Chapter One
Introduction
1.1  Background of the Study

With an estimated 374 million new infections occurring each year, the prevalence and
risk of sexually transmitted infections (STIs) among the general population COH@? to
rise on a global scale'. For people between the ages of 15 and 49, more th %’p&million
infections are recorded worldwide every day, and this has made S 66o?the most
common infectious diseases®. STI's are infections that are prop@'ﬁy sexual activity,
especially vaginal intercourse, anal, and oral sex®. Use of c%g%mated sharp instruments,
vaginal birth with an infected mother during child in@)reastfeeding from an infected
N

mother to her kid are the main ways that STIs % ad*. STIs constitute a major burden

and a significant public health challeng%, 1;11%}0
reproductive, sexual, and matemal-%@health?

of the impact they place on worldwide

6
There are claims that sexuaMansmitted infections (STIs) are illnesses caused by a
number of organism@ ?1 spread through sexual contact, although they can also
occasionally sp;s: rough other forms of intimate physical contact®. This is due to the
fact that%gskin contact can transmit some STDs, such as herpes and the human
papi irus (HPV). STI-causing microbes can also proliferate through non-sexual
channels like tissue and blood exchange. Direct sexual contact between infected
individuals (with acute, chronic, or asymptomatic clinical manifestations) is the method
of transmission. Many sexually transmitted infections (STIs) can also be passed from

mother to child during pregnancy and childbirth, including chlamydia infection,

gonorrhea, hepatitis B, HIV, human papilloma virus (HPV), herpes simplex virus 2



(HSV2), and syphilis. Some STIs can also be passed from mother to child through

breastfeeding’.

Sexually transmitted infections (STIs) are a major global public health concern that
affects quality of life and causes serious morbidity and mortality. They are among the top
five disease categories for which adults seek medical attention. It is a typical public
health concern because it places a high burden on both the health care sy'sﬁ@and
individual patient care. STIs have a direct impact on reproductive a.ndQO' health
through infertility, cancers, and pregnancy complications. They also 2:\6 an indirect
impact on sexual health through their role in facilitating HIV § %r?lnsmission, which

has an impact on both national and personal economies®. %’&

An estimated 50% of new HIV infections in w@ﬁthought to be related to STIs®,
and it has been demonstrated that STIs, su@ssyphilis, gonorrhea, and HSV, increase
the risk of contracting HIV by a fact@&gbr)ee or higher'?. STI transmission from mother
to child can cause congenital abn@lities, low birth weight, preterm, sepsis, pneumonia,
stillbirth, and congenital ¢ nmvitis. Women's pelvic inflammatory disease (PID) and

%sed by sexually transmitted infections (STIs), such as

infertility are priie:@

gonorrhea anthd ydia infections. Significant morbidities for pregnant women with
untreated'%%ons include gonorrhea, trichomoniasis, and Chlamydia infection'!.
U gonorrhea and Chlamydia infections can lead to serious complications for
women, such as infertility, ectopic pregnancies, pelvic inflammatory disease, and chronic
pelvic pain. 2. Additionally, there is a higher chance of unfavorable outcomes like
stillbirth, premature amniotic sac rupture, spontaneous miscarriage, and preterm birth.

Hyper acute conjunctivitis can cause blindness in newborns born to mothers who have



cervical gonorrhea if it is not promptly treated'’. Pneumonia in babies can also result

from the vertical transmission of gonorrhea and chlamydia infections'4.

With the exception of viral hepatitis, all STIs are generally contagious and past exposures
do not provide immunity, meaning that the risk of reinfection endures before a new
exposure and may even recur after the same partner if treatment is not received by both
parties. Every day, an estimated one million people are estimated to contract a @1@
transmitted infection'®. According to WHO estimates, there are 374 milliorggﬁ cases of
treatable STIs globally in 2020, with one of the four STIs being chlamydia (129 million
cases), gonorrhea (82 million cases), syphilis (7.1 million case$§ ‘ﬁ&%’r.i\chomoniasis (156
million cases)!é. Of the STIs that are incurable, 38 r@&n people worldwide are
estimated to be living with HIV as of 2019. In Q@ it was estimated that over 490
million people had genital herpes virus (HSV)Y, and the main cause of cervical cancer,

HPYV infections, affect an estimated 300@ women worldwide.

