interfering with corpus luteum

function, and making changes in the endometrium that prevents implantation®.

2.3.6 Potential Toxicity of ECPs
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There is a low level of research regarding the toxic levels, and effects of ECPs in humans. While
there could be toxicity seen in patients with liver disease, there is not enough research to support
this, and more human trial studies will be necessary®¢. Significant decrease in white blood cell
counts have been reported to be associated with the use of ECPs!°. Studies have also been done
to evaluate the adverse effects of the use of EC on the health of women. Menstrual disturbances
were associated with a number of users that may be of concern in women who $\<be mg of
Levonorgestrel'®, They also observed that menstruation was late in 21 % o .Osg@by more than
a week, while 69 % had early or timely return of menstruati.on. m;r»nal vaginal bleeding
occurred in 57 % of the studied women while there was inte \ual leeding or spotting as
well as premenstrual bleeding or menorrhagia in others.* E&%gure to EC (Levonorgesrel only

(LNG), and Estrogen-Levonorgestrel (EE-EC) com@ has been shown to have effects on

well-established cardiovascular risk factors®. ¢ @

O

The efficacy, safety, and acceptability @ericoital oral contraception using 1.5 mg LNG in
fertile women observed that the\%% reported severe adverse events, and other mild adverse
events such as headaches, nassgaabdominal, and pelvic pain. They also found a case of severe

anaemia, vaginal ble¢ding.patterns showed a slight decrease in volume while the number of

bleeding free gajéﬂcreased over time. Although the method was considered acceptable, a

number of preghancies were recorded both in typical, and sole use*® 4!,

Very &mdies have accessed the toxicological impact of EC in animal models. The research
work to determine the histo-toxic effects of the drug Postinor- 2 on the liver of female wistar rats
revealed vacoulation, necrosis of the hepatocytes, Inflammatory cells, and presence of
perinuclear hallow around the recorded hepatocyte. They inferred that excess use of Postinor was

associated with cellular, and tissue damage of the liver*?.
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The effects of LNG on concentration of reproductive hormones in the serum, and their receptor
mRNA expression in the ovary, and uterus of Mongolian gerbils was studied by*. After
treatment with LNG, the results showed that serum follicle-stimulating hormone (FSH), and
luteinizing hormone (LH) increased, while serum estradiol (E2), and progesterone (P4)
decreased markedly. LNG down-regulated the mRNA expression of follicle stimulating hormone
receptor (FSHR), luteinizing hormone receptor (LHR), estrogen receptor ﬁ)’ B, and
progesterone receptor (PR) in the ovary, and ERa, and PR in the uterug@g lian gerbils.
The down-regulated effects were reported to be time-dependet:t, a %ose-dependent. They
suggested that LNG impairs reproductive hormone receptor exp@% at the molecular level in
Mongolian gerbils*. When given LNG orally, rats m@%& observed to have significant
decrease in white blood cell counts*. LNG, combined>with a super-physiological level of

progesterone, has been shown to decrease th@%l ciliary beat frequency, and thus lead to

embryo retention in the fallopian tub wgkgut changing tubal receptivity causing ectopic

2.3.7 Types of ECPQ%'\
2.3.7.1 Levon@g) e;

Levonorgestre; —17alpha-ethynyl-18-methylestr-4-en-17beta-ol-3-one) or synthetic

pregnancy®.

progestoge@'s e active component of the racemic mixture of norgestrel. Levonorgestrel is the
levoro@ form of norgestrel, and synthetic progestogen with progestational, and, androgenic
activity. It is the active ingredient of progestin only ECPs. Levonorgestrel is a 17-beta-hydroxy
steroid, a 3-oxo-Delta (4) steroid, and a terminal acetylenic compound. It has a role as a
contraceptive drug, a progestin, a synthetic oral contraceptive, and a female contraceptive drug.

It derives from a norgestrel. It is an enantiomer of a dexonorgestrel*®.
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Figure 2.2: Chemical\Styucture of Levonorgestrel

Source 46
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2.3.7.2 Mechanism of Action of LNG

Levonorgestrel is a progesterone agonist which binds to the progesterone receptor in the nucleus
of target cells, thereby stimulating the resulting hormone-receptor complex, initiating
transcription, and increasing the synthesis of certain proteins. This results in a su@sion of
luteinizing hormone (LH) activity, and an inhibition of ovulation, as well as a\bo tion in the
cervical mucus, and endometrium*, The mechanisms of LNG include ac '}fecting follicular

development, ovulation, corpus luteum formation, sperm motil"@{e’hilization, blastocyst

implantation, and endometrial function. The activity of the %@we varies with species, the

dose given, and the route of administration?. @

Levonorgestrel is a synthetic progestogen sign{&o Progesterone used in contraception, and
hormone therapy. It is the active ingred'eth)}opularly used pills such as Postinor-2, Plan B,
after pill, used as a single agent in ¢ cy contraception, and as a hormonal contraceptive
released from an intrauterine deNommonly referred to as an ITUD3*. Some of these devices
are known as Jaydess, Kyl@y?ld Mirena. A subdermal implant of levonorgestrel that slowly
releases the hormone VQa long-term period is also available. In addition to the above uses,
levonorgestr: Qd as a component of long-term combination contraceptives®. Globally,
levono % is the most commonly used emergency contraceptive. It was initially granted
Food,g Drug Administration (FDA) approval in 1982, and was the first emergency
contraceptive containing only progesterone, showing high levels of efficacy, and a lack of

estrogenic adverse effects when compared to older emergency contraceptive regimens?6.
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LNG is widely used alone or combined with estradiol as a long-term option for birth control, and
is available as implants or transdermal patches. There is a levonorgestrel-releasing intrauterine
device considered to be a “low maintenance” birth control option that is efficacious for up to five
years. It has also been used to treat endometrial hyperplasia, menorrhagia, endometriosis, and
menopausal hormone therapy. It is approved by both World Health Organization (WHO), and
US FDA to be used to prevent pregnancy within 72 hours of unprotected sex36%§\<pare sold
under different brand names either as a 2-dose 0.75 mg or 1-dose 1.5 mg. T c ﬁS@ng oral tablet
is given with a second 0.75 mg dose 24 hours later. A 3 mg oral {evo&gc\strel is available also
for patients concomitantly taking a CYP3A4 cytochrome p450 li )Xr\dmyme-inducing drug, e.g.,
rifampicin, St. John’s wort, carbamazepine, or phenobqﬁ\bkg',) which are agents capable of

increasing hepatic clearance of levonorgestrel. ‘I@&ting occurs within two hours of

administration, the patient would need to repfat)&\‘%itid dose taken?’.

For the long-term birth control option%b' levonorgestrel intrauterine T-shaped device has 52
mg of levonorgestrel covered by‘%%ontrolling membrane that regulates the rate of release of
hormones. The combined or: traceptive pill with ethinylestradiol comes in a 21-pill pack per
month with 0.1 mg @Qh gestrel, and 0.02 mg of ethinylestradiol*’. Side effects reported
from the us % NG include, menstrual abnormalities, amenorrhea, dysmenorrhea,

oligomenortheayheadaches, weight gain, spotting, acne, nausea, and vomiting??.
3 :

Postinor is a brand name of levonorgestrel, contraceptive tablet manufactured by a Hungarian

2.3.7. Postinor 2 (Levonorgestrel 0.75 mg and 1.5 mg)

firm called Gedeon Richter Plc, Budapest. Postinor is marketed as a post-coital drug for the
prevention of conception. It has been shown to be effective for the prevention of conception. It
is estimated that Postinor-2 (figure 2.1) will prevent 95 % of expected pregnancies if taken
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within the first 24 hours, declining to 85 % and 58 % if taken between 48 hours, and 72 hours
after unprotected intercourse respectively®. There are different doses of Postinor product
available, there is a ten tablets called Postinor 1 used immediately after sex, the other types of
postinor brand are Postinor 0.75 mg (2 tablets) taken either one immediately after sex and the
other one taken after 12 hours or both at once after sex and 1.5 mg which is currently sold in

packet of 1 tablet, and taken immediately after sexual intercourse. Both brands %\a»ailable in

L J
pharmacies in urban centers across the counter. E‘\QO

Postinor-2 is claimed to be the same progesterone used in regular ¢ eptive pills, but used in
prog g p

higher concentration. Postinor-2 contains the following ina%@%ngredients: potato starch,

maize starch, silica colloidal anhydrous, magnesiun%@lc, and lactose monohydrate*®. It
N

works primarily by preventing ovulation, and fertﬂ% , if one had unprotected sex in the first

two weeks of the month before ovulati{n:?é“t

fertilization is the highest. It also he@ reduce the chances of implantation by preventing

ken place, which is when likelihood of

development, and thickening o‘%@ndometrium (lining of the uterus) that is needed for
implantation of the fertilize o7 so that the fertilized egg would not be able to implant, and
grow. If fertilization,@)d%p ntation has already taken place, taking Postinor-2 will no longer
be effective. Gen , it is recommended that postinor-2 be taken no later than three (3) days of
having unp ‘&1 sex. However, it has proven to be more effective in cases where the treatment
was s® closer to the time of the sexual encounter, the earlier the better*?. Figures 2.3a and b

as well as figure 2.4a and b shows some commercially available products with levonorgestrel as

their active ingredient.
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2.3.7.4 Pharmacology and Pharmacokinetics of LNG

Levonorgestrel does not undergo “first—pass” metabolism, and has 100 % bioavailability. This
makes it effective when administered orally as a tablet. After a single dose administration of
levonorgestrel, maximum plasma concentrations of 19.1 ng/mL were reached at a median of 1.7
hours (range 1-4 hours). No studies have evaluated the effect of food on the rate, and the extent
of levonorgestrel absorption following single oral administration®. Studies have @&hat the
apparent volume of distribution (Vd) of levonorgestrel is approxima .bS@ L/kg. The
elimination half-life of levonorgestrel after single dose administra.tion 0.7'35 mg) was 27.5 + 5.6
hours. These pharmacokinetic parameters facilitate the single&@)N -hour dosing of LNG.
Levonorgestrel is highly protein bound (97.5 to 99 %), nﬁgﬂ)y to the sex hormone binding

globulin (SHBG), and, to a lesser extent, serum albu@y displacement of LNG to the bound

protein could potentially cause side effects, hfn@\o\“fk)need to monitor concurrent medications®>!.

2.3.7.5 Metabolism of LNG %,

Levonorgestrel is well absorbedﬁ&l&)and bioavailability is about 85 — 100 %. It is distributed
in to the target sites in a pr@t%l"oound form. It undergoes partial metabolism in liver, and is
therefore subject to @@%ht in patients with liver dysfunction therefore monitoring liver
function tests at t@ime of administration may be beneficial. Also, drugs containing CYP3A4
cytochromep430 liver-enzyme inducing properties require close vigilance when a patient takes
ECP. @stance, patients may need to consider a different emergency contraceptive method to
avoid drug-drug interactions. These liver-enzyme-inducing drugs can cause rapid metabolism,
and decrease the efficacy of LNG when there is concomitant use®*. Simultaneous administration
of certain anticonvulsant drugs (phenobarbital, phenytoin, primidone, carbamazepine, certain

antibiotics such as rifabutin, rifamycin, and griseofulvin) can reduce or suppress its effectiveness.
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Levonorgestrel is conjugated and forms many sulfate conjugates after the oral emergency
contraceptive preparation is absorbed. It also forms glucuronide conjugates, which have been
identified in the plasma. High levels of conjugated and unconjugated 3a, 5B-
tetrahydrolevonorgestrel are found in the plasma. The whole metabolic pathway for
levonorgestrel has not been studied; however, 16B-hydroxylation is one pathway that has been
identified. Small quantities of 16Bhydroxylevonorgestrel and 3a, So— tetrahydr%@torgestrel
are also formed. No active metabolites have been identified. The rate of y m may vary
greatly depending on the patient and could account for a wide ran:ge i}&\;?norgestrel clearance.
Liver CYP3A4 and CYP3AS hepatic enzymes are reportedlx&@zed in LNG metabolism
About 45 % of levonorgestrel, and its metabolites are c@gd in the urine, and while about
32 % are excreted in feces, mostly as glucurorﬁ%’&jugatef. Studies have shown that
levonorgestrel is not subject to significant ﬁ\)@sss metabolism. Levonorgestrel undergoes

metabolism via hydroxylation, conjugatibéd)reduction in the liver>>.

2.3.7.6 Distribution Vol@‘evonorgestrel

According to one pharmacokﬁ%ﬁty research, the mean steady-state volume of distribution of 1.5
mg of levonorgestrel @Q’%ﬂ to be 162.2 L in individuals with a normal body mass index and
to be between Oé\md 466.4 L in patients who were obese and had a body mass index of at
least 30.6. éﬁwr pharmacokinetic research had 16 participants who received 0.75 mg of
levonc®rel; the mean volume of distribution was 260 L. An apparent volume of distribution

of 1.8 L/kg is reported on the FDA label for the Plan B one-step.

2.3.7.7 Binding of Levonorgestrel to Protein
Levonorgestrel binds to proteins with a 97.5 — 99 % affinity, primarily to sex hormone-binding

globulin (SHBG). Albumin and levonorgestrel are also linked. According to the prescribing
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advice for implanted levonorgestrel, the drug's levels decrease within a few days of its

administration due to a decrease in the concentration of SHBG.

2.3.7.8 Drug-Drug Interactions and Contraindications of LNG

The therapeutic effect of LNG may be reduced by drugs such as acitretin, anticoagulants,
antidiabetic agents, barbiturates, carbamazepine, fosphenytoin, griseofulvin, mi@istone,
phenytoin, primidone, retinoic acid derivatives, and St. John's wort. Its serum c@ﬁration may
also be reduced by aprepitant; artemether; bile acid sequestrants, brigatini%'}ro ene; bosentan;
clobazam, CYP3A4 inducers, dabrafenib; saquinavir; lamotrigib@ﬁunavir; encorafenib,
eslicarbazepine, exenatide; fosaprepitant; ixazomib; lixi%g%\e; lopinavir; lumacaftor,
felbamate; metreleptin; mycophenolate; lesinur, ar%%lﬁnavir, nevirapine; lorlatinib;
oxcarbazepine; efavirenz; perampanel; rifamycin derivatives; sugammadex, and topiramate. The
serum concentration of progestins may 1@&% ith atazanavir, cobicistat, tipranavir, and
voriconazole while Cl-inhibitors, and ilzomib may enhance the thrombogenic effect of
progestins*®. Contraindications fé\L)gG includes allergy, hypersensitivity, severe liver disease,

pregnancy, and drug-drug in ttons with liver enzyme-inducing drugs?>.

2.3.7.9 Ro terevonorgestrel Elimination
Roughly 45 % ose of LNG taken orally dose and its conjugated or sulfate metabolites are

discov @ae excreted in the urine while about 32 % of an oral dose is found excreted in feces,
primarily’in the form of glucuronide conjugates of levonorgestrel. A 0.75 mg dosage of 1.5 mg
levonorgestrel has an estimated elimination half-life between 20- and 60-hours post-
administration. Body mass index (BMI) has been found to affect the elimination rate of LNG.
Women with a normal BMI and those with a BMI over showed an elimination half-life of 29.7
hours and 41.0 - 46.4 hours, respectively, in a pharmacokinetic investigation3®.
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2.3.8 Other Forms of ECPs

2.3.8.1 Ullipristal Acetate (UPA)

In August 2010, UPA (Ella, Laboratoire HRA Pharma/Watson Laboratories) was the first agent
in the novel selective progesterone receptor modulator class to gain the FDA’s approval for use
as an oral EC tablet in the U.S. On August 13, 2010, HRA Pharma obtained approval for the use
of ulipristal acetate (Ella) 30 mg tablets for the prevention of pregnancy followi@ﬁotected
intercourse or a known or suspected contraceptive failure 6. As ulipristal a¢ .&%s unavailable
in any drug product in the US, it obtained approval as a new mo.lec r %n ity. Ella potentially
extends the availability of FDA-approved EC from 3 days @‘v\%ours) after unprotected

intercourse for currently approved levonorgestrel-based EC p&%ﬁcts to 5 days (120 hours)>’.

Under the proprietary name of ellaOne, ulipristal Q‘?pproval from the European Medicines
Agency (EMA) in May 2009, and is currenq.-)ﬁ;g%ed in over 20 countries. The recommended
dosage is a single 30 mg oral tablet, tak ter unprotected intercourse or contraceptive failure.
The drug should be taken as soor&%@sible, and within five days (120 hours) regardless of food
intake or time of menstrual .*If vomiting occurs within three hours after administration, it is
advised to take a se@b et °. The drug is a progesterone receptor modulator, and also
classified as a r@ncy Category X which is why it is contraindicated in pregnant women or
those unsure of'their pregnancy status. Although it is not known whether the drug induces fetal

damage ‘when taken during pregnancy, women are still warned of possible fetal harm. Because of

the unknown fetal effects, the drug is advised not to be taken by nursing mothers*.

47



48



It is advised that hormonal contraceptives such as implants, vaginal rings, birth control pills, skin
patches, and injectables, should not be used at least 5 days after taking UPA as they interfere
with each other, and reduces efficacy. Although UPA has been studied for use in women as
young as 16 years of age, it is currently approved for use in patients 18 years of age, and older. It
is not indicated for use before menarche or in postmenopausal women’®. The other brand name
includes Esmya, a 50 mg drug that was first approved, and then had its approval @0\% for its
implication in severe liver injuries. On September 4th 2020, a further re ’ %S@EMA-PRAC
(Pharmacovigilance Risk Assessment Committee) confirmed tha.t U '53 mg can cause liver
injury, including the need for liver transplantation. Since it wa&@s‘x\dpossible to identify which
patients were most at risk or measures that could reduce*t %ﬁ, the PRAC concluded that the
risks outweighed its benefits, and Esmya sho@ longer be marketed in the EU
(EMA/455818/2020). The strict post-market%gyeillance made it possible to link Esmya
administration to side-effects. The time %’gﬂ)e first intake of Esmya to hepatic failure ranged

from a few days to 6 months®’. Q:b‘

2.3.8.1.1 Pharmacokinﬁ%s’and Pharmacodynamics of UPA

Ulipristal acetate ( PAQ’%Q-acetoxy-l 1B-(4-N, N-dimethylaminophenyl-19-norpregna-4,9-
diene-3,20-dio e)@i second-generation SPRM derivative of 19-norprogesterone previously
known as 2914. In the last 10 years, UPA has been introduced as an EC pill (30 mg) in
more @50 countries, and it is currently recommended as a first-line hormonal treatment for
EC due to its higher effectiveness, and similar rate of side effects compared to LNG>°. The half-
life after oral intake is 32 hours when it binds to plasma proteins for 97 — 99 %, and metabolized
by the cytochrome P450. Depending on the location, the presence of coactivators or co-inhibitors

of gene expression, and the serum levels of progesterone, UPA may exert actions of an agonist or
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antagonist of progesterone. The binding capacity to glucocorticoid, and, androgen receptors is
lower than its antiprogestin activity: UPA shows in vivo antiglucocorticoid, and anti, androgen

activity only at doses 50-fold higher than those needed for antiprogestin effect.

Ulipristal acetate exerts its pharmacological activity by binding to the body’s progesterone
receptors to produce an anti-progesterone contraceptive effect on the ovary (by su@sing or
delaying ovulation), interferes with oocyte or zygote transport through fallop.ia@, and on the
endometrium receptivity, and embryo implantation (by decreasing endorﬁ%\hlckness) These
effects vary according to the timing of drug administration du@tﬁe menstrual cycle'>.
Ulipristal acetate binds to the progesterone receptor, and b@the hormone’s effects. To
achieve improved specificity for the progesterone r@, UPA was developed to be a
derivative of 19-norprogesterone. It possesses the l@to inhibit or delay ovulation, ultimately
preventing pregnancy within 120 hours of@)@e ed intercourse or suspected contraceptive
failure. Administering UPA before ovul causes delayed follicle development, and release,
probably a result of suppression%%édiol levels. If the EC drug is taken during the LH peak,
follicular rupture, and ovum vs%iw may also be delayed®. During the latter part of the menstrual
cycle, UPA effect @Q tributed to its ability to decrease endometrial thickness, and
modulate pro stésw receptors'3. The figure shows the binding of UPA to pituitary gland,
endometriu& d uterine fibroids elicit its actions via modulations of several markers that
regula@ferent cell functions such as proliferation, apoptosis, extracellular matrix deposition,

and angiogenesis.
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Figure 2.6: Mechanism of fi) of Ulipristal Acetate (UPA) (Source ®')

Abbreviations: PAE@g sterone Receptor Modulators associated Endometrial Changes;
UPA - Ulipri al@étate; TRAIL - TNF-related apoptosis-inducing ligand; BCL 2 - B-cell
lymphoma 6 F - Tumor Necrosis Factor Alpha; VEGF - Vascular Endothelial Growth Factor;

ADM Adrenomedullin, MMPs - Matrix Metalloproteinases; EMMPRIN - Matrix

Metalloproteinase Inducer; TIMP - Tissue Inhibitor of Metalloproteinases
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In addition to its effects on human progesterone receptors, UPA binds to glucocorticoid, and,
androgen receptors as shown in figure 2.6. However, its capacity as an antagonist in binding to
these receptors is markedly lower than its anti-progestational activity. Anti-glucocorticoid, and
anti-, androgen activities were observed at doses 50-fold greater than that necessary for an anti-

progestin effect, indicating that UPA is a progesterone receptor modulator with reduced anti-

glucocorticoid activity®!. Q’)&\
2.3.8.1.2 Effect of UPA on the Reproductive Organs ‘@ :

Studies have also indicated the effect of UPA on the fallopian tube.w@ﬁlays an important role
in conception. The ampullary region of the tube is where ferti@ takes place usually within
24hours after ovulation, and zygote are transported b @r, and cilia activity. Too slow or
too rapid tubal transport could cause desynchro $ between the fallopian tube, and the
zygote, and/or the blastocyst, and the en@éig%? It was demonstrated that UPA inhibits
CBF, and Muscular contraction in the f: ian tubes through an agonistic effect on the tubal
progesterone receptor (PR) eve@rmacological dose®. They postulated that firstly, UPA
exerts an agonistic effect on%ﬁn the fallopian tube on the PR-A isoform but only a partial
agonist/antagonist ac v1t@'§he PR-B isoform. Animal model was also used to show that UPA
has an agonis a@n in the fallopian tube as against the antagonist action at the ovary®2.
Secondly, %y‘%,tulated that UPA upregulates mRNA expression of the PR (both generic, and
speciﬁcg’R-B), and thirdly that it downregulates, andrenomedullin in the fallopian tube, which
plays an important role in enhancing the CBF, and muscle contraction tone, frequency, and
amplitude. Finally, they postulated that UPA upregulates the expression levels of estrogen

receptor (ER), and the PR in the fallopian tubes while they are down regulated by progesterone®?.
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When administered by mouth at a dose of 30 mg (figure 2.7), ulipristal acetate is rapidly
absorbed. The maximum or peak mean serum concentration (Cmax) + the standard deviation
(SD) of 176 = 89 ng/mL is observed at approximately one hour. Its active metabolite, mono-
demethyl-ulipristal acetate, has a Cmax of 69 + 26 ng/mL, which is also exhibited at about one
hour. Taken after a high-fat meal, the drug’s Cmax is decreased by 40 % to 45 %, the time to
maximum concentration (Tmax) is delayed by three hours, and the area-lﬁﬁle-dmg

concentration (AUC) curve is increased by 20 % to 25 %, compared with ﬁ& ation during

the fasting state®!. Differences in absorption rates, however, are not xg$cted to be clinically
relevant; thus, ulipristal acetate can be taken with food or wi@\x\'ﬁ he drug exhibits high
plasma protein (> 98 %) binding including albumin, alphq\l«&%? glycoprotein, and high-density

lipoprotein-cholesterol (HDL-C). Its effects in pa@th altered plasma protein levels is

UPA is metabolized predominamﬁxb%te cytochrome P450 (CYP) 3A4 hepatic isoenzyme, and,

unknown?°.

2.3.8.1.3 Metabolism of UPA

to a lesser extent, by CYP .°It is metabolized into two major metabolites namely: mono-
demethylated, and di@)ngq ated metabolites, although the mono-demethylated metabolite is
pharmacologicall ive, the di-demethylated metabolite has no clinical activity. The half-life of
the drug in %sma, following a single dose of 30 mg, is approximately 32.4 &+ 6.3 hours. In
pharmacekinetic, and population studies, UPA has not shown any significant variations in
women of different races. The drug is not recommended for breast-feeding or postmenopausal

women. The concomitant administration of medicinal products that tend to increase gastric pH

may also decrease the drug’s efficacy via drug-drug interaction’.
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Table 2.1: Comparison of Adverse Effects of LNG and UPA

LNG UPA

Adverse Reactions Reported

Abdominal pain 27 31

Breast tenderness 15 16

Diarrhea 11 12 . \% N

Dizziness 18 20

Bleeding 1 1 . %

Fatigue 37 37 ,®

Headache 29 . 2,&

Nausea 24 'é’ 9
Spotting 6 \)Q) 4

Vomiting 2 Q’Q 2
\\)

p <0.05.

.
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2.3.8.14 Biotransformation/Elimination of UPA

Ulipristal acetate is readily converted to its mono-N-demethylated, and subsequently to its di-N-
demethylated metabolites. In vitro data indicate that this is predominantly mediated by the
cytochrome P450 3A4 isoform (CYP3A4). The main route of elimination is through feces, and
less than 10 % is excreted in the urine. The terminal half-life of ulipristal acetate in plasma
following a single dose of 5 or 10 mg is estimated to be about 38 hours, wi%\(lbean oral
clearance (CL/F) of about 100 I hour. In vitro data indicate that ulipristal a.e‘&%nd its active

metabolite do not inhibit CYP1A2, 2A6, 2C9, 2C19, 2D6, 2E1, and %%, .§>r induce CYP1A2 at
clinically relevant concentrations. '&%‘\\J
2.3.8.2 Ethinylestradiol (EE) Q

17a-ethinyl estradiol was first synthesized in @ Hans Herloff Inhoffen, and Walter
r

Hohlweg at Schering. It was developed in@j@%

with greater oral bioavailability, and efféctiveness. This was achieved by the substitution of an

to create an ECP containing estrogen but

ethinyl group at carbon 17 ofﬂ{%ﬂ which makes it structurally different (figure 2.8a).
However, this difference in s%mre leads to a significant increase in estrogenic activity of the
drug ®. It was grante@@ approval on 25 June 1943 (Figure 2. 8b). Ethinylestradiol (EE, 100
pug) has been w@y used as contraception. It is most frequently used as the estrogenic
componenté%pside levonorgestrel in combined oral contraceptives ®. It is also used for the
treatme f menopausal, and post-menopausal symptoms especially the vasomotor effects,
female hypogonadism, and as a palliative treatment in malignant neoplasm of breast, and
prostate. It has also found usefulness in the treatment of some women with acne, and in Turner's

syndrome ¥.
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2.3.8.2.1 Pharmacology and Pharmacokinetics of Ethinyl Estradiol

Ethinylestradiol decreases luteinizing hormone by decreasing endometrial vascularization, and
decreases gonadotrophic hormone to prevent ovulation. It has a long duration of action as it is
taken once in a day, and a wide range of therapeutic index as overdoses are generally not

associated with serious adverse effects. Patients should however be counselled regarding the

risks of thrombotic events®-%, &
L <L

Ethinyl estradiol has the ability to bind to the estrogen receptor complex%'r\the nucleus, and
activate DNA transcription of genes involved in estrogenic cellular v@ﬁke& It also inhibits 5-
alpha reductase in epididymal tissue, which lowers test(%@le levels, and may delay

S

ic effects, ethinyl estradiol has been

progression of prostatic cancer. In addition to its anti&i@
0

shown to protect against osteoporosis. In animal , short-term therapy with this pill has

been shown to provide long-term protect@j}ﬁt breast cancer, mimicking the antitumor

effects of pregnancy?’. Ethinylestradi%,is rapidly, and completely absorbed from the

gastrointestinal tract. The ethinyﬂﬂb%%ution in the C17 position inhibits first-pass metabolism.

Bioavailability is reported at“4Q%6) It is extensively plasma protein bound, mainly to albumin.
X

Unbound molecules istr@ widely in the tissues due to their lipophilic nature. Peak plasma

concentrations ca\huitially at 2 to 3 hours after oral ingestion®. A second, 12-hour peak, is
thought to @t extensive enterohepatic circulation. Biological half-life is approximately 7.7
hours@ving a single oral therapeutic dose. Elimination phase half -life is reported between
13, and 27 hours. Compared to other estrogens, metabolism of EE is slow. Primary route of
biotransformation is through 2-hydroxylation, and of 2-, and 3-methyl ethers formation. First-
pass metabolism occurs primarily in the gut wall. Some enterohepatic circulation of sulfate, and

glucuronide metabolites does occur hence some are excreted via the feces or via the kidneys®*7°,
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N
Figure 2.8a: The Chemical Structug hinylestradiol (Source 4°)

AN

Figure 2.8b: Ethinyl Estradiol 0.05mg Tablet (Source %)
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2.3.8.24 Toxicity of Ethinyl Estradiol

Ethinyl estradiol has been associated with acute poisoning usually involving the gastrointestinal
tract which has mild, and self-limiting effects which may include nausea, vomiting, and
occasional vaginal bleeding. Chronic toxicity has also been reported to increase the risk of
cardiovascular disease such as myocardial infarction, cerebrovascular disease, thromboembolic
disease, gallbladder disease, and different types of cancers in some peop@&undice,
hypertension, nasal congestion, headache, dizziness, and fluid retention ha .ﬁgﬁeen reported.

Endometrial, breast, and certain liver cancers may occur at a higher ig%ig{lce in continuous use
Data has reported a 2 - 15 folds increase in the risl%@trial carcinoma with its use. The
Y

than in the general population®’.

higher the dose, and the longer the length of thera

@&svbsewed to be protective. More research is

he
needed to study whether EE therapy, and@,er estrogens, increase the risk of breast carcinoma. It

greater the risk. However, the addition

of progestogen to estrogen replacement t

was also suggested that there ix«x\'&%ﬁerate increase in the risk of breast carcinoma, but this
occurs only after 5 years of th%apym. A report also suggested a link between fetal exposure to
female sex homones@)@)’%enital abnormalities which include heart defects, and limb defects.
Other estroge @ly diethylstilbestrol (DEB), have been associated with the development of
vaginal, a%‘gical adenocarcinoma in female offspring of mothers who had taken this drug
during@ﬁrst trimester. Diethylstilbestrol ingestion during pregnancy is also associated with a
number of other abnormalities in male offspring, including, smaller testes, and urogenital
abnormalities. Although no studies relating EE directly to these findings were identified, the

pharmacological similarities in this class of compounds suggest caution should be used”.
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The main adverse effects of EE given in therapeutic dose are directly related to its estrogenic,
and metabolic effects. They include water, and sodium retention, which may result in edema,
weight gain, and tender breast enlargement. Changes in libido, and withdrawal vaginal bleeding
is also reported. Liver function impairment, jaundice, and gallstones may occur. Headache,
depression, dizziness, glucose intolerance, and a sensitivity to contact lenses are described. Large
doses may produce hypercalcemia when used in the treatment of metastatic carci 6&\1 ausea,
vomiting, and diarrhea are not uncommon®. Dermatological effects includé . N%na, melasma,
rashes, and urticaria. Erythema multiforme, and erythema nodosum cc%r. Hypertension, and
thromboembolic disease are reported. Acute poisoning such i@&ea, vomiting, and break
through vaginal bleeding have been reported following m@@raceptive overdose. Also, nasal
congestion, visual disturbances, headache, and @sion have also been reported in

association with estrogen overdose. A ior\b@?n between the prolonged use of oral

contraceptives, and the development of 1% cer has also been demonstrated in rats’.

2.3.8.3 Combined Oral &{tg*eptives (COCs)

Also known as the Yuzpe méthod; named after the Canadian physician who first described the

regimen, COCs co@i)@egﬁogen combined with levonorgestrel. The combined oral

con‘[raceptives;6 pills are commercially available formulations taken in two divided doses
sérc

with each 6

progestih(either 0.50-0.60 mg levonorgestrel or 1.0 — 1.2 mg norgestrel)*’. Depending on the br,

ontaining synthetic estrogen (usually 100 —120 mcg ethinylestradiol), and

and available, and the concentrations of the estrogen/progestin, each dose consists of 4, 5, or 6
pills. The regimen is one dose taken not more than 5 days after unprotected sex, followed by a
second dose 12 hours later’. The Yuzpe regimen is reported to be 97 % to 98 % effective in

preventing pregnancy. WHO conducted a double-blinded randomized trial of levonorgestrel with
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the Yuzpe combination. The levonorgestrel regimen was found to be more effective at

preventing pregnancy 4,

In addition to its contraceptive effects, constant administration of COC is also being explored as
a therapeutic intervention against polycystic ovary syndrome (PCOS), and dysmenorrhea.
However, the use of COC has been linked with disruption in body weight regulati{lb‘arterial
blood pressure, glucose metabolism, and general homeostatic regulati Q& females.
Endocrinologists, and researchers in the field of reproductive health !ﬂ%}?ﬁ?at continuous

prescription of COC should be revised with respect to these adverse .

A
24 The Female Reproductive System . Qé%
The female system (figure 2.9) consists of the internal; e external sex organs that functions
in reproduction. The genitals system is made up ‘(&emal, and external organs. The external sex
organs are organs of the vulva including th%'}, clitoris, and vaginal opening. The internal sex
organs are the vagina, uterus, Fall ubes, and ovaries. The vagina allows for sexual

intercourse, and birth, and is wcted to the uterus at the cervix. The uterus or womb

accommodates the embryocn@(} Hevelops into the foetus’!.

QQ
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Figure 2.9: The Female Reproductive @an (Source )
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24.1 The Ovaries

The ovaries are paired pelvic organs that rest on both sides of the uterus, close to the lateral wall
of the pelvis, and anterior to the rectum. The ovaries are highly vascular, round with an irregular,
nodular surface giving them a red appearance. Each ovary is contained within a bursa, and is
located several millimeters caudal to the kidney about 1 cm lateral to the midline. The ovaries
are attached at their hilus to the dorsal abdominal wall by the mesovarium, ?ﬁuspensory
ligaments. Each ovary is about 5 mm in largest dimension, and weighs a. %ately 60 mg

.3

led the ovarian surface

although these measurements vary considerably depending on age, and reproductive status’. The
ovary is covered externally by a layer of modified mesothelium @h’é
epithelium. Although the ovary is described as having Q%%ex, and medulla, the division
between them is not always distinct. Generally, the%‘%ry region has more prominent blood

vessels, lymphatics, connective tissue strin@gd aggregates of pale-staining polygonal

interstitial cells, while the cortex ha#&' follicles, and corpora lutea’. The histologic

appearance of the normal ovary Variﬂébh the stage of the ovarian cycle, and age of the animal.
Normally there is a comple %) of developing follicles with varying degrees of atresia.
Following ovulation, @%osa cells of each follicle form a corpus luteum, which soon
becomes well vascularizéd. Without the cervical stimulation of mating, large corpora lutea of
pregnancy af%seen in rats from standard toxicity/carcinogenicity studies, but in addition to
the re@ormed corpora lutea of the current cycle, corpora lutea formed from subsequent

cycles are present in various stages of regression’?,

24.1.1 The Menstrual Cycle
The menstrual cycle also known as the endometrial cycle or the ovarian cycle is a well-organized

serial event which occurs monthly in a woman between puberty (menarche) to menopause, and
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primarily influenced by hormones secreted by pituitary gland (FSH, and LH), and ovary
(progesterone, and estrogen). It is divided into three different phases namely; Menstrual phase,
proliferative or follicular phase, and the luteal or secretory phase’. The menstrual phase is
characterized by discharge of blood, connective tissues, and mucus due to cast off of epithelial
lining of endometrium wall. It lasts for 3-5 days, and the ovum is unfertilized. During this period,

level of estrogen, and progesterone is very low in blood resulting in breaking oé'géometrium

wall of uterus. The normality of menstrual cycle is needed for a § 6ﬁ?‘@1 embryonic

implantation 7374, ‘% -

The proliferative phase is characterized by rapid prolif % and repair of damaged
endometrium wall, and lasts for 9-10 days (5th — 14" (1.@' SH is released from the anterior
pituitary gland which in turn stimulates developm @\d maturation of graffian follicle hence
the name follicular Phase. Mature grafian f@c@etes estrogen, its level gradually increases,
and optimum on 12% day. Estrogen stimulates endometrium repair, proliferation, and ovulation
to about 2-3 mm thick, and hig@ular. Luteal phase is the last phase, and lasts for 12-14
days (14" — 28" day). It is doterized by the release of ovum from mature graffian follicle
which is stimulated Qt)@%ﬂetion of luteinizing hormone (LH) from the anterior pituitary
gland. Matu‘r%@n follicle releases ovum, and the rapture follicular cell form corpus luteum.