In 2018, there were 570,000 cas@tervical cancer linked to HPV infection; annually,
there are over 311 000 e%ﬁ cancer deaths'®. An estimated 296 million people
worldwide have c{;@@titis B, which is expected to cause 820,000 deaths in 2019,
primarily fromhepatdcellular carcinoma (primary liver cancer) and cirrhosis!®. Maternal
syphilis @%ce has not changed in recent years. Syphilis was estimated to have
af@most a million pregnant women in 2016. This resulted in over 350,000 adverse
birth outcomes, including 200,000 stillbirths and newborn deaths. Syphilis is now the
second most common infectious cause of stillbirth globally?’. There were 661,000 cases
of congenital syphilis in 2016 despite the disease's decline since 20122!. The infection

mainly affects the reproductive system, which can lead to cancer, infertility, and

pregnancy difficulties that can ultimately harm a child's health. Furthermore, there were



604,000 new cases of cervical cancer overall, and 1.5 million new cases of hepatitis B
infection.??. Symptoms may lead to chronic infections, congenital abnormalities, and

stillbirth, thus stressing the urgent need to develop effective biomedical control?.

Given that pathogenic bacteria can cause severe infections, protracted illness, high
medical expenses, and increased morbidity, bacterial resistance is one of the most
dangerous challenges associated with infections. Since the invention of antibioﬁ@ere
has been a persistent worry about bacterial resistance to them?*. Controuin%ﬂs is still
difficult, especially in low- and middle-income nations where the infrastructure of the
health system is less developed®. Most STIs have no sympfq@%:a this predisposes
most patients to a higher risk if left untreated?®. When theéﬁ discovered as a result of
these setbacks, traditional medicines become the \ource of medical care for their
diverse health demands?’. Due to their mostly unexplored chemical diversity, medicinal
herbs have long been a desirable choice@%i entification of new molecular entities?®.
Some plants have been utilized a@b'hrimary raw material for the creation of other
traditional medicines, whileNothers have been used in the synthesis of various
pharmaceuticals, either Tﬁrly or in combination®®. These plants' compounds may
yield a new clas@%ti iotics with different target locations from those previously

employed ét@ﬁcs that can be successful against drug-resistant infections.

Im@, herbs have been used for their medicinal benefits from the beginning of time.
Civilization has made people develop a keen interest in plant-based drugs and
pharmaceutical products®’. This was encouraged by the large quantity of diverse herb and
plant species seen across the country. Herbs can be used to treat or prevent infections as
well as conditions including diabetes, heart disease, and cancer’!.Over eighty percent of

people around the world have benefited from medicinal herbs, and from the conventional



medicines they produce®. There are about 374,000 plants, yet humans use 28,187
different types of medicinal herbs®. The attraction attributed to herb use in promoting
health and treating several diseases in different traditional healthcare settings since the
earliest of times has been they are readily available and inexpensive®*. In addition, they
are also important in the pharmaceutical industry in the production of drugs, as half of the
drugs in the world are derived from herbs *°. Due to their antibacterial qualitigs, herbal

medicines made from medicinal plants have been used to treat a variety of diié} since

the dawn of time?. ,%QO

Medicinal herbs have many bioactive compounds that posses’s{?\}t%gi.&robial properties,
making them suitable for use in different ways?’. These n@&mal plants can be used to
treat human ailments since they contain phytoc r@components”. Phytochemicals
are a class of chemical compounds that are found“in plants®. In comparison to macro-
and micronutrients, phytochemicals Qr'e) rganic, actively functioning chemical
compounds found in plants*. In or@ protect themselves against infections, predators,
and abiotic environmental fagtors, plants create complex phytochemicals including
phenols, steroids, alkaloids; nd other substances. They also give plants their odor, color,
and flavor*!. Ph@gnicals have been demonstrated to contain anti-inflammatory,

antiallergic; @idant, anticarcinogenic, antimutagenic, and antimicrobial properties*.