Corpus luteum™secretes progesterone which inhibit maturation of any other follicles at high

conce&n, and stimulate thickening of endometrium wall>,

When ovum remain unfertilized, corpus luteum degenerate; level of both hormone (progesterone,
and oestrogen) decreases, causing breaking of endometrium wall continuing the menstrual phase.
At the start of the menstrual cycle, both estrogen, and progesterone levels are low. This signals

the pituitary gland to make follicle stimulating hormone (FSH). When FSH levels increase,
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around 10-20 follicles begin to grow, and their eggs start to mature. The follicles produce
estrogen, which start to prepare the uterus (womb) for pregnancy. The rising estrogen levels
signal the pituitary gland to release luteinizing hormone (LH), which in turn, signal the ovaries to
produce more, and more estrogen. This forms a positive feedback loop. This sharp increase in
LH causes a mature egg to be released from the ovarian follicle. Only one egg generally reaches
maturity, and is released at about midway through the menstrual cycle. This is c%é\ovulation.

When the egg is released, the positive feedback loop ends, and estrogen, an ‘I\S@els fall’,

After the egg is released, the remains of the ovarian follicle form Q@S(:'ﬁure called the corpus
luteum. This structure releases progesterone, and estrogen @%\uinue preparing the uterus
(womb) for pregnancy. In most cases, fertilization d&&\ t occur, and the corpus luteum
decomposes, and stops producing progesterone. Without the progesterone, the uterine lining
breaks down, and is discarded with thé)&a d other cells, mucus, and fluid during
Q>
>
6

24.1.2 Effects of LNG on\h)Menstrual Cycle

menstruation (or a period)”>.

Levonorgestrel can alter th@)@ natural hormone levels which can affect the menstrual cycle,
leading to an earlier %ayed period as well as heavier or lighter bleeding. Levonorgestrel
activity, and Qcy as an emergency contraception was believed to be by delaying the LH
surge, @terfering with ovulation which is greater in the days of the cycle with less
probability of pregnancy, and lower in the phase with greater probabilities. The major pre-
ovulatory mechanism of contraceptive activity of LNG is at the level of the hypothalamic-
pituitary-ovarian axis affecting the release of pituitary LH leading to either inhibition or delay of
ovulation. It may also disrupt corpus luteum formation causing premature luteinization of

unruptured follicles’.
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2.4.2 The Fallopian Tubes .

The fallopian tubes are 2 tubular structures connected to the uterus on eaclé‘dgjbwith its
fimbriated ends floating freely beside the ovaries on each side in the pelyi : ﬁslaallopian tube
is also known as the uterine tube, or oviduct, which serves a dual purpgse Qf providing a channel
for ejaculated sperm to swim up into the peritoneal cavity, and tq@ a fertilized or unfertilized
egg down to the uterus, and eventually out of the bod)@parturition or menstruation. The
oviductal environment is crucial for sperm migratioﬂé%ck-up from the ovarian surface, and
transport to the uterus, fertilization, preimpl p@ymbryo development, and embryo transport
to the uterus, where the embryo will res& the remainder of pregnancy. If the environment
becomes hostile within the oviju\ct)@an lead to early embryo death, and disrupt normal
progression to the blastocyst st&ej\?
It is about 10cm lon@%‘osed in the broad ligament of the uterus. It is divided into the 4
parts: the intr @art which opens into the uterine wall; the Isthmus which is the narrowest
part where@e bryo undergoes several cleavage divisions; the Ampulla which is the widest
part, @ite of fertilization;, and the Infundibulum which is the funneled-shaped end with
finger-like fimbriae that relates with the ovaries””’8. The fallopian tube is made up of multiple
cell types, including stromal cells (fibroblasts), ciliated epithelial cells, secretory epithelial cells,
endothelial cells, and smooth muscle cells. These cells are tightly regulated, and controlled by

ovarian steroid hormones. The epithelial cells of the oviducts directly interact with sperm, eggs,
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and embryos. Furthermore, co-culturing gametes, and embryos with oviduct epithelial cells
promotes oocyte maturation, prolongs sperm motility, and improves fertilization rate, and
embryo quality in several mammalian species’. These findings highlight that gamete/embryo
interactions with the oviduct epithelium are crucial for pregnancy establishment. Dysregulation
of estrogen (E2) signaling, which may be caused by EC intake, in the oviductal epithelial cells

alters the inflammatory response, and ultimately leads to preimplantation embry@ in mice

79 ‘%\'

Ampulla

Infundibulum

Fimbriae

Figure 2.11: The Parts of the Uterine Tube
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Source 8¢

2421 Effects of LNG on the Fallopian Tubes . Q')&
An increased risk of ectopic pregnancy (EP) has been indicated follovﬂ@g;

failure. The use of LNG-EC has also been shown to increase more}@t'ﬁne times the odds of

contraceptive

ectopic pregnancy compared to other contraceptive methods®!. @%})regnancy following LNG-
EC failure was found to be associated with lower r. t%iqt‘hlamydia trachomatis infection,
fallopian tubal inflammation, and/or fibrosis com é\with general tubal pregnancy®. It was
hypothesized that LNG might influence fal@ﬁéﬂa e physiology rather than tubal morphology
or salpingitis. This is because the trans of embryos in the fallopian tubes is believed to be
facilitated through the fallopian@\ysiology, which involves ciliary activity, and muscular
contractions®!. Previous stué&%have reported that progesterone can suppress the epithelial
ciliary beat frequenc@m’%‘n fallopian tubes by 40—50 %. Treatment with progesterone also
decreases the .co ions of the longitudinal muscular layer of the human fallopian tubes

compared 6

of progésterone on tubal ciliary beats, and smooth muscle contractions, the effects of the

baseline value. Although studies have investigated the physiological effects

physiological P4 levels induced by LNG-EC is not well understood’. Although LNG is a
synthetic analogue of progesterone, its structure, and pharmacological properties, including its
effective dose, its metabolism, pharmacokinetics, bioavailability, and binding affinity to serum

binding proteins, differs from those of progesterone, and as such may elicit a different reaction.
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Furthermore, there is no reliable information regarding the influence of LNG on fallopian tubal

receptivity, embryo-tubal transportation, and/or implantation’”.

A dose-dependent effect of LNG on ciliary motility was found by*> which shows an increase in
the concentration of LNG resulted in decrease in the tubal ciliary beat frequency, which
ultimately led to embryo retention in the fallopian tubes of mice. With regard to the r(l@hanism
of EP, it is believed that an altered tubal environment, and impaired embryo-tu @hsportation
allow implantation of an embryo in the fallopian tube. In an EP, alteratio@’%ﬂopian tubal
receptivity might be a response to the sequence of factors os b@i&s that alter various

physiological functions, including the promotion of embryo im%@[ion”.

2.4.3 The Uterus Q’&

The uterus, a hollow, pear-shaped organ, is re@@le for different functions such as pregnancy
(gestation), menstruation, labor, and del've@Xrincipally hosts, and nourishes the developing
embryo, and fetus up until delivery’®, Iagocated in the female pelvis immediately posterior to
the bladder, and anterior to the um. The uterus also produces secretions that help the
movement of sperm to the @%ﬂ tubes, where sperm fertilizes the egg cells (ova) which are
produced by the ov‘{ 82.QThe uterus is divided into three segments: the fundus (the part above
the uterine t Qe lower uterine segment or body (the part from the level of the uterine tube
to the@ the isthmus), and the cervix uteri (the part below the isthmus). The uterus is made
up of an external layer of smooth muscle called the myometrium, and an internal layer called the
endometrium®’. The endometrium is subdivided into three layers: stratum compactum, stratum
spongiosum (which comprises of the stratum functionalis), and stratum basalis. The Stratum
compactum, and stratum spongialis develop into the stratum functionalis during the first half of

the menstrual cycle (proliferative phase). In the proliferative phase, facilitated by FSH, the

70



endometrium thickens, connective tissue is renewed, along with glandular structures, and
ehlicrine arteries. Estrogen causes the endometrial stroma to become deep, and richly
vascularised. Simple tubular glands in the stratum functionalis open oto the surface, and the

endometrium thickens?®®.

In the secretory phase, facilitated by LH, the endometrial glands become cork-screw @ed, and
filled with glycogen. They secrete a glycogen rich fluid during the segre@hase (after
ovulation). Decreased levels of LH, and progesterone result in t strual phase or
menstruation. During menstruation, (shedding of the uterine lining, wifieh Sccurs when the egg is
not fertilized), the spiral arterioles in the stratum functionalis l%gﬁtract, resulting in ischemia,
and degeneration of the functionalis layer. The aﬂer@mre, and the rapid blood flow

dislodges the necrotic functional layer, which is los Q

The functions of the uterine endometriu @e lining) include preparation for implantation,
maintenance of pregnancy if impla occurs (progesterone-primed endometrium), and
menstruation in the absence of Mancy (low progesterone). The endometrium thus plays a
pivotal role in reproduction% gontinuation of our species. Implantation of an embryo occurs
during a relatively sh indow of implantation (WOI) in the menstrual cycle®’. It is becoming
clear that ov the current bottleneck in improvements to assisted reproductive techniques,
and in @, a closer look at the interface between uterus, and embryo will be needed as
succe&mbryo implantation requires a cross talk between a healthy embryo with a receptive

endometrium8%87,

2.4.3.1 Effect of LNG on the Uterus
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Levonorgestrel can cause changes in the cervix making it harder for sperm to reach the uterus,
and harder for a fertilized egg to attach to the uterus. It is also believed that spermatozoa are
unable to fertilize the oocyte by possible alteration of the process of capacitation which occurs
within the female genital tract to prepare the sperm for fertilization through a series of
physiological, and functional changes. Although, it was observed by®® that LNG has no effect on
spermatozoa in an in vitro study, the possibility cannot be entirely ruled out, ané)’*@re studies
will be required. As regard LNG impact on endometrium, focus is on glyco L %\ endometrial

protein, its expression, and serum concentrations both during peri-ovuj%r'\{ midcycle, and at the

&

Glycodelin, also known as pregnancy-associated o@ulin, placental protein 14, or

time of LH surge®®.

progesterone associated endometrial protein, is t jor progesterone-regulated glycoprotein
that is secreted into uterine luminal cavitye:jé& ory/ decidualized endometrial glands. It is
expressed in secretory endometrium, pre@cy deciduas, and amniotic fluid originally, which is
vital for the maintenance of nor@an reproductive activities. With its distinct glycans, and
characteristic carbohydrate tdre, glycodelin mediates various biological activities in human
reproduction, and fefomaternal immunity. It has four different isoforms which exert their
distinctive bio g@\ﬁunctions based on the protein backbone as well as the glycosylation. They
are differel@te‘%based on their differences in glycosylation namely glycodelin A (GdA) mainly
from ®otic fluid, and pregnancy decidua, glycodelin S (GdS) from seminal plasma,

glycodelin F (GdF) from ovarian follicles, and glycodelin C (GdC) from cumulus oophorus .

The absence of glycodelin in the uterus during periovulatory midcycle is consistent with an open
“fertile window”. So, human endometrium contains no detectable glycodelin during the peri-

ovulatory midcycle; the first appearance of glycodelin in endometrium is observed three days
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after the LH surge, and its significant increase five-six days after LH surge, at the opening of the
implantation window. Glycodelin inhibits NK cell activity, monocytic cell chemotaxis, T-cell
proliferation, and it induces T cell apoptosis at the concentrations present in endometrial tissue,
and uterine fluid®. Glycodelin induced by local or systemic administration of progestogens may
potentially reduce the fertilizing capacity of sperm in any phase of the menstrual cycle: it is the
first endogenous glycoprotein that was found to potentially, and dose-depe%e\? inhibit
binding of human sperm to the zona pellucida®®. Serum glycodelin .%rations, and
endometrial expression during the luteal phase following oral ad.mi i tra‘t\ion of levonorgestrel
(LNG) at different stages of the ovarian cycle has been ob@‘\}d he result showed that
hormonal EC with LNG, taken before the LH surge, ﬁ%@ the secretion of endometrial
glycodelin in two important phases of the cycle: 4@% the fertile window when an early
increase of glycodelin secretion is significan fc@ntifertility activity; secondly is in the phase
of uterine receptivity in which reduced %gdélin expression may be a reflection of weakened

immunosuppressive microenvironmeqih‘thin the uterus at the time of implantation. In another

0\

study, thirty women with n?§i11 ovarian function were treated with LNG during the pre-
ovulatory phase apprcql@t o days before the LH surge. It was observed that LNG did not

modify follicle ruptyure i 20 out of 30 women, and serum glycodelin concentrations significantly
y \

increased duf%@rly, and mid-luteal phases®>3,

LNG @?ows effect on considerable number of markers of endometrial receptivity in women
after LNG oral or vaginal administration. There is either minor or no alterations in markers of
endometrial receptivity®’’. Glycodelin suppresses the monocyte chemotaxis, and facilitates its
apoptosis, and reduces TNF-a secretion by macrophages, which further influences innate

immunity. It also impairs the maturation of DCs, and inhibits their immunogenic T-cell
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stimulatory capacity. Glycodelin inhibits the proliferation, IgM secretion, and MHC class II
expression of stimulated B cells to regulate humoral immunity, and also decreases the
cytotoxicity of NK cells, and upregulates its secretion of IL-6, IL-13, and GM-CSF which results
in attenuated lethal effect against target cells. The polarization of naive CD4+ T cells toward T
helper type 2 (Th2) is skewed by glycodelin but not Thl subsets, and subdues the cytotoxic
effects of CD8+ T cells. (—) Inhibition; (+) promotion. The expression of glycodd@\females is
related to some reproductive system diseases such as premature ovari A\ re, recurrent
spontaneous abortion, and unexplained infertility. Up till rece.nt i e%, more studies have

reported that glycodelin is expressed in various cancers from fe Sspecific malignancies, such
gly Y ‘& gn

as endometrial cancer, ovarian cancer, and breast canc&& non-gender specific cancers

including lung cancer, and colon cancer®*%. @

2
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2.5 Implantation
Implantation is a highly complex biological process by which the developing embryo moving as

a blastocyst attaches to the endometrial surface of the uterus, and invades the epithelium, and
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then the maternal circulation to form the placenta Implantation is described as a highly complex
biological process in which a developing embryo, moving as a blastocyst through the uterus,
makes contact with the uterine wall, and remains attached to it until birth. Before the initiation of
implantation, however, both embryo, and endometrium should embark on an elaborated process
in a time-, and location-specific manner. The crosstalk between a receptive uterus, and a

competent blastocyst can only occur during a limited time span, known as t% indow of

implantation™. E‘\QO
Q)

2.5.1 The Process of Implantation .

Embryo implantation is the most critical step of the reprod %}rocess in many organisms
including humans. It comprises of a unique biologica@menon, by which the blastocyst
becomes intimately connected to the maternal endgmatrial surface to form the placenta that will
provide an interface between the growin@éﬁ% nd the maternal circulation®. Successful
implantation requires a receptive endome%un, a normal, and functional embryo at the blastocyst
developmental stage, and a syn%)gied dialogue between maternal, and embryonic tissues.
There must be a coordination“bgtween a healthy embryo, and a receptive endometrium to ensure
a successful implanta@%e rocess is initiated via fertilization, where the female reproductive
tract serves as | selection system to guarantee that the most viable, and the best quality
sperm reac@, d fertilizes the matured oocyte. After fertilization is done, the fertilized oocyte
forms t gote which travels through the fallopian tube, and develops into a blastocyst stage in
the uterine cavity before the implantation process. This process can take up to three days, during
which the embryo, and the endometrium relates through secreted, and cell surface factors to

prepare for the initial adhesion, and attachment®'.
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A single cell embryo divides through several rounds of mitotic division into a morula, and then
produces the blastocyst, which comprises of differentiated tissues. The blastocyst in most
mammals is made up of a layer of trophectoderm cells that will give rise to the placenta, and the
inner cells mass (ICM) which forms the embryo. The blastocyst becomes implantation
competent after shedding the zona pellucida. Once the trophectoderm, the outer layer of the
embryo, firmly attaches to the endometrial luminal epithelium, it initiates im%&n. The
endometrium prepares for the attachment of the blastocyst via several inte y Ng@ges. Without
these changes, implantation will not occur, and the embryo is remo.vid\d‘%i’rxlg menstruation®.

The process of implantation may be classified into three %gv.\apposition, adhesion, and
invasion. During blastocyst apposition, trophoblast e%@ere to the receptive endometrial
epithelium. The blastocyst will subsequently a Qto the endometrial basal lamina, and
stromal extracellular matrix (ECM). At thises-)ﬁ;é'éh achieved embryo—endometrial linkage can
no longer be dislocated by uterine flushing. This is followed by the invasive blastocyst
penetration through the luminal @m%. Even though the blastocyst can implant in different
human tissues, surprisingly imstheendometrium, this phenomenon can only occur during a self-
limited period spann@%en days 20, and 24 of a regular menstrual cycle (day LH+7 to

LH+11). At t:; etrium is primed for blastocyst attachment, given that it has acquired an
holo

gical, and functional state initiated by ovarian steroid hormones®’.

accurate m@

Implanta;on involves a complex sequence of signalling events that are crucial to the
establishment of pregnancy. A large number of molecular mediators, under the influence of
ovarian hormones, have been postulated to be involved in this early feto-maternal interaction.
These mediators embrace a large variety of inter-related molecules including adhesion molecules,

cytokines, growth factors, lipids, and others. Endometrial receptivity consists in the acquisition
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of adhesion ligands together with the loss of inhibitory components that may act as a barrier to
an attaching embryo®*. The relative inefficiency of the implantation process is paradoxical in
view of the fact that reproduction is critical to species survival. Implantation failure occurs when
there is a failure of firm adhesion to the endometrium. Embryo implantation failure is considered
a leading cause of infertility, and a significant bottleneck for in vitro fertilization (IVF).
Implantation failure remains an unsolved problem in reproductive medicine, and iéiig}mdered as
a major cause of infertility in otherwise healthy women. Inadequate X '%eceptivity is
responsible for approximately two-thirds of implantation failures, w ea‘§ the embryo itself is

responsible for only one-third of these failures®. %‘\\d
&

Uterine receptivity is defined as a restricted time-rela e@d when the uterus is receptive to
blastocyst attachment, and implantation. The establishmeént of this endometrial transition, which
supports embryo implantation, is primari‘é)gédi ated by ovarian hormones, estrogen, and
progesterone which modulate uterine e@s in a spatiotemporal manner. Although numerous
molecules involved in implantatﬂ&l%‘e been identified in rodents, and in humans, microarray
analysis of the human recep &%phase endometrium has only provided an insight into the role a

select few molecul@ olecular mechanisms which regulate endometrial-blastocyst

interaction r@ly defined®*

The wi @)f endometrial receptivity is restricted to days 16-22 of a 28-day normal menstrual
cycle,g days after the luteinizing hormone (LH) surge®. The uterus then continues into the
non- receptive period for the remaining cycle as the late luteal phase until menstruation ensues. It
is not surprising that early pregnancy loss, which occurs during the peri-implantation period
before pregnancy is confirmed clinically common in humans. The risk of spontaneous abortion

significantly increases with implantation beyond this window. The synchronized molecular
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dialogue mediated by cytokines, a variety of growth factors, prostaglandins, matrix degrading
enzymes, and their inhibitors, and adhesion molecules is required for successful implantation.
Infertility, the inability to conceive within a year of unprotected intercourse, affects one in seven
reproductive-aged couples in Korea®®. Investigating the hierarchical pathways that orchestrate the

implantation process will help to develop solutions for implantation failure, and to raise fertility

rates in women®!. &
')

2.5.2 Stages of Implantation ‘@ :

The process of implantation occurs in three stages namely: Appositian, when the blastocyst

contacts the implantation site of the endometrium; Adhesio%&%en trophoblast cells of the

blastocyst attach to the receptive endometrial %&;@;ﬂ, and Invasion, when invasive

trophoblast cells cross the endometrial epithelia sement membrane, and invade the

endometrial stroma®*. C;\\O

2.5.2.1 Apposition and Adh @

As shown in figure 2.13, implawn begins with apposition of the blastocyst at the uterine
epithelium, generally aboub% z?ys after the morula enters the uterine cavity. The implantation
site in the human utégus/is usually in the upper, and posterior wall in the midsagittal plane.
Implantation..d gsidered a pro-inflammatory reaction in which endometrial vascular
permeabi '@s markedly increased at the attachment site, mediated by Cyclooxygenase (Cox)-
deriveﬁostaglandins. Prostaglandin E2 is increased in the luminal epithelium, and the
underlying stroma at the both of mice, and human implantation site, thus indicating its role in

attachment, and localized endometrial vascular permeability®>4,
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Adhesion of the blastocyst, trophectoderm, and endometrial luminal epithelial cells of the uterus
is mediated by specialized cell adhesion molecules which includes integrins, cadherins, selectins,
and immunoglobulins. These molecules are expressed on the surface of invasive trophoblast, and
they interact with ligands expressed by the extra-cellular matrix of the decidua in a temporal, and
spatial way. Integrins are a family of transmembrane glycoproteins that act as cell surface
receptors formed by various combinations of two different, non-covalently liﬁh\u, and B
subunits. Menstrual cycle-specific integrins are up-regulated in the mid-lu.ég@se of human
endometrium, and have been considered as markers of the window o 'mglantation. It has been
suggested that a lack of integrin expression during the window @antation can contribute to
unexplained infertile women. The trophoblast also expressgs\&%ﬁrins at the time of implantation,

and at a site of outgrowing trophoblast cells®* 3. Q

2.5.2.2 Invasion C._)@

Invasion takes place when fetal trophobl ells invade, and migrate into the maternal decidua.
By this time, the trophoblasts at %@of implantation have formed masses of cytotrophoblasts,
and syncytiotrophoblasts. Th&%phoblast cells eventually destroy the wall of the maternal spiral
arteries, changing l@go muscular vessels into flaccid sinusoidal sacs lined with
endovascular t st. The aim of the process of invasion is to reconstruct the maternal spiral
arteries, which ‘will maintain a high blood flow between the fetus, and the mother, replacing
small,@-resistance vessels with large, low-resistance vessels. The success, and extent of
trophoblastic invasion invariably determines placental efficiency, and fetal viability in late
gestation. Deficiencies or unsuccessful trophoblastic invasion results in adverse pregnancy

outcomes such as intrauterine growth restriction (IUGR), and preeclampsia®> %,
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2.5.3 Biological Factors that Mediates Implantation
Implantation is mediated by specific biochemical factors, including hormones, growth factors,
enzymes, integrins, and cytokines. Any alteration in the secretion, expression or binding of any

of these can result in unsuccessful process.

2531 Hormones (b

To achieve successful implantation, the uterus should undergo structural functlonal
remodeling which are regulated by a number of hormones. Estrogen, aﬁ@esterone are the
master hormones mediating these changes. Their action involves }@b’indmg firstly to their
respective nuclear receptors. The progesterone receptors ar%‘%:nt in two isoforms in the
human endometrium as PR-A, and PR-B, and the estro ceptor also exists in two isoforms,

as ERo, and ERB?’. PR-B levels are tightly regulatege endometrium during the human cycle,
and therefore believed to have more b@g&}ﬂ importance (In recent years, genetically
engineered mouse models have provide%formation to understand the roles of ovarian steroid
hormones during embryo 1mp1a #PR-A is essential for implantation as mice lacking both
PR-A, and PR-B are infertil hareas mice lacking only PR-B have normal fertility. Likewise,

ERa is the primary r of estrogen action because the uterus of ERa knockout mouse is

hypoplastic, a t@%re infertile, while ERB knockout mice are fertile””.

2.5.3.%Q Estrogen

Estrogen 1s a class of hormone that includes estradiol (E2), estriol (E3) (which is increased in
pregnancy), and estrone (E1) the main form of estrogen after menopause. Estrogen is the primary
sex hormone that promotes the growth, development, and regulation of the female reproductive
system, and secondary sex characteristics such as the menstrual cycle, breast development,

fertility, and pregnancy. In females, estrogens, the most important, are mainly produced in the
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female ovaries. Also, estrogens are produced by fat cells, and adrenalgland®®®. Estrogen is also
important in keeping bones healthy as it prevents the breakdown of bone, and helps the
absorption of calcium from the gut that is why a very small amounts of estrogens are also
produced in the male body. Estrogens are the main hormone that is produced during the puberty
in the female body that is responsible for the development of all the secondary female organs —
breast, hips, pubic hairs, armpit hairs. Menstruation in females is regulated by é’;&ens as it
helps in the building of the uterus wall, and decreases on the very low L Q@ the time of
menstruation, and thus the uterus wall sheds!?. Estradiol, which is thesmain female hormone in
women prior to menopause), is released by the pre-ovulatorK@hc\e, and its concentration
steadily increases as a result of the growing follicle (s) cal’l@gfaﬁan follicle). Once a threshold
is reached, an LH surge from the pituitary gland is kﬁ%‘%which decreases further secretion of

estrogens, and increases the secretion of proi tk@s. This ultimately results in an inflammatory

es\
process that causes the follicle to ruptur% vulation to take place. This is the first phase of
the female reproductive cycle called @Mlicular phase characterized by high concentrations of

estradiol®.

N
The second phase of@e)g’%’an cycle is the Luteal phase which follows the follicular phase.
Once the egg iséﬁased, the follicle transforms into the corpus luteum (CL) which is a
temporary %10 ine structure that secrets large amount of progesterone. Also, during pregnancy
placer@oduces estrogens specifically estriol. Post pregnancy estrogens control lactation, and
changes in the breast. Therefore, the intake of hormonal contraceptives which consist of
estrogens can result in several health problems, and can also cause estrogens toxicity in the
female body on regular intake which may lead to death. Estriol is a metabolic product of the

other 2, and all 3 estrogens may be found in the urine of mature females” %,

83



They include inhibins, activins, relaxin, lectins, and the growth factors insulin-like growth factor-

1 (IGF-1), Transforming growth factor (TGF)-a, and TGF-f, and cytokines.

2.5.3.1.2 Progesterone

Progesterone belongs to a group of steroid hormones called progestogens, and is the major
progestogen in the body. It is a sex hormone produced in the ovaries by the corpus l-u@ which
serve as an essential steroidogenic precursor of several gonadal, and non-gonadal forfhones such
as cortisol, testosterone, estradiol, and aldosterone. It is also produ \t ¢ placenta in
pregnancy during which it plays a major role. Low level of proge \is also present in the
male body '"'. It plays important roles in ovulation, %&%\my, embryogenesis while
progesterone-based drugs are used for important fu c@ncluding contraception, immune
response, treatment of dysfunctional uterine bleegg,ﬁi prevention of cancer’’. Progesterone's

most important functions are to cause the@ié&é

second phase of the menstrual cycle, pre%ing it to receive, and nourish an implanted fertilized

trium to secrete special proteins during the

egg”. During menstruation, the p%e%rone level is on peaks, and results into several symptoms
that can be observed as a P enstruation Syndrome (PMS) or during menstruation such as
mood swings, bloatir@@ravings, breast tenderness, and acne on face. Progesterone level
remains elevated @ughout the period of pregnancy. Progesterone also encourages the growth
of milk-pr(@m g glands in the breast during pregnancy. When progesterone is consumed as a
horrnc@ontraceptive, its level increases in the body, and the regular usage can disturb the

normal functioning of the body causing toxicity, and further health problems'!.
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Figure 2.1: Chemical Struct e}grogesterone
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The other hormones secreted from the ovaries includes testosterone which is made in small
amounts. In women, like in men, testosterone is important for bone health, and muscle mass,
making new blood cells, and sex drive (or libido). In women, most of the testosterone made by
the ovary is converted into estradiol (E2). The other one is Anti-Mullerian hormone (AMH)
which is important during development of the ovarian follicles. Inhibin A, and Inhibin B are

released from cells within the ovarian follicles. They play important roles in reg@?ﬁfg follicle

stimulating hormone (FSH) release from the pituitary gland at differen}%@?@f the ovarian
.3

cycle!®.
2

2.5.3.1.3 Effects of Hormonal Modulation on Implant%e%
Progesterone plays a pivotal role in implantation t@ows the uterus to support the
development of the embryo. The advent of advan% cs technologies provides unique insight

of embryo implantation using targeted proteﬁé‘o

and secreted protein changes in response@varian steroid hormones®’.

Q

The binding of progestin to PNS to conformational changes in the receptors leading to

identifying endometrial epithelial cellular,

dimerization, dissociation @)erones, binding to progestin response elements in the promoter

regions of target g)e{d nd the recruitment of specific coactivators, and general transcription

factors whicb@ in the modulation of transcription of the genes’’.

The p@a ive (follicular) phase is influenced by rising estrogen levels due to growing ovarian
follicles, leading to proliferation of the epithelium, stroma, and vascular endothelium which
causes regeneration of the endometrium. Increasing levels of estrogen are observed before the
receptive phase, but it remains to be determined whether this mid-luteal phase estrogen is

necessary for implantation in humans or non-human primates. Although estrogen can induce the
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receptivity of the uterine, WOI remains open for an extended period at lower estrogen levels but
rapidly closes at higher levels in the mouse model. Uterine receptivity is improved when
estrogen levels are decreased during the preimplantation period in patients undergoing In Vitro

Fertilization, and Embryo Transfer (IVF-ET)%®,

Progesterone induces the formation of pinopodes which are epithelial cells that loseth olarity,
and microvilli through down regulation of cell-cell adhesion, and develop s &&otmsions
along the apical surface. Pinopodes are most importantly noted for the re r%e cell surface
glycoprotein mucin 1 (MUC1) which inhibits cell to cell adhesien\@'n@ WOI. However, the
validity of pinopodes as a marker of uterine receptivity is cont%&%} as pinopodes are detected
throughout the luteal phase of the human menstrual c@nd pregnancy. The undeveloped
embryo enters the uterine cavity as a morula, ar% es a 32 to 256-cell blastocyst before

implantation. Implantation starts with the 1@6

after the morula enters the uterine cavity \in preparation for attachment. The active blastocyst

ona pellucida known as hatching, 1-3 days

goes through structural changeA{%that a more irregular surface with more microvilli is

observed with accumulation ﬁwogen granules in the cytoplasm’.

2532 CtkCg)Q
yto S
N

Cytokines a tory extracellular polypeptides or glycoproteins of low molecular weights
synthe'@ainly by the T cells, neutrophils, and macrophages. Unlike hormones, cytokines
usually aCt as paracrine or autocrine signals in local tissue, and only occasionally, they have
more distant effects as endocrine mediators. They are responsible for the promotion, and
regulation of immune responses such as activities, differentiation, proliferation, and production
of cells, and other cytokines. They also act on signaling molecules, and cells, stimulating them

toward sites of infections, inflammation, and traumas, acting on primary lymphocyte growth
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factors, and other biological functions. Cytokines are categorized based on where they act such
the site where they are produced (autocrine action), in nearby cells (paracrine action) or in distant
cells (endocrine action). This makes them important in the development, and regulation of
immune system cells. There are different types of cytokines which include chemokines,

interferons (IFN), interleukins (IL), lymphokines, and tumor necrosis factor (TNF)!%,

QO

2.5.33 Leukemia Inhibitory Factor (LIF) . Q')&\

Leukemia-inhibitory factor (LIF), a member of the interleukin-6 family @klnes, is a major
mediator of estrogen action. In a study using mice, a knock-out oﬁb@%ﬁb results in infertility,
characterized by a defect in implantation, and deciduali@ that can be rescued by
administering recombinant LIF. The expression of LIF i X %r around the time of implantation
in fertile women as opposed to lower levels obser& infertile women. LIF mediates a shift
from a proliferative state of luminal epitheli Y @ifferen‘[iated state through down-regulation
of cell-cell junctional molecules acting_a§ ‘a,barrier to embryo invasion. LIF also drives stromal
proliferation through regulation@é epidermal growth factor (EGF) signaling pathway!'®,
Mice with an inactivating muﬁ}.%(m in the colony-stimulating factor-1 (CSF-1) gene are infertile
due to lower rates c@)@%aﬁon, and fetal viability. Both the embryo, and endometrium
express CSF- r@tor mRNA, and it has been suggested that cross-talk of endometrial
epithelial (@- with trophectodermal CSF-1 receptor enhances attachment. Interleukin-1 (IL-1)
is believed'to be involved in implantation, and the pre-implantation development of the embryo.
IL-1 stimulates the expression of vascular endothelial growth factor (VEGF), and regulates the
activities of matrix metalloproteinases (MMPs), and tissue inhibitors of metalloproteinases

(TIMPs)!2,
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Interleukin-6 (IL-6) displayed the highest protein concentration in the endometrial epithelial cells.
Assessment of IL-6 through ELISA showed viable blastocysts taking up IL-6 as compared with
blastocysts that failed to result in a pregnancy, suggesting a potential role for IL-6 in blastocyst
development, and implantation. Heparin-binding epidermal growth factor-like growth factor
(HB-EGF) is another crucial molecule in the interactions between the uterus, and the embryo
during the attachment to the endometrium. It was shown in a study using ro%&at it is
expressed exclusively in the luminal epithelium surrounding the blastocyst .-“qg@rs before the
attachment process. Its expression is very important in the .rece tiv;c3 epithelium, and is
concurrent with pinopodes. HB-EGF, as a transmembrane protg'&@a synthesized protein that
can be processed to release the soluble growth factor, and te%%‘?er they influence the blastocyst

through the EGF family of receptors expressed on tﬂ@%cyst surface as a juxtacrine adhesion

factor. HB-EGF in addition promotes blasto&)&%@sth, and zona-hatching!®,

2.5.3.3.1 Effect of LNG on Uterinéeukemia Inhibitory Factor (LIF)

The cytokine, LIF, is essentia%@nbryo attachment, and it is induced by estrogen. Its
expression was found to be ¢ed in mice treated with 300 pg/ Kg/ day LNG, and the mice
showed embryo failu@)@ of pregnancy of treatment while all the control mice had normal
pregnancy d \wrmal attachment sites. Treatment with LNG is associated with

downregulated of LIF expression which may contribute to the contraceptive effect of LNG'?,

Treatr& with P4 before implantation decreased decidual progesterone receptor (PGR)
expression, and induced decidualization defect apart from LIF downregulation. These findings
indicate that progestogens cause embryo attachment inhibition through downregulation of uterine
LIF expression, and compromised decidualization through downregulation of PGR

5

independently of LIF reduction !, Recent research has shown that LIF may play a role in the
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development of endometriosis, highlighting its importance in reproductive health. Additionally,
LIF has been implicated in polycystic ovary syndrome (PCOS), another common reproductive
disorder. As such, LIF represents a potential target for treatment of these conditions. Looking to
the future, further research into the role of LIF in fertility could yield new insights into the
mechanisms underlying reproductive health, and lead to new clinical applications. Overall, it is
clear that LIF plays a critical role in reproductive health, and warrants continue@N’cstigation
into its potential therapeutic applications. Both the proliferative, and the s¢ ; &g@hases of the
menstrual cycle has been reported to result in a dysregulati.on %I synthesis in the
endometrium. In patients with multiple failures of implantat’%‘%\}\z ), the malfunction of
cytokine production was reported to be more severe. Thi@o the suggestion that unknown

infertility, and recurrent failures of implantatio@e caused by the dysregulation of

endometrial LIF secretion during the menstr{ia-l @9.

2.5.3.4 Growth Factors %,

Growth factors are classified @ng to both structural, and evolutionary associations,
ordering them into larger famﬂ%s'o)f proteins. There are a great increase in the number of growth
factors, and their fa@& as bone morphogenic protein (BMP), fibroblast growth factor
(FGF), transfo @growth factor beta (TGF-B), neurotrophins (nerve growth factor [NGF],
brain-deriv&n rotrophic factor [BDNF], and neurotrophin [NT3]), colony stimulating factors
(CSF), elet-derived growth factor (PDG F), erythropoietin (EPO), thrombopoietin (TPO),
myostatin (GDF-8), growth differentiation factor 9 (GDF-9), epidermal growth factors (EGFs),

hepatocyte growth factor (HGF), and more in recent times!.

The term growth factor is sometimes used interchangeably with the term cytokine. Growth

factor implies a positive effect on cell division while cytokine is a neutral term with respect to
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whether a molecule affects proliferation or not. In this sense, some cytokines can be growth
factors, for example granulocyte colony-stimulating factor (GCSF), and granulocyte-macrophage

colony-stimulating factor (GMCSF). However, some cytokines have an inhibitory effect on cell

growth
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AL
or proliferation, others, such as the Fas and lig, are used as “death” signals.beéé'i):;&}ley cause
target cells to undergo programmed cell death namely apoptosis'®. Theiﬂ%\lﬁ implantation is
illustrated in figure 2.20. Also, Glycodelin suppresses the monocytb\fi%n'lbtaxis, and facilitates
its apoptosis, and reduces TNF-a secretion by macrophagesé;@} further influences innate
immunity. It also impairs the maturation of DCs, af&%hibits their immunogenic T-cell
stimulatory capacity. Glycodelin inhibits the pro Qon, IgM secretion, and MHC class 11
expression of stimulated B cells to regé)tg»\'lu oral immunity, and also decreases the
cytotoxicity of NK cells, and upregulates%,secretion of IL-6, IL-13, and GM-CSF which results
in attenuated lethal effect againsﬂ{%& cells. The expression of glycodelin in females is related
to some reproductive syste ¢ases such as premature ovarian failure, recurrent spontaneous

abortion, and unexp‘ain@in;’ertility. Up till recent times, more studies have reported that

glycodelin is ;@@Ssed in various cancers from female-specific malignancies, such as

endometrial.canieer, ovarian cancer, and breast cancer, to non-gender specific cancers including
lung c@, and colon cancer®*8>

2.6.1 Hormones of Importance in the Reproductive Tract
The function performed by the endocrine system is imperative in the management of the human

reproductive cycle. LH along with the two other gonadotropin hormones, follicle-stimulating

92



hormone (FSH), and human chorionic gonadotropin (hCG), are very important in regulating

sexual, and reproductive functioning!®,

2.6.1.1 Luteinizing Hormone (LH)

LH has an important evolutionary function as it acts on both male, and female gonads (testes or
ovaries). Also known as lutrophin or lutropin, it plays key roles in biological proces@such as
sex steroid synthesis (for both sexes), and the critical reproductive mechaqisxbO@Vulation in
females. LH is a member of a heterodimeric glycoprotein family along @rmd-stimulating
hormone (TSH), and the other gonadotropin hormones'®”. Members f@tﬂis hormone family all
share the same 92-amino acid a subunit, yet they each hav@%i}own respective hormone-
specific b subunit that garners receptor specificity, @equent functional specificity. In
humans, the gene sequence encoding for the LH nit is located among a cluster of gene
sequences on chromosome 19q13.32. Trans@)@ the LH subunit is particularly important as
it also happens to be the step-in which }grs‘%ption rates of LH are modulated. The structure of the
highly conserved b subunit an%@id sequence is what provides LH with its essential
biochemical behavior, and f%:don. Gonadotropin-releasing hormone (GnRH) mediate the
production of LH fro@&%othalamus“o. In females, an acute rise of LH "also known as LH
surge" triggers V@ibn, and development of the corpus luteum (Figure 2.16). LH stimulates the

=

thecal cell-6

by aromatase within the granulosa cells.

ted production of, androgens, which are ultimately converted into an estradiol

LH is also involved in progesterone production, and promotes the final stages of follicle

maturation through direct interaction with the granulosa cells!!!

. It acts synergistically with
follicle-stimulating hormone (FSH). LH works to assist FSH in the stimulation of follicle, and it

also stimulates ovulation, and release of the ovum. This is accomplished by a large LH surge
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which occurs by positive feedback activity of rising estrogen on the pituitary gland, which
triggers completion of meiosis I in the primary oocyte, rupture of the follicular wall, and
subsequent ovulation 9 hours proceeding peak LH levels. In the postovulatory phase, LH
subsequently forms/maintains the corpus luteum by promoting progesterone secretion. The
corpus luteum is a small yellowish hormone secreting structure that is formed from the remains
of the follicular sac that once held the developing ovum. Its main function is @%ng large
amounts of progesterone, and small amounts of estrogen, which 51% important to

.@w

In the ovaries, LH supports theca cells that provide, androg@ d hormonal precursors for

implantation, and preparation for pregnancy'%.

estradiol production. During menstruation, FSH initi t@icular growth, which specifically
affects the granulosa cells. With the rise in estrog Qel, LH receptors are also expressed on
the maturing follicle, which causes it to pr@l)&ﬂ e estradiol. As the follicle fully matures, a
spike in 17a-hydroxyprogesterone produ by the follicle inhibits the production of estrogens,
leading to a reduction in estrog&ngeﬁated negative feedback of GnRH in the hypothalamus,
which then stimulates the relé% ‘of LH from the anterior pituitary. However, another theory of
the LH peak is a posi@@%ack mechanism from estradiol. The levels keep rising through the

follicular phas u@ﬁhey reach an unknown threshold which results in the peak of the LH'!!.

2.6.1.2 @e Stimulating Hormone (FSH)

Follicle stimulating hormone (FSH) is produced by the anterior pituitary gland in response to
gonadotropin releasing hormone (GnRH) from the hypothalamus into the pituitary via the
hypophyseal portal system. FSH plays a role in sexual development, and reproduction in both
males, and females. It is a glycoprotein dimer with alpha, and beta subunits. The beta subunit

(FSHP) of 111 amino acids is unique to FSH as it confers on it the specific biological action, and
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also responsible for interaction with the follicle stimulating hormone receptor, while the alpha

subunit is the same as found in Thyroid stimulating hormone (TSH), human Chorionic G, and

LH!'"®. The hypothalamus produces GnRH, and it is released into the hypophyseal portal

circulation to act on G protein coupled receptors at gonadotropic cells of the anterior pituitary.
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Source 1

AL
Those gonadotropic cells produce FSH, and luteinizing hormone (LH), and rele \m into the
peripheral circulation. GnRH release occurs in a pulsatile manner, wit@u se frequencies
stimulating more FSH production, and high pulse frequencies stimu(@)ﬁiore LH production'!!,
The gene for the alpha subunit is located on chromosome 6q14€%}essed only in two cell types
most notably the basophils of the anterior pituitary. Th @r the synthesis of the beta subunit
gdotropes of the pituitary cells which is

is located on chromosome 11p13, and expressed o

controlled by GnRH, enhanced by activin, ﬂ;ébi d by inhibin'!3.

During the follicular phase of the r%@gﬂ cycle, FSH stimulates the maturation of ovarian
follicles. As a dominant follicle wover, and secretes estradiol, and inhibin, FSH secretion is
suppressed. When the dom@f?)llicle produces enough estradiol to maintain levels of 200 to
300 pg/mL for 48 ho Qe hypothalamus responds with a surge of GnRH which stimulates the
secretion of @ropic hormones instead inhibiting them!'*. FSH peaks at the same time as
the L@ that causes ovulation. FSH then remains low throughout the luteal phase,
preventing the development of new follicles. Continuous use of medications which are GnRH
agonist suppresses or even inhibits the release of FSH, and LH from the anterior pituitary as a
result of negative feedback from estrogen, which inhibits ovulation, and estrogen production in

women. Clinically, GnRH agonists like leuprolide work via this mechanism!!>,
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The efficiency of FSH is regulated by three main factors: one, the intrinsic bioactivity of the
hormone, two, its serum concentration, and three, the efficacy of FSHR signal transduction in
response to hormonal stimulation. The rate-limiting step in FSH production is the transcription of
the FSH beta subunit coding FSHB gene. The other component in the biologically active FSH
heterodimer, the common alpha subunit, is produced normally in excess, and is not known to

NI
gene is

limit the production of bioactive FSH. Activation of FSH receptor coded by the@

necessary for the hormonal functioning of FSH. Medications that can inﬂue%q@c&@regulation of

FSH in any of the three factors will affect its efficiency as suggested b 16.’3T e effect of LNG on

)

the pituitary level, their clinical value in pharmacogenetic applic@requires further studies'!”.

2.6.3 Biochemical Profile and Synergistic Action of %@Qn?FSH
LH along with FSH are both stored in the anterior‘segment of the pituitary gland—pea-sized
endocrine gland sitting at the base of the l@)ﬁ?\gﬂ%ﬁ secretion is stimulated by gonadotropin-
releasing hormone (GnRH) secreted by @ypothalamus into the pituitary via the hypophyseal
portal system!!3. They play con@\tary roles in follicle development, and ovulation via a
complex interaction in the othalamus, anterior pituitary gland, reproductive organs, and
oocytes. Impairment @Q’%duction or action of gonadotropins causes relative or absolute LH,
and FSH defi 'e%\ﬂlat compromises gametogenesis, and gonadal steroid production, thereby
reducing fertility. In women, LH, and FSH deficiency is a wide range of conditions with
different\functional or organic causes that are associated by low or normal gonadotropin levels,
and low oestradiol levels''®. While the causes, and effects of reduced LH, and FSH production

are very well known, the notion of reduced action has received less attention by researchers.

Diminished action combined with reduced endogenous gonadotropin production caused by
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GnRH analogue protocols, may lead to resistance to gonadotropins, and, thus, to an unexpected

low response to ovarian stimulation'!2,

FSH stimulates the synthesis of estrogens, and the maturation of cells lining the spherical egg-
containing structures known as Graafian follicles. In menstruating women, there is a
preovulatory surge in serum FSH, and LH concentrations. The preovulatory su LH is
essential for rupture of the Graafian follicle (ovulation), after which the egg er@e fallopian
tube, and travels to the uterus. The empty Graafian follicle becomes fﬂ%}h progesterone-
producing cells, transforming it into a corpus luteum. Inhibing Wone secreted by the

A

Graafian follicles of the ovaries, and by the Sertoli cells of t@%}es, inhibits the secretion of
FSH from the pituitary gonadotrophs!!?. Medication s. as endogenous hormones, that are
GnRH agonists initially stimulate secretion of LH, FSH, but when continuously taken,
suppress the release of LH, and FSH. This r@)ﬁg\h varian suppression, and decreased estrogen
levels. GnRH antagonists can acutely s@‘ess LH, and FSH secretion. Although it has been
shown that both GnRH agonists,‘b&d%agonists are useful in the treatment of certain breast, and
prostate cancers, endometriosis, and uterine leiomyomas!''"!'4, Impairment in the production,

and/or action of gon@t)@i

the gametogen si@d gonadal steroid production, invariably reducing fertility

n§ causes absolute or relative FSH, and LH deficiency that affects
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2.6.4 9®rmonal Modulation and Infertility

Infertility, the inability to conceive by natural means, is a worldwide problem affecting 8-12 %
couple during their reproductive lives with high prevalence around the world. It is a disease of
the reproductive system characterized by inability to achieve pregnancy after 12 or more months
of regular unprotected sexual intercourse. It is estimated that female factor accounts for 40-50 %

of infertility among couples''. Infertility can be hormonal, related to age, exercise, obesity or
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infectious disease; it can be immunological, psychological, result from surgery or blockage, or be
associated with defined abnormalities in the gametes. Many factors are implicated in the

etiology of infertility, it may be male or female associated!!>.

A variety of factors, including ovulation defects, spermatogenic failure, parental age, obesity,
and infections have been linked with infertility, in addition to specific karyotypes, an@otypes.
The study of genes associated with infertility in rodent models has expa é&)t e field of
translational genetics in identifying the underlying cause of human infeﬂ%lgr%lemsm. The
issues of infertility are underappreciated in developing countries. dlessness has negative
psychological consequences, and leads to social stigma. Near%%n\illion couples are infertile

worldwide, and assisted reproductive technologies ar @ive, and particularly unaffordable
for couples in developing countries such as Niger ﬁn ovarian development, the number of
primordial follicles is finite. Thus, ther&éjg\s sequent loss of follicles during female
development, and puberty, and eventu llicle exhaustion leads to menopause. Moreover,

reproduction physiology involve%%al paracrine, autocrine, and endocrine processes. All of

these processes are tightly re‘g&a‘tﬂd by a plethora of genes, and discrepancies in any of these

pathways can lead to ee)@t 21

Infertility 1 glplex disease, and hence an approach to identify the causative, and
contributi ctors is imperative. The cause of infertility can be hormonal, immunological,
infectious, or psychological. The effects of varying concentrations of estrogen, and progesterone
throughout the period of the menstrual cycle have characteristic effects on the endometrium!'s.
In the luteal phase progesterone reduces the biologic activity of estradiol on the endometrium by

decreasing the concentration of estradiol receptor, increasing the enzymatic activities of 17-
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hydroxylsteroid dehydrogenase type II, the enzyme responsible for the conversion of estradiol to

estrone, and by increasing the activity of estrone sulfotransferase'??.

2.7 The Rats’ Estrous Cycle

The estrus cycle of rats is the reproductive cycle identical to the human menstrual cycle. The
cycle lasts for 4 - 5 days and it comprises of four phases which are proestrus, estrus testrus
and diestrus. The proestrus phase last for 14 days, the estrus phase lasts for abo Q}&} 48 hours,
the metestrus phase lasts for 6 — 8 hours while the diestrus phase lasts fo?%\‘/ hours. These
phases are associated with different morphological, behavioural, K&%&gical and cytological
changes. The onset and length of the cycle varies among @%}n rodents'?>. The vaginal

-

tion and the first ovulation usually

opening is associated with an increase in estradiol %&

around post natal day 30 (PND 30). %

2.7.1 The Proestrus Phase
The proestrus, the preparatory stage féj&nimal coming into heat, is associated visually with a
full, swollen, and moist vaginal wgm. The tissues are pink, with striations in both the dorsal
and ventral lips of the '&Qa. .&ytologically, the proestrus phase is characterized by the
predominance of nucleated epithelial cells. At late proestrus phase there can be few anucleated
cells that ar Qcomiﬁed or not. This phase is associated with a significant surge in the

conce@@of E2 which in turn cause a peak in the level of LH and FSH as well as P42,

2.7.2 The Estrus Phase
The appearance of the vagina looks similar to that in the proestrus, but less pink, less swollen,
and less moist, with more prominent striations the estrous phase shows a smear dominated by

anucleated cornified cells. This phase sees all hormones return to baseline except for E2 which
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has a peak at the evening of the estrus phase. The proestrus and the estrus together makes the

ovulation phase in human’s menstrual cycle '%°.

2.7.3 The Metestrus Phase

This is a brief period characterized with decline of corpus luteum functions in the absence of
conception when the activities of reproductive organs gradually subside. The Va;(&%pening
appears pale and dry with a slew of white cellular debris. The metestrus phase ,@%)racterized by
the same proportion among leukocytes, cornified, and nucleated epithe]%cells. Progesterone

[ ) “
and estradiol circulate at relatively low concentrations. This is syn@n s to the luteal phase in

humans'?, . q@'&
Q>
2.7.4 The Diestrus Phase Q

The features of diestrus include a very wet ’a@ypening, which is ometimes too small, and
closure in some cases with no tissue sweling™This phase is characterized by a predominance of
leukocyte cells is the period of s ort@auring the breeding season, and anestrus which a non-
breeding period when reproﬂﬁtixe organs are quiescent'?’. Here, P4 concentration increases

sharply and then retu\ttj@ghne at the end of the day. This is late luteal period!®.

>

QQ
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Q)QQ Chapter Three
>

3.1. @@Design
This is an’ experimental animal study.

3.2 Administration of Questionnaires

Methodology

500 copies of questionnaire (Appendix I) were administered among Lead City University
students from various departments to evaluate their awareness, perception, and knowledge of

contraceptives. This was done between June and August, 2022.
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3.2.1 Analysis of Questionnaires

The data from the questionnaires was analyzed Microsoft Excel Package. The most commonly

used emergency contraceptive pill, Postinor-2 (levonorgestrel only), reported from the survey

was administered to Wistar rats in this study.

33 Study Area

Acclimatization, treatment (drug administration), and observation of the experi%@l animals

were carried out at the institutional animal house under suitable envir .ﬁ&g 1 conditions.

Biochemical analyses of the tissues of interest post-periodical adrflini at%on were performed at

the biochemistry, physiology, and pharmaco-chemistry laborat®t ead City University as

well as other pertinent research facilities outside the univer@%

3.4  Drug Procurement QQ

Postinor-2, which is one of the brand name \)@norgestrel, was purchased from Kunle-Ara
in)ment-approved pharmacy and highly patronized

Pharmacy, a major distributor of dmgs,%

shop, in Ibadan, Oyo State. Q:b‘

N

3.5 Drug Dosage Determir:@'and Drug Dilution

The normal dose of osigr- , comprising two tablets each containing 0.75 mg of the active
compound (ta né\v 12-hour interval), was used for the study. Each table was weighed and
estimated to.be™0.11 g (110 mg). The female average body weight (BW) was assumed to be 60
kg. T@re, 60 kg body-weight animals required 110 mg of Postinor 2 tablet. This was used to
obtain the Postinor 2 dosage used in this study, as shown in Appendix II.

3.6  Experimental Animals

Sexually mature female rats of the Wistar strain weighing between 110 and 120 g were used for

the study. They were purchased from the Physiology Department of the University of Ibadan,
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Nigeria. The animals were acclimatized in the departmental animal house under suitable
environmental conditions in plastic cages with wire nets for 28 days. They were given standard
rat pellets (Top Feeds Limited, Challenge, Ibadan) and water ad libitum. The animals were
handled in compliance with the National Institutes of Health guidelines for the care and use of

animals in research. The body weight of the animals was measured before and after treatments,

prior to each batch of sacrifices. &
Q

3.7  Experimental Design ‘@ :

A total of sixty (60) rats were used for the study. The rats were ran@ assigned into three (3)
groups of twenty animals per group (n = 20). All the animals \%gcglowed equal access to food,

and water ad libitum. The treatments of the animals@@ a period of ninety (90) days and

.}g

Group A (Once weekly): The animals inQi_s) roup were orally administered Postinor-2 at a

were carried out as outlined below.

dose of 1.83 mg per kilogram of bo ght (BW) one day in a week at a 12-hour interval

(morning at 7 a.m. and eveningM.m.). They were given normal saline on the other day of

0’
treatment for group B. Q}@

Group B (Twice g%k y): The animals in this group were orally administered Postinor-2 at a
dose of 1.83 r kilogram of body weight (BW) two days in a week, Tuesdays and Thursdays

at 8 a.@%e morning and 5 p.m. in the evening each day.

Group C: The control group was orally administered normal saline, the same volume used as the

vehicle for the drug in the treated groups, at the same time as the treated groups.

After One (1) month of treatment, five (5) animals from each group were sacrificed by cervical
decapitation; the tissues of interest, namely the blood, liver, kidney, ovaries, and uterus, were
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harvested and processed for biochemical analysis and histopathological examination (excluding
the blood). This procedure was repeated at the end of the second and third months, respectively.
The remaining five animals in each group were left for a 30-day post-treatment recovery period.
Thereafter, they were sacrificed, organs weighed and analyses (histological and biochemical)

were carried out on the harvested and processed tissues. The summary of the design is shown in

table 3.1 &b

%\%
A‘Z’éﬁ”

S
S
>

Table 3.1: Experimental Desigu\;()

(@Z Group B Control

\Q)(n=20) (n=20) (n=20)

i %Q“
Treatment Food + water + drug Food + water + drug Food, and water

Q (once a week) (twice a week) only
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At the end of the first
month, five rats were

sacrificed from each

group.

At the end of the .
O

second month, five p=10 n=10 . @

additional rats were

sacrificed from each . \ )

group.

At the end of the third @
month, five rats were n=5 % =5 n=5
O

also sacrificed from

each group. (b:é'

Recovery period: 1 month aft&teg?lﬁation of treatment, the remaining 5 rats in each group were
sacrificed. Q’Q

3.8  Determination of Body Weight of Rats

The body we‘i%-gf both control and experimental rats were determined and recorded before the

treatrn%%rted and before each batch of sacrifice using an electrical weighing balance.

3.9  Physical Observation of the Experimental Model (Wistar rats) before, during and
after Treatments
The animals were monitored closely before and after each administration of Postinor 2 for any

physical or behavioral changes. Considering any changes such as hyperactivity, change in
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motion style, loss of hair, redness of the eye, excessive body weight gain or fat accumulation,

change in food consumption, prolonged sleeping time, or change in excreta (urine and feces).

3.10 Identification of the Effect of Postinor 2 Treatment on the Rats Estrous Cycle

3.10.1 Visual Assessment of the Estrous Cycle to observe Effect of Postinor 2 Treatment
Visual assessment, one of the most widely accepted methods for evaluating and idengifying the
estrous cycle, was done according to the method of Macondes and Colleagues'cand updated by
Ajayi and Akhigbe?. Each cage was placed on a table in a well-illumindtedsarea of the animal
house. Each rat was then picked up by the tail and allowed to stand ori"the edge of the cage using
its forepaws. The tail was raised to expose the vaginal area, and/the-vulva was then examined. A
digital image for documentation was taken, and the obs¢tved features were documented. The
examinations were done carefully to prevent misinterpeetations. The appearance of the vagina at
various phases of the estrous cycle is different. ™M the proestrus phase, the vaginal opening
should appear full, swollen, and moist. The\issues are pink, with striations in both the dorsal and
ventral lips of the vulva. In thef¢stris’ phase, the vagina should appear similar to that in the
proestrus, but less pink, less)swollen, and less moist, with more prominent striations. In
metestrus, the vaginal opéaing should be pale and dry with a slew of white cellular debris. The
features of diestrusyimclude a very wet vaginal opening, which is sometimes too small, and
closure in some'eases with no tissue swelling.

3.6.2 Determination of the Effect of Postinor 2 on the Estrus Cycle of Rats through
Cytological Evaluation

The reproductive status of the rats was monitored for possible effects of Postinor 2 on their

estrous cycle and hormonal dysregulation by monitoring two successive cycles for 10 days. The
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vaginal smears were collected every day through a non-invasive method described by Macondes
et al

The procedure was carried out on the animals after 8 weeks of continuous treatment. Every
morning between 8:00, and 9:00 a.m. Each animal was held appropriately to allow easy
collection of vaginal fluids. This was done by firmly grabbing the back fur from the neck to the
back of the head and turning the rat over to expose the chest area and the V@ Vaginal
secretion was collected with a Pasteur pipette filled with 10 pL of normal sa.' C1 0.9 %) by
inserting the tip into the rat vagina but not deeply. The fluid is gxﬂy\ released inside, and
withdrawn by gently releasing the bulb of the pipette. This is \ted 2 to 3 times to ensure
adequate uptake of the cells. The fluid was gently releass:{&gl% a labeled, frosted glass slide.
Different Pasteur pipettes and glass slides were use&%&h animal. An adequate quantity of a

few drops was collected with a clean tip fr m@)rat. Unstained material was first observed
under a light microscope (model) withm%h'ige of the condenser lens at 10 X objective lenses.
The fluid on a glass slide was there ir-dried, stained accordingly with 0.1 % crystal violet
stain (0.1 g of crystal violet o%in 100 mL of double distilled water), and viewed again
under a light microscope @tely at 10 X. Pictures were taken for proper documentation.

Three types of cell@ggonstitute the estrous cycle were observed: the epithelial cells are round
and nucleate‘% cornified cells are irregular in shape and without nuclei; and the leucocytes
are lit@d ones. The proportion among them was used for the determination of the estrous
cycle phases. The proestrus phase is characterized by the predominance of nucleated epithelial
cells; the estrous phase shows a smear dominated by anucleated cornified cells; the metestrus

phase is characterized by the same proportion among leukocytes, cornified, and nucleated

epithelial cells; and the diestrus phase primarily consists of a predominance of leukocyte cells.
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3.11 Sacrifice of Experimental Animals and Harvest of Organs

The animals were weighed, fasted overnight after the last administration for 12 hours, and
sacrificed via cervical dislocation* and blood was collected into non-heparinized bottles and left
to stand for about 30 minutes to facilitate clotting as described by Donovan and Brown®. The
blood samples were then centrifuged at 3000 g for 15 minutes using a table centrifuge. The
serum obtained was stored at -5 ° C, and used for biochemical analyses. The or%&n‘terest,
particularly, the uterus (endometrium), ovary, liver, and kidney, were harv .fbg@th dissecting
scissors and forceps, and rinsed in ice-cold 1.15 % KCI. The organ ‘%e%e examined for gross
morphological changes and weighed. The organ weight a {@dy weights were used to

determine the relative organ weight of each rat. QQ

3.12 Homogenization and Centrifugation Q

The organs of interest harvested were rlnseanéﬁﬂ)ld 1.15 % KCI solution, blotted with filter
paper, and weighed. 0.2 g of each orga s taken and homogenized with a 1.8 ml phosphate
buffer using a Teflon homogenﬂ&(?‘ake 2 % homogenate. The resulting homogenate was
centrifuged at 10,000 g forJ0"minutes in a cold centrifuge (4 °C) to obtain the post-
mitochondrial fractio@&u ernatant was then collected, and used for biochemical assays.
S
3.13 %opathologlcal Examination of Tissues
Sections of about 3 to 5 um of the organs of interest, namely, uterus, ovary, liver, and kidney

from all groups, were fixed in 10 % phosphate-buffered formalin immediately after excision®.

3.13.1 Protocol for the Processing of Tissues

128



The formalin preserved tissues were thereafter processed by dehydration in ascending grades of
alcohol, cleaned in xylene, and impregnated in molten paraffin wax using an automatic tissue
processor. The tissues were then embedded in paraffin wax by using an Embedding System
(Leica EG 1160), followed by sectioning with microtome at 4 microns. The sections were
thereafter floated on water using water bath at 45 °C, and picked unto an appropriately labeled
frosted end slide. The slides were fixed on a hot plate for about 30 minutes, a&%&%ed with
Heamatoxylin, and Eosin method ‘@
3.13.2 Heamatoxylin and Eosin Staining

i. All sections were brought into distilled water, and proper@ﬁed.

ii. The nucleus was stained with Erlichs heamatoxylin fekgaﬂnutes.

iii. It was then rinsed in running tap water for a @tes

iv. It was differentiated with 0.5 % ac d ol for 1- 2 seconds., and rinsed again in

running tap water, and Scotts tap bst1tute

v. It was rinsed again in tap wat@‘d stained with eosin for 2 minutes.

vi. Lastly, it was dehydrat %&ﬁed, and mounted in DPX.
3.13.3 Microscopic a@%n

The slides were the‘\'i‘grved under the microscope at different magnifications on a Brunel light
microscope,‘%@ga pixels (Brunel SP35 Digital Trinocular). This was done using standard
proce@described by Alam et al®.

3.14 Assessment of Sex Hormones

3.14.1 Quantitative Determination of Progesterone (P4)

Progesterone showed a diversity of end-organ effects, and its primary role was displayed by the

reproductive organs. The progesterone level was analyzed by an Enzyme linked Immunosorbent
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assay (ELISA) kit designed for the quantitative measurement of total P4 in tissues. The kit used
was purchased from Perkin Elmer Health Sciences, Incorporated, Hayward California.

3.14.1.1 Principle of P4 Determination

The principle of progesterone determination by EIA was based on the competitive binding of
progesterone in the sample to the progesterone — HRP conjugate for a specific amount of rabbit
antiprogesterone. An incubation process allowed the goat anti-rabbit IgG-c@}ibwells to
combine with the progesterone in the standard, samples, and controls as w .N?@e rabbit anti-
progesterone reagent. During the incubation process, a specific ar.nmgof3 labeled progesterone
contends with the endogenous progesterone in the standards, sa’@ﬁ, and control for a limited
number of binding sites on the given progesterone ax@%ﬂ Hence, the quantity of P4
peroxidase conjugates immunologically bound te%‘%ell progressively decreases as the
concentration of progesterone decreased in he{%&gle. Unbound P4 peroxidase conjugate was
removed by washing. Thereafter, a TM ogn was added, and incubated at room temperature
for 20 minutes which gave rise to q@‘f development. The colour development was stopped
with the addition of a 100 %%)solution. The intensity of the colour was measured at a

wavelength of 450 nt;@y

the amount of enzy%e isting in the samples, and inversely proportional to the quantity of the

otometrically. The colour intensity was directly proportional to

unlabeled prf)%rone. The absorbance of the standards, and the concentration were used to plot
a stan@ve, the concentration of P4 in the samples, and controls were calculated from the
standard plot.

3.14.1.2 Reagents for P4 Determination

Provided with the test kits were the following materials

1. Goat anti-Rabbit IgG-coated microtiter 96 wells
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11. 0.5 mL each Reference Standards of progesterone ranging from 0, 0.5, 3.0, 10, 25,
and 50 ng/mL

iil. 7 mL Rabbit Anti-Progesterone Reagent

iv. 1.3 mL Progesterone — HRP Conjugate concentrate

v. 13 mL Progesterone — HRP Conjugate diluent

vi. 15 mL Wash Buffer Concentrate (50 X) \

&
vii. 12 mL TMB substrate E‘\QO
viii. 12 mL Stop solution
. 4%'3
N

3.14.1.3 Procedure for P4 Determination %
The number of coated wells to be used was appropriately'l@g)against the reference standards,
samples, and controls in an Elisa sheet. 25 pL of% as orderly dispensed into the correct
wells. Using a different micropipette tip, 50 L\ bit anti-progesterone reagent into each well.
Then, 100 pl of working Progesterone —& onjugate Reagent was dispensed into each well.
This was rigorously mixed for 30 @ﬁds as it was an important step to ensure adequate
*
aluminum bag provi(@@ inutes. It was then washed 5 times in an automatic washer

containing the washing buffer previously diluted. 100 uL. of TMB Substrate was pipetted into the
g

interaction. Incubation was (@oom temperature by placing the microplate wells in the
0

wells, and czf@& mixed for 10 seconds. Incubation was done again at room temperature for 20
minut@ which the reaction was stopped by the addition of 100 ul Stop solution into the
wells. This was gently mixed for another 30 minutes to ensure a complete change in colour from
blue to yellow. The microplate was placed in a microtiter plate reader within 5 minutes, and the
absorbance read at 450 nm.

3.14.14 Calculation of P4 Assay Results
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The mean absorbance value for each set of reference standards, controls, and samples was
calculated. The result was used to construct a standard curve of mean absorbance on the vertical
Y axis, and the concentration in ng/mL on the horizontal X axis. The absorbance of each sample
was thereafter used to determine the corresponding concentrations on the standard curve in
ng/mL. (b
N
&

The quantitative determination of estradiol was done using a micro ﬁg@zyme-linked

3.14.2 Quantitative Determination of Estrogen (E:)

immunoassay (ELISA) method. The measurement of E2 in serum. or sgla is considered to be
the most reliable way to assess its rate of production in the bo}@‘h\‘e it used was purchased
from Monobind Incorporated, USA. The kit used a sped@g&-estradiol antibody which does
not require prior sample extraction of serum or plasma. Q

3.14.2.1 Principle of E; Assay . @

The principle of the assay was based on E&gﬂ)action between a biotinylated antibody, enzyme-
antigen, and a native antigen. When@iotinylated antibody was mixed with the antigen in a
sample, a reaction occurred a&%ed below:

Ag+ Abpn o C@Q

Where; \

Abgm = Bioti Antibody

Ag= @

AgAbgu = Immune Complex formed between Antigen, and antibody

The enzyme conjugate added after a short incubation, allows a competitive reaction between the

enzyme analogue, and the antigen in the sample for a limited number of antibody binding sites.
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The short incubation period was to allow an increased in sensitivity in cases of low concentration
samples.

EnzAg + Ag + rAbgm AgAbgn + E?AgAbgnm

EnzA g = Enzyme — antigen Conjugate (Constant Quantity)

EnzA g Abgm = Enzyme- antigen Conjugate — Antibody Complex

AL

rAbgw = Biotinylated antibody not reacted in the first incubation %'&\
Ka = Rate of Association Constant E‘\QO
K.a = Rate of Disassociation Constant

. y\‘%'\
K = Ka/ K.a = Equilibrium Constant %\
Thereafter a reaction between the biotin attached to &k@ntibody, and the streptavidin
immobilized on the microwell caused the separat@te bound fraction of antibody after

aspiration or decantation. . @

AgAbgin + E“AgAbgn + Streptavidine, 't » Immobilized complex

Where; Q)
Streptavidiney = Streptavidin i mzed on well

immo

o
Immobilized complex = @i complex bound to the solid surface
The activity enzy@he antibody bound fraction was inversely proportional to the native
antigen conc‘%«'on. By utilizing several serum references of known antigen concentration, a
dose-v@g curve can be generated from which the unknown antigen concentration can be

extrapolated.

3.14.2.2 Reagents for E; Assay
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i. Estradiol Enzyme Reagent: 6 mL/vial: A single vial of E2 containing horseradish peroxides
(HRP) conjugate in a protein stabilizing matrix with red dye

ii. Estradiol Biotin Reagent: One bottle of this reagent was made up of anti-estradiol
biotinylated purified rabbit IgG conjugate in a buffer, green dye, and preservative

iii. Estradiol Calibrators 1 mL/vial labelled A-G: Seven bottles of estradiol calibrators
containing serum reference for E2 at concentrations of A - 0; B — 20; C — 100; D =/250; E - 500;
F — 1500, and G — 3000 pg/mL.

iv. Streptavidin Coated Plate of 96 wells: One microplate of 96 wells is also provided in an
aluminum bag containing a drying agent which has been precoatedawith 1.0 pg/mL streptavidin
v. Wash Solution Concentrate — 20 mL This contains *a surfaCtant in buffered saline with an
added preservative

vi. Substrate Reagent — 12 mL/vial: This confains a buffer made up of tetramethylbenzidine
(TMB), and Hydrogen peroxide (H20,)

vii. Stop Solution: One bottle of 8§ mIrstwong acid (0.5 M H>SOy4)

3.14.2.3 Procedure for E; Assay

At room temperature,. theywicfoplate wells were highlighted in an Elisa sheet against the
calibrators, control)in dtplicates), and samples. 25 pL of the calibrators, control or sample was
pipetted into apprepriate wells. 50 pL of E> Biotin Reagent was added to the wells, the plate was
swirled, géntly for 30 seconds to mix thoroughly. This was placed in the aluminum bag to
incubate for 30 minutes at room temperature. Thereafter, 50 uL. E» Enzyme Reagent was
dispensed directly on the reagents in the wells, and swirled again for 30 seconds to properly mix.
The plate was placed back in the aluminum bag for 90 minutes for another round of incubation at

room temperature. The content of the plate was then discarded by decantation, and excess liquid
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was blotted on an absorbent paper. An automatic plate washer filled with the prepared wash
buffer was used to wash the plate 3 times, and the excess liquid was blotted on an absorbent
paper repeatedly. 100 pL of substrate solution was pipetted to all wells in the same order, and
incubated at room temperature for 20 minutes. 50 uL of stop solution was then added, and gently
mixed for 20 seconds. The absorbance was read at 450 nm using a microtiter plate reader within
5 minutes &b
3.14.2.4 Calculation of E; Assay Results . QO

A dose-response curve was used to ascertain the concentration of E2 in4an unknown sample. The
absorbance of the standard in duplicates is plotted against the oncentration in pg/mL on
a linear graph paper. The points were connected with a bc@%ﬂwe, and the intersecting points
on the curve is used to determine the concentration of Ex\itvthe unknown samples.

3.14.3 Quantitative Determination of@nizing Hormone (LH)

Quantitative determination of luteinizing%'g%e (LH) concentration in the serum, ovaries, and

uterus was performed using an En Immunoassay test kit purchased from Perkin Elmer

Health Sciences, Incorporated, mrd, California. The kit was prepared according to the assay
'\

procedure of Beastall

3.14.3.1 Prirb&i‘pi’())f LH Assay

The principl‘e%w analysis was based on a solid-phase enzyme-linked immunosorbent assay
(ELIS@Q assay system employs an anti-LH antibody for solid phase immobilization which
is the microtiter plate wells, and another mouse monoclonal anti-LH antibody in the antibody-
enzyme horseradish peroxidase (HRP) conjugate solution. The test sample was allowed to react

in a simultaneous manner with the antibodies resulting in the LH molecules being sandwiched

between the solid phase, and enzyme-linked antibodies. A chromogen solution of 3,3°,5,5’-
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tetramethylbenzidine (TMB) was added, and incubated for 20 minutes resulting in the
development of a blue colour. The colour change was stopped with the addition of 2N HCI, and
the colour changed to yellow, and measured spectrophotometrically at a wavelength of 450 nm.
The concentration of LH was directly proportional to the intensity of the test sample.

3.14.3.2 Reagents for LH Determination

i. Antibody-coated microtiter plate with 96 wells ®

ii. Sets of standards containing 0, 5, 20, 50, 100, and 200 mIU/mL E‘\QO
4%'3

iii. 12 mL enzyme conjugate reagent

iv. 12 mL 3,3°,5,5’- tetramethylbenzidine (TMB) substrate &%‘\\‘

v. 12 mL stop solution and 15 mL Wash buffer concentra&\

3.14.3.3 Assay Procedure for LH QQ

i. At room temperature, the lyophilized st n%&yrovided in the kit were reconstituted with
0.5 mL distilled water and allowed to'startd-for 20 minutes before starting the assay

ii. 15 mL (1volume) of the wash @r (50X) was diluted with 735 mL (49 volumes) of

distilled water to make 75@)0 volume) of washing solution.
"
Y

1ii. The data sheet we@%
S

to the coated well

abeled according to the samples, standards, and controls added

iv. 50 uL. o('ﬂ%gmples, standard, and controls into appropriate wells in the microtiter plate

v. 10@% Enzyme conjugate substrates were added to each well. This was carefully mixed
for 30 seconds to allow complete mixing of the reaction, and incubated for 1 hour at room
temperature

vi. The contents of the plate were thereafter decanted into a sink, and the plate was set in a

washer to wash 5 times with the washing solution
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vii. The residual solution in the plate was emptied on an absorbent paper, after which 100 pL of
TMB solution was pipetted into each well, and gently mixed for 5 seconds

viii.  Incubation was done again for 20 minutes at room temperature

ix. The reaction was ended by adding 100 pL of Stop solution to the wells, gently mixed for half
a minute as the blue colour changed completely to yellow

x. The microtiter plate was placed in the microtiter plate reader, and absorbance %\rmd at 450
nm within 5 minutes. @QO

3.14.3.4 Calculation of LH Results i -

The mean absorbance value (OD 450) for the standards, and con \Vas calculated, and used to

construct a curve by plotting the mean absorbance of the st@gtfs on the vertical Y axis, and the

concentration (mIU/mL) on the horizontal X axis%&ph was then used to determine the

2

3.144 Determination of Follicl%ﬁt)}aﬁng Hormone (FSH) Activity

concentration of the samples in mIU/mL.