Conseo@ul , it is not unexpected that many herbs have been used historically and still

are to;ure a variety of ailments %,

Over 30,000 plants have been found to have antimicrobial chemicals, and over 1340 have
been examined and found to have antimicrobial action*’. It has been reported that
different plant phytochemicals can interact to give a synergistic, antagonistic, and/or non-

interactive effect®.The situation of the economy in Africa, which made imported



methods and drugs less accessible, geared people toward utilizing abandoned traditional
medicine to improve their health. Herbal mixtures have been tagged by the lay public as
‘natural, which means safe, having no side effects compared to conventional drugs*.
The continued occurrence of health issues in communities with the experience gathered
over time has pointed out that traditional healers do not use one species of plant in the
preparation of herbal mixtures but combine different species of plant to incrgase their
potency and absorption, consequently leading to an increase in demand for %@t\based
products, bringing about job opportunities in the community and he . \?’@source of
income for the herb trade sector. However, as a result of thi.s a n;sage, there is now
fierce competition, which could encourage product adulterati{@the sale of low-quality
goods along with unsupported claims*’. ¢ ,$%
S
1.2 Statement of the Problem \%Q
The increasing prevalence and resisl&@\STIs pose a serious threat to human health

and well-being. There is a lack @fective and affordable antimicrobial drugs to treat

0’

these infections, especiall%in?égource limited settings. Therefore. This study aims to
investigate the ph:@i 1 and in-vitro antimicrobial activity of selected herbal

mixtures againa% ical isolates causing STIs such as Candida albicans, Staphylococcus

aureus, E%rgchia coli and Klebsiella pneumonia.

D&he various advertising techniques used by its marketers and producers, including
television and radio programs, herbal goods are given legitimacy and credbility in order
to improve consumers' awareness of their efficacy*®. These study also aims to identify the

bioactive compounds of these herbal mixture as alternative therapy for STIs.



1.3  Justification of the Study

STIs can cause serious complications such as infertility, pelvic inflammatory disease,
ectopic pregnancy, cervical cancer, and increased risk of HIV transmission. Many of the
common STIs are caused by bacteria and protozoa that can develop resistance to
conventional antibiotics. Therefore, there is an urgent need to discover new sources of
antimicrobial agents that can effectively treat these infections. One of the po%@ of

’&ditional

such agents is medicinal plants, which have been used for centuries %

Y

medicine for various ailments, including STIs.

. "
The fact that a sizeable section of the global populace ‘i to use traditional

medicine may speaks to its effectiveness and universalig&@ order for medical plants to
be effective against STIs, specific chemical cor@%must be present, and it has been
found that medicinal plants contain bioa%ﬁgompounds known as phytochemicals.
They are crucial for a range of mi&' illnesses and STIs since they can have an

inhibitory effect on germs and i@mus viruses. The purpose of the study is also to

"
mixtures against i:lr@s lates of STIs. The results of this study will provide a

scientific ValidaQ or the traditional use of these herbal mixtures as complementary

therapy l%@s
QO

I.QAim & Objectives of the Study

evaluate the phytochemis%anx)in vitro antimicrobial activity of the selected herbal

The purpose of this study is to evaluate the phytochemical properties, in vitro
antimicrobial activity and microbiological quality of the selected locally made herbal

mixtures sold within Ibadan metropolis for treatment STIs.

The objectives of this study are:



1. To enumerate and determine each herbal mixture's microbiological

composition.
2. To verify each herbal mixture's antibacterial properties.
3. To evaluate the effectiveness of different antibiotic discs that are readily

accessible on the market against the chosen clinical isolates.
4. To do a qualitative and quantitative phytochemical screening on each chosen

herbal blend. Q)&\
1.5  Significance of the Study

. "
The significance of this study is to confirm the microbiolog@y of specific herbal

mixes and to assess their in vitro antibacterial propeﬁk@against a small number of

clinical isolates causing STIs in Nigeria. @
1.6  Scope of the Study C")\‘\%

The study includes the evaluatio e antimicrobial activities of six herbal mixtures
against four clinical isolate&sing sexually transmitted infections, the activity of
multiple antibiotic dis&@?‘[ some clinical isolates causing STIs, the microbial profile
of the randomh‘{d d herbal mixture marketed for STI treatment, and the screening of

each he thure for its phytochemical constituents, both quantitatively and

qu@ly.

1.7  Limitation of the Study

The study includes the assessment of the antimicrobial activities of six herbal mixtures
against five clinical isolates causing STIs, the effectiveness of various antibiotic discs

against STI-causing clinical isolates, the microbial composition of the chosen herbal



remedy, and the quantitative and qualitative screening of each herbal mixture for its

phytochemical constituents.
1.8 Operational Definition of Terms

Antimicrobial Activities: Antimicrobial activity is a phrase used collectively for all
active agents slowing the growth of bacteria, preventing the formation of microbial

AL
colonies, and also eradicating microorganisms. Q’&\
[ ]

Herbal Mixtures: The World Health Organization defines tradm@k\medicine as
"medical knowledge systems that evolved over many generati)\d in) various societies
before the advent of modern medicine, including the pract%‘%en in health, belief, and
knowledge incorporating plant- and mineral-b s@edicines used singly or in

combination to prevent, diagnose, and treat illngssés-or maintain well-being."

Clinical Isolates: This is the Stu@lat comprises a global collection of

epidemiologically unrelated strai% ated at diverse geographical locations.

Sexually Transmitted Ind%tiqns (STI): These are infectious diseases with a variety of
viral etiologies, a@@% transmission is the key epidemiologic factor in their spread.
However, eé%qn also spread in other ways, such as from mother to child, by the
transfer_of blood products, or through tissue. Since asymptomatic forms may involve
tre@sion-risk subclinical lesions, this term also covers them. This is why this term is

preferably used instead of the term “sexually transmitted disease”, previously used.
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Chapter Two
Literature Review
2.1 Medicinal Plants

The term "medicinal plants" refers to the use of certain plant species in traditional r@&icine,
which entails the investigation and application of plants as therapeutic agent @P}ether in
conventional medicine or modern mepdicine, many times, medicinal 'Sr?used solely
for sustaining health and given for specific objectives?. Herbal md&ﬂlre characterized as
industrially produced plant preparations that are still pure %%t\ural, have not undergone
chemical alterations, and have the active componen%% are solely responsible for the
therapeutic benefits®. Plant-based medicines are g the most well-known sources of
natural products?. Medicinal plants are u .‘b‘é&r t a variety of illnesses because they are

thought to be both safe and effective’. %ause consumers believe plant-derived remedies are

natural and safer than conventi@dicines, they have become more popular®.

Medicinal plants have b@gd to treat ailments since the dawn of mankind, and most
nations still do tgd\&)]p until the early nineteenth century, medicinal herbs served as the
cornerston @native medicine, serving as a primary production pathway for new drugs?.
The @ood and Agriculture Organization estimated in 2002 that more than 50,000
med& plants were used globally’. The drugs derived from these plants in modern-day
medicine have been associated with the utilization of materials derived from plants as a
native cure in conventional systems of medicine!'?. Almost all the historic inventions in drug

discovery originated from the natural and herbal fields'!.