Quantitative determination of FSH i\@‘semm, uterus, and ovaries was done using an Enzyme

0\

3.14.4. Princi@H Analysis

The kit employed Q zyme-linked immunosorbent assay-double antibody sandwich method

immunoassay kit purchased f&é’é{ino Laboratories Co., Limited, Zhengzhou China.

according to‘%‘a 1 et al®. The sample was allowed to react with Anti-FSH coated microwells
strip d enzyme-labeled Anti-FSH combined. This coated strip plate was provided in the
kit alongside other reagents. FSH molecules from the sample are allowed to react simultaneously
with the two antibodies during incubation, sandwiching them between the solid phase, and
enzyme-linked antibodies. Following washing, an immunological reaction creates a complex

between the solid phase, the samples FSH, and enzyme-linked antibodies. The subsequent
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addition of the substrate solution was catalyzed by this complex, producing a chromogenic
reaction from blue to yellow. A microplate reader was used to measure the chromogenic reaction
at a wavelength of 450 nm. The absorbance read correlated with the concentration of FSH in the
sample.
3.14.4.2 Reagents for FSH Assay
i. Standards: SO, S1, S2, S3, S4, and S5 were 0, 5, 10, 25, 50, and 100 mIU/L re%@ely
ii. FSH Coated Microplate: 8 x 12 strips, 96 wells, pre-coated with mo . Q@)clonal Anti-
FSH. ) \d N
iii. FSH Calibrators: 6 vials of 1 mL each, prepared, and readk®e at concentrations: 0 (A),
5 (B), 20 (C), 50 (D), 100 (E), and 200 (F) mIU/mL. . QQ
iv. FSH Enzyme Conjugate: 1 vial, 11 mL of }%%seradish peroxidase) labeled mouse
monoclonal Anti-FSH in Tris-NaCl buffer w{%ﬁ?ing bovine serum albumin (BSA). This
contains 0.1 % ProClin300 preservative. %C-)
v. Substrate - 1 vial of | mL Tetram@benzidine (TMB), ready to use
vi. Stop Solution - 1 vial, 6.0 mL '(3) 1 mol/L sulfuric acid.

M

vii. Wash Solution CQ:QQ
1

viii. A piece of Plate L

3.144.3 ‘%paraﬁon of Wash Solution

Wash@ was diluted with distilled or water at a ratio of 1:20. 50 mL of Wash Solution

1 vial, 25 mL PBS-Tween wash solution (40 X concentrated)

Concentrate with 975 mL of distilled water to a final volume of 1950 mL, and poured into the
microplate strip washer (EMP Model W206).

3.14.4.4 FSH Assay Procedure
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At room temperature, all reagents provided were gently mixed by inversion before use. 25 puL of
each labeled sample was pipetted into the microplate wells. 100 pL of enzyme conjugate was
then added to each well. Therefore, the microplate was gently shaken for about 30 seconds to
allow proper mixing. The plate was then covered with the plate lid for 60 minutes at room
temperature to allow incubation. The contents of the plate were discarded by decantation, and
blotted with absorbent paper. The microplate was placed carefully in the plate waslier,%and set to
wash 5 times after which the plate was inverted, and tapped out on an absorbént'paper to ensure
the removal of any residual wash solution. The substrate (25 mL of Wash Solution Concentrate
with 975 mL of deionized water to a final volume of 1000 mL) was.then added to each well, and
covered to be incubated at ambient temperature in a dark dcawer for 20 minutes. Caution was
taken to avoid shaking the microplate after the additign of the substrate. 25 mL of Wash Solution
Concentrate was diluted with 975 mL of deionizéd water to a final volume of 1000 mL. At room
temperature, the stop solution was pipetted™mto each well, and properly shaken for about 20
seconds to allow mixing of the liquid(in the wells. The blue colour changed completely to yellow,
and the microplate was placed in a microplate reader (EMP Model 201), and the absorbance read
at 450 nm. The result wagptinted out within 5 minutes.

3.14.4.5 Calculation of FSH Assay Results

The standard ciirve was generated by plotting the average O.D. (450 nm) obtained for each of the
six stafudards’ on the vertical (Y) axis versus the concentration of FSH concentration on the
horizontal (X) axis. The standard curve was used to determine the unknown FSH activity in the
sample in mIU/mL.

3.15 Determination of Endometrial Proteins Level

3.15.1 Progesterone Associated Endometrial Protein (PAEP) in the Serum
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This Quantitative Sandwich ELISA kit for research use only was purchased from MyBioSource,
USA. This kit is intended to be used to determine the level of PAEP analyte in undiluted Rat
serum, plasma, or tissue homogenates samples.

3.15.1.1 Principle of PEAP Immunoassay

Sandwich enzyme immunoassay was the testing method used in this kit. The Progesterone
Associated Endometrial Protein (PAEP)-specific antibody has been pre-coated og‘e\nicrotiter
plate included in this kit. A biotin-conjugated antibody directed against d %EP was then
added to the appropriate microtiter plate wells after the necessary s.‘[ang%igxor samples have been
added. Each microplate well was then filled with, and incub@\wth Avidin conjugated to
Horseradish Peroxidase (HRP). Only the wells containimg{&%éstagen Associated Endometrial
Protein (PAEP), biotin-conjugated antibody, and en&@&njugated Avidin will show a change
s\ ied. The addition of sulphuric acid solution

in color after the TMB substrate solution w
;olor change was detected spectrophotometrically

stopped the enzyme-substrate reaction, ahg'
at a wavelength of 450 nm. Com ari%%b OD of the samples to the standard curve allowed the
determination of the concentra 'C@AEP in the samples.
3.15.1.2 Reage @ﬁP Assay
i. 148 well Mii gisa Strip plate
ii. 6 Viﬂ%. mL each Standard solution: S1- (Red); S2- (Pink); S3- (Blue); S4- (Green);
%@ellow), and S6- (White)

iii. 1 vial of 3.0 mL Sample Diluent (Blue)

iv. 1 vial of 5.0 mL HRP-Conjugate Reagent (Red)

v. 1 bottle of 15 mL 20 x Wash Solution (White)

vi. 1 bottle of 3.0 mL Stop Solution (Yellow)
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Vil.

Viii.

1 bottle of 3.0 mL Chromogen Solution A (Purple)

1 bottle of 3.0 mL. Chromogen Solution B (Black)

ix. 2 pieces Closure Plate Membrane
3.15.1.3 Procedure for PAEP Assay
i.  Each bottle of reagents was properly checked, and identified .
ii.  Atroom temperature, the microplate was removed from the foil pouch. &b
iii.  The wells were carefully marked, and labeled for Blank; Standard, a X 'Sg les
iv. 50 pL of each Standard solution (S1, S2, S3, S4, S5, S6), a:nd @p\les were pipetted into
corresponding Standard wells, and Sample wells. The bl ‘\lls (2) were left empty as
instructed in the manual. . '\QQ
v. 100 uL HRP-Conjugate Reagent was then adﬁ@}o 11 wells except the blank
vi.  The Plate was placed in the provid d@re Plate Membrane, and incubated for 60
minutes at 37 °C. %é)
vii.  Washing was done for all \@'(including all Blank wells) using the 30X washing

Viii.

solution 4 times usin ahﬁ{omatic washer. The excess liquid was blotted against an

"
absorbent pape; Q’Q

50 pL of Chroniogen Solution A was thereafter added to every well followed by 50 pL

Chro?%%olution B.

iX. @Qlution was gently mixed, and incubated for 15 minutes at 37 °C.

x. 50 pL Stop Solution was added to every well.
xi.  The Optical Density (O.D.) was read at a wavelength of 450 nm using an ELISA reader
within 5 minutes after adding Stop Solution.
3.11.14 Calculation of Results of PAEP
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The mean values of the duplicate readings for each standard, and sample to subtract average

optical density of the Blank (OD 0).

Table 3.2: Standard Curve for PAEP

Concentration: Blank Sl1 S2 S3 S4 S5 S6

Mean O.D. (450 nm): OD0O ODI OD2 OD3 0OD4 OD5 Qb6

Professional curve fitting software (GraphPad Prism 9) was used to make the.standard curve, and
used to calculate the level of the PAEP in the sample.

3.15.2 In-vitro Quantitative Measurement of Leukemialnhibitory Factor (LIF)

The in-vitro quantitative measurement of LIF in serum was.dofic with an ELISA kit purchased
from MyBioSource Biotechnology Company, USA. The kit employs a sandwich enzyme
immunoassay for LIF determination.

3.15.2.1 Principle of LIF Assay

The ELISA kit employed the Sandwiched-ELISA principle. The micro-ELISA plate provided in
this kit has been pre-coated with an”antibody specific to Rat LIF. Standards, and samples were
added to the micro-ELISANpldate wells, and combined with the specific antibody. Then a
biotinylated detectign amfibody specific for Rat LIF, and Avidin-Horseradish Peroxidase (HRP)
conjugate was-added successively to each microplate well, and incubated. Free components were
washed away. The substrate solution was then added to each well. The wells that contain Rat LIF,
biotinylated detection antibody, and Avidin-HRP conjugate appear blue in color. The enzyme-
substrate reaction was terminated by the addition of Stop solution, and the color turns yellow.

The optical density (OD) was measured spectrophotometrically at a wavelength of 450 nm. The
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OD value was proportional to the concentration of Rat LIF. The concentration of Rat LIF in the
samples was calculated by comparing the OD of the samples to the standard curve.
3.15.2.2 Reagents for LIF Determination
i. 196-wells (8 wells x12 strips) Micro ELISA Plate

ii. 2 vials of Reference Standard .

iii. 1 vial of 120 pL Concentrated Biotinylated Detection Ab (100X) 6&{‘0

iv. 1 vial of 120 pL Concentrated HRP Conjugate (100X) @QO

v. 1 vial of 20 mL Reference Standard and Sample Diluent ) \%"

vi. 1 vial of 14 mL Biotinylated Detection Ab Diluent @
vii. 1 vial of 14 mL HRP Conjugate Diluent . '\QQ
viii. 1 vial of 30 mL Concentrated Wash Buffer (Q@Q

ix. 1 vial of 10 mL Substrate Reagent anf*l‘\&ta;?f 10 mL Stop Solution

x. Plate Sealer 5 pieces E

3.15.2.2.1 Preparation of Reag@for LIF Assay

i. Wash Buffer: The wash b%%s diluted by mixing 30 mL of Concentrated Wash Buffer
t

.’
with 720 mL of distilli“)@

prepare 750 mL of Wash Buffer.
ii. Standard Worki(g'

lution: The standard solution was centrifuged at 10,000 g for 1 minute.
Add 1.0 mL‘oi%[erence Standard, and Sample Diluent were also added, allowed to stand for 10
minut@@nverted gently several times. After it has fully dissolved, mixed thoroughly with a
pipette. This reconstitution produces a working solution of 1000 pg/mL. Then make serial
dilutions as needed.

The recommended dilution gradient is as follows:

1000 500 250 125 625 31.25 15.63 O pg/mL.
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Dilution method: 8 plain tubes were labeled, and 500 pL of Reference Standard, as well as
Sample Diluent, was added to each tube. 500 puL of the 1000 pg/mL working solution was
pipetted to the first tube, and mixed to produce a 500 pg/mL working solution. 500 uL of the
solution from the former tube was pipetted into the latter one according to this step as shown
below. The last tube is regarded as a blank of 0 pg/mL.

Table 3.3: Dilution Procedure for Standard and Sample Diluent in LIF Assay

Tube 1 2 3 4 5 6 F 8
Stock

Standard (nL) 500 500 500 500 500 500 500  ------
Concentration

(pg/mL) 1000 500 250 125 62.5 31.25 15.63 0

iii. Biotinylated Detection Ab Working Solution: “The required amount was calculated before
the experiment (100 pL/well), and preparéd slightly more than calculated was prepared. The
stock tube was centrifuged before usg; and the 100X Concentrated Biotinylated Detection Ab
was diluted to 1X working sglation with Biotinylated Detection Ab Diluent.

iv. Concentrated HRP Eenjugate Working Solution: The required amount was calculated
before the experififent 100 plL/well, and prepared slightly more than calculated was prepared.
100X Concentrated HRP Conjugate was diluted to 1 X working solution with Concentrated HRP
ConjugateDiluent.

3.15.2.3 Procedure for LIF Assay

i. The Standard working solution was added to the first two columns. Each concentration of the
solution was added in duplicates into different wells, side by side (100 uL for each well). Serum

samples were also added to the other wells. 100 pL for each standard, and sample. The plate was
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then covered with the sealer provided in the kit, and allowed to incubate for 90 minutes at 37 °C.
Solutions were added to the bottom of the micro-ELISA plate well to avoid touching the inside
wall, and causing foaming as much as possible.

ii. The solution was poured out of each well without washing, and 100 pL of Biotinylated
Detection Ab working solution was promptly added to each well, covered with the Plate sealer,
gently mixed by tapping, and incubated for an hour at 37 °C. &b

iii. The solution was properly decanted from each well, and washed in a . %ate washer 5
times using the diluted washing buffer. After this, the plate was p.':ltt@{{%ggxinst a clean absorbent
paper. \
N

iv. 100 pL of HRP Conjugate working solution was adde@g?to each well, covered with the

Plate sealer, and incubated for another 30 minutes a@

v. The solution was decanted again from eaci'\n\)@ﬂ washed as previously done in step 3 five

different times in an automatic washer.%l' ate was damped against an absorbent paper to

remove excess liquid. Q:b‘

vi. 90 uL of Substrate Reage tvz’x)subsequently pipetted into each well, covered with a new
=

plate sealer, and incu&;@

placed in a dark wa\Qr}o

m temperature for about 20 minutes. The wrapped plate was
to protect it from light.

vii. Lastly, tl%dltion of 50 puL of Stop Solution was done into each well in the same order as
the sul%@olution.

viii. The absorbance (the optical density/ OD value) was read in a microplate reader at 450 nm
3.11.2.4 Calculation of LIF Results

The duplicate readings for each standard, and sample were averaged, then subtracted from the

average zero standard optical density. A graph was plotted with the standard concentration on the
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x-axis, and OD values on the y-axis from which the concentration of the samples was determined

in pg/mL.

3.153 Quantitative Determination of Prolactin

The in-vitro quantification assay for prolactin was done in serum, utem%’@l ovaries

homogenates through an enzyme-linked immunosorbent assay as descri Smith and

Norman’. The ELISA kit employed for this analysis was purchased f%n'3 1aSino Laboratories

Company Limited, China. &%‘\\J
3.15.3.1 Principle of Prolactin ELISA Assay  ° '\QQ

The assay was based on a sandwich principle thatﬁ%%ti-Prolactin coated microwells, and
enzyme-labeled Anti- prolactin mixed. An i w@ process allowed prolactin in the sample to
combine simultaneously with the antib 'egich then resulted in the prolactin in the sample
being sandwiched between the soli e (Anti-prolactin), and the enzyme-linked antibodies.
Subsequently, a washing prc&&erated a complex via immunologic reaction between the

anti-prolactin, the pr a(@%
a

substrate solution oat

he sample, and enzyme-linked antibodies. An addition of a
ed the complex resulting in a color development which was measured

by absorban‘c%he absorbance was directly proportional to the quantity of Prolactin in the

sarnplQQ

3.15.3.2 Reagents for Prolactin Assay
i. Prolactin coated Microplate: 8 x 12 strips of 96 wells precoated with mouse monoclonal Anti —

Prolactin
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ii. Prolactin Calibrators: 6 vials of 1 mL each labeled A — F with the following concentrations: A
=0,B=5,C=10,D=20,E =50, F =150 ng/mL

iii. Prolactin Enzyme conjugate: 1 vial containing 11 mL Horseradish peroxidase labeled mouse
monoclonal Anti-prolactin in Tris-NaCl buffer containing Bovine serum albumin (BSA). A
preservative, 0.1 % ProClin 300 was also added

iv. Substrate solution: 1 vial containing 11 mL tetramethylbenzidine (TMB) Q’)&{b
v. Stop Solution: I vial of 6.0 mL containing 1 mol/L sulfuric acid . ‘\QO

vi. Wash Buffer Concentrate (40X): 1 vial of 25 mL phosphate buff&l '§a ine (PBS) — Tween

wash solution. &%\

vii. Plate lid

3.15.3.3 Procedure for Prolactin Assay @

The manual was carefully read before the @SSIS’ and reagents preparation were done
accordingly. At an ambient temperature%i& uL of calibrators, and samples were added to
each well previously labelled against @'alibrators, and sample on an Elisa test sheet. 100 uL of
enzyme conjugate was also a to’each well. This was mixed by gently shaking the microplate
for 30 seconds. Incub ﬁhen done by covering the microplate with a plate lid at room
temperature for 60 \&Q\‘gs This was done to permit a complete reaction between the solid phase
antl-prolactlﬁ%lactm in the sample, and the labelled enzyme anti-prolactin in the Enzyme
conjue content of the plate was then discarded by decantation, and the plate was blotted
dry on an absorbent paper. An automatic washer, previously filled with the diluted wash buffer
solution was used to wash the microplate at a total time of 5. Excess liquid was blotted on an

adsorbent paper repeatedly to ensure complete removal of residual wash solution. 100 pL

Substrate was pipetted into the wells, covered, and incubated at ambient temperature in a dark
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drawer for 20 minutes. Care was taken not to shake the plate after adding the Substrate solution.
Thereafter, 50 pL Stop Solution was added to each well, shaken for 20 seconds, and the blue
colour was allowed to completely change to yellow. The absorbance was read using a microtiter
plate reader at 450 nm within 10 minutes.

3.15.3.4 Calculation of LIF Results

The absorbance printed from the microplate reader was recorded against the %@x‘%rs, and
samples. The mean absorbance of the calibrators was used to plot .% against the
concentrations in ng/mL. The concentration of prolactin in the samg% y»vas then extrapolated

N
from the graph \
N

3.154 Quantitative Determination of Sex Hormg{&gﬂ:ding Globulin (SHBG)

The in-vitro quantitative measurement of SHBG in@md other biological fluids was done

with an ELISA kit purchased from MyBioS@ Biotechnology Company, USA. The kit

employed a sandwiched enzyme immund&g-téchnique for SHBG determination.

3.154.1 Principle of SHBG l@hﬁnation

The microtiter plate provided i %ﬁit has been pre-coated with an antibody specific to SHBG.

Standards or samples %’% added to the appropriate microtiter plate wells with a biotin-
9

conjugated antibod&

Peroxidase C%} was added to each microplate well, and incubated. After TMB substrate

aration specific to SHBG. Next, Avidin conjugated to Horseradish

soluti@gadded, only those wells that contained SHBG, biotin-conjugated antibody, and
enzyme-conjugated Avidin exhibited a change in color. The enzyme-substrate reaction was
terminated by the addition of sulphuric acid solution, and the color change was measured
spectrophotometrically at a wavelength of 450 nm. The concentration of SHBG in the samples

was then determined by comparing the O.D. of the samples to the standard curve.
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3.154.2 Reagents for the Determination of SHBG

i. 1 pre-coated, ready to use 96-well strip plate
ii. 2 pieces of Plate sealers
iii. 2 Standard solutions and 1 vial of 45 mL Diluent Bufter
iv. 1 vial of 120 pL Detection Reagent A and 1 vial of 120 pL Detection Reagent B
v. 1 vial of 9 mL TMB Substrate and 1 vial of 20 mL Wash Buffer (30X Concet@

vi. 1 vial of 6 mL Stop Solution QO

Other materials required but not supplied include: Microplate read.er, ljxi’s»ion single, and multi-

channel pipettes, and disposable tips, Tubes for diluting sampl@elonized or distilled water,

Absorbent paper for blotting the microtiter plate, Container &m@ash Solution

3.154.2.1 Preparation of Reagents for SHBG«%&

i. All kit components, and samples were op bient temperature.

ii. The standard was reconstituted w1th1n iq)utes of use with 1 mL of Diluent Buffer, and put
aside for 10 minutes at room tempe@é It was then shaken gently to prevent foaming. The
concentration of the standard r%e)d in the stock solution is 2000 pg/mL. 7 plain tubes were
prepared with 0.5 mL @%uffer, and the diluted standard were used to produce a double
dilution series acc d@[o the table below. For instance: tube 1 = 2000 pg/mL, tube 2 = 1000
pg/mL, tube’%@gpg/mh tube 4 =250 pg/mL, tube 5 = 125 pg/mL, tube 6 = 62.5 pg/mL, tube
7=3 L, and the 8th tube with Diluent Buffer only is the blank with a concentration of 0

pg/mL

Table 3.4. Preparation of Reagents for SHBG Assay

Tube 1 2 3 4 5 6 7 8
Stock
Standard (pnL) 500 500 500 500 500 500 500  ------
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Concentration
(pg/mL) 2000 1000 500 250 125 62.5 31.2 0

iii. Detection Reagent A, and Detection Reagent B were centrifuged briefly, and diluted with the
Diluent buffer to a working concentration (1:100), for instance, 100 pL reagent in 1900 pL
diluent buffer. Detection Reagents A, and B were slowly pipetted to reduce é@ne errors

because they are sticky. ‘\QO

iv. Wash Solution — 20 mL of Wash Solution concentrate (30X) g%u ed with 580 mL of

@

i. Wells was determined for diluted standards, bla& samples using an appropriate ELISA

distilled water to prepare 600 mL of Wash Solution (1X).

3.154.3 Procedure for SHBG Assay

assay sheet. 7 wells for the standards, 1 wef} @l}ank. 100 pL each of dilutions of standard,

blank, and samples were pipetted into t%&: opriate wells. The microplate was covered with
the Plate sealer, and incubated for IZ@utes at 37 °C.

ii. The liquid was decanted fro %x)well, and damped on an absorbent paper but not washed
iii. 100 pL of Detecti @%A working solution was added to each well, and incubated for
60 minutes at 37 O%g’c):overing it with the Plate sealer.

iv. The solu(%as washed with 300 pL. of 1X Wash Solution added to each well using a squirt
bottle@ghannel pipette allowed to sit for 2 minutes. The excess liquid from all wells was
removed completely by tapping the plate onto absorbent paper. Then washed thoroughly 3

additional times. After the last wash, the remaining Wash Buffer was removed by decantation,

and blotted against absorbent paper.
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v. 100 pL of Detection Reagent B working solution was thereafter added to each well, and
incubated for 60 minutes at 37 °C after covering it with the Plate sealer.

vi. The washing process was repeated for a total of 5 times as conducted in step 4.

vii. 90 uL of Substrate Solution was pipetted into each well, covered with a new Plate sealer, and
incubated 25 minutes at 37 °C away from light. The liquid in the wells turned blue with the
addition of the Substrate Solution. Q’)&\

The addition of 50 puL of Stop Solution to each well turned the liquid from. ?@ yellow. The
liquid was mixed by tapping the side of the plate against the palm nt'13y to ensure thorough

mixing. &%\

viii. Excess drops of water were removed from the plate,* ﬁ&ced in a microplate reader, and

readings were taken at 450 nm immediately. @
3.15.4.4 Calculation of SHBG Resulis @

The average optical density of the zero %an d was subtracted before averaging the duplicate
readings for each standard, and contr@standard curve by was then constructed with the mean
absorbance, and concentratloge ch standard by placing the concentration of SHBG on the y-

axis, and the absorba e -axis then tracing a line of best fit between the points on the

graph in pg/mL. \

3.16 ‘%&ssment of Inflammatory Markers

3.16.1.9Q Nuclear Factor Kappa B (NF-kB)

The quantitative determination of TNF-a in serum, uterus, and ovaries were assayed using a
Microplate Immunoenzymometric assay (ELISA) whose kits was supplied by Mornmed Medical
Equipment Company Limited, United Kingdom.

3.16.1.1 Principle for the Determination of NF-xB

151



A set of calibration standards supplied with the kit is used to determine the concentration of NF-
kB in the samples. The calibration standards are assayed at the same time, and conditions as the
samples whose optical density is determined at a wavelength of 450 nm by measuring the
intensity of the colour change brought about by the addition of a Stop solution which terminates
the reaction of a set of chromogenic solutions previously introduced. The chromogenic solution
is added after, HRP- conjugate has been pipetted into each well containing the &e\ards, and

samples in duplicates, and thoroughly washed. E‘\QO
4%'3

3.16.1.2 Reagents for NF-kB Assay

N

ii. 6 tubes of 0.3 mL standards: SO, S1, S2, S3, S4, SSQ&%‘élcentrations of 0, 75, 150, 300,

600, and 1200 pg/mL @
iii. 6.0 mL Sample Diluent and 10.0 mL ER@Yjugate reagent

iv. 25 mL 20X wash buffer; reconstitﬂ& distilled water at ratio 1:20

i. 1 Micro Elisa strip plate

v. 6.0 mL chromogen A solution @.O mL Chromogen B solution

vi. 6.0 mL Stop solution .

vii. 2 pieces of clos e@embrane

3.16.1.3 Pr eiHe for the Determination of NF-kB
i. Al sﬂ%(% were labelled in duplicates in the microplate well, and 50 pL of each

Qrd.
ii. 10 pL of each sample were pipetted into appropriate well as labeled on the Elisa sheet,
and 40 pL of Sample diluent was added.

iii. 100 pL of HRP — conjugate reagent to all well, after which the plate was covered in with

the adhesive strip, and incubated for 60 minutes at 37 °C.
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iv.  The plate was washed using the automatic plate washer set at 5 times with 400 puL. Wash
solution. Excess solution was blotted out by damping on an absorbent paper

v. 50 pL of chromogen A, and Chromogen B were added successively into each well, mixed
gently, and incubated for 15 minutes at room temperature.

vi.  The chromogenic reaction was stopped by adding 50 puL Stop solution, and tap gently to

mix which changed the colour from blue to yellow Q’)&\
vii. The absorbance was read at 450 nm in a microplate reader E‘\QO
3.16.1.4 Calculation of NF-kB Elisa Results

. \ |
The OD of the standard was first averaged, and subtracted fron& éue of the zero standard
before result interpretation. This was used to construct a*s d curve with the OD values on

the Y axis, and the corresponding concentration on@;is. This was used to extrapolate the

concentration of the analyte in the samples  * @
3.16.2 Determination of Tumo eiﬂ)sis Factor-o (TNF-a)

The quantitative determination of T%% in serum, uterus, and ovaries were assayed using a
Microplate Immunoenzymo t%a)ssay (ELISA) whose kits were supplied by Mornmed
Medical Equipment C l%ﬂited, United Kingdom.

3.16.2.1 Principlefor the Quantitative Determination TNF-a

The concenfﬁ%gof NF-B in the samples was calculated using a set of calibration standards
includ@@the kit. The optical density of the samples was determined at a wavelength of 450
nm by measuring the intensity of the color change caused by the addition of a Stop solution,

which stopped the reaction of a group of chromogenic solutions that were previously introduced.

The calibration standards were assayed at the same time, and under the same conditions as the

153



samples. After the HRP- conjugate has been pipetted into each well containing the standards, and
samples in duplicate, and thoroughly cleaned, the chromogenic solution was added.
3.16.2.2 Reagents for TNF-a Elisa Assay

i. 1 Micro Elisa strip plate

ii. 6 tubes of 0.3 mL standards: SO, S1, S2, S3, S4, S5 at concentrations of 0, 20 40 80, 160,

and 320 pg/mL \
<z§

iii. 6.0 mL Sample Diluent and 10.0 mL HRP- Conjugate reagent %\

iv. 25 mL 20X wash buffer; reconstituted with distilled water at ra
v. 6.0 mL chromogen A solution and 6.0 mL Chromogen B ’Kﬁs\mn

vi. 6.0 mL Stop solution

vii. 2 pieces of closure plate membrane @
3.16.2.3 Procedure for TNF-a Elisa é?&

i. All standards were labelled in duplicateé in‘th¢ microplate well, and 50 puL of each standard.

ii. 10 pL of each sample were pipetta@b appropriate well as labeled on the Elisa sheet, and 40
uL of Sample diluent was added. .
iii. 100 pL of HRP — n@ﬁagent to all well, after which the plate was covered in with the
adhesive strip, and \'Kc'igted for 60 minutes at 37 °C

iv. The platé%\washed using the automatic plate washer set at 5 times with 400 uL. Wash
soluti@gss solution was blotted out by damping on an absorbent paper

v. 50 pL of chromogen A, and Chromogen B was added successively into each well, mixed
gently, and incubated for 15 minutes at room temperature.

vi. The chromogenic reaction was stopped by adding 50 puL. Stop solution, and tap gently to mix

which changed the colour from blue to yellow
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vii. The absorbance was read at 450 nm in a microplate reader

3.16.2.4 Calculation of TNF-a Elisa Results

The optical density (OD) of the standard was first averaged, and subtracted from the value of the
zero standard before result interpretation. This was used to construct a standard curve with the
OD values on the Y axis, and the corresponding concentration on the X axis. The concentration

of the TNF-a in the samples was determined by extrapolation on the standard curv&')&\

%\%
. @w

Aspartate transaminases was assayed Spectro photochm@ using Randox kits purchased

3.17 Liver and Kidney Function Indices

3.17.1 Estimation of Aspartate Transaminases (AST)

from Randox Laboratories Limited, United Kingdm@% principle is based on that developed
by Reitman er al’, which measures the conc)\&t%tion of AST by monitoring oxaloacetate
hydrazone formed with 2,4 dinitrophenyl'%'ngne in serum, and liver homogenates.

L-aspartate + a-oxoglutarate G L-glutamate + Oxaloacetate

0\

3.17.1.1 Comlﬁi@' eagent used for AST Analysis
t

The reagents used ﬁ%

Where SGOT is serum glutam'ﬁxa oacetic transaminase

assay are:

1. B%%l): This comprises of 100 mmol/L of phosphate buffer (pH 7.4), 100

@\OI/L L-aspartate, and 2 mmol/L a-oxoglutarate.

ii. 2 mmol/L 2,4-dinitrophenylhydrazine (R2)
iil. 0.4 mol/L Sodium Hydroxide solution: This was prepared by dissolving 1.6 g of
NaOH in 100mL distilled water

3.17.1.2 Procedure for AST Assay
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The reagent blank, and sample were prepared into different test tubes by following the procedure

in table 3.5 below

&

%\%

Table 3.5: Procedure for AST Assay
. x‘& "

N
Reagent Blank %\ Sample
Sample ° Q 0.1 mL

_ S
R1 0.5 mLQQ 0.5 mL
Distilled water KQ'])\&Q% L

Y
The mixture was thoroughly mixed, and N'\a-téd at 37°C for 30 minutes

R2 (b'v 0.5 mL 0.5mL
Q

The mixture was thoroughly &m\b&éain, and allowed to stand at 25°C for 20 minutes
'\

Sodium Hydroxide r QQX 5.0 mL 5.0 mL

Thereafter, it was I)Q(?d/again, and allowed to stand for 5 minutes before pouring in a cuvette,
and the absof%s of each sample was read at 546 nm against the reagent blank.

3.17.1QQ Calculation of AST Activity

The activity of AST in the tissues were extrapolated from the standard calibration curve which
was plotted from the values provided in the kit manual

3.17.2 Estimation of Alanine Aminotransferase (ALT)
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Alanine aminotransferase (ALT) was determined quantitatively in the serum, and liver
homogenate using a Randox kit purchased from Randox Laboratories Limited, United Kingdom.
The kit employed the spectrophotometric methodology by Schmidt and Schmidt’, which allows
for a rapid measurement of ALT activities in serum by double-beam spectrophotometry in a

short-interval enzyme-activity analyzer.

3.17.2.1 Principle of ALT Estimation . 6&
The amount of pyruvate hydrazone produced by 2,4-dinitr0phenylhydr€®as monitored to

determine the amount of ALT . @'\

L — alanine + a - oxoglutarate ~ SGPT L — glutamate +®¢%bate
- Q

where SGPT is serum glutamic pyruvic transaminas ‘®

3.17.2.2 Procedure for ALT Assay .° \%
The reagent blank was first prepared by pi Qgg 0.5 mL of solution R1 into a test tube, and then

adding 0.1 mL of distilled water. Thi@s then thoroughly mixed, and incubated for exactly 30

minutes at 37 °C. 0.5 mL of solution/R2 was then added, mixed, and allowed to stand for exactly
.\

20 minutes at 25 °C. Sod@i droxide (0.5 mL, 0.4 mol/L) was finally added before mixing

again, and using it,to at 546 nm. The samples were added first into the test tubes before

following the&teps for the addition of reagents in the blank solution.

3.17 Q Standard Calibration Curve for ALT Activity
The standard calibration curve for ALT activity was obtained from the values provided in the kit
manual as shown below (table 3.6), and the ALT activity in the tissues were estimated by

extrapolation using the calibration curve.
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Table 3.6: Procedure for ALT Standards

N

Absorbance U/l orbance U/l

RS

0.025 4 N 0.275 48
o
0.050 8 b 0.300 52
>

0.075 124 O 0.325 57
0.100 Q@" 0.350 62
0.125 6\‘@ 21 0.375 67
0.150 S 25 0.400 7
0.1$ 29 0.425 77
0.200 34 0.450 83
0.225 39 0.475 88
0.250 43 0.5000 94
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Source: Randox kit manual, Randox Laboratories Limited, United Kingdom.

&

%\%

3.17.3 Calculation of AST/ALT Ratio ‘%

AST/ALT ratio alternatively known as De Ritis ratio was calc \‘by dividing the value of
AST with that of ALT in the serum, and liver'?. . '$©

3.174 Estimation of Alkaline Phosphatase, (

The ALP activity was estimated in serum, ar.ld& samples using a Randox kit (AP) The kit
employed the method according to Deut h@_e}'}ilschaft Fur Klinische Chemie (DGKC)!'.
3.17.4.1 Principle of ALP Det tion

p-nitrophenylphosphate + H20 %LP phosphate + p-nitrophenol

This was done by directlyQ @ﬂwith 2-amino, 2-methyl, 1-propanol (AMP) buffer at pH 10.5

followed by estimatio absorbance of the resultant yellow color solution at 405 nm

3.17.4.2 Q)osition and Preparation of the Reagents
Provi(@e kits were the following reagents
1. Buffer (R1a) was made up of 1 mol/L Diethanolamine (pH 9.8), and 0.5 mmol/L

Magnesium chloride (MgCly).

il. Substrate (R1b)
This contains 10 mmol/L p-nitrophenylphosphate. This was reconstituted by diluting
one vial of R1b with 5000 puL of R1a.
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ii.

3.17.4 Procedure for the ALP Assay
Into a micro cuvette, the following were pipetted at room temperature: Sample 100 uL, Reagent
500 pL. The cuvette was mixed by inversion, and the initial absorbance was read, and timer was
started simultaneously. Readings were taken again at 60, 120, and 180 seconds at a wavelength
of 405 nm by blanking with distilled water.
3.17.4.3 Calculation of ALP Activity Q’}{b
To calculate the activity of ALP, the formula below was used @QO
U/1=2760 x AA 405 nm/min
. \ %
3.17.5 Estimation of Total Protein in Serum and Live&%\mogenate
With certain changes, such as the inclusion of potassium ig{ﬁgl)o stop the precipitation of Cu2*

ions as cuprous oxide, the biuret method was used@%ure the protein concentration of the

various homogenates'?, . @

3.17.5.1 Principle of Total Protei@ssay
Protein amino groups convert &%ons to cuprous ions in alkaline solutions, which then

combine with the proteins E rm a blue complex that absorbs most strongly at 540 nm. To

stabilize the compou@u

3.17.5.2 ents for Total Protein Estimation

potassium tartrate was added.

The re @sed in total protein estimation include the following:

Sodiuﬁdroxide (NaOH) 0.2 M: Distilled water was used to dissolve 1.6 g NaOH, and the
solution was made up to 200 mL

Biuret reagent: Biuret reagent was prepared by dissolving 0.6 g of copper sulphate (CuSOsa.
5H20), and 1.8 g of sodium potassium tartrate in 150 mL of 0.2 M NaOH. 1g of Potassium

iodide was then added, and the solution made up to 200 mL with 0.2 M NaOH.
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iil.