15



80% of people worldwide, including millions of people living in rural parts of developing
countries, utilize drugs made from plants for primary healthcare!?. Because they are safe and
effective, medicinal plants are frequently utilized to cure illnesses. They are also cheap and
have fewer side effects'3. Soft or dry medicinal plants can be used, and the raw materials can
be used to create a variety of liquid and solid extracts'4. In affluent countries, more than 25%

of medications that are prescribed come either entirely or partially é@v plants

notwithstanding the great advancements in synthetic organic medicina boy f the 20th

century'®>. With the advancement of civilization, the ongoing nee&fo& edicine, and the

expansion of its applications, its significance only increases. »&%\

Chemically produced medications have a quick onsgt @;ion, but they also have long-term

adverse effects that are harmful to the human b%, ereas Medicinal plants have minimal

to no negative effects on the body d@

comparison to traditional medicatiorz.%‘@x/ls contains many chemical components that can

r comprehensive action's. However, in

have a variety of pharmacologi&kegécts on the body, resulting in both minor and major side
effects, such as renal failugsdathage to the liver, a rise in blood pressure, and even death!”.
Many important m@ ants exist, however some are poisonous plants since they are
equally leth a@herapeutic. There is a discrepancy in the dosage offered since the plant
may be @e ial in tiny amounts while being harmful in bigger doses. Therefore, when
using these plants, precaution and accuracy must be taken in determining the exact dose!®.
HMs may also pose a safety risk if they are combined with conventional medications or
infected with mold, bacteria, or yeast!. Chemical components found in plants that are
medicinal have beneficial impact on the body, which indicates a significant opportunity for

the development of novel medications®®. These chemical substances are known as

16



phytochemicals, which are pharmacologically active compounds that are crucial in the
treatment of various ailments. The sections of the plant where phytochemicals are deposited
include the flowers, leaves, stem, roots and seeds and are mostly visible as colored molecules

in the outer layer of plant tissue?!.

2.2 Phytochemicals . \(b'
The pharmaceutical business has been gifted with new medicinally ac '.e@aaicals from
c

'}

plants that have a long history of treating a number of ailments. Th%he ical components
the human body are

present in various plant parts that have a clear physiological ing%go
thought to be the source of these plants' therapeutic Vamea%hﬁ&ytochemicals, a term derived
from the Greek word for "plant," are secondary mm@% found in plants. These substances
guard plant cells against environmental dan@including strain, exposure to ultraviolet
radiation, a lack of water and infectio 2{A)dditionally, current research has demonstrated
that when a person's nutritional c%gbnption is significant, they play a part in preserving
human health?*. Numerous aMcer, anti-inflammatory, antioxidant, antimicrobial and
immunostimulatory ef@ a:/e been found in several plants®>. The presence of
antimicrobial COJXQ s in the tissues of plants is a crucial factor that makes them active
against paﬂ%gthat cause human diseases and can also serve as botanical pesticides or
fungi gd bactericidal agents?S. Phytochemicals can be found in vegetables, fruits, whole
grains, seeds, herbs, and spices in a variety of diets?’. Different plant sections such as
leaves, flowers, roots, fruits, leaves or seeds also accumulate phytochemicals?®. In plants,
levels vary according to variety, processing, cooking and growing circumstances®.

Based on their chemical components, phytochemicals can be divided into different categories.

An estimated 150 phytochemicals have been thoroughly investigated out of the over 4,000
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phytochemicals that have been categorized and separated based on their chemical makeup,
physical makeup, and protective role’’. More than 200,000 naturally occurring compounds
with diverse bioactive qualities are found in plants, highlighting the significance of natural
products in the development of novel medications®!. Primary and secondary metabolites
include plants, which have pharmacological effects as a result of the accumulation of
phytochemicals that are biologically active in plant tissue. Primary me@g' es are
unadulterated substances that include glucose, polysaccharides, starch, ro. q@Jcleic acids,
and lipids. These substances are necessary for the formation and. dev og\ment of the body of

humans. The remaining substances are the secondary me@ﬂes produced by plants

including lignans, alkaloids, steroids, terpenes, pheﬂ&@ saponins, glucosides and