Stock bovine serum albumin (BSA) solution: 4 mL of distilled water was used to dissolve 20 mg

of BSA to give a stock solution of 5 mg/ mL.

3.17.5.3 Standard Protein (BSA) Curve

The stock solution, which contained 2 to 10 mg/mL of protein, was diluted several times. One
milliliter of each protein standard solution was mixed with three milliliters of the bi{%reagent
in a test tube. After the mixture was allowed to stand at room temperature for 3 @Btes, it was
compared to a blank made out of 1 mL of distilled water, and 3 mL of bi '\gent. The optical

densities of the resultant solutions were then measured at 540 nm i&ﬁ‘ectrophotometer. The

protocol for the preparation of the standard curve is shown in t% .

Table 3.7 Protocol for Protein Standard Curve P@n

Test tube No }.\’ @ 2 3 4 5

Stock BSA (mL) & i 0.4 0.6 0.8 1.0
Distilled water (mL) Q:b' 0.8 0.6 0.4 0.2 0
Biuret reagent (mL)%“\) 3 3 3 3 3
BSA conce@@ 0.25 0.50 0.75 1.00 1.25
(mg/mL)

S

Source '? ‘%
3.17 .S@edure for Total Protein Estimation in Samples

To create a 1 in 4 dilution of the sample, 0.2 mL of the sample was combined with 0.8 mL of
distilled water. 3 mL of the biuret reagent was then added to the diluted sample. The combination
was incubated at room temperature for 30 minutes, and then the reagent blank was used to read
the absorbance at 540 nm. The actual protein concentration in each sample was determined by

extrapolation from the standard curve, and multiplied by 5.
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3.17.6 Gamma Glutamyl Transferase (YGT) Determination
Gamma-glutamyl transferase is usually most significantly elevated by obstructive disease and
has good specificity for the liver. YGT can also help to differentiate between mechanical, and
viral cholestasis, and drug induced cholestasis. The highest concentration of YGT is found in the
luminal membrane of the proximal tubules of the kidney. The method employed by Spectrum
kits produced by the Egyptian Company for Biotechnology, Cairo, Egypt, v%»\tm kinetic
colorimetric method developed by Szasz, and Persijn,'3. The principle of th .&@%Nas based on
the determination of y=GT by following the reaction below: ) ‘%'ﬁ
L- y-Glutamyl-3-carboxyl-4-nitroanilide + Glycylglycine &é\\d
l}f.GT . \QQ)
L- y-Glutamyl-glycylglycine + 5-amin0-2-nitrobean%Q

A yellow-coloured 5-amino-2-nitrobenzoate i'rbé\\?é? was proportional to the activities of y-GT
in the tissue whose quantity was equivalént toshe rate of increase in absorbance read at 405nm.

3.17.6.1 Reagents used for yGT As@‘

i. Buffer (Reagent 1): R1 bu‘f%&gade up of 120 mmol/L Tris buffer (pH 8.2), Glycylglycine
'\

300 mmol/L, and 12 is&
e

ii. R2 starter (Re

um azide.

): This consist of modified L- y= Glutamyl-3-carboxyl-4-nitroanilide
1.0 mmol/L,‘%odium azide, 8 mmol/L. All reagents were prepared according to instructions,
and pr@gls taken on storage, and stability.

3.13.6.2 Procedure for the Assay: In a test tube, 0.5 mL R1, 0.5 mL R2, and 100 pL of sample
was carefully pipetted, mixed, and the initial absorbance read at 60 seconds, 1 minute, 2 minutes,
and 3 minutes by using a stopwatch which was started immediately after the initial reading at 60

seconds. The mean absorbance was calculated as change per minute (AA/minute)
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3.17.6.3 Calculation of yGT Activity
The formula used for the determination of y-GT activity is

U/L = 1450 x AA 405 nm/minute; where 1450 is the conversion factor

3.18 Determination of Kidney Function Indices E‘\QO
3.18.1 Quantitative Determination of Cystatin C -
The quantitative determination of cystatin C in serum was done @e Roche/Hitachi CYSC2

reagents (Tina -quants Cystatin C Gen. 2) and Cobasc SOI«%gﬂrzers by the method of Kyhse-

Andersen et al'. Q‘Q\
S

3.18.1.1 Principle of Cystatin C Assay
The procedure employs the particle en (g')mmunoturbidimetric assay where the cystatin c

present in the serum agglutinates wi@x particles coated with anti-cystatin c¢ antibodies. The

0’

3.18.1.2 Reagcﬁ;&a ation for Cystatin C Determination

i. R1 is a solution ()(Qo mers in MOPS-buffered saline containing stabilizers and preservatives

aggregate is determined turbi&h)ally at 546 nm

ii. R2 contal%uex particles in glycine buffer coated with anti-cystatin C antibodies, also

conta@nilizers and preservatives

3.18.1.3 Procedure for Cystatin C Assay
i. The reagent containers were carefully inverted multiple times prior to use to facilitate proper
mixing of the reagent components

ii. Properly labelled and centrifuged samples were
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iil. the sample and regent blank were prepared as follows:

Table 3.8: Procedure for the Determination of Cystatin C

Sample Blank
R1 154 uL -
R2 34 uL 20 uL

Sample 2 uL - Q’,&{b

The mixture was placed in an analyzer and determined against the blank a \@ ength of 546

. \‘%'3
The results obtained were analyzed from the standard cuw@%)the formula y = 1.031x — 0.153

mg/L where r is 0.988 @
3.18.2 Creatinine Determination in T@%

The body typically produces creatinine QA&, consistent pace since it is a breakdown product

nm.

3.18.1.4 Calculation of Cystatin C Results

of creatine phosphate in muscles. @lically speaking, creatinine is a cyclic derivative of
creatine that naturally forms. E\gyday, the body converts about 2 % of its creatine into
creatinine. The kidney e%% eatinine through the circulation. The kidney tubules do little to
no tubular re-abs g& of creatinine. Therefore, the creatinine clearance (CrCl), which
represents th‘%mgerular filtration rate (GFR), may be calculated using the levels of creatinine
in theand urine. Because it measures renal function, the GFR is significant. The blood
creatinine level will most likely increase if there is a disorder that affects the kidneys' ability to

operate. Higher levels of creatinine are seen in persons with high blood pressure, diabetes

mellitus, and medication use. The principle of creatinine determination is based on its reaction
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with picric acid in alkaline medium forming a yellow orange color complex which is measured at
492 nm '3:

Creatinine + Picric Acid — Creatinine Picrate

The reaction was carried out up to fixed time in order to minimize interference of other
substances reacting with Picric acid.

3.18.2.1 Reagent Composition for Creatinine Determination &b

1. 9 mmo/L picric acid ,%‘\QO
4%'3

ii. 400 mmol/L Sodium Hydroxide

N

3.18.2.2 Procedure for Creatinine Analysis . '\QQ

iii. 2 mg/dl creatinine standard

Pre-warm working reagent at 37 °C for 2 minutes pr% dition of sample.

For working standard, 1000 pL of working r a@nd 100 pL of creatinine standard into a test
u;

tube. For the sample determination, 10 f working reagent, and 100 pL of each sample

were pipetted into the spectrophc%n@uvette, and mixed properly. The initial absorbance A1l

was read at 30 seconds of m@ , and the final absorbance A2 was read after 90 seconds at 37
"

o

3.18.2.3 Calculation of Creatinine Concentration in Sample
Creatinine c‘o%tration in the sample was calculated using the following formula:
QQ AA=A2-Al
where, AA= change in absorbance, A Absorbance of Sample = change in the absorbance of
sample
A Absorbance of Standard = change in the absorbance of standard

3.18.3 Determination of Urea Concentration
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Urea is the major end product of protein nitrogen metabolism. it is synthesized by the urea cycle
in the liver, and excreted through the kidneys. The circulating levels of urea depend upon protein
intake, protein catabolism, and kidney function. Urea concentration was determined in the serum,
and tissue homogenates using a Spectrum kit. This kit employed the urease Berthelot
colorimetric method developed by Batton, and Crouch!®. The method measured the amount of
ammonia produced after reaction with phenol in the presence of hypochlorite. T%g\mmple of
the assay is as shown below: ‘@
Urea + water Urease  2NHz +
The amount of urea present was related to the green color of E@\]‘ﬁex formed by the free
ammonia in an alkaline pH, and the presence of an 1nd1cam$%
3.18.3.1 Reagents for the Determination of®Q
1. 8.33 mmol/L (50 mg/dL) of aqueous urea s a
ii. Reagent 1 (R1 buffer) which was ma QIOO mmol/L of phosphate buffer with pH of 8.0,
80 mmol/l sodium salicylate, 6%%mol/L sodium nitroprusside, and 30.0 mmol/L
Ethylenediamine tetra acetic a (E TA)

%h is made up of about 6000 U/L and Reagent 3 (R3 Alkaline

iii. Reagent 2 (R2 En @
Reagent) made up o& mmol/L sodium hydroxide and 20.0 mmol/L sodium hypochlorite

3.18.3.2 ‘%cedure for the Assay of Urea

Blankd, and sample preparation were carried out as described in the manual following

table 3.9

Table 3.9:  Procedure for the Assay of Urea

Blank Standard Sample

R1 (Buffer) 1000 pL 1000 pL 1000 pL
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R2 (Enzyme) 50 uL 50 uL 50 uL
y H H H

Standard Sample e e e

The mixture was mixed properly, and incubated for 3 to 5 minutes at 37 °C.

R3 (Alkaline Reagent) 200 puL 200 puL 200 puL

These were properly mixed, and incubated again for 5 minutes at 37 °C. Thereafter the
absorbance of each sample, and standard was read at 578 nm against the rea%}&ank The
absorbance was read at 578 nm against the prepared blank. ‘@

3.18.3.3 Calculation for Urea Concentration

Urea concentration (mg/dl) = Absorbance of Sample %\

Absorbance of Stand@% X n
Where n is dilution factor 50.0 mg/dL (8.33 mmol) Q
3.18.4 Urea BUN/ Creatinine Ratio*®
Blood urea nitrogen (BUN)/creatinln ie) were calculated by dividing the BUN, and
creatinine values. BUN is calculated %%ﬂlng blood urea by 2.14 or multiplying it by 0.467'7.
Blood urea =2.14 x BUN .
Urea BUN/ creatinine t@%\!/creatinine
3.19 Assessmen Qidative Stress Biomarkers
3.19.1 Cata%ctivity (CAT) Determination
Catalz@ity was determined in all tissue homogenates according to the method of
Claiborne,'®. The principle of the method was based on the loss of absorbance observed at 240

nm as catalase splits hydrogen peroxide. The absorbance correlates with concentration to allow

its use in quantitative assay and an extinction coefficient of 0.0436 mM-'cm™! was used.

3.19.1.1 Preparation of Reagents for CAT Assay
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i. Phosphate Buffer (0.05 M, pH 7.4): In 90 mL of distilled water, dipotassium hydrogen
phosphate trihydrate (0.696 g), and potassium dihydrogen phosphate (0.265 g) were dissolved.
The pH was then adjusted to 7.4, and the volume was increased to 100 mL with distilled water.
ii. Hydrogen peroxide (19 mM): 50 mL of 0.05 M phosphate buffer, pH 7.4, and 194 uL of 30 %
H>0; were combined to make 100 mL of the same solution.

3.19.1.2 Assay Procedure for CAT Assay &b

50 uL of the sample were pipetted into a 1 cm quartz cuvette together with 3&% of hydrogen

peroxide (19 mM solution). The liquid was added quickly inverted to gl%e ore placing it into a

spectrophotometer. The absorbance change was measured at 240 @rery minute for 5 minutes

e
S
3.19.1.3 Calculation of CAT Activity

2\

N

Catalase activity =  AAa40/min x reactl’?\‘ghgme x dilution factor

N/
0.0436 % sa@volume X mg protein/mL

- @HzOz/min/mg protein

3.19.2 Determinat{QC.d(educed Glutathione (GSH) Level

Reduced glm%g level was estimated in all tissue homogenates using the method of Ellman,
19 Theprineiple was based on the development of a relatively stable yellow colour when 5°,5°-
dithios-(2-nitrobenzoic acid) also known as Ellman’s reagent is added to sulfydryl compounds.
The chromophoric product resulting from the reaction of Ellman’s reagent with the reduced GSH,
2-nitro,5-thiobenzoic acid, possesses a molar absorption at 412 nm. Reduced GSH is

proportional to the absorbance at 412 nm.
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ii.

iii.

1v.

3.19.2.1 Reagents Preparation for GSH Analysis
Phosphate Buffer (0.1 M, pH 7.4): 2.098 g Dipotassium hydrogen phosphate trihydrate, and
0.791 g potassium dihydrogen phosphate were dissolved in 120 mL distilled water, the pH
adjusted to 7.4, and the volume made up to 150 mL with distilled water.

GSH Stock Solution: 80 mL of the prepared 0.1 M phosphate buffer (pH 7.4) was used to
dissolve 40 mg of GSH, and made up to 100 mL with the same. Q'&\
Ellman’s Reagent: 120 mL of the same 0.1 M phosphate buffer was also u .&gg@ssolve 60 mg
of Ellman’s reagent, and made up to 150 mL with the same.

[ ) “
Sulphosalicylic Acid (4 % solution): 20 mL distilled water@used to prepare 0.8 g of

S
3.19.2.2 GSH Standard Curve Preparation * \%

2

|

The GSH stock solution was diluted se% wds indicated in the table 3.10 below. Within 30

sulphosalicylic acid.

minutes, at 412 nm, the absorbanc e yellow color that Ellman's reagent produced was

measured in comparison to %an consisting of 1.5 mL of Ellman's reagent, and 0.5 mL of
"
a

phosphate buffer. The Ol@

Table \il H Standard Curve Protocol

on of reduced GSH was then plotted versus absorbance

Ny
QQ GSH Stock Phosphate Ellman’s Conc(e;l?tl;lation
(mL) Buffer (L)  Reagent(mL) ™" ' -
001 0.49 1.5 1
0.03 0.47 1.5 3
0.05 0.45 1.5 5
0.10 0.40 1.5 10
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0.15 0.35 1.5 15

0.20 0.30 1.5 20

Source!8

3.19.2.3 Procedure for the Determination of GSH in Samples

A precipitating solution, and a sample volume of 0.4 mL each were combined, vortexed, then
centrifuged at 4000 rpm for five minutes. After that, 1.5 mL of Ellman's reagent v@ﬁbxed with
0.5 mL of the supernatant. At 412 nm, the reaction mixture's absorbance w ) f@@red against a
blank for the reagent. o

3.19.3 Estimation of Glutathione Peroxidase (GPx) Activity &.%‘6‘%

The activity of Glutathione peroxidase (GPx) was measured@gérding to the method of Rotruck
et al’®, which was based on the reaction between gk@ﬁ&e remaining after the action of GPx.

GPx is known to most efficiently scavenge-h\)q‘;%en peroxide (H202) by using GSH as an

electron donor. 5

3.19.3.1 Reagents Preparation f@( Activity Assay
All reagents were prepared ca‘%ﬂy as described in different beakers, and properly labelled

i. Dipotassium Hydr@e)ﬁ) ophosphate (K;HPO4.3H,0) (0.3 M): 8.22 g of KxHPO4.3H,O

was dissolved ié @Ued water, and the volume made up to 120 mL with the same.

ii. Phosphate Buffer (0.1 M, pH 7.4): Dipotassium hydrogen phosphate trihydrate (2.798 g),
and p@Jm dihydrogen phosphate (1.054 g) was dissolved in 180 mL of distilled water, the
pH adjusted to 7.4, and the volume made up to 200 mL with distilled water.

iii. Sodium Azide (NaN3) (10 mM): 100 mL of distilled water was used to dissolve 6.5 mg of

sodium azide.
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iv. Reduced Glutathione (4 mM): 24.6 mg of GSH was dissolved in 20 mL of 0.1 M phosphate
buffer, pH 7.4.

v.Hydrogen Peroxide (2.5 mM): 4 puL of hydrogen peroxide (30 %) was added to distilled
water, and the volume made up to 50 mL with the same

vi. Trichloroacetic Acid (10 %): 4 g of TCA was liquidized in distilled water, and the volume

made up to 40 mL with the same &
e

vii. Ellman’s Reagent (Dinitrothiocyanobenzene: DTNB): 39.6 mg of ‘Uﬁ%\ﬁ' dissolved in
100 mL of 0.1 M phosphate buffer, pH 7.4. ‘% -
3.19.3.2 Procedure for GPx Analysis ’é\\‘

In a test tube containing 0.5 mL of phosphate buffer, 0.1 m&aNg, 0.2 mL of GSH, 0.1 mL of
H>0,, and 0.5 mL of sample was added last. Aften‘%&:tion mixture had been incubated at
37 °C for three minutes, 0.5 mL of TCA wa a@and the finished product was centrifuged at
3000 rpm for five minutes. 2 mL of Kz%gf,!nd 1 mL of DTNB were added to 1 mL of the
supernatants, and the absorbance wa@ésured at 412 nm (Bosch Model 752N) in comparison

to a reagent blank made up o@% distilled water, 2 mL of K;HPO4, and 1 mL of DTNB.
'\

3.19.3.3 Calculation@()@ %ctivity

GSH co u@ﬁ initial GSH amount (129.39 pg) — GSH remaining (ug/mL % 4 mL)

%@ivity = GSH consumed/mg protein

= ug GSH/mg protein

3.19.4 Estimation of Glutathione-S—Transferase (GST) Activity
Glutathione -s- transferase activity was determined according to the method of Habig et al?'. The

principle of the assay was based on the fact that all known isotypes of glutathione-S-Transferase
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demonstrate a relatively high activity with 1-Chloro-2,4- dinitrobenzene (CDNB) as the second
substrate. When CDNB was conjugated to the reduced form of glutathione, its absorption
maximum shifts to a longer wavelength, and the absorption increase at the new wavelength of

340 nm provided a direct measurement of the enzymatic reaction.

3.19.4.1Reagents Preparation for GST Assay . ®
i. Phosphate buffer (0.1 M, pH 6.5): 0.381 g of Dipotassium hydrogen p}lOﬁ? trihydrate,
and 1.134 g of potassium dihydrogen phosphate were dissolved in 90 m@%h ed water, the

pH was adjusted to 6.5 . @q

ii. (0.1 M) phosphate buffer: 30.73 mg GSH was dissolved i%&%q of 0.1 M phosphate buffer

iii. 1-Chloro-2,4-dinitrobenzene (CNDB) (20 m )Q% mg of CDNB was dissolved in 5 mL

absolute ethanol C.;\\o

iv. Reduced Glutathione (GSH) every conds against the blank at a wavelength of 340 nm.

3.19.4.2 Procedure for GST AnN

.\
As shown in the table 3.1 1@], the reagents were added as shown. The reaction was allowed

Q

to run for 3 minutes ngs were taken 6.5, and the volume made up to 100 mL with distilled

XN

water ,%Q

Table@%lutathione S-Transferase Assay Medium

(pH 6.5)

Reagent Blank Test

CDNB (20 mM) 150 ul 150 ul

Reduced glutathione (0.1 M) 30 ul 30 ul
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0.1 M Phosphate buffer, pH 6.5 282 mlL 279 mL

Sample ) 30 ul

Source ?!
3.19.4.3 Calculations for the Determination of GST Activity

GST activity = AA3z40/min x reaction volume x dilution factor

e ON
9.6 x sample volume X mg protein/mé’}\w
= pmole/min/mg protein ‘@ C

[ ) “
9.6 (mM'cm") = The extinction coefficient of CDNB at 34(@

3.19.5 Determination of Superoxide Dismutase (SOD) Aé%)y
The activity of SOD was determined in all tissue %nates by the method of Misra, and

Fridovich!. The principle was based on theit}‘ﬁ@gf superoxide dismutase to inhibit the auto-
h

oxidation of epinephrine at a pH of 10. akes the reaction a basis for a simple assay for

this dismutase. Superoxide (O2") Kdij@%nd hence inhabitable by superoxide dismutase

3.19.5.1 Reagents Preparationifor SOD Assay
i.  0.05 M Carbenaté-buffer (pH 10.2)
1.573 f@um carbonate (Na2CO3.10H-0), and 0.588 g of Sodium bicarbonate or
bic@on te of soda (NaHCO3) were dissolved in 200 mL of distilled water. The pH was

@sted to 10.2, and then made up to 250 mL.

ii. 0.3M Epinephrine
This was prepared by dissolving 0.05 g of epinephrine in 200 mL of distilled water

containing 0.5 mL of concentrated HCI (37 %).
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3.19.5.2 Protocol for Sample Preparation
50 pL of each sample was added to 2.5 mL of 0.05 M carbonate buffer (pH 10.2), and 0.3 mL of
epinephrine in a cuvette, mixed by inversion, and change in absorbance monitored every 30
seconds for 2.5 minutes at 480 nm. The reference cuvette was the same as for the samples with
water replacing the samples. %

N
&

3.19.5.3 Calculation of SOD Reaction :

% inhibition = 100 — (100 x Increase in absorbance per min for sample) ‘@

Increase in absorbance per min for blank\‘%'\

S

1 unit of SOD activity was given as the amount of SOD ngce&%\o cause 50 % inhibition of the

auto-oxidation of epinephrine. Q@
° @

3.19.6 Lipid Peroxidation (LPO) Assay

The generation of thiobarbituric acid rea; 'Vg%bstances (TBARS) contained in the test sample

was measured in order to quantifxthj@%l of lipid peroxidation in all tissue homogenates using
2

the method of Varshney and%le . The fundamental interaction between 2-thiobarbituric acid

N
(TBA), and malondia l@ DA), a byproduct of lipid peroxide during peroxidation, is the
basis of the techni e.@ pink complex that can be extracted into organic solvents like butanol
was produce heating in an acidic pH environment. This complex absorbs most light at 532
nm. %ts are reported as the amount of free MDA produced because MDA is frequently
used to calibrate this test.
3.19.6.1 Reagents Preparation for LPO Assay

i. 30 % Trichloroacetic acid (TCA): Distilled water was used to dissolved 13.5 g of TCA

(CCIz:COOH), and made up to 45 mL with the same.
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ii.  0.1M Hydrochloric acid (HCI): Distilled water was used to dissolve 13 pl of concentrated
HCI (36.5-38 %), and the volume made up to 15 mL with the same.

iii.  0.75 % Thiobarbituric acid (TBA): 0.1M HCI was used to dissolve 0.3375 g of TBA, and
made up to 45 mL with the same. Stirring in a hot water bath (50 °C) helped with the
dissolution.

iv.  Tris-KCl buffer (0.15 M, pH 7.4): In 45 mL of distilled water, 0.559 g of @nd 0.909

g of Tris base were dissolved. The pH was then raised to 7.4 with GS@H the volume

0.4 milliliters of the test sample were combined with 1.6 @%‘fers of Tris-KCl buffer, and 0.5

was increased to 50 mL with the same

3.19.6.2 Procedure of LPO Assay

milliliters of 30 % TCA. After that, 0.5 mL of O.Q A was added, and the mixture was
submerged in water for 45 minutes at 80 °C. A‘@eing brought to room temperature with ice,
this was centrifuged at 3000 rpm for ‘&' inutes. At 532 nm, the absorbance of the clear
supernatant was measured in compari a reference blank of distilled water.

%w
3.19.6.3 Calculation of 1\%%

An extinctio@nt 0f 0.156 uM-'cm! was used to calculate the concentration of MDA

Lipid @tion (nmole MDA/mg protein) = Absorbance x volume of mixture

Es320m % volume of sample x mg protein/mL

3.20 Statistical Analysis
Data obtained was expressed as mean * standard deviation (SD) using Graph Pad Prism

version 9. The questionnaire was analyzed with Microsoft excel package. Treated and control
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groups were compared using row statistics and 2- way ANOVA (multiple comparison TUKEY

test). Statistical significance was set at 95 % confidence level (p < 0.05).

Oy
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: Chapter Four

Results and Discussion of Findings
4.1 Analysis of Cross-Sectional Study using Questionnaire
The questionnaire administered randomly to students from different departments of Lead City

University, Ibadan has the following data distributions.

179



4.1.1 Demographics Characteristics of Respondents

The demographic characteristics of respondents are represented in Figure 4.1. There were 483
respondents in all, 73 (15.11 %) were under the age of 18 years, 312 (64.59 %) were between the
ages of 18 and 25 years, 85 (17.59 %) were between 26 and 32 years old, and 9 (1.85 %) above

the age of 32 years.

N
.63%) are

Figure 4.2 shows the marital status of participants. 422 (87.7%) are single wbil@

married. ‘%\
\%'3
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Source: Author’s Data-Analysis
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4.1.2 Respondents’ Knowledge and Awareness of Contraceptive Methods and Use

The awareness and knowledge of contraception methods were enquired from participants, and
the contraceptive methods used was reported as follows: 183 (37.97%) did not use any form of
contraception because they have never had sex or by preference while 299 (62.03%) used one or
more methods of contraception as shown in Figure 4.3. . ®

Figure 4.4 shows the distribution of contraceptive use among the diff;&@ groups. 26

(35.62 %) out of the 73 under the age of 18 use contraception while 47 (

'3

38 %) did not. 208
(66.67 %) out of 312 participants between 18 and 25 use contracc@hﬂe 104 (33.33 %) did

not. 31 (36.47 %) out of 85 participants between the 9g&®6 and 32 (11.18%) used no

contraceptive while 54 (63.53 %) used. 8 (88. @articipants above 32 years used
contraception while 1 participant (11.11 %) did Kd%

Figure 4.5 shows the response to the que%n the method of contraception by those who used
it. 140 (28.99 %) used condom a ne@(ld% %) used a combination of condom and pill, 196
(40.58 %) used pills only, 24&9“7 %) used injectible, 4 (0.83 %) used intrauterine devices, 11

(2.28 %) used herbs, @}p or substances such as ampicillin, salt and water mixture, alcohol

or local herbs, 1 (O.Q %) used patches, and 2 (0.41 %) used implant.
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Do You Use Contraceptive?

37.97%

0 )\ng 100 150 200 250 300 350
A_ O\

\Y

Figur%@esponse of Participants to Question on the Use of Contraception

Source: Authors’ Data Analysis
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Figure 4.4: Distribution of Contraceptive Use among the Different Age Groups

Source: Authors’ Data Analysis
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What Method of Contraception do you Use?

4.97%

28:99 @ ® Condom Alone
%

= Condom and Pill
= Pills

™ Injectible

= |UD

® Herbs/Concortion
B Patches

40.58% ® Implant

Figure 4.5: Response to Question on the Specific Method of Contraception used

Source: Authors’ Data Analysis
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The specific type of pill among the participants who chose pills as their preferred method of
contraception is displayed in Figure 4.6. 87 (43.07 %) used Postinor 2, 11 (5.44 %) used
Afterpill, 78 (38.61 %) used Postpill, 10 (4.95 %) used Plan B, 12 (5.94 %) used combined oral

contraceptives while 4 (1.94 %) used Morning After Pill.

O

Figure 4.7 shows the frequency of pills taken by participants, 1 (0.69 %) used iK‘Bgily, 97
(66.90 %) used it once in a while, 10 (6.90 %) used it once weekly, 26 (17.93 & &ed i

t twice

weekly, 10 (6.90 %) used it thrice weekly, while 1 (0.69 %) used it monthI{z: \

.\%ﬂ
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Source: Authors’ Data Analysis
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4.1.2 Prevalence of Side Effects from Various Contraceptive Methods

Out of the 299 participants who used contraceptives, 49 (16.39 %) claimed they observed no side

effects while 250 (83.61 %) said they did (Figure 4.8.)

Figure 4.9 shows the specific side effects observed by respondents from the use of contraceptive

ranged from headache (8 %) to painful menstrual cycle (5 %), irregular menstru@w %),

spotting (15 %), heavy menstrual flow (10 %), weight gain (20 %) and wefg%@ %).

The distribution of the side effects from different types of contrac‘e&n,smethods is shown in

Table 4.1 with most effects reported from the use of pills. &%\
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Did you Observe any Side Effects from Contraceptives Use?
300

250
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150

100

50

Yes

R d

Figure 4.8: Side E{f\e' bserved by Respondents from the use of Contraceptives

Source: Auﬂ@ata Analysis
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Specific Side Effects Observed from ECPs among
Respondents

% ﬁ
B Headache B Heavy flow B Irregular flow
® Painful menstruation ™ spotting B Weight gain

B Weight loss

Figure 4.9: Side Effects Observed by Respondents from the Use of Contraceptives

Source: Author’s Data Analysis
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Table 4.1: Distribution of Side Effects Observed from the Use of Various Contraceptives

Side effects Pills Injectables Intra Uterine Herb
Devices

Headache 3 (6 %)

Heavy flow 4 (8 %) 3 (6 %) 3 (6 %)

&

Irregular flow 16 (32%) 1 (2 %) A 60

Painful 2 (4 %) E

Menstruation . ﬂ'\
Spotting 6 (12 %) 1 &@'}&%‘\\d

N
Weight gain 1(2%) 1(2%) QQ

Weight loss 8 (16 %) g
A

Source: Author’s Data Analysis (b‘
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4.2: Physical Observation of the Experimental Model (Wistar rats) before, during and
after Treatments

The animals used for the experiment were closely monitored for any physical and behavioral
differences across the three groups. The behavioral characteristics observed were shown in
Table 4.2. the control group looked healthier fresh and active throughout the experiment. The
treated groups are usually physically inactive immediately after treatment and @&vhile to
resume normal physical activities. The control group had more appeti .t&%eated groups
on the days of treatment but more appetite in the treated groupf thg&in 'gontrol on other days.

No mortality was observed in the control group throughc;@e experiment while 13 %

mortality was observed in the treated groups (2 in once w&%ﬁr and 6 in twice weekly).
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Table 4.2: Observation of Wistar Rats before, during and after Treatments

Behavioral Patterns Control Once Weekly Twice Weekly

Observed

Food Consumption Moderate Fair Low on treatment
days, fair on other
days &

Appearance Fresh and chunky A little shrinky, not ‘%%e to hair

as fresh as control‘\d lqss

Body Weight Moderate Small Qé% Smaller

Redness of Eyes Nil NQ@ Observed in a few

Hair Loss Low C.j@derate High

Physical Activities  Very Activqb"é' Slow after treatment Slow and inactive

\;() for awhile after
Q " treatments
Mortality C) Nil 2 6

>

Excreta_ (Feces and

S

Firm and whole

A little softer than in

control

Slimy Feces after
treatment and
sometimes blood

stained

Source: Author’s Data Analysis
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4.3 Comparative Evaluation of the Effect of Postinor 2 on the Body Weights of
Wistar Rats Before and After Treatments

Figure 4.3 shows the comparative evaluation of average body weights of animals in the
control, once-weekly, and twice-weekly treated groups before and after treatments. After
30 days, Postinor 2 caused a decrease in the body weights that was significant between
twice weekly and control (p < 0.05). By 60 days into treatment, there wa%‘\?s‘urge in

the body weights of the treated group that was very close to the co@ .05).

At the end of 90 days, the end of treatment, the average we)gﬂhtwo the treated groups
r

especially the twice weekly group was again significantl % han control group (p <

0.05). . QQ)

Recovery was observed with treatment withd%hﬁs the weights of the animals returned

to similar range as it was initially beffre‘\\&?;guent started (p > 0.05).
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Figure 4.10: Effec g&stmor 2 on the Body Weights of Animals

Values Were‘%sssed as mean =+ standard deviation (SD), n = 5. y’showed significance when

twice was compared with control (p < 0.05).
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4.4 Effect of Postinor 2 Treatment on Rats’ Estrous Cycle

4.4.1 Visual Assessment of the Effect of Postinor 2 on Rats’ Estrous Cycle

While all the phases were randomly observed per time in the control group and those treated
once a week, the group treated twice weekly were mostly in the metestrus phase with %whitish
sloughs. Additionally, the proestrus phase was first observed in the group trea @we weekly

long before it was seen in the other groups (Appendix 3) ‘@

[ ) “
4.4.2 Cytological Assessment of the Effects of Postinor 2 on t@)us Cycle

A\

Appendix 4 shows the phases of the estrus cycle observed @ ogically under the microscope in

the animals. Treatment with Postinor 2 prolonged t@e trus phase which was more evident in

the ones treated twice weekly while the contrf'l @yded accordingly (Table 4. 3).
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Table 4.3: Cytological Assessment of the Estrus Cycle in Animals Treated with Postinor 2

Compared with Control

Control Once Weekly Twice Weekly
A0
Proestrus 14 — 15 Hours 10 — 12 Hours 8 — 12 Hours
Estrus 24 — 48 Hours 24 — 40 Hours mvaours
. xA %
Metestrus 7 — 8 Hours 12 — 18 Hours 20 — 24 Hours
Diestrus 47 — 73 Hours 40 - 172 ﬁq’@\' 30 — 60 Hours

Source: Authors’ Data Analysis \%
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4.5 Effect of Postinor 2 Treatment on Relative Organ Weights

4.5.1 Effect on Relative Uterus Weight

The relative uterus weight compared between the various groups, the control group (0.14 = 0.003)
at the end of the first month of treatment, was significantly lower than twice week«ly{ﬁt) higher

than once weekly (0.12 + 0.005 and 0.16 + 0.002 respectively) as shown in Figus?[ a.

D

At the end of the second month of treatment, there was no discernible diffesence between once-
[ ) “
weekly and twice-weekly treated groups (p > 0.05) as they hav%& increased in value and

significantly higher than control (p < 0.05).

After 90 days of continuous treatment, twice weel&@% + 0.002) had become significantly
higher than both once weekly and control (p* ‘@) No significance difference was observed

between the once-weekly and control gropps 0.05).

30 days recovery period and po&gﬁnent brought about a reduction in the uterus weight of
both treated groups which ignificantly lower than the control (p < 0.05). The reduction in

twice weekly was ab@% hile it was about 9 % in once weekly group.

N
QQ%Q
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Figure 4.11a: Effect of Postinow the Relative Uterus Weight of Treated Wistar Rats

compared with Control @ﬂ

Values were expr&&% as mean * standard deviation (SD), n = 5. a showed a statistical

significance ‘\%once weekly was compared with control. B indicated a statistical significance

when @%ekly was compared with those treated twice weekly. y'showed significance when

twice weekly was compared with control (p < 0.05).
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4.5.2 Effect of Postinor 2 Treatment on Relative Ovary Weight

Figure 4.11b displays the relative ovarian weight of the respective groups. When the control
group was compared with the treated groups at the end of the first 30 days of treatment, control
was significantly lower (p < 0.05). The relative ovary weights evaluated at 60 day{&e twice
weekly group (0.048 + 0.001) and once weekly group (0.042 £+ 0.004) werqsia%g&ntly higher

than the control group (0.037 £+ 0.002) (p < 0.05). Additionally, twice v@/as significantly

higher (p = 0.0003) than once weekly. . @’3

S

At 90 days of treatment, the relative ovary weight of once v@ad dropped to the same level

as control and both were significantly higher than twi @y (p <0.05).

When the treatment was stopped for 30 days;'c@sas recovery in both treated groups with the

values very close to the control as in rela%' rus weight.
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Figure 4.11b: The R@@%’ary Weights of Control and Treated Groups

Values wers d as mean + standard deviation (SD), n = 5. a showed a statistical
signiﬁcanc@hn once weekly was compared with control. f indicated a statistical significance
when once weekly was compared with those treated twice weekly. y'showed significance when

twice weekly was compared with control (p < 0.05).
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4.5.3 Effect of Postinor 2 Treatment on Relative Liver Weight

As shown in Figure 4.11c, the relative liver weight of the treated groups was also compared with
the control group. At the end of the first month of treatment, the relative liver weight was in the

order once weekly < control < twice weekly and the differences were all significant (p < 0.05).

This trend continued throughout the treatment days showing once weekly to b{@er than

control while twice weekly was higher than the control groups until the rec%&;@glod when the

order changed to control < once weekly < twice weekly (p < 0.05).

. %
The recovery period brought about an increase in Relative liver @ that the values became

significantly higher than in control (p < 0.05). ¢ $

Q‘Q
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Figure 4.11c: Effection l@tiior 2 on the Relative Liver Weights
Values were 1@ d as mean # standard deviation (SD), n = 5. a showed a statistical
significance<when once weekly was compared with control. f indicated a statistical significance

when @weekly was compared with those treated twice weekly. y'showed significance when

twice weekly was compared with control (p < 0.05).
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4.5.4. Effect of Postinor 2 on Relative Kidney Weight

When the relative kidney weight was compared among the different groups, at the end of the first
month of treatment, control group (2.62 + 0.067) was significantly higher than those treated once
weekly (2.14 = 0.093) (p < 0.05), and significantly lower than the group treated twice weekly
(2.94 £ 0.016) (p < 0.05). There also existed a significant difference between once weekly and

twice weekly (p < 0.05) as shown in Figure 4.11d. éib

A significant difference was also observed between once weekly and@ weekly treated
groups (p = 0.05) with a mean + SD values of 2.36 + 0.026, and 2.5@3.081 respectively at the
end of the second month of treatment. Meanwhile, the relat%»%}ley weights in the control
(2.84 £ 0.134) had become significantly higher thanbét@ weekly and twice weekly groups

2

At the end of 90 days, the group treated t 'c%eekly (3.21 £ 0.051) was significantly higher

(p < 0.05).

than both control group (2.86 + 0.15 the group treated once weekly (2.52 £ 0.048) (p <

0.05). There was also a signiﬁcaMerence between control and once weekly (p < 0.05).

"
30 days post treatm @’@ an increase iin kidney weight across all groups which was

significantly higher‘% twice weekly than in once weekly and both appeared significantly higher

than the control group (p < 0.05).

QQ
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Figure 4.11d: The Effect of Pastinor 2 on Relative Kidney Weights

Values were expressed @s\fmgan =+ standard deviation (SD), n = 5. a showed a statistical
significance when.Once weekly was compared with control. P indicated a statistical significance
when once weekly was compared with those treated twice weekly. y'showed significance when

twice weekly was compared with control (p < 0.05).
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4.6 Histopathological Examination of the Harvested Tissues for Observation of any Effect
of Postinor 2 Intake

4.6.1 Histopathological Examination of the Uterus

The photomicrograph of the uterus harvested from the treated groups was compared with that
from the control groups. The architecture of the control groups appeared normal no visible lesion
as (plates 4.1 and 4.2). Conversely, the photomicrographs from tissues harve&é@i:)m rats
treated with Postinor 2 once weekly showed an infiltration of the mucosa a :@3@ degenerated
and hyperplastic uterine glands (plates 4.3 and 4.4). Whereas s.eve%egdometrial ulcerations

were observed in animals treated with Postinor 2 twice weekly ([{
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Plate 4.2: Photomicrophs of Thin Se@ of Uterus Tissues Harvested from the Control
Group II

Plates show no significant lesj o
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Plate 4.3: Photomicrophs of Th@ions of Uterus Tissues Harvested from the Once

Weekly Treated Group I %’\
Plates show infiltration.o % by inflammatory cells (slender arrows) the degenerated
uterine glands (black QO)VS
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X400 X400

Plate 4.4: Photomicrophs of Thin Sections of Uterus Tissues Harvested from the Once
Weekly Treated Group 11

Plates show infiltration of mucosa by inflammatory cells (slender arrows) the hyperplastic
uterine glands (black arrow).
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Plate 4.5: Photomicrophs of Thin Sections of Uterus Tissues Harvested from the Twice
Weekly Treated Group.

Plates show endometrial ulceration (black arrows)
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4.6.2 Histopathological Examination of the Ovary

The photomicrograph of the ovary harvested from the treated groups was compared with that
from control groups. The architecture of the control groups showed normal morphological
architecture with atretic follicles at different stages of maturation (primordial, primary,
secondary and antral follicles) as well as corpus luteum as shown in plates 4.6 and 4.7.
Additionally, the photomicrographs of tissues harvested from rats treated with %@2 once

weekly and twice weekly did not demonstrate any visible signs of histolg@ ations in the

ovary (plates 4.8 to 4.11). ﬂ"
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Plate 4.6: Photomicrophs of Thin Sections of Ovary Tissues Harvested from the Control
Group 1

Plates show atretic follicles at different stages of maturation (primordial, primary, secondary and
antral follicles) as well as copus luteum. The overall feature is keeping with a normal
morphology of the ovary
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Plate 4.7: Photomicrophs of Thin Sections of Ovary Tissues Harvested from the Control
Group II

Plates show atretic follicles at different stages of maturation (primordial. Primary, secodary
antral follicles) as well as copus luteum. The overall feature is keeping with a normal
morphology of the ovary
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X400

Plate 4.8; Photomicrophs of Thin Sections of Ovary Tissues Harvested from the Once
Weekly treated Group I

Plates show atretic follicles at different stages of maturation (primordial, primary, secondary and
antral follicles) as well as copus luteum. The overall feature is keeping with a normal
morphology of the ovary
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Plate 4.9: Photomicrophs of Thin Sections of Ovary Tissues Harvested from the Once
Weekly treated Group 11

Plates show few atretic follicles at different stages of maturation (primordial, primary, secondary
and antral follicles) as well as copus luteum. The overall feature is keeping with a normal
morphology of the ovary
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Plate 4.10: Photomicrophs of Thin ns of Ovary Tissues Harvested from the Twice
Weekly Treated Group I

Plates show atretic follicles aﬁ rent stages of maturation (primordial, primary, secondary and
antral follicles) as we@c pus luteum. The overall feature is keeping with a normal
morphology of the ovary

>
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Plate 4.11: Photomicrophs of Thin @ns of Ovary Tissues Harvested from the Twice
Weekly Treated Group 11

Plates show very few atreti O]J\icles at different stages of maturation (primordial, primary,
secondary and antral folli€les) as well as copus luteum. The overall feature is keeping with a
normal morphology of t @ra

4.6.3 Histop tl@gjcal Examination of the Liver

The photomicrographs of the liver harvested from the control group showed mild focal periportal
and d@?ated infiltration by inflammatory cells and mild disseminated infiltration of zone 2
by inflammatory cells (Plates 4.12 and 4.13). Also, photomicrographs of the liver showed that
treatment of rats with Postinor-2, once weekly resulted in cogestion as well as mild focal
periportal and disseminated infiltration by inflammatory cells (Plate 4.14 and plate 4.15).

Whereas plate 4.16 and plate 4.17 showed marked disseminated congestion, mild disseminated
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periportal infiltration by inflammatory cells and lymphoid aggregate in zone 2 and the focal area

of hepatic nodules noted in animals treated with Postinor 2 twice weekly
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Plate 4.12: Photomicrophs of Thi(‘&ions of Liver Tissues Harvested from Control
Group 1

Plates show mild focal peri al’ infiltration by inflammatory cells (black arrows) and mild
disseminated infiltration e by inflammatory cells (slender arrows).

>
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X400 c E
Plate 4.13: Photomicrophs of Thin(‘&ions of Liver Tissues Harvested from Control
Group II

Plates show mild focal peripoxrtal k}ﬁltration by inflammatory cells (black arrows) and mild

by inflammatory cells (slender arrows).
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Q 40
Plate 4.14: Photomicrophs of Thin @)ns of Liver Tissues Harvested from Once Weekly
Treated Group I

Plates show infiltration of z}@ﬁ‘y inflammatory cells (slender arrows).
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X400
Plate 4.15: Photomicrophs of Thin S@s of Liver Tissues Harvested from Once Weekly
Treated Group II Q)

Plates show cogestion (Blue a oMild disseminated periportal infiltration by inflammatory
cells (black arrows) and ve isseminated infiltration of zone2 by inflammatory cells
(slender arrows). Q

X40 X100
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X400
Plate 4.16: Photomicrophs of Thin S@s of Liver Tissues Harvested from Twice Weekly

Treated Group I VQ)

Plates show mild disseminate ﬁ}tration of zone 2 by inflammatory cells (slender arrows), very
mild periportal infiltration mmatory cells (black arrows) and disseminated microvesicular
steatosis (green arrows). Q
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X400

Plate 4.17: Photomicrophs of Thin

Treated Group 11 w

Plates show marked dissem*g@ted congestion (blue arrows), mild disseminated periportal
infiltration by inflammat ells (black arrows), mild disseminated infiltration of zone 2 by
inflammatory cells afnd | oid aggregate (slender arrows) and focal area of hepatic nodules
(green arrow).

4.6.4 Histo gical Examination of the Kidney

The ph @rograph of the kidney harvested from the treated groups was compared with that
from ﬁl groups. Tissues from control group showed normal morphological architecture with
no significant lesion as shown in plates 4.18 and 4.19. However, the photomicrographs from
tissues harvested from rats treated with Postinor 2 once weekly showed extensive tubular
necrosis, mild disseminated tubular necrosis, glomerular messangialisation and focal

periglomerular inflammation (plates 4.20 and 4.21). Meanwhile, Plates 4.22 and 4.23 from twice
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weekly treated group showed marked to severe disseminated tubular necrosis, glomerular

messagialisation and necrosis.

X40 X100
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Plate 4.18: Photomicrophs
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Plate 4.19: Photomicrophs of T
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Plate 4.20: Photomicrophs hin Sections of Kidney Tissues Harvested from Once

lar necrosis (black arrows).
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X400

Plate 4.21: Photomicrophs of Thin S@s of Kidney Tissues Harvested from Once
Weekly Treated Group 11

Plates show mild disseminate lar necrosis (black arrows), lomerular messangialisation
g g
' erular inflammation (slender arrows).
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Plate 4.22: Photomicrophs of I‘@tions of Kidney Tissues Harvested from Twice

Weekly Treated Group I %.}
i

Plates show marked to.se .Q eminated tubular necrosis (black arrows) and glomerular
messagialisation/necr@sis (green arrows).
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Plate 4.23: Photomicrophs of I‘@tions of Kidney Tissues Harvested from Twice

Weekly Treated Group 11 %’3
i

Plates show marked to.se Q
messagialisation/necr@sis (green arrows).

4.7 Effect oﬂ@ 2 Intake on Progesterone (P4) Level in the Serum of Wistar Rats

eminated tubular necrosis (black arrows) and glomerular

The conce@tl n of progesterone in the serum of Wistar rats treated with Postinor 2 Once
weekly twice weekly was compared with the control group. The concentration of P4 was
significantly lower in the serum of rats treated once weekly (46.9 £ 0.109) and twice weekly
(47.1 £ 0.022) only at 60 days of treatment (p < 0.05) but no significance was observed in the

concentration of P4 in any other month when compared with control as shown in figure 4.12
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Figure4=12: Effect on Postinor 2 Intake on the Serum Concentration of Progesterone

Values were expressed as mean + standard deviation (SD), n = 5. P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly is compared with control (p < 0.05).
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4.8 Effect of Postinor 2 Intake on Estrogen (E:) Level in the Serum of Wistar Rats

"

treated groups than in both once weekly (2595.8 + 32.4) and conﬁd{%&ltrol group (2696.7 £+

>

At the end of the 60 days of treatment, the concentra i(@Z in the twice weekly group had

Figure 4.13 showed the effct of Postinor 2 intake on E2 concentration. At the e%;éfrst 30 days
of treatment, the concentration of E2 was significantly lower in twice (2356.2 + 25.4)

52.4) (p < 0.05).

dropped to 2215.1 &+ 54.3 which was still significantlyMower than in once weekly (2441.6 + 59.2)
and control (2595.5 £ 47.7) groups (p < 0.0QT')@H nally, when the concentration of E2 in the
control was compared with once week(@eated group, there was a significant difference (p <
0.05). \)Q)

By 90 days of treatment, the#%rmentration of E2 had dropped further in twice weekly treated
group (1789.5 + 102.@)@%’duction also took place in once weekly (1981.4 £+ 46.8) but not as
much as in twige @&kly and both were significantly lower than the control (2281.2 &+ 82.1) and
once weekly. treated group (p < 0.05).

After @wn‘[ had stopped for 30 days (30 days recovery period), the concentration of E2
increased in twice weekly treated group by 14 % (1928.6 + 1.3) which was still significantly
lower than in both once weekly treated group (2203.6 + 9.0) and control (2281.3 + 82.8) (p <

0.05) even though the concentration of E2 in once weekly had also increased by 5 %.
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Figure 4.13:.Effectof Postinor 2 Intake on the Serum Concentration of Estrogen

Values ~wgte Yexpressed as mean + standard deviation (SD), n = 5. @ showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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4.9 Effect of Postinor 2 Intake on Serum Concentration of Luteinizing Hormone (LH)

The effect on Postinor 2 intake on LH concentration was also assessed in the treated groups and
compared with control as shown in figure 4.14. It was observed at the end of the first month of
treatment that the concentration of LH was within the same range across all groups (p > 0.05).
However, at the end of the second month, the concentration of LH had significantly ir@ased in
the group treated twice weekly from 68.0 + 1.7 to 144.1 + 0.8 which is abov, % 0 % while
there was a decrease in that of control and once weekly treated groups ﬂ%}s 4.1 and 64.2
+0.9t0 56.9 + 6.2 and 53.1 £ 1.3 respectively (p < 0.05). There exis@s&signiﬁcant difference

between once weekly and control groups (p > 0.05). 6&%

90 days of treatment further increased the concentratio @—I in twice weekly group to 160.1 +

1.5 which was still significantly higher than Wh@s observed in both control (68.3 = 0.9) and

once weekly (58.3 + 3.1) groups (p < 0.0%( \)

Recovery was observed in LH co, ce@on as a halt in the treatment for 30 days brought about
a 19% decrease in the concent&%ig’n of LH in twice weekly treated groups to 108.1 & 3.2. Despite
the decrease it was sti @ antly higher than the concentration LH in control (64.8 + 4.9) and
once weekly (51.6\}. groups (p < 0.05). Also, the control group had a significantly higher

concentration than the once weekly group (p < 0.05).

QQ
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Figure 5; 4: Effect of Postinor 2 Intake on the Serum Concentration of Luteinizing
Hormone

Values were expressed as mean =+ standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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4.10 Effect of Postinor 2 Intake on the Serum Concentration of Follicle Stimulating
Hormone (FSH) of Wistar Rats

The effect of Postinor 2 on the concentration of FSH was also determined in the treated groups
and compared with control as shown in figure 4.15. The first 30 days showed a marked elevation
in the concentration of FSH in the twice weekly group (9.4 £ 0.5) than in both once weekly (6.2
+ 0.8) and control (6.0 £ 0.6). This elevated concentration was significant when @red with
once weekly and control (p < 0.05). Conversely, the difference in the ¢ .&g@tion between
once weekly and control was not significant (p = 0.0004). ) \%"

By 60 days, the control group concentration of FSH (5 9+0 @Qg\signiﬁcanﬂy lower than in

twice weekly (10.1 = 0.5) (p < 0.05) and lower but again 4 1ﬁcant when compared with once

weekly group (6.7 = 0.4) (p = 0.0994). The differenc once weekly and twice weekly treated

groups was also significant (p < 0.05). < : ‘\\'

Furthermore, in the third month of t é’& t, FSH concentration in the twice weekly treated

group had increased to 12.2 + 0. ich was 16.7 % higher than what was observed in once
.\

weekly (8.7 £ 0.4) and abow@}% higher than what was observed in control (7.6 £+ 0.4). These

differences were statistically significant (p < 0.05).

30 days reco‘\%period decreased the concentration of FSH in twice weekly group by 18 % to
8.4 i@%ch was still significantly higher than once weekly (7.9 = 0.67). The control (7.5 +
0.43) was significantly lower when compared with both once weekly and twice weekly (p <

0.05).
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Figure 4.15: Effect of Postinor 2 Intake on the Serum Concentration of Follicle Stimulating
Hormone

Values were, expressed as mean + standard deviation (SD), n = 5. a showed a statistical
significafee when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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4.11 Effect of Postinor 2 Intake on the Serum Concentration of Progestagen Associated
Endometrial Protein (PAEP) of Wistar Rats

As shown in figure 4.16, the concentration of PAEP was significantly lower in twice weekly
treated group (1.7 = 0.1) when compared with control (1.9 + 0.1) and once weekly (1.8 £ 0.1)
and was observed to keep decreasing with time and even in post treatment days %5%5). The
concentration of PAEP in once weekly was lower than in control but not si .'ﬁ\g%(p =0.0683).

N\

The decrease in the concentration of PAEP by the end of 60 day.s ogeg\tment had reduced to
(1.8 £ 0.1) in twice weekly group and to (1.6 = 0.1) in %\ weekly. Meanwhile the
concentration had increased in control group to (2.1 £ O.i){&%&mparison among all the groups
showed a significant difference between control 6@)‘%6 weekly (p = 0.0001) as well as
between control and twice weekly (p < 0.0a@gniﬁcant difference was also observed (p =
0.0002) between once and twice weekly.%

After 90 days of treatment, PAEP co%%ation in the control group (2.2 + 0.1) was significantly

higher than in both once @1.8 + 0.1) and twice weekly (1.3 £ 0.1) (p < 0.05).
'\
i

Consequently, a sign@%

also observed. \
Q

There was re‘%r only in once weekly with observed increase in the concentration of PAEP to

rence between once weekly and twice weekly (p < 0.05) was

1.8 i@%e it decreased further in twice weekly to (1.2 + 0.1). When these were compared
with the concentration of PAEP in control (2.1 + 0.1), they were both significantly lower (p <

0.05). A significant difference was also observed (p < 0.05) between once and twice weekly.
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Figure 4.16: Effe@i Postinor 2 Intake on the Serum Concentration of Progestagen
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Value@e expressed as mean + standard deviation (SD), n = 5. a showed a statistical

significance when once weekly was compared with control (p < 0.05). P indicated a statistical

significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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4.12  Effect of Postinor 2 Intake on the Serum Concentration of Leukemia Inhibitory
Factor (LIF)

The serum concentration of LIF in the treated group was also determined and compared with the

control as illustrated in figure 4.17. The first 30 days of treatment did not show any difference in

LIF concentration in once weekly while it was significantly lower in twice weeklb& and 90

days, a significantly lower LIF than in the control was observed in once wee ' p (p <0.05),

yet LIF in twice weekly group was significantly lower than both the <control and once weekly

groups. The post treatment period brought about a 3 % increas'e&%\he concentration of LIF in

once weekly while the level of LIF was maintained in tw'rce&kgfdy, despite this, they were both

significantly lower than control (p < 0.05). @

2
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Figurffect of Postinor 2 Intake on the Serum Concentration of Leukemia
Inhibitory Factor (LIF)

Values were expressed as mean + standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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4.13 Effect of Postinor 2 Intake on the Serum Concentration of Prolactin (PRL)

The effect of treatment on the concentration of PRL is shown in figure 4. 18. At 30 days of
treatment, the concentration of prolactin was significantly higher (p < 0.05) in control group (4.2
+ 0.2) when compared with twice weekly (3.2 + 0.1) treated groups. The concent@of PRL

was significantly lower in the twice weekly treated group compared to on;é @%y (4.1 £0.2)

group (p < 0.05). Albeit, there is no significant difference in the concentration of control and
once weekly (p =0.6122). .%\ )

At the end of the 60 days of treatment, the concentration of @&n the twice weekly group had
increased to 3.8 + 0.3 which was still significantly 1 n the control (4.4 £ 0.2) group (p <
0.05). Additionally, when the concentration of g:\‘ ol was compared with once weekly treated
group, there existed a difference that w n@iﬁcant (p > 0.05). So also, was the difference
between twice weekly and once week + 0.3).

The concentration of PRL decrem twice weekly treated group (3.2 = 0.1), by the end of the
third month of treatment @igtﬂl significantly lower than both control (5.4 + 0.1) and once

weekly treated grOI%{d ich also had reduced to 3.9 + 0.2 (p < 0.05). It was only at this time that

the control Qame significantly higher than once weekly in their concentration of PRL (p

<0.05)=~)

After &ment had stopped for 30 days (30 days recovery period), the concentration of PRL
slightly decreased in twice weekly treated group (3.2 + 0.3) which was significantly lower than
in once weekly where PRL had increased to 4.8 £ 0.3 (p < 0.05). Prolactin concentration was
still significantly higher in the control group (5.7 & 0.2) than in once weekly and twice weekly (p
<0.05).
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Figure 4.18: Effect of Postinor 2 Intake on the Serum Concentration of Prolactin

Values were expressed as mean + standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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4.14 Effect of Postinor 2 Intake on the Concentration of Sex Hormone-Binding Globulin
(SHBG) in the Serum

The effect on Postinor 2 intake on SHBG was also assessed and shown in figure 4.19. It was
observed at the end of the first 30 days of treatment that the concentration of SHBG in the

control group (1.3 £ 0.1) was similar to what was observed in once weekly %’;&S 0.1) but

significantly higher than in twice weekly (1.2 £0.1) (p = 0.0013). E‘\QO

However, at the end of 60 days, the concentration of SHBG in once 1y)has decreased to (1.2

+ 0.0), which was still insignificantly lower control group (18{%) (p = 0.4044). However,

SHBG in the control group was significantly higher t a@ice weekly (0.8 £ 0.0) (p < 0.05).
N

A comparison between once and twice weekly, ed groups also showed a significant

difference (p < 0.05). C.)\\%

By 90 days of treatment, the con d&on of SHBG in control group (1.2 + 0.0) was

significantly higher than what wNasured in both once weekly (1.1 £ 0.0) and twice weekly
.\

(0.8 £ 0.0) groups (p < 0.0®omparison between once and twice weekly treated groups also

illustrated a significantdifference (p < 0.05).

A halt in the‘%‘nent for 30 days still showed SHBG in control (1.3 &+ 0.0) to be significantly
highe%th once weekly (1.0 = 0.1) and twice weekly treated groups (0.8 + 0.1) (p < 0.05)
Additionally, SHBG concentration in once weekly was significantly higher than in twice weekly

(p < 0.05).
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Figure 4.19: Effect of Postinor 2 Intake on the Serum Concentration of Sex Hormone-
Binding Globulin

Values awefé\expressed as mean + standard deviation (SD), n = 5. a showed a statistical
significan€e when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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4.15 Effect of Postinor 2 Intake on the Concentration of Nuclear Factor -Kappa B (NF-kB)
in the Serum and Reproductive Organs of Wistar Rats

The concentration of NF-kB was measured in the serum (figure 4.20a), uterus (figure 4.20b) and
ovary (figure 4.20c) of the Wistar rats treated with Postinor 2 and compared with control. In the
serum, treatment for the first 30 days showed a significantly higher concentratio@&-kB in
twice weekly than what was seen in control group (p < 0.05) and in once wé . ted groups.
At the end of the 60 days of treatment, the concentration of NF-}(B i tl;s twice weekly group
had increased to 1.8 + 0.3 which was higher significantly than th 'Xar concentration observed
in the control group and once weekly (1.7 + 0.3 and 1.7 +0. %gﬂectfully) (p <0.05).

The concentration of NF-kB had increased in tw1ce@‘§treated group (2.1 £ 0.1), by the end
of the third month of treatment, and still hig @3 once weekly treated group (1.7 + 0.2) and
control (1.6 = 0.2) (p = 0.05). 6

In the uterus and ovary, there was a d@‘and time-dependent increase in NF-kB concentration.
After treatment had stopped f 0 ays (30 days recovery period), the concentration of NF-kB
still significantly hig % weekly treated group than in once weekly where NF-kB had
decreased to 1.5.0 1ijand control (p < 0.05). This is similar to what took place in the ovary

except that )@ reduce more in once weekly than twice weekly. Meanwhile, there was no

impm@n the level of NF-kB in the uterus.
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Figure 4.20a: Effect of Postinor 2'Intake on the Serum Concentration of Nuclear Factor -
Kappa B

Values were expresséd_as mean + standard deviation (SD), n = 5. a showed a statistical
significance avhén “once weekly was compared with control (p < 0.05). P indicated a statistical
signifieahes, when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure4,20b: Effect of Postinor 2 Intake on the Concentration of Nuclear Factor -Kappa B

in the Uterus of Wistar Rats
Values were expressed as mean + standard deviation (SD), n = 5. a showed a statistical

significance when once weekly was compared with control (p < 0.05). P indicated a statistical

269



significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.20c: Effect of Postinor 2 Intake on the Concentration of Nuclear Factor -Kappa B
in the Ovary of Wistar Rats
Values were expressed as mean + standard deviation (SD), n = 5. a showed a statistical

significance when once weekly was compared with control (p < 0.05). P indicated a statistical
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significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).

4.16 Effect of Postinor 2 Intake on the Concentration of Tumor Necrosis Factor -Alpha
(TNF-0) in the Serum and Reproductive Organs of Wistar Rats

As shown in figure 4.21a, after 30 days of treatment, there was no significance i(%é;%ference
in the concentration of TNF-a when a comparison was done between the .O&?@ group in the
serum (3.5 £ 0.3) and both once weekly (3.7 £ 0.2) (p = 0.2440) a.nd t 'cg\weekly (3.7£0.1) (p
= 0.4683). Furthermore, no significance was observed in the @\mraﬁon of TNF-a in once

RS

weekly and twice weekly (p = 0.8954). \
60 days of treatment showed the same pattern in t\%&nt of TNF-a as was observed at the
end of first month as no significance was obé@fl across the groups. However, a different
pattern was observed by the end of 90 da@&gbéatment where TNF-a in the treated groups (once
weekly 3.9 + 0.1 and twice weekly 3@. 1) were significantly higher than the control group (p
= 0.05). When the concentratiﬁw s compared between once weekly and twice weekly, it was

N
not significantly differ t@% 039).

In the uterus and gj(ﬁgure 21b and 21c), there was significantly higher concentration of
TNF-a in thé%% groups which was more pronounced in twice weekly group. The TNF-a in
the ov@gnce weekly was not significantly different from control throughout the period of

experiment and and at post treatment. 30 days post treatment brought about a reduction the level

of TNF- a in the serum and uterus unlike in the ovary.
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Figure 4.21a: Effect 0f Postinor 2 Intake on the Serum Concentration of Tumor Necrosis
Factor-alpha

Values weére expressed as mean + standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).

272



£ B ap oo
"g“_ 2.9 29
® 39 26 % 2% %
5% SN ‘
= N N Control
o § §
22 2TNNNKN N Once weekly
= e
§§ § \ \ Qg) Twice weekly
27 N N
s TNNNR ,
E N N
- N\ N \
N \ N
0 N
1 1 1 1 o
I I T R ,@
%QQIDQ’QQQQ’QQZQO@ fbgotb‘bgofbo?o’:?% Q’Q 'bQ
) o

A

& ‘?\% ¢
Treatr%é?rou ps/Day
\)Q:bd

Figure 4.21b: Effect of POQO 3 Intake on the Concentration of Tumor Necrosis Factor-
alpha in the Uterus Q)Q

Values were_e %sed as mean =+ standard deviation (SD), n = 5. a showed a statistical
signific Q{hen once weekly was compared with control (p < 0.05). P indicated a statistical
significanCe when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.21c: Effect of Postinor 2\Intake on the Concentration of Tumor Necrosis Factor-
alpha in the Ovary

Values were expressed as” mean + standard deviation (SD), n = 5. @ showed a statistical
significance when,once weekly was compared with control (p < 0.05). P indicated a statistical
significanc€™when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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4.17  Effect of Postinor 2 Intake on Liver Function Indices
4.17.1 Effect on Postinor 2 Intake on Aspartate Transferase (AST) in the Serum and Liver

of Wistar Rats

The effect of Postinor 2 on the activity of AST in serum was determined in the serum and liver
and the results extrapolated from the standard curve shown in figure 4.22a. It was oliwed that
there was a significant increase in level of AST in treated groups which was mo ounced in
the twice weekly groups than in once weekly compared to control (Fi@%}z ). Although
there was a little fluctuation in once weekly group, it was still highen(‘(%l'ﬁ control. For instance,
the level dropped in the second month and rose again in the th%,é\nth and dropped again after

recovery period. &

At the end of 30 days, twice weekly was high.er& once weekly (p = 0.0004) and control (p <

0.0001). AST activity in once weekly asz\signiﬁcantly higher than control (p = 0.0071).
f&k’)n of AST in treated groups to 140.3 £ 7.2 in twice

Postinor 2 further increased the conc&

weekly and 122.8 + 7.3 in once ly (p < 0.05) by 60 days of treatment which were higher
.\

than in control (p < 0.0Q p = 0.0020 respectively). Treatment for 90 days further

significantly increase T activity in twice weekly to 142.1 + 4.0 which was significantly

higher than b@rol and once weekly (p < 0.05).

After ery period, the activity of AST in the serum of once weekly had dropped by 8%
which was slightly higher than control but not significant (p = 3391). However, twice weekly
maintained the same range and that was still signicantly higher than once weekly and control (p

<0.05).
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Figure 4.22c shows the effect of Postinor 2 treatment on AST activity in the liver of Wistar rats
and this showed a significant decrease in once weekly treated group and twice weekly
throughout the treatment month (p < 0.05). An exception was observed in the first month where
once weekly was insignificantly lower than control (p = 0.0089). There was only slight decrease

in activity after 30 days post treatment

&

@%
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Figure 4.22b: @ of Postinor 2 Intake on Aspartate Aminotransferase (AST) Activity in

the Ser@% istar Rats

Values were expressed as mean + standard deviation (SD), n = 5. a showed a statistical

significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.22¢: Effect of Postinor 2 fiitake on Aspartate Aminotransferase (AST) Activity in
the Liver of Wistar Rats

Values were expresséd_as mean + standard deviation (SD), n = 5. a showed a statistical
significance avhén “once weekly was compared with control (p < 0.05). P indicated a statistical
signifieahes, when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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4.17.2 Effect of Postinor 2 Intake on Alanine Aminotransferase (ALT) Activity in the

Serum and Liver of Wistar Rats

The activity of ALT was determined in the serum and liver of Wistar rats and results were
extrapolated from the standard curve shown in figure 4.23a. Postinor 2 intake also affected the
activity of ALT in the serum of rats treated once weekly and twice weekly as shown& figure
4.23b. Treatment for 30 days presented a slight decrease in once weekly and a @'}mcrease in
twice weekly both of which were insignificant when compared with con@ .05). Then by
60 days, both once weekly and twice weekly groups again inc dNinsignificantly when
compared with control. The increase became significant by g\%\ys of treatment with twice

weekly quite elevated when compared with control (p < Q@

Figure 4.23c shows the effect of Postinor 2 igtg@n ALT activity in the liver of Wistar, there

was significant decrease that was time d e@among the treated groups and control in all the
G& period brought no improvement to the activity of

treatment months (p < 0.05). The r%

ALT in the serum and in the liver'@f’both treated groups as it still decreases significantly from

each other and contro&é@ﬁ
<&
Q
Q
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Figure 4.23b: Effect of Rostinor 2 Intake on Alanine Transaminase (ALT) Activity in the
serum of Wistar Rats

Values were expressed as mean + standard deviation (SD), n = 5. @ showed a statistical
significancg when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.23c: Effect of POQ@Z Intake on Alanine Transaminase (ALT) Activity in the

Liver of Wistar Rg&?)

Values were

essed as mean + standard deviation (SD), n = 5. @ showed a statistical

signiﬂ@ when once weekly was compared with control (p < 0.05). P indicated a statistical

significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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4.17.3 Effect of Postinor 2 Intake on Aspartate Transferase (AST): Alanine

Aminotransferase (ALT) Ratio in the Serum and Liver of Wistar Rats

The ratio of AST and ALT was determined in the serum (figure 4.24a) and in the kidney (figure
4.24b) to further evaluate the effect of Postinor 2 intake on the liver. In the serum, the twice
weekly group presented a significantly higher values at 30 and 60 days which was(&% and

O

53 % higher than in the control. At 90 days in twice weekly group, the ratio became)symmetrical

with the control and in once weekly it was lower by about 20 % than in c&@

[ ) ﬂ
In the liver, both once weekly and twice weekly were higher tha@nuol but once weekly

dropped to the same value as control after post treatment Qe%&&

S
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Figure 24a: AST: ALT Ratio in the Serum of Wistar Rats Treated with Postinor 2 Once

Weekly, Tywice Weekly and Control

Values were expressed as mean + standard deviation (SD), n =

5. o showed a statistical

significance when once weekly was compared with control (p < 0.05). P indicated a statistical

significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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AST:ALT Ratio in the Liver

Figure 24b@
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Values were expressed as mean + standard deviation (SD), n = 5. a showed a statistical

significance when once weekly was compared with control (p < 0.05). P indicated a statistical

significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).

286



4.17.4 Effect of Postinor 2 Intake on Alkaline Phosphatase (ALP) Activity in the Serum

and Liver of Treated Rats Compared with Control

Figure 4.25a showed the effect of postinor-2 intake on the activity of ALP in the serum of rats
treated once and twice weekly for a period 3 months and left for 1-month post treatment.
Compared to the control group, administration of Postinor-2 once weekly and ‘swi%weekly

N

caused a slight but non-significant increase compared to the control group at t of 30 days
of treatment. The increase was significant in both once weekly and t@e ly for all the
month of treatment and post treatment when comparison was done Kﬁ}se@n them and also with
control. é&%\

As shown in figure 4.25b, the liver of treated rats ex e.r?@;e a compromised activity of ALP
which was significantly lower than control in the ﬁ of treatment. Compared to the control
group, administration of Postinor-2 once w@ twice weekly caused significant reduction
in the liver when compared with contro@e decrease was significant between each other and

with control. This decrease in a@vas time dependent and continued in the post treatment

period to show no recovery. %'\

>

QQ
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Figure 4.25a: Effectlof Postinor 2 Intake on Alkaline Phosphatase (ALP) Activity in the

Serum of Wistar(Rats

Values~Were Jexpressed as mean + standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.25b: Effect of Postinor 2 Intake on Alkaline Phosphatase (ALP) Activity in the

Liver of Wistar\Rats

Values\were expressed as mean + standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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4.17.5 Effect of Postinor 2 Intake on Total Protein

Compared to the control group, administration of Postinor-2 once weekly and twice weekly
caused significant reduction in total protein concentration both in the liver and serum as shown

in figure 4. 26a and b. This was seen in the time dependent decrease in the concent&of total

protein in the order twice weekly < once weekly < control. The signiﬁcg’t\@ﬁced level of

protein occurred throughout the treatment period and even in post treatment

290



20-
c
e
= I = Control
"E' — 159 .. 1 == Ea3 Once Weekly
SS =1=1=1- mm Twice weekly
c ™ = =1 L
OCs1{HHEHHE
€3 HHBE Q){\
&4 SHHEE
£ |HHHE
= S1HHHE
E = = —
o A HHE
0_ = b
o 9 2\
O

Q.
Gr@‘reatment Days
0\

Figure 4.26a: Effect@igor 2 Intake on Total Protein Concentration in the Liver of

Wistar Rats 6\‘

Value expressed as mean + standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.26b: Effect of Postinor I%ke on Total Protein Concentration in the Kidney of

Wistar Rats ‘% "

Values were expres@ mean =+ standard deviation (SD), n = 5. a showed a statistical
significance w Q\Ee weekly was compared with control (p < 0.05). P indicated a statistical
signiﬁcanc@h n once weekly was compared with those treated twice weekly (p < 0.05). Y’

showed significance when twice weekly was compared with control (p < 0.05).
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4.17.6 Effect of Postinor 2 Intake on y-Glutamyl Transferase Concentration in Wistar Rats

in the Serum and Tissue of Rats

Figures 4.27a and 4.27b shows the effect of postinor-2 intake on the activity of GGT in the
serum of rats treated once and twice weekly.

In serum, twice weekly treatments of animals with Postinor-2 caused significant increﬁ@ in the
liver GGT activity, whereas once weekly treatment did not cause any change i 'gfactivity in
the liver when compared to the control group (p = 0.7279) and thf% ed a significant
difference between the treated groups in the first month (p < 0.05. @)&d not persist for long
as a significant increase occurred in once weekly (0.7 £ 0.1%‘%\6 end of the second month
which was the same as seen in twice weekly (0.7 + 0@ 0.8562). This was significantly
different from control (p = 0.0019 and 0.0089 resp &r). This level of activity in once weekly
was maintained over the next month but@:}%\

crease in activity was observed in twice

weekly (0.9 + 0.1) which was signiﬁca@om both control (p < 0.05) and once weekly (p <

0.05). \)Q)

In the liver, twice weekly t@&s of animals with Postinor-2 caused significant increase in the
liver GGT activity‘{Qrpbs once weekly treatment did not cause any change in GGT activity in
the liver w Qpared to the control group (p = 0.7279) and this caused a significant
differmg@ween the treated groups in the first month (p = 0.0398). This did not persist for
long as a significant increase occurred in once weekly (0.7 + 0.1) at the end of the second month
which was the same as seen in twice weekly (0.7 £ 0.1) (p = 0.8562). This was significantly
different from control (p = 0.0019 and 0.0089 respectively). This level of activity in once weekly

was maintained over the next month but further increase in activity was observed in twice
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weekly (0.9 + 0.1) which was significant from both control (p <0. 0001) and once weekly (p <

0.0001).

Posttreatment period of 30 days brought an improvement in the activity of GGT in the serum to a
level where once weekly and twice weekly were no longer significantly different (p @.9006),
though significantly higher than control (p < 0.05). Meanwhile in the live %}overy was
observed most especially in once weekly as there was a 31 % decrease‘@bacqwity of GGT

and 8 % decrease in twice weekly. . )\%'3
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Figure 4.27a: Effect of Postinowake on y-Glutamyl Transferase Activity in Serum

(U/L) of Wistar Rats

Values were expr

Kg')as Mean + Standard deviation (SD), n = 5. a showed a statistical

s1gn1ﬁcance‘%once weekly was compared with control (p < 0.05). P indicated a statistical

signiﬁ@hen once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).



4.17.6.2 Effect of Postinor-2 on the activity of Gamma Glutamyl Transferase (GGT) in the

Liver of Rats
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Figure 4.27b: fect of Postinor 2 Intake on y-Glutamyl Transferase Concentration in

Liver@) of Wistar Rats

Values were expressed as Mean = Standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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4.18 Effect of Postinor 2 Intake on Kidney Function
4.18.1 Effect of Postinor 2 Intake on Cystatin C Concentration in the Serum of Wistar Rats

Figure 28a shows the standard curve of cystatin C which was used to extrapolate the
concentration of cystatin C in the serum. Compared to the control group, administration of
Postinor-2 once weekly and twice weekly caused significant increase in the cor@ tion of
cystatin C when compared with control in the second and third as shown 1 ‘ﬁ@& .28b. It was
only significantly higher in twice weekly in the first month, while a slig‘%rease was seen in

[ ) “
once weekly (p = 0.9999). The increase was significant in twice \@b’ nd between the treated

groups (p < 0.05). . QQ

60 and 90 days of treatment presented a similar incé%%ctivity in the once and twice weekly

groups which was significant from the contr:l @9.05). At recovery, once weekly maintained

cystatin ¢ concentration while it was furf%' reased in twice weekly and was significant from

once weekly (p = 0.0439) and CO@0.0S).
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Figure 4.28b: Effect of Postinor 2 Intake on Cystatin C Concentration in the Serum of
Wistar Rats

Values were expressed as Mean = Standard deviation (SD), n = 5. a showed a statistical

significance when once weekly was compared with control (p < 0.05). P indicated a statistical

299



significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).

4.18.2 Effect of Postinor 2 Intake on the Level of Creatinine (Cr) in the Kidney of Wistar
Rats @b&\

The effect of Postinor 2 Intake on the concentration of creatinine in thé%}y was shown in
figure 4.29 to investigate the effect of Postinor 2 intake on the kldnv&h'é treated groups had a
reduced value that was significant when compared with t%%}ltrol Creatinine level was

constant and insignificant between once weekly an g@v ekly treated groups at 30 and 60

days. At 90 days in twice weekly group, the value had reduced by 26 % in twice weekly

and only 5.8 % in once weekly. C-)\‘\%
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Figure 4.29@( Postinor 2 Intake on the Concentration of Creatinine in the Kidney of

Wistar Ra

Values e expressed as Mean + Standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).

301



4.18.3 Effect of Postinor 2 Intake on the Level of Urea in the Serum and Kidney of Wistar
Rats

Urea concentration in the serum (figure 4.30a) and kidney (figure 4.30b) of the )@‘ rats to
observe the effect of Postinor 2 intake on the integrity of the kidney. Tho gl)\%b)oncentration

was fluctuating in the serum of control, it kept increasing significantly in the treated groups

[ ) ﬂ
except in the first month where a non- significant increase in o o@kly was observed (p =
0.1730). QQ'}
30 days post treatment, the concentration of urea i@%weekly was maintained (42.2 + 2.8)

while that of twice weekly still slightly ianeq@sMQ + 0.7) which was significantly higher

than control (p < 0.05). '6'

In the kidney, the concentration @Vas increasing with treatment days and dropped by 23 %

at recovery period. "
&
>

N
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Figure 4.30a: Effect of Postinor 2 Intake on the Concentration of Urea in the Serum of

Wistar Rats
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Values were expressed as Mean + Standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.30b: Effect of Postinor 2 Intake on the Concentration of Urea in the Kidney of

Wistar Rats
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Values were expressed as Mean + Standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).

4.18.4 Determination of BUN: Creatinine Ratio @'&\

The ratio of BUN and creatinine in the kidney was shown in figure 4.3 f@fher evaluate the
effect of Postinor 2 on the kidney. The treated groups presenta&lﬁgher value that was

significantly higher than in the control. At 90 days in twice %&&%’ group, the value BUN:Cr

ratio was 49 % higher than in the control group. g& educed to about 35 % after post
treatment

&
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Figure 4.31: Effesq Postinor 2 Intake on the Level of Blood Urea Nitrogen: Creatinine

Ratio (BUN: in the Kidney of Wistar Rats

Value@e expressed as Mean += Standard deviation (SD), n = 5. a showed a statistical

significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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4.19 Assessment of Postinor 2 Intake on Oxidative stress Biomarkers

4.19.1 Effects of Treatment on Catalase Activity in Reproductive and Vital Organs of

Wistar Rats . &
The effect of Postinor 2 intake on reproductive (Figures 4.32a and 4.32b) &tal organs

N

significant reductions occurred in both once weekly and twice wee % 0.05). The effect of

(Figures 4.32c and 4.32d) that were harvested was reviewed and scovered that

Postinor 2 intake was more pronounced on organs such as uter&%&ry and kidney than in liver.

The reduction was consistent over the entire periO(;j %\ge ment and recovery period only

brought about slight changes which are still lower tha at was observed in control (p > 0.05).

The liver had a different experience wit P@ 2 treatment, it had no significant reduction in
activity of catalase except in the thir% of twice weekly treatment where significance was

observed when compared with control (p = 0.0098).
'\

N
S

&
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Figure4.32a: Effect of Postinor 2 Intake on Catalase Activity in Uterus of Wistar Rats

Values were expressed as Mean = Standard deviation (SD), n = 5. a showed a statistical

significance when once weekly was compared with control (p < 0.05). P indicated a statistical

significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.32b: Effect of Postinox 2 Intake on Catalase Activity in Ovary of Wistar Rats

Values were expressed as Mean = Standard deviation (SD), n = 5. a showed a statistical
significance whénonce weekly was compared with control (p < 0.05). P indicated a statistical
signifiéancg “when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.32c: Effect of Postinor 2\Iptake on Catalase Activity in Liver of Wistar Rats

Values were expressed as\Medah + Standard deviation (SD), n = 5. a showed a statistical
significance when gnce*Weekly was compared with control (p < 0.05). P indicated a statistical
significance “Witen. once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.32d: Effect of Postinor 2 Intake on Catalase Activity in Kidney of Wistar Rats

Values were expréssed as Mean + Standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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4.19.2 Effects of Treatment on the Concentration of Reduced Glutathione (GSH) in

Reproductive and Vital Organs of Wistar Rats

Figures 4.33a to 4.33d illustrate respectfully the effects of Postinor-2 intake on the level of
Reduced Glutathione (GSH) in the uterus, ovary, liver and kidney of rats treated once and twice
weekly for a period of 90 days and left for a recovery period of 30 days. . ®

Compared to the control group, administration of Postinor-2 once weekly cafl @%&ﬁcant (p<
0.05) increase in the uterus GSH concentration in the first and second wmonth of treatment.
Whereas in the third month, there was a drastic fall in GSH cong gésat ?1 that was significant
when compared with control in both once weekly and C.OI&(%%< 0.05). The recovery phase
returned the concentration of once weekly to a level f@as no longer significant different in

once weekly compared to control (p = 0.9371) Ku%as significantly lower in twice weekly (p <
0.05). ( \)

In ovary, treatment with Postinor 2 d an elevation of GSH concentration in once weekly
and twice weekly only in 30 d %ﬁ 0.05). By 60 days, there was a reduction in concentration
that was significant iﬁ;@@dy but significant in twice weekly. The reduction continued in
both groups at 90 d!&(s; and was significant in both treated groups when compared with control (p
< 0.05). A re occurred after been left untreated for 30 days causing an increase in the

conce of GSH in once weekly (p = 0.2887) but not in twice weekly which experienced

only a 2.0 % decrease in concentration and significant against control (p < 0.05).

In the liver, the concentration of GSH was only significantly higher in once weekly (p = 0.057)
and not in twice weekly (p = 0.5114) at 30 days. By the end of 90 days, there was a significant

decrease in twice weekly (p = 0.0026). A comparison of both groups was also significant (p =
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0.0352). The recovery period brought about not much difference in the treated groups (p =
0.0014) as there was further decrease in twice weekly (p < 0.05) but once weekly had gained a

little increase in concentration though still significantly lower than control (p < 0.05).

Effects of Postinor 2 on the kidney was seen in the marked reduction in GSH concentration in
once weekly and twice weekly (p < 0.05). This significantly reduced value was obse\(&d in all
the treated months and also in the recovery period (p < 0.05). Although there VQ%'}mcrease in
GSH concentration in the post treatment phase, it was not enough to n@ with what was

observed in control as the concentration of GSH in control was sur@ghy increasing over the

A
months. Aé%

S
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Figure 4.33a; Effect of Postinor 2 Intake on Reduced Glutathione (GSH) Concentration in
Uterus of"Wistar Rats

Values were expressed as Mean + Standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4,33b; Effect of Postinor 2 Intake on Reduced Glutathione (GSH) Concentration in

Ovary oPWistar Rats

Values were expressed as Mean + Standard deviation (SD), n =

5. a showed a statistical

significance when once weekly was compared with control (p < 0.05). P indicated a statistical

significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.33c: Effect(of Postinor 2 Intake on Reduced Glutathione (GSH) Concentration in
Liver of Wistar Rats.

Values were expressed as Mean = Standard deviation (SD), n = 5. a showed a statistical
significagce when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.33d: Effect of Postinor, 2 Intake on Reduced Glutathione (GSH) Concentration in
Kidney of Wistar Rats

Values were expressed as Mean + Standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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4.19.3 Effects of Postinor 2 Intake on the Concentration of Glutathione Peroxidase (GPx)

in Reproductive and Vital Organs of Wistar Rats

The effects of Postinor-2 intake on the level of Glutathione peroxidase (GPx) in harvested organs
namely; uterus (Figure 4.34a), ovary (Figure 4.34b), liver (Figure 4.34c) and kidney (Figure
4.34d) of rats treated once and twice weekly for a period of 90 days and left for a re@@ period
of 30 days. Compared to the control group, administration of Postinor-2 ca &signiﬁcant
decrease in the uterus GPx level once weekly and twice weekly (p < 0.0ﬁh irst 30 days of
treatment. The decrease continued in the second month (p < 0.0S))@?%onth (p <0.05). A

comparison of both treated groups showed no significance in a%@%qonths (p>0.05).

In ovary, treatment with Postinor 2 did not cause any Si ant effect in the level of GPx in the
treated groups in the first 30 days (p > 0.0§)&6O and 90 days, there was a reduction in
concentration that was significant in once We’}ly and twice week (p < 0.05). A significant

decrease in twice weekly relative to é)% eekly was observed only in the second month (p =

0.0212). \)

'\
In the liver, there wa @can‘[ difference at 30 and 60 days in the treated groups until the

end of 90 days, v&ke'n significant decrease in twice weekly was observed (p = 0.0026). A
comparison o h groups was also significant (p = 0.0352). The kidney showed significant
reduc@Q‘rSH concentration in both treated groups that was time dependent (p < 0.05). Post
treatment showed recovery in the uterus, only in once weekly of the ovary and liver while there

was no improvement in the kidney GSH concentration.
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Figure 4.34a: Effect of Postinor @ake on Glutathione Peroxidase (GPx) Activity in

Uterus of Wistar Rats

Values were expressed @1 + Standard deviation (SD), n = 5. a showed a statistical
significance when eekly was compared with control (p < 0.05). P indicated a statistical

mgmﬁcance‘%gnce weekly was compared with those treated twice weekly (p < 0.05). y°

showe@acance when twice weekly was compared with control (p < 0.05).
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Figure 4.34b: Effect of Postinor’2 Intake on Glutathione Peroxidase (GPx) Activity in
Ovary of Wistar Rats

Values were expréssed™as Mean = Standard deviation (SD), n = 5. a showed a statistical
significance wlienonce weekly was compared with control (p < 0.05). P indicated a statistical
signiftéandg™when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Valu expressed as Mean + Standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical

significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.34d: %:t of Postinor 2 Intake on Glutathione Peroxidase (GPx) Activity in
Kidne @star Rats
Values were expressed as Mean = Standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical

significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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4.19.4 Effects of Postinor 2 on the Concentration of Glutathione-S-Transferase in

Reproductive and Vital Organs of Wistar Rats

The effect of Postinor 2 intake on the level of GST in the reproductive organs (Figures 4.35a and
4.35b) and vital organs (Figures 4.35c and 4.35d) that were harvested was reviewed and
compared with control. At 30 days of treatment, the level of GST in the uterus of tw%weekly
was twice what was observed in the control while once weekly was about Q')Shgher than
control (p < 0.05). There was a further increase in GST at 60 days in %y while there
was a 7 % decline in twice weekly, never the less they were b ighificantly higher than
control. By 90 days, both groups had decrease in GST concent@g%which was still significantly

=N

higher than control (p < 0.05). ®

The ovary presented similar scenario in that th «IS also an elevated concentration of GST in
twice weekly (43.9 = 1.7) than in once We@ 8.1 = 1.2) and both were significantly higher

than control (23.1 = 1.4) (p <0.05). \(@ﬁd 90 days, there was a decrease in the level of GST

in both treated groups which was sti 1gher than in control (p < 0.05).
'\
In the liver, at 30 days; @eekly was not significantly higher than control but twice weekly

was. At 60 and 9Mays, both treated groups became significantly higher than control (p =

S
0.0098).

In the@ey, there was no significant difference among the treated groups and control in the

first 2 months. By 90 days, only twice weekly was significantly higher (p < 0.05) than control.

The 30 days post treatment period caused a decrease in GST concentration in both treated groups
in the ovary, liver and kidney whereas, only once weekly group of the Uterus show improvement
while there was no improvement in twice weekly.
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Figure 4.35a;_Effect of Postinor 2 Intake on Glutathione-S-Transferase (GST) Activity in
Uterus.of Wistar Rats

Values were expressed as Mean = Standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.35b;_Effect of Postinor 2 Intake on Glutathione-S-Transferase (GST) Activity in
Ovary ef Wistar Rats

Values were expressed as Mean + Standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.35¢c: Effect of Postinor 2 Intake on Glutathione-S-Transferase (GST) Activity in

Liver of Wistar Rats

Values weré“expressed as Mean + Standard deviation (SD), n = 5. a showed a statistical

signifiéanegswhen once weekly was compared with control (p < 0.05). P indicated a statistical

significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.35d: Effect of Postingr 2 Intake on Glutathione-S-Transferase (GST) Activity in
Kidney of Wistar Rats

Values weresexpressed as Mean = Standard deviation (SD), n = 5. a showed a statistical
signifigange, when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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4.19.5 Effects of Postinor 2 on the Activity of Superoxide Dismutase (SOD) in

Reproductive and Vital Organs of Wistar Rats

The effect of Postinor 2 intake on the activity of SOD in the reproductive organs (Figures 4.36a

and 4. 36b) and vital organs (Figures 4. 36¢ and 4. 36d) was compared with control.

In the uterus and ovary, there was a significant and progressive decrease in the ac%&bf SOD
with time and the worse decrease was recorded at 90 days. Similarly, dec ‘a@b OD activity

was also more pronounced in animals treated twice weekly when compare ith once weekly (p

@

In the liver, at 30 and 60 days, activity of SOD in only’ @e weekly group was significantly

<0.05)

lower than control. At 90 days, SOD activity in botk@e groups were significantly lower than

control. (p < 0.05). The decrease in SOD aii@ twice weekly was also time dependent. In

the kidney, there was no significant diffe&nc among the treated groups and control throughout
the treatment periods (p > 0.05) ex@t 90 days where SOD level in twice weekly became

significantly lower than contr (p 0.0015)

When treatment was @I@ ;i (recovery period), there was improvement only in the liver and

kidney while Q observed in the uterus and ovary.

QQ
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Figure 4.36a: Effec@@%inor 2 Intake on Superoxide Dismutase (SOD) Activity in
Uterus of Wi l@l’s
Values were, expressed as Mean = Standard deviation (SD), n = 5. a showed a statistical
signiﬁ@e when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.36b: Effect of Po @53 Intake on Superoxide Dismutase (SOD) Activity in Ovary

Q

of Wistar Rats

Values were‘%ressed as Mean + Standard deviation (SD), n = 5. a showed a statistical
signiﬂ% hen once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.36¢: Effect of Postinox 2 Intake on Superoxide Dismutase (SOD) Activity in Liver

of Wistar Rats

Values were_expressed as Mean + Standard deviation (SD), n = 5. a showed a statistical

significanc€ When once weekly was compared with control (p < 0.05). P indicated a statistical

significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.36d: Effect of P(ﬁlg’r 2 Intake on Superoxide Dismutase (SOD) Activity in

Kidney of Wistar R@Q
Values were expré&de as Mean + Standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical

signiﬂ@ when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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4.19.6 Effects of Postinor 2 Intake on the Level of Malondialdehyde (MDA) in

Reproductive and Vital Organs of Wistar Rats

The effects of Postinor-2 intake on the level of MDA in the uterus (Figure 4.37a), ovary (Figure
4.37b), liver (Figure 4.37¢c) and kidney (Figure 4.37d) of rats treated once and twice weekly for a

period of 90 days and left for a recovery period of 30 days. . ®

In the first 30 days of treatment, there was a 21 % increase in MDA level il QI‘%erus of twice
he%

weekly which was triple what was observed in once weekly (7 %) w ompared with the
control (p < 0.05). In the second month, both once weekly and t\%béw ?{ly had a reduction in
concentration from 4.9 + 0.1 and 6.7 + 0.2 to 3.8 £ 0.1 and 5&%})&4 respectively, which was still
significantly higher than control (3.7 £ 0.3). At 90 ) e weekly experienced an increased

again in MDA level while twice weekly fuqh@iuced, yet MDA was higher in the treated

groups than in control (p > 0.05). ( \)

In the ovary, treatment with Pos% %used a significant increase in the level of MDA in the
treated groups and this elevati v.\/as progressive throughout the treatment days in twice weekly

group. Once weekly @Qe a reduction at 60 days that was elevated again with time and
1

these were significafitly higher than in the control (p < 0.05).

In the liveQn‘gsigniﬁcant difference was found between all groups in the first month. Also,
once v@y and control were not significantly different in all the period of treatment and post
treatment (p > 0.05). Meanwhile, twice weekly became elevated by 60 days and was significant

compared to control and once weekly. This was also the case at 90 days and post treatment (p <

0.05)
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Effects of Postinor 2 on the kidney showed no significant difference between once weekly and
control in the first two months. Albeit, once weekly was significantly lower than twice weekly.
The highest value of MDA was observed in twice weekly throughout the period of treatment (p <

0.05).

The Recovery period brought about a reduction in MDA level especially in the uterus;)liver and

\

kidney. The ovary only experienced recovery in the once weekly group while es%}n in MDA

concentration continued in twice weekly. ‘%\
)
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Figure 4.37a: Effect of Postinor 2 Intake on Malondialdehyde (MDA) Concentration in
Uterus of Wistar Rats

Values were expressed as Mean = Standard deviation (SD), n = 5. a showed a statistical
significance when once weekly was compared with control (p < 0.05). P indicated a statistical
significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.37b:"Effect of Postinor 2 Intake on Malondialdehyde (MDA) Concentration in

Ovary of Wistar Rats

Values were expressed as Mean = Standard deviation (SD), n = 5. a showed a statistical

significance when once weekly was compared with control (p < 0.05). P indicated a statistical

significance when once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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0\

Liver of Wistar Rats %
Values were express@j@ ean + Standard deviation (SD), n = 5. a showed a statistical

N\,

significance w r@we weekly was compared with control (p < 0.05). P indicated a statistical
signiﬁcic@hen once weekly was compared with those treated twice weekly (p < 0.05). y°

showed significance when twice weekly was compared with control (p < 0.05).
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Figure 4.37d: Effect of Postinér 2\ntake on Malondialdehyde (MDA) Concentration in
Kidney of Wistar Rats

Values were expressed as)Mean = Standard deviation (SD), n = 5. a showed a statistical
significance when~enhce weekly was compared with control (p < 0.05). P indicated a statistical
significance_when once weekly was compared with those treated twice weekly (p < 0.05). y°

showedsighificance when twice weekly was compared with control (p < 0.05).
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4.20 Discussion of Findings

Increased sexual activities among young adults has caused a high prevalence of unintended
pregnancies and unsafe abortion. This situation has encouraged incessant and indiscriminate use
of emergency contraceptives.

A cross sectional study conducted among the students of Lead City University, I .Qusing a
semi-structured questionnaire gathered responses from 483 participants in t .ax%%?was done to
investigate the knowledge and use of contraceptives, prevalent type of on.tf ceptives, frequency
of use, and common side effects experienced by users. The demo%%ﬁ characteristics showed
the highest frequency of respondents were between the a.geQ% and 25 years 312 (64.59 %),
followed by 85 (17.59 %) between 26 and 32 year50\§}> (15.11 %) were under the age of 18
years, and 9 (1.85 %) above the age of 32 yeatﬁis agrees with a study by Kgosiemang and
Blitz ' as well as Gbagbo and Nkrumah wgﬁ‘)the highest frequency of ECP’ users was below
the age of 25 while Kalamer et al 3 fo e highest frequency of ECP among women below 30.

Out of the 85 under the age O%MCPS (5.38 %) use contraception while 47 (9.73 %) did not.

'\
208 (43.06 %) particip n@r n 18 and 25 use contraception while 104 (21.53 %) did not. 31

(6.42 %) participan een the ages of 26 and 32 (11.18 %) use no contraceptive while 8

(1.66 %) pa@ above 32 years of age used contraception while 1 participant (0.21 %) did

o O
O

The marital status of participants showed that the highest frequency, 422 (87.7 %), were single
while 61 (12.63 %) were married. Most users of ECPs are unmarried sexually active students '3.
They concluded that students from urban areas, with higher level of education had better
knowledge than their rural counterparts which may explain why the participants in this study

have a good knowledge of contraceptive use. The high level of knowledge about contraception
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observed in this study may be a result of the educational level of participants. This outcome is
geographically influenced and many studies where low levels of knowledge and use of

contraception were observed reported significant educational variations among participants *>7.

The awareness and knowledge of contraception methods available showed (37.97 %) did not use
any form of contraception because they have never had sex or by preference while 299%@.03 %)
students used one or more methods of contraception. This showed a good level &reness and
use of contraception among the students which is an indication of good@dge of available
contraceptive methods. This study agrees with a research study "Saudi women where
adequate knowledge about ECPs was also observed *. Crawfo@g [, > observed a low level of

contraceptive knowledge (16.7 %) among unmar%& y active in Ilorin, southwestern

Nigeria, which does not agree with this research

by 140 (28.99 %) who used condom , 82 (16.98 %) used a combination of condoms and

The method of contraception with the A‘&Q_fyequency was pills only 196 (40.58 %), followed
pills, 24 (4.97 %) used injectible, .83 %) used intrauterine devices, 11 (2.28 %) used herbs,
concoction or other drugs \)Qh ?e designed originally as contraceptives such as ampicillin, salt
and water mixture, al | or local herbs, 1 (0.21 %) used patches, and 2 (0.41 %) used implant.
The specific Q pill among the participants who chose pills as their preferred method of
contra '@is 87 (43.07 %) used Postinor 2, 11 (5.44 %) used Afterpill, 78 (38.61 %) used
Postpﬁ) (4.95 %) used Plan B, 12 (5.94 %) used combined oral contraceptives while 4
(1.94 %) used Morning After Pill. The frequency of pills taken by participants, 1 (0.69 %) used it
daily, 97 (66.90 %) used it once in a while, 10 (6.90 %) used it once weekly, 26 (17.93 %) used
it twice weekly, 10 (6.90 %) used it thrice weekly, while 1 (0.69 %) used it monthly. This

disagrees with a study by Crawford et al °> where they found the highest frequency of their

340



participants used male condoms (50.3 %) followed by ECP (16.7 %). A study by Kalamar et al *

agrees with this study on the prevalent use of |ECPs among young women in Lagos and Ghana.

The fear associated with the use of contraceptives often comes from its negative side effects. Out
of the 299 participants who used contraceptives, 49 (16.39 %) claimed they observed no side
effects while 250 (83.61 %) said they did. The specific side effects observed by reSpondents
from the use of contraceptives ranged from headache (8 %) to painful menst Q}%\cle S %),
irregular menstruation (39 %), spotting (15 %), heavy menstrual flow (10@%}%‘[ gain (20 %)
and weight loss (3 %). The users of Pills have the highest distribuﬁd& side effects. A study by
Elmaghraby et al * found that women who used ECPs experie@%\ide effects but the prevalent

side effect was mood swings. WHO statistics showe @e frequent use of ECP especially
’\)a : Q

progestin-only contraceptives (POC) causes menst gularities.

In the animal model aspect of the study, t@)}\e‘waﬁon of the Wistar rats before, during, and
after treatments for physical and behaé)@::hanges show that the control group looked healthier
and more active throughout Nperiment. The treated groups were usually sluggish
immediately after treatmeQ ;z)ok a while before resuming normal physical activities. The
feeding pattern in the rol group was more rapid and better than in the treated groups on the
days of trea Qt more rapid in the treated groups than in the control on other days. The

death @1 treated groups could be due to toxicity from the drug administered or from other

diseases as a result of a compromised immune system.

Evaluation of the Effect of Postinor 2 on the Body Weights of Wistar Rats Before and After
Treatments showed that th weight of control was significantly higher than the treated groups at

30 days. Surprisingly, by 60 days of treatment, once weekly was significantly lower than control
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while twice weekly had become significantly higher. This was also the case at 90 days but by 30
days post-treatment and recovery, the body weight of the rats in the control had become
significantly lower than both once weekly and twice weekly. This indicates that Postinor 2
caused a dose and time-dependent decrease in the body weights of the animals. This could be as
a result of poor appetite after administration of the drugs. Moreover, the possibility that intake of
Postinor-2 interfered with nutrient absorption and assimilation in the treated anim%‘%worthy of
note. Additionally, the decrease in weight may not be unconnected to the inC ' %elative organ
weights. This was not the observation of Shi et al 8, their study ﬂ% no difference in the
weights of animals treated with LNG and control. &%‘\\d
The estrous cycle, which is the reproductive cycle in o@:gins around the 26" day of life
with the opening of the vagina. The estrus cycle iQied into four phases namely, proestrus,
estrus, metetrus and diestrus. It is similar @P:éﬂe oductive cycle in humans (the menstrual,
ovarian, or uterine cycles) and lasts for%ﬁ days. The cycle can be monitored using different
processes that are widely accep%%ne of such is the visual assessment of the vaginal area.
The four phases of the estro €le in rats are characterized by different features of the vaginal
opening and were al@ge across all groups. The first phase called the proestrus phase is
characterized 1, moist, and swollen vaginal opening with pink tissues and striations in
both VentrQa dorsal lips of the vulva. The estrous phase is the second phase and is
charactenized by similar features to the proestrus phase with more noticeable striations around
the lips of the vulva but less swollen, less pink, and also less moist. Next is the metestrus phase
where the vagina area is usually pale and dry and sometimes with a slough of whitish cellular

debris. Lastly is the diestrus phase where the vaginal opening appears very wet, small, and closed

with no tissue swelling.
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Cytological assessment characterizes the estrus phase with the appearance and quantity of
certain cells. The proestrus shows predominantly numerous nucleated cells; the estrus phase is
marked by the presence of large numbers of cornified epithelial cells, metestrus is characterized
by scattered squamous epithelial cells and several neutrophils; and lastly diestrus characterized
predominantly by leucocytes. The estrus cycle in rats is essential for the elucidation of the
mechanisms of reproduction and also to study the effects of advancements in fert @ eatments
and contraceptives since it is similar to the humans’ menstrual cycle. t\; also provide
information that is crucial in pharmacological and toxicological stud}%g%nce the cycle can be
influenced by drug metabolism, toxicity, and efficacy °. This explored the impact and
effect of LNG (Postinor 2) intake on the estrous cycle of°WQg)rats. The visual and cytological
evaluation of the estrous cycle of the Wistar rats @%that Postinor 2 affected the treated
groups most especially the twice-weekly tr‘itea@)up by prolonging the time in the metestrus

phase and shortened the period of the 66[' nd diestrus phases. The metestrus phase is the
period characterized with a decline @ corpus luteum functions in the absence of pregnancy
when the reproductive organs‘gf: bsided in activities. Afterall, the drug is supposed to ensure

the absence of pregn c@

weekly long before\ seen in the other groups. This means that Postinor 2 hastened the onset

roestrus phase was first observed in the group treated twice

of sexual meﬂ%m the treated rats. A study by Gemzell-Danielsson and Marions, '* postulated
that L@Q inhibit ovulation, which is the release of eggs from the ovaries during the estrus
cycle. This effect is similar to its contraceptive action in humans. Lovick and Zangrossi '!
observed LNG may alter the estrus behavior of rats, including changes in the duration and
frequency of estrus phases. Pennock-Speck and Lethbridge, '?, concluded that LNG treatment

may affect the length and regularity of the estrus cycle in rats, potentially leading to irregular
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cycles or prolonged periods of anestrus (non-reproductive phase). Allaway ef al. '3 observed that
implantation of progestin-only contraception altered the estrus cycle of rats. These previous
reports corroborate the observation made in this study that LNG have the potential to disrupt the
menstral cycle and may subsequently lead to some reproductive complexities or difficulties with
time. (b

The effects of LNG (Postinor 2) on the selected organs were observed .by%q'%}ﬂning the
relative organ weight. Change (increase or decrease) in organ weight is‘%'}e as a sensitive
indicator of chemically-induced organ damage. The Utero-Somatinl';Seﬁ (USI) and Gonado-
Somantic Index (GSI) are used in evaluating the reproducti%g%ency and hence fertility in
individuals '*. The relative uterus weight also kno&%@%‘tero%omanﬁc Index (USI), was

significantly higher in once weekly than in control while/the twice weekly had the lowest weight

at 30 days. However, at 60 days, twice v@&ght up with once weekly and were both

significantly higher than control. At 90 d twice weekly took a giant leap that surpassed once

weekly though once weekly alsn"{%sed but the increase was not significantly different from

the increase in control. 30- ost-treatment recovery period showed a significant decrease in

both once weekly an@v@ eekly than control. LNG-induced increase in organ weight was

time-depende @ever, the LNG-induced increase in the relative weight of uterus was
>

g the withdrawal or discontinuation of the drug for a period of 30 days.

reversed, f%

The patt;rn in USI observed was similar to relative ovary weight, also known as Gonado-
Somatic Index (GSI), and showed that Postinor 2 treatment increased the size of the reproductive
organs which was corroborated by fat deposits observed especially in twice weekly group when
the organs were physically observed after sacrifice. In 30 days, GSI was highest once weekly

followed by twice weekly with both significantly higher than control. By 60 days, twice weekly
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became the highest followed by once weekly and both were again higher than the control. This
happened again at 90 days but the values dropped in treated groups to become significantly
lower than control after the 30-day recovery period. This signifies that Postinor 2 caused an
increase in both USI and GSI, an increase that was reversed following drug withdrawal. This was
the case in the study by Palki et al.'> 2018 where one-off treatment with LNG-treated rats had a
significantly low USI and GSI as observed in this study at 30 days. A decreased@ﬁs usually
indicative of a reduction in the rate of folliculogenesis or an increased rate y ?@a in follicles.
Reduction in folliculogenesis leads to decreased fertility. Furthe.r pe 'odwof treatment brought
about an increase in USI which suggests a structural anomaly. P@sewation of the uterus

and liver especially in twice weekly groups showed ae@%ﬂtion of fat tissues which was

corroborated by histological assessment which showﬁ@:%e lesions in different sections.

Relative liver weight, also known as liver-té-)@ight ratio, is used in medical and scientific
research to assess the size and condition (Ofthe liver in relation to the overall body weight of an
organism. In this study, postino&%ﬁed a significant increase in relative liver weight only in
the group treated twice we which was not reversed after 30-day-post-treatment recovery
period. This increase@@o as a result of decrease in body weight in proportion of the organ
weight since t r@bs a decrease I relative liver weight in once weekly group where the body
weight was ‘i;§than twice weekly group. Also, the reduction observed in once weekly could
be as &h of reduction in organ weight, for instance, the liver is reduced in proportion to the
overall body weight, and this can have various health implications. Some chronic liver diseases,
such as cirrhosis, can cause liver atrophy, which shrinks the liver tissue and to become scarred.
This can result in a reduced relative liver weight. Liver diseases can have serious health

implications, including impaired liver function, jaundice, and portal hypertension. Certain
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chronic illnesses and conditions, such as cancer, autoimmune disorders, or chronic infections,
can also affect liver size and function. A reduced relative liver weight may be a consequence of
these underlying health issues as does age, especially with other underlying conditions, certain

medications, and surgical procedures.

A measurement used to evaluate the size and health of the kidneys in relation to an %anism’s
total body weight is known as relative kidney weight or kidney-to-body.w@)&'atio. It is
important to keep in mind that kidney health is a complicated issue iﬁ@e by numerous
factors, a change in relative kidney weight can suggest a variety o@ﬁh disorders and may
have health repercussions. As the kidneys attempt to make t@o%\their impaired function, an

increase in relative kidney weight can happen in th%&ges of renal disease. However, due

to the strain imposed on the organs, this c& tually result in kidney hypertrophy

(enlargement). On the other hand, a drop @v

which is connected to reduced kidney f?b'@n or chronic kidney disease '°.

Q

In this study, Postinor 2 intake cw a significant decrease in the relative kidney weights of rats

kidney weight could mean renal atrophy,

treated once weekly and a r ge in those treated twice weekly. This could also be influenced
by the body weig}gts\.' Q30—day post -treatment recovery period returned the kidney-to-body
weight ratio itial values at 30 days in both once-weekly and twice-weekly groups. This
may a that the kidneys had impaired function with the treatment of Postinor 2 which is
dose-dependent. A study by Akinwunmi et a/ 7, found that the kidney and relative kidney weight
in LNG treated group were similar to the control group which is contradictory to what was found

in this study
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An essential component of pathology practice, clinical diagnosis, as well as scientific and
medical research, is the histopathological examination of organs. To determine their structure,
composition, and any anomalies, tissues, cells, and organs are examined microscopically. It
offers insightful information on the identification, management, and comprehension of a wide
range of illnesses and ailments, ultimately enhancing patient care and promoting medical
research '8, This research work carried out histopathological examination of alksfg\ns in the
treated groups and compared them with control. Once weekly group showe y %tration of the
mucosa as well as degenerated and hyperplastic uterine glands wh regs severe endometrial
ulcerations were observed in animals treated with Postinor 2 twi \/ee ly. In the ovary, there
was no visible sign of histological aberrations in the ov®%}both treated groups. The liver
showed that treatment of rats with Postinor 2, once@&esulted in cogestion as well as mild
focal periportal and disseminated inﬁltratior&'}\(‘ésnmatory cells while treatment twice weekly
caused marked disseminated conge#%l', ild disseminated periportal infiltration by
inflammatory cells and lymphoid ag@te in zone 2 and the focal area of hepatic nodules. In
the kidney, the once weekly s%gd extensive tubular necrosis, mild disseminated tubular
necrosis, glomerular S@%l' ation, and focal periglomerular while the twice weekly treated
group showed mar cto) severe disseminated tubular necrosis, glomerular messagialisation, and

necrosis. A?%gy Akinwunmi et al. 7 also observed tubular epithelial degeneration and

necros@g)bserved in levonorgestrel-treated rats.

The hormone, progesterone, which is largely produced by female ovaries, is crucial for the
menstrual cycle, pregnancy, and general reproductive health. After ovulation, progesterone levels
rapidly increase. The timing of fertility treatments and the ability to assess fertility depend on the

ability to confirm the occurrence of ovulation by the measurement of progesterone levels . Low
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levels of progesterone during the luteal phase of the menstrual cycle may be an indication of
luteal phase deficit, which can cause infertility or recurrent losses 2°. Pregnancy must be
maintained during the early stages thanks to progesterone. In cases of impending miscarriage or
to determine the viability of pregnancies, particularly in assisted reproductive technology (ART)
operations, monitoring progesterone levels is essential. Progesterone levels can help diagnose
and differentiate various menstrual disorders, such as anovulation, amenorrhea@}:gnormal
uterine bleeding. Combining progesterone measurement with other horm ; ing can shed
light on ovarian health and function, helping to diagnose diseases i lu%ing polycystic ovary
syndrome (PCOS) and ovarian malignancies. Determining proge @ne 1s essential in numerous
studies looking at hormone regulation, reproductive endm@%ﬁy, and fertility, which helps us
understand reproductive health 2! 22 23 This researcl&@&bsewed a significant increase in the

concentration of progesterone only in onceijh{@gnd twice-weekly treated groups at 60 days

of treatment when compared with the cm& ~FThe progesterone-like effect of postinor 2 may be
responsible for maintaining a ba@e progesterone level of the body. This result disagrees

with Xiaohui et al. ** who %d at LNG treatment of Mongolian Gerbils resulted in the

'\
decrease concentratiot()@e

terone.
A class of s (é\'zomones known as estrogens are crucial for the establishment and
mamtenanw‘ﬁmale sexual characteristics as well as the control of the female reproductive
system. plays a vital role in regulating the menstrual cycle by promoting the growth and
development of the uterine lining (endometrium) during the follicular phase 2°. Estrogen levels
considerably increase throughout pregnancy to aid fetal development and get the body ready for
labor. It encourages blood flow to the placenta, supports uterine lining health, and promotes

mammary gland development. It may have an impact on mood and emotional health. Mood and

348



mental health can be impacted by changes in estrogen levels, such as those that take place
throughout the menstrual cycle or menopause. The vaginal and urinary tract tissues' health,

which might impact sexual function and comfort, are also maintained by estrogen 2°.

This study observed that Postinor 2 has an anti-estrogenic activity which hindered the production
of estrogen by the pituitary glands. This was shown by the dose- and time-dependent @tion in
estrogen concentration both in the once-weekly and twice-weekly treated @ The anti-
estrogenic activity of LNG may be why it is prescribed in hormone thera@'}ea menorrhagia,
endometrial hyperplasia and endometrioses. Estradiol is the key-h!&\d ne associated with the
growth and persistence of endometriotic tissues as well as the%’g%nd inflammation associated
with them Chantalat et a/.?” Reduction in E2 concen ra{'&ﬁay also be responsible for mood
swings and depression associated with the use o ECs as E2 can influence mood and
emotional well-being. Shi et al ® observed@ ﬁcant difference in E2 level on Day 30 of
LNG treatment but also observed that 6 (%females in the control group were pregnant (85.7 %)
with signs of normal pregnancy @ only one female in the LNG treated group experienced
a failed pregnancy with sig tesorbed fetuses. Xiaohui et al, >* observed an increase in the
concentration of E2(wit QG treatment which does not agree with this study. Estrogen
reduction is re (@le for increase in the concentration of LH and FSH as a result of negative
feedback r@:h ism. Increase concentration of E2 is responsible for the thickening of the
endome walls 2%, A reduction in estrogen concentration may explain how LNG causes the
thinning of the endometrial walls to prevent implantation and hence pregnancy. Additionally, E2
is responsible for maintaining the concentration and viscosity of the cervical mucus. A reduction

in E2 concentration is also responsible for the change in the cervical mucus associated with LNG

intake to prevent or slow down the swimming of the sperm cells up the female reproductive tract.
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The anterior pituitary gland produces the gonadotropin hormone called luteinizing hormone (LH),
which is responsible for the regulation of the menstrual cycle, ovulation, and fertility, as well as
the identification and treatment of diseases including Poly cystic ovarian syndrome (PCOS) and
hypogonadism. It is an important factor in reproductive endocrinology and hormone therapy .
This study observed a significantly higher concentration of LH in the serum of twice weekly than
control and once weekly. There was no difference in the values of once weekly a@) trol until
90 days and recovery. This shows that Postinor 2 intake influenced the .@@ LH at twice
weekly which is also dose and time-dependent. Nappi et al, 2 explaigdﬂ\lat a reduced level of

E2 is responsible for increasing the concentration of LH and )\3ue to negative feedback

effects, especially during the late follicular phase. . '\QQ

The regulation of reproductive functions, particul &Eemale menstrual cycle and fertility,
depends also on the hormone, follicle—stim@é}‘h rmone (FSH). From its involvement in the
menstrual cycle and fertility to its u&&ih! assisted reproduction, hormone therapy, and the
identification of reproductive 1 e;ces, it plays a variety of roles in numerous facets of
reproductive health. For b ale and female reproductive health, fertility preservation, and
monitoring of FSH I@Q). he follicle-stimulating hormone was lower in once weekly and
increased in ‘t%@ kly than the control group and was time-dependent. The recovery period
brought ab@ a’marked decrease in FSH concentration twice weekly. LNG treatment on day 30

by Shi ebal. * found lower FSH concentration than the control group which agrees with this

study.

Progestagen-Associated Endometrial Protein (PAEP), also known as glycodelin or placental

protein 14 (PP14), is a glycoprotein primarily produced in the endometrial tissue of the female
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reproductive system. PAEP is under the influence of the hormone progesterone, and its
expression varies throughout the menstrual cycle, peaking during the luteal phase (post-ovulation)
when progesterone levels are high. PAEP is involved in several important reproductive processes
and plays a role in suppressing the maternal immune response to a developing embryo during
early pregnancy, preventing the immune system from recognizing the embryo as a foreign
invader. It is believed that PAEP has a role in preparing the uterine lini.@r embryo
implantation, and its expression is frequently linked to fertility. Pregnanc .'QSQ like repeated
miscarriages, preeclampsia, and premature birth have all been linked t aRnomal PAEP levels.
Its dysfunction may throw off the equilibrium between the feta@na ernal immune systems.
For a number of gynecological and reproductive illnesses, &&%s endometriosis and infertility,
PAEP has been studied as a potential biomarker. @Wlopment and progression of cancer
may be affected by the dysregulation of PA&@SSMH 31, There was a reduction in the level

of PAEP in the serum of the treated “sats“eontinuously over the treatment period and this

reduction was more in twice weekly @nce weekly.

Leukemia inhibitory factor T a cytokine, a subclass of signaling protein that is crucial for
many bodily physiol@u ctions. Its name comes from the fact that it was initially found to
be able to sto k@bliferaﬁon of leukemia cells. Since then, a variety of processes, including
embryonic ‘§opment, immunological response, and tissue homeostasis, have been discovered
to be included in its range of functions. It performs an essential role in embryo implantation and
early pregnancy by maintaining pluripotency in embryonic stem cells, an important aspect of its

function *. In this study, except at 30 days of treatment once weekly, LIF concentration was

significantly lower than the control in both treated groups. A study by Matsuo et al. 3* reported
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that LIF was significantly reduced in LNG-treated rats which agrees with the findings in this

research.

Prolactin (PRL) is a versatile hormone that is produced not only in the anterior pituitary but also
directly synthesized by the endometrium under stimulatory action of progesterone. The functions
of PRL include the promotion of uterine smooth muscle cell growth and prolifemtid& It also
primarily controls breastfeeding and reproduction in mammals. In conjuction %ts receptor
(PRL-Rs), they play a role in the activation of signaling pathways inv&%\} uterine cancers
and so serve as discriminative biomarker of uterine cancer Its secreti d functions are strictly
regulated by a number of factors, and problems with this reg@%\lcan result in illnesses that
have an impact on fertility and general health. Prolactj @uently linked to severe endocrine
disorders like ovulation suppression, which le infertility by centrally modulating
Kisspeptin secretion or peripherally affect@@éterone or FSH level 2***. Its pathogenetic
role in malignant, premalignant and ber@terine diseases has been of increasing research focus
in recent years. This study foun@ that#Postinor 2 intake caused a considerable decrease in the
level of prolactin in the se of) Wistar rats in once weekly and more significantly in twice
weekly. The signiﬁc@c@e e in twice weekly was throughout the treatment period and also
in 30 days po -t@cent. The shift in readings following the treatment period might be a sign
that PRL c@raﬁon restoration could occur with additional time without therapy. Low levels

of PR@ls to increase secretion of FSH. This disagrees with a study by Xiaohui et al, * which

observed a stimulatory effect of LNG on PRL concentration in serum.

The liver produces a sex hormone transporter called sex hormone-binding globulin (SHBG),
which binds to circulating sex steroids especially estrogen with a high affinity to control the

concentration of physiologically active sex hormones in the blood, their access to tissues and
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thus their bioavailability. In light of this, SHBG can be used to gauge the extent of

35, This current research observed that

hyperandrogenism and evaluate treatment efficacy
Postinor 2 caused a dose-dependent decrease in the concentration of SHBG which was more
pronounced in twice weekly. The decrease in once weekly only became significant at 90 days in
once weekly. It was observed that decrease level of SHBG is associated with decreased
availability of estrogen which is associated with ovarian pathology, anovulation%‘@' disease,
PCOS, cardiovascular disease and hormone imbalances 3%27. Reduction it @@G causes an
increase in free levonorgestrel index (FLI) which is a strong indicat o% poor luteal function,
implantation failure and low pregnancy rates. This agrees with ay Alvarez et al.*® who

observed a reduction in SHBG with LNG intake and subse @%ﬁ leads to ovarian suppression.

A family of transcription factors known as nu @ctor-kappa B (NF-kB) is essential in

controlling a variety of biological processe{i&d

cell proliferation, and apoptosis. NF- kB%[IIVOIVGd in the transcriptional regulation of a wide

g inflammation, immunological response,

variety of genes and is crucia!{)%he management of immunological and inflammatory
responses. It is involved in lar responses to stimuli such as stress, cytokines, free radicals,
heavy metals, radiati@m ed LDL, and bacteria/viral antigens. Incorrect regulation of KF-
kB has been li k%\o cancer, inflammation, autoimmune diseases, infection, septic shock, or
improper 1 development *. A study by Hall and Klein, *° observed the modulatory effect
of pro@rone-based contraceptives such as Postinor 2 on immune responses throughout the
body, particularly at mucosal sites. This current research found that Postinor 2 caused an increase
in the concentration of NFkB in Wistar rats. This was proven by the continuous increase in its
concentration as treatment progressed especially in twice-weekly treated group in all the assessed

organs.
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TNF-a is a strong proinflammatory cytokine that affects the immune system and many different
tissues in a variety of ways. A number of diseases, such as autoimmune disorders, chronic
inflammatory conditions, viral diseases, and some malignancies, are thought to have their
etiology influenced by dysregulated TNF-a production and signaling. TNF-a is a target for
therapeutic intervention due to its essential function in inflammatory and immunological
responses 4. The level of increase in TNF-a in the uterus compared to the@%, which

experienced more elevation only in twice weekly group showed that the i ﬁk?@Postinor 2 s

greater in the uterus. ‘% -

The liver is a vital organ responsible for numerous metaboli ,%toxiﬁcation, and regulatory
functions in the body. The effects of Postinor 2 intake ; %er function biomarkers were also
assessed in this study. Liver function biomarkerséas AST, ALT, ALP, GGT, and Total
protein are essential tools for assessing li@;}ﬂt , diagnosing liver disorders, and tracking

disease progression and treatment efﬁcac% The biomarkers determined in this study were done

both in the serum and liver and t@s showed that Postinor 2 intake affects liver function.

AST plays a key role in thﬁ@?ﬁolism of amino acids, maintenance of NAD+/NADH ratio in
cells, Krebs cycle act 'tgynthesis of purine/pyrimidine bases, urea and protein synthesis and
gluconeogenesi %T activity is widely distributed across human tissues with the highest
activit in heart, liver, skeletal muscle, kidney and brain. An elevated AST activity may
reflect tissue damage (plasma membrane disruption or apoptosis), plasma membrane bleb
formation, increased tissue expression and macroenzymes (complexes of AST with plasma
proteins), increased cardiovascular risk related to nonalcoholic fatty liver disease (NAFLD),
cardiometabolic risk factors (metabolic syndrome, abdominal obesity, insulin resistance and

diabetes), chronic alcoholism and structural heart diseases 4. In this research, AST concentration
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in the serum was elevated and the increase occurred progressively with treatment days while

there was a decrease in AST concentration in the liver.

Alanine Aminotransferase (ALT) found primarily in the liver plays a vital role in amino acids
metabolism, represents the most used liver damage biomarker worldwide. ALT and ALP levels
are determined to assess liver health, liver diseases including hepatitis, cirrhosis}{wy liver
disease, and alcoholic liver disease, medication or toxin-induced liver damage @monitoring
liver disease progression #*. ALT concentrations measured in this stud'@me significantly
elevated in the serum at 90 days and the increase was not reversed a&%tﬁtreatment while there

N
was a decrease in ALT concentration in the liver. é%

Alkaline Phosphatase (ALP) is a broader marker t@ariginate from several tissues in the
body, including the liver, bone, intestines, and R{%ﬂa (in pregnant women). Its increase in the
blood is associated with biliary tract is@g)}mugh not specific to liver diseases *. ALP
concentration determined in this studé) also increasing in the serum while decreasing in the

liver with treatment days. The reMn was significant against control and more pronounced on

.\
90 days of treatment. Q’@

Total protein me%(gs the total amount of protein in the body and it provides a combined
measurement th albumin and globulin in the blood, reflecting the balance between these
two pr groups. Proteins are essential molecules in the body that serve various functions,
including maintaining the structure of cells and tissues, regulating fluid balance, and functioning
as enzymes, antibodies, and hormones %. Total protein level was reduced in this study up to

about 70 % in the liver at 90 days of twice-weekly treatment. The dose and time-dependent
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decrease was significant when compared with control and this may be a strong indication for

chronic inflammation, liver disease, kidney disease, malnutrition, or other health conditions.

Gamma-glutamyl transferase (GGT) can also be determined to provide valuable information
about liver and biliary system health. They are elevated in different diseases affecting the liver,
pancreas, and cardiovascular 4. The concentration of GGT determined in this study-w\ evated
significantly in the treated group when compared with control. Although the i %}66 was not
significant in once weekly until 60 days it promptly reduced during thé%h'}eatment period.

Twice weekly experienced an increase that was significant from rst month up until the

treatment period. 6&%\
R

The pattern of liver function biomarkers in this re%@ndicative of a compromised liver's
integrity and function. This was corroborat.eq&the increase in relative liver weight and
histological aberrations to the liver. It y%est that cellular metabolism of Postinor-2 in the
animals may have resulted in oxidati\% s-induced tissue atrophy. Metabolism of LNG occurs
majorly in the liver to sulfates anMcuronides. Although glucuronides are considered non toxic,
there is morphine—6—gluch 2 which are toxic and since the pathway is not yet fully
understood, toxic rgsdggﬁtes may arise from LNG metabolism. Since the severity of the effects
of Postinor liver occurs with duration of use, this puts long-term users at a high risk of
liver d The liver function results from this research agree with the one done by Chane et
al, *® where they found elevated concentrations of AST, ALT, ALP, and GGT in participants on
oral contraceptives than in control. It should be noted that the most adverse effects of
contraceptive use are metabolic impairment and cardiovascular complications. This study has

presented a metabolic impairment in relation to hepatic function evident in liver test alteration
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which is related to duration of usage. This disagrees with Connoly and Zuckerman, * who

suggested that progestins are safe in patients with liver diseases.

There is also the report that several prescribed and over-the-counter drugs have been implicated
in Drug-induced liver infection (DILI). This is the most common justification for taking many
drugs off the market and caution is advised to be considered in abundance, with close n’@gitoring
when taking ECPs especially with other drugs and in situations of other underlyi ks of liver
diseases °. The DrugBank online, hosted by Wishart et al °!, listed@ rugs such as
Alteplase, Ancrod, Acenocoumarol, Abciximab, Alteplase, Arﬁs‘@s’é, Antithrombin alfa
among several others that are capable of increasing the risk or %@%\yof adverse effects of LNG
when taken in combination. Several drugs were also li teﬁ&v can either increase or decrease the

Q&. The point about this is, several users

metabolism, bioavailability, and therapeutic effect of
of ECPs are unaware of the health risks assgcfa’é

th the use of levonorgestrel in combination

with other drugs, especially to the liver 5%,

De Ritis ratio also known as AS\‘%LT ratio is used as a prognostic biomarker for various
malignancies such as chro@e? diseases, renal cell carcinoma, pancreatic cancer and breast
cancer. Patients whos Que of De Ritis ratio is higher than one is at risk of liver damage. The
importance Qt lies in its easy accessibility and low cost since AST and ALT are one of
the m %anded serum biomarkers in daily liver function clinical investigation 3. Women
with lﬁysfunction or prior transplants should be advised by reproductive health counselors
for safer contraception methods other than hormonal contraceptives in family planning 4. It
might also be important to note that animals' cellular metabolism of Postinor-2 led to tissue
shrinkage brought on by oxidative stress. This theory is in line with the findings of Sridharan et
al. >°> who suggested that several excipients in postinor-2, including silica colloidal anhydrous,
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cause harmful effects on the liver such as inflammatory diseases and necrosis. Also, Adigun et al.
36 observed that damage to the cells and tissues of the liver is associated with excessive intake of

Postinor 2.

The health and function of the kidneys, which are crucial for preserving the general homeostasis
of the body, are evaluated using renal function biomarkers. The regulation of ca@ascular
parameters like blood pressure and endothelial factors depends critically on .rexbéé(ction. The
kidneys control blood pressure and produce vital hormones in addition \ng wastes, extra
fluids, and electrolytes from the blood. For the detection of kidney@ﬁlers, evaluating renal
health, and managing a variety of medical conditions, monito%g%\idney function is crucial *’.
Biomarkers of renal function such as Cystatin C, creat'n@a, and BUN: Cr were determined
N

in this study to investigate the effects of Postinor 2 e on renal metabolic function in female

Wistar rats. C.;\\‘

Cystatin C is an important piece in % zzle of assessing kidney function and monitoring
conditions such as chronic kidnwsease (CKD), acute kidney injury (AKI), and estimating
glomerular filtration ratQ%PR), which is a key indicator of kidney function.
A member of the ¢ a?superfamily of cysteine protease inhibitors, cystatin C is a low-
molecular-wei @otein. Given its widespread distribution in various organs and tissues and
low @ weight, cystatin C is also utilized as a measure of glomerular filtration rate.
Cyst&s less prone to biological interference and more sensitive to early impairment in renal
function compared to other renal biomarkers, such as serum creatinine. Additionally, there is
growing proof that cystatin C is linked to a variety of immunological responses to exogenous and
endogenous antigens and that the regulation of its encoding gene during inflammation and

infection is mediated by a number of cytokines 3%, In this study, the concentration of cystatin ¢
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was significantly higher in the serum of Postinor 2 treated rats than in the control. The significant
increase in the concentration of cystatin C was more pronounced in Twice-weekly than once
weekly when compared with the control. Kidney function and cystatin C levels are inversely

correlated, meaning that as cystatin C levels in the blood tend to rise as renal function declines.

During regular metabolism, the muscles produce creatinine as a waste product(Udhich is
eliminated by the kidneys. Because the kidneys typically filter and eliminate cr *ﬁe from the
blood, elevated creatinine levels may indicate decreased kidney function‘%}@ study observed
a reduction in the concentration of creatinine in the kidney of both m&l’groups which is up to
over 50 % reduction in twice weekly at 90 days. The reductio%o%} weekly treated group was

not as bad as in twice weekly but nevertheless signiﬁu@nt@ compared with control.

One of the most important markers for evalua}ti;‘&dney function and general metabolic health
in clinical settings is urea. Increased ure le@n be a sign of a number of illnesses, including
kidney disease, dehydration, heart fai%)ﬁ’e, d bleeding in the gastrointestinal tract ¢!. This study
observed the concentration of uredywas elevated in the serum and kidney of rats treated with
Postinor 2 than the contro}QQkp:\\Nunmi et al, '° found an elevated concentration of urea and
creatinine when th%d 91 rats with levonorgestrel which agrees with what was found in this
study. Broo @’ower, 62 observed that an elevated urea and creatinine levels in the blood is
associ @h reduced or compromised function of the kidney since both are filtered by the
glomeﬁ About 40 - 50 % of urea is reabsorbed in the glomerulus unlike creatinine, a
compromised attempt of the kidney to perform this function may explain why urea level is

elevated in both serum and kidney.
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The BUN (Blood Urea Nitrogen) to creatinine ratio is a test of great importance in clinical
settings to compare the levels of two substances, blood urea nitrogen (BUN) and creatinine, in
the blood. It is often used as part of a comprehensive metabolic panel (CMP) or basic metabolic
panel (BMP) to assess kidney function and to help diagnose certain medical conditions. It is
commonly acknowledged that renal tubular lesions result in a decrease in the blood-uremic
nitrogen to creatinine ratio (BUN: CR) which has a normal range between 5 — 20 %& . The

BUN:Cr ratio was higher in the treated groups than the control but still withi ormal range.

The higher value calls for attention because an increase in urea out pg»oportion compared to
creatinine in the serum causes an elevated and reflects a @ condition. Urea and Cr
concentrations in the serum usually increase with an inver@%f;ortionality to renal function 2.
The use of high-dose progestins, even though no@%ndicated in chronic kidney disease
(CKD) should be avoided as much as possi&@fradoxical issue is that a significant number
of women on ECPs do not realize they a’gl' ted by CKD even in the early stages . Attini et
al, % argued that, even though pregna@fs possible in all CKD- stages, progestin contraceptives
should not be an option. Thi‘sgj%nt may be due to the fact that progestins can exacerbate

kidney disease and i@&
h

with this study with

tcome of treatment. The study by Micheal ef al. % disagrees
claim that estrogen-progestin treatment did not affect the renal
concentration T and ALT but a reduced renal ALP concentration reported agrees with this
study.@gt al, %, explained that drugs that disrupt the hypothalamic-pituitary-gonadal axis

play a critical role in contributing to decreasing kidney function and development of uremia.

Oxidative stress is a biological phenomenon that occurs when there is an imbalance between the
production of reactive oxygen species (ROS) and the body's ability to neutralize them with

antioxidants. Reactive oxygen species, which include molecules like superoxide radicals,
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hydrogen peroxide, and hydroxyl radicals, are highly reactive and can cause damage to cellular
components such as DNA, proteins, and lipids. This damage is often referred to as oxidative
damage. Oxidative stress is a normal part of the body's metabolic processes, and ROS serve
important roles in various physiological functions, including immune response and cell signaling.
However, when there is excessive production of ROS or a deficiency in the body's antioxidant
defense mechanisms, oxidative stress can become harmful and lead to a Vaﬁ\of health
problems. Oxidative stress has a wide range of effects, some of which c. eleterious to
cellular and tissue function ¢’. The front liners in the antioxidant clefen e ngtem of the body are
the SOD, CAT and which work together in the entire mechanisK%;x\ifls free radicals Engwa et

al, 8. SOD causes the dismutation of superoxide anion ‘radi %‘Q (02-) into hydrogen peroxide

(H203), CAT breaks down hydrogen peroxide (Ha to%er and molecular oxygen while GPx

reduces hydrogen peroxide (H20) to water, a*@]\@? peroxides to their corresponding alcohols

using glutathione as a substrate . ?

In this investigation, the potentia%%équent intake of Postinor-2 to cause oxidative damage in
the organs of rats was assesss%uaing female Wistar rats as experimental animals. There was a
significant reduction @Q&cen‘[rations of CAT, SOD and GPx. The reduction in CAT activity
was more severe @e ovary and uterus with about a 75 % decrease from the control value. The
reduction i@ver and kidney was significant in twice weekly while once weekly was only
signific lower at 90 days. The reduction of GPx in the ovary and liver became significant
from 60 days while in the uterus and kidney, a significant reduction was from the first month.
SOD reduction was more pronounced in the uterus with up to 70 % difference when compared
with control while it was about 37 % decrease in the ovary compared to control. Wusu et al, "

observed the downregulation of CAT and SOD genes in the liver, brain, and kidney of rats
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treated with ethinylestradiol and levonorgestrel which aligns with what was observed in this
research work. Mannai ef al, 7' observed an enhancement of the antioxidant defense against

oxidative stress in female Clams treated with LNG alone through the induction of CAT and GST

It is possible that the metabolism of Postinor-2 in the tissues may have produced too many free
radicals, which could have caused oxidative damage, as evidenced by the suppressi{&)f SOD
and CAT activities in the ovary and uterus of rats and GPx activity in the &alone after
weekly intake of Postinor-2. This finding is in line with observations @er research that
showed exposure to medicines or toxicants whose metabolism is liftked)to the production of

reactive species or free radicals reduced the activities of SOD, %I%,and GPx 727374,

GSH is undoubtedly the most significant intracell \ioxidant molecule crucial for the
detoxification of xenobiotics 7°. It is implied Eh@tinori metabolism in the ovary may have
resulted in the production of excess reac iv%}fes, which have the potential to cause oxidative
stress and tissue damage, as a result e significant decrease in GSH concentration in the
ovary of rats treated with Postinge=2. This study supports a previous one by Venter and
colleagues '!, which sugges@z;z the intake of oral contraceptives may increase the generation

of free radicals that camn Jower the quantity of GSH inside cells.

Glutathione-g%rsferase (GST) is needed as one of the enzymes in the GSH redox cycle, which
guara%t oxidized GSH molecules are transformed back to reduced GSH. By reducing
electrophilic chemicals to reduced glutathione (GSH), the antioxidant enzyme GST performs a
crucial function in detoxification 6. The significant increase in GST activity observed in the
uterus, ovary, liver, and kidney of rats given Postinor-2 both once and twice a week in this study

suggests that Postinor-2 induced the production of free radicals that oxidized GSH, which led to
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an increase in GST activity as an animal's response. It is worthy of note that the increase in GST
activities was significant in the uterus and ovary right from the first month of treatment while the
liver and kidney became significant at 60 days and 90 days respectively. This shows that
Postinor 2 has a greater effect on the reproductive organs where they carry out their function.
This finding resembles one made in a prior study by Gonzalez et al, 7 which found that mice

exposed to toxins that could cause oxidative stress experienced a large increase in @activity.

Lipid peroxides, which are indices of membrane lipid peroxidatiﬁ%} ;ormed when

polyunsaturated fatty acids, which are found in cell membranes,s avéab]bcted to peroxidative
processes. A biomarker of oxidative stress called lipid perox%%}s frequently characterized
by high levels of thiobarbituric acid reactive species ( B@or malondialdehyde (MDA) 78, In
this investigation, Postinor-2 administration oncéw.sand twice weekly increased MDA
concentration in all the examined organs ol@ally in the reproductive organs. It appears
that the frequency of exposure of the %’mals to Postinor-2 determines the severity of the
increase in MDA concentrati%@l the tissues, with the twice-weekly treated animals
exhibiting somewhat greater"MDA levels. The rise in MDA levels suggests that Postinor-2
consumption may ha@@’g%ed the generation of hydroxyl or peroxyl radicals linked to the
membrane lipi p@ddaﬁon observed in the organs. This finding is in line with the findings of
Akinwunm'@% . 16 who observed an increase in MDA concentration with LNG treatment in rats.
Other@es by Park et al, ”° and Cengiz et al, 8 also proved that exposure to substances whose

metabolisms are characterized by the buildup of free radicals, such as pharmaceuticals, can raise

MDA concentration.

The observed modifications in the antioxidant molecules examined in this study strongly suggest

that continuous Postinor-2 intake has the potential to cause oxidative damage to the reproductive
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organs, uterus, and ovaries as well as the metabolic organs liver, and kidney. In fact, its toxic
effects may be as a result of oxidative stress which could have been as a result of its metabolism

in the tissues.
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C)Q onclusion
6\» Concl

5.1 Summza Findings

In a &) avoid unintended pregnancies and unsafe abortions, the use of Postinor-2 has
increased drastically more than ever before. Probably due to its easy accessibility as an
emergency contraceptive, there has been an increased rate of abuse of the drug among young
female adults. This practice is arguably a serious cause for concern in light of the potential

damage that it may cause to the female reproductive health. The fear of abortion which is one of
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the leading causes of death among young females have led many into the use of contraception
without the knowledge of possible toxicity associated with its use to various organs of the body.
The introduction of emergency contraceptives has led to a reduction in the contribution of unsafe
abortion to maternal mortality from 13 to 8 % worldwide. This is a good success nevertheless,
the thrill of the success should not make researchers especially toxicologists neglect the fact that
everything is a potential poison, it is the dose that matters. The young adults wh&'ﬁé&l wants
results do not have this knowledge and take drug with discretion not forge i ?@ this ECPs is

.@w

This research work validated the knowledge and usage of cont%@ves among the students and

available over the counter.

that some of them have side effects from its intake. T e@t frequency of users is within the
age group 18 — 25 years old and that Postinor 2 is t Qt patronized type of contraceptive pills.
The side effects from the intake of ECPs i@@h dache, spotting, mood swing, weight loss,
irregular and delayed menstrual cycle among others. The treatment of Wistar rats with Postinor 2
hastened the onset of sexual méQ{igJand the estrous cycle became irregular with prolonged
metestrus and diestrus phase ich are characterized by elevated circulating progesterone levels.
The average weight c@\)@r ats and relative organ weights was reduced by Postinor 2. Intake
of Postinor 2 a@signiﬁcantly elevated concentration of FSH especially in twice weekly
group. A h'&‘&oncentration of FSH than LH is believed to be a sign of diminished ovarian
reserve also a cause of reduction in egg quality. With higher FSH level than normal it
becomes difficult to achieve pregnancy. Since FSH suppresses follicular development, there is

prolonged luteal phase by the presence of corpus albican which is the Metestrus and diestrus

phase in rats.
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Postinor 2 also reduced the level of Progesterone associated endometrial protein (PAEP),
leukemia Inhibitory factor (LIF), Prolactin and serum hydrogen-binding globulin. These proteins
regulate fertilization and implantation and the results seen in this research may be an indication
of poor fertility and pregnancy outcome in incessant users of the drug. There is severe aberration
to the histological features of the reproductive organs and the liver especially in twice weekly
group. Circulating levels of liver markers showed a degree of liver dysfunction@g treated
rats. Renal function biomarkers also indicated an increased level of stress .\Q idney caused
by intake of P2. There are also high concentration of NF-kB and TNF-q, %vhich is suggestive of

stress, inflammation or infection as well as oxidative stress dete@ in the organs of the body.

5.2 Conclusion ‘$

In conclusion, this research project discovered.t%

1. There is high awareness of contraceptive methods among the students of Lead City
University, Ibadan Q:b'
il. The prevalent methed of contraception among them is the emergency contraceptive

.\
pills (ECP QQ

iii. A high &c':entage of ECP users observed one or more side effects from the use of the
pi

iV@Sﬁnor 2 is commonly used once in a while to prevent unwanted pregnancy and
unsafe abortions among students

v. Postinor 2 intake hastened the onset of sexual maturity in Wistar rats treated twice

weekly
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vi. Postinor 2 intake lengthened the metestrus phase and shortened the diestrus phase in
Wistar rats

vii.  Postinor 2 intake caused physical and behavioral changes in Wistar rats which were
shown by reduced physical activity, agility, and feeding

viii.  Postinor 2 intake caused noticeable weight loss, hair loss, and even death in some
Wistar rats &b

iX. Postinor 2 caused an aberration to the structural make-up of thg@ d ovary as
seen in the histopathological examination N

X. Postinor 2 decreased the concentration of vital endom@xbproteins involved in

successful implantation and fertility namely PA@%, PRL, and SHBG in Wistar

rats ®
Xi. Intake of Postinor 2 compromise ﬂ@ﬁnty of the liver as evident in the elevated

levels of hepatocyte function ar as well as the histopathological examination

xii.  Oxidative stress was trlgg@by the intake of Postinor 2 in organs such as the uterus

and ovary as well as in the kldney
xiii.  Postinor 2 i id noticeable stress to the kidney as evident in the elevated
concent g)of renal function markers
Xiv. P%x 2 caused increased production of early mediators of inflamed tissue such as
Q F-o and NF-kB in Wistar rats
xv.  There is also a modulatory effect on the concentration of LH and FSH as a result of

Postinor 2 intake

Hence, LNG treatment caused time- and dose-dependent hormonal modulation and organ

toxicity. The uterus and liver were particularly affected, and animals exposed to LNG twice a
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week apparently suffered more assaults. The ability of the animals to recover following drug
withdrawal was more evident in the once-weekly treated group, particularly with respect to

hormonal, liver, and kidney aberrations
5.3 Recommendations

Based on this research findings, the following recommendations were made: &

1. The use of ECPs is efficient in preventing unwanted pregnanc e abortion
but must be taken with great caution because of the toxic e%tgon reproductive and

vital organs &%\

il. Postinor 2 and other ECPs should be used as pf%%d by its manufacturer, for
emergency reasons only, and not as regu@r long-term methods of

contraception ° &
>

iii. Other long-lasting methods 0%1'1 ception with lower doses of LNG or other

products should be cog%d@s%n case of continuous use

iv. Periodic evaluationf %1 metabolic profile of long-term oral contraception users
should be @%a uate general wellness
v. Individudals with liver disease, kidney disease, organ transplant or any other serious

dfs%s should embrace tubal ligation in cases of complete families or barrier

Qnethods, intrauterine devices as other safer alternative contraceptive methods
5.4 Contribution to Knowledge

This study has:
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ii.

iii.

1v.

Vi.

Vil.

showed a high prevalence, knowledge and use of ECPs especially Postinor 2 among
the students of Lead City University, Ibadan

the students who use it most are between the ages of 18 and 25 and they observe
certain side effects such as headache, weight loss, spotting, and irregular menstrual
cycle among others

intake of Postinor 2 affects the estrous cycle of rats &b
incessant use of Postinor 2 is toxic to the reproductive organs an .\Htg@gans
Postinor 2 intake over a long period of time may increase t@%{ of liver damage

the downregulation of the endometrial proteins shows@osmble correlation
between incessant Postinor 2 intake and recum@%antation failure, spontaneous
abortion as a result of implantation failu Q

there are hormonal imbalances as oc@with the use of Postinor 2 which may be the
reason for mood swings, depr%gand infrequent menstrual cycle as complained by

N

users

5.5 Suggested Areas for Fuﬁ%l’Research

ii.

The contributigghd association of Postinor 2 intake to fibroid development

the 1 ns of ECPs in hormonal imbalances and mental health

iil. Q@al toxic effects associated with the incessant intake of ethinylestradiol in Wistar
rats

1v.

Assessment of established and emerging biomarkers of cardiovascular diseases and

cancer among Postinor 2 treated Wistar rats and control
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C)QQ Appendix
\ Questionnaire
Q

g . Department of Chemical Sciences

Faculty Of Applied and Natural Sciences

/detail/emergency-contraception. Accessed

Lead City University, Ibadan

Good day. This questionnaire is being administered to evaluate the perception, knowledge and
awareness of the female students of Lead City University of emergency contraceptives (EC) in

preventing pregnancy. Please respond honestly to the questions below by filling out or ticking
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the appropriate box in each case, and be assured that the confidentiality of your response is

guaranteed.
Thank you.

Catherine B. ADENIJI.

DATE

SECTION A (Demographic Characteristics) @’&\
Age (years): Less than 18 [ ] 18—-25[ ] 26-32[ ] ‘@
Marital status: Single [ ] Married [

Academic level: 100L[ ] 200L[ ]  300L[ &&)OL[ 1 s00L [ ]

Postgraduate [ | Q
SECTION B @
Age at first sex ‘ )\&)

How often do you have sex: > 3 times @eek 3 -5 times a week [ ] More

than 5 times a week [ ] nce a while [ ]

'\
Do you use any form of c@ tive? Yes|[ ] No[ ]

If yes, what type oﬁ&ceptives do you use? Pills[ ] Injectables [ ] Herbs [ ]
Conc Q ] Condoms [ ]

If pill specific contraceptive you use. Postinor 2 [ ] Postpill [ ] After Pill [ ] Morning
after pil ] Combined birth control pills [ ] Plan B [ ] Others, please specify

How often do you use your contraceptive? Once in a week [ ] Twice ina week [ ] Thrice

in a week [ ] others, please specify

How did you learn about the contraceptive?
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What other method of contraception do you know apart from the one you use?

Where do you get your contraceptives from?

Did you experience any changes in your menstrual cycle since you started using it? Yes [ ]

No|[ ]

If yes, please specify &b

Did you experience any changes in your body since you started using it? Y & No[ ]

If yes, please specify 6,3
Has it been effective? Yes [ ] No| ] &%\

Have you ever recommended it to other friends? Yes [ | $ No [ ]

S

‘% Appendix 11

60 kg BW animal = 110 mg of Postinor 2
lkg BW animal = 110/60 mg of Postinor 2
110/60 mg/kg BW = 1.83 mg/kg BW

1.83 mg/kg BW (Postinor 2 dosage used in this study)
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This dose (1.83 mg/kg BW) was used to estimate the actual amount of Postinor 2 appropriate for
the body weight of the animals used in this study.

The average body weight of the experimental animals was estimated to be 140.8 g. The required
amount of Postinor-2 for each animal was estimated as follows:

1 kg (1000 g) BW = 1.83 mg of Postinor 2

1 g BW =1.83/1000 of Postinor 2 ®

&>
=0.000183 of Postinor 2 ‘%‘\QO
%w

140.8 g BW =0.000183 x 140.8 of Postinor 2

N

Therefore 140.8 g BW animal required 0.25 mg of Postinor AQ

=0.25 mg of Postinor 2

0.2 mL of normal saline was used as vehicle for the@
Hence, 0.25mg of Postinor 2 was dissolved m@mL of freshly prepared normal saline, and

administered to each animal at 12 hours i’&gl). To represent a dose of 1.83 mg/kg BW.
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