flavonoids®2. @
2.3 Plant Constituents of Pharmacologlcmortance

Phytochemicals can be classified a%%dn or secondary metabolites depending on how they
function in a plant's metabohwommon sugars, amino acids, chlorophyll, pyrimidines,
proteins and purines fr@ e';c acids are examples of primary metabolites. Additionally,
plants create me% ités that are secondary in nature, such as: (a) alkaloids, which have
analgesic,% arial, antispasmodic, and osmotic actions (b) terpenoids, which are also
ant iti¢, antiviral, antimicrobial, anti-inflammatory, cancer-fighting, and antimalarial, (c)
antibacterial and antifungal activities are possessed by glycosides d) anti-allergic, antioxidant,

and antibiotic effects of flavonoids and phenols are said to exist and (e) the antiviral, anti-

inflammatory, and plant defense properties of saponins??.
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2.3.1 Alkaloids

The alkaloids, which are metabolic byproducts obtained from amino acids, are one of the
most important and substantial substances produced by plants**. The first alkaloid, narcotine
(also known as noscapine), was extracted from opium by Derosne in 1803. Today, there are
more than 12,000 recognized alkaloids. Different creatures, including bacteria, f ants,
and mammals, create alkaloids. Alkaloids are natural nitrogenous bases tha rrned by
the cellular breakdown of amino acids. They tend to occur in pl%n often have
heterocyclically associated nitrogen. Alkaloids protect plants -ﬂ’&@gﬁease attacks, deter

herbivore grazing, and thwart competitors' growth, among ot@cx?al functions®.

Some alkaloids comprise caffeine, nicotine, and K&@é’ which have stimulant properties
and are used as analgesics, as well as quinine@nti-malarial medication®. The molecule's
structure, the existence of functional rgﬁ), and their placement all affect how basic a
molecule is’’. Without any wate@%iﬂng produced, they combine with acids to create
crystalline salts*. Alkaloids are uSed pharmacologically as CNS stimulants and anesthetics®”.
Strychnine, for exa ‘%C whereas cocaine and morphine are both addictive and used
in medicine. Alk i«tan be found as salts of naturally occurring acids that include oxalic
acid, tartarm%gnd acetic acid in the cell sap of plants. They can be removed from the cell
usi @ed water or alcohol, or when the plant extract is made alkaline, they become

soluble in organic solvents like chloroform.
2.3.2 Flavonoids

The family of natural products known as flavonoids is significant; in particular, they are

secondary metabolic products of plants with a polyphenolic framework that are frequently

19



encountered in vegetables, fruits, and some drinks. Flavonoids are the most prevalent and
extensively dispersed group of plant phenolics and rutin and quercetin are the flavonoids that
are most frequently ingested*’. Vegetables require flavonoids to support the development of
their cells and protect themselves against plaques*'. In the majority of angiosperm families,
several flavonoids are easily identifiable as floral pigments. However, they are capable of
being found in all plant sections and are not just present in flowers*2. Flavonoi@gknown
as dietary flavonoids because they are widely distributed in a variety o ! ased meals
and beverages, including tea, vegetables, fruits, chocolate, and win‘e.\‘ N

Flavonols, flavones, chalcones, flavanones, flavan-3-ols, f@p%}ols, and isoflavones are

N

just a few of the subclasses of flavonoids®. U&q@*}gniﬁcam sources make up these

groupings. For instance, prominent dietary sourc&l avonols and flavones are onions and

tea. The largest class of phytochemi@s%

significantly reduce the risk of diseas '%ough a variety of physiologic pathways. Examples

avonoids*. Typically, flavonoids can

of these qualities include ?Kigﬁammatory, cytotoxic, antiviral, antibacterial, and
antioxidant properties®. Helial activity, cholesterol, blood pressure, and resistance to
insulin as well as @ti n in blood pressure, are factors that reduce the risk of heart
disease*. L @Nﬂ to be produced at specific places in plants, flavonoids give flowers
their colﬁan perfume and assist fruits disperse so that pollinators can reach seeds and
spores;y\which in turn promotes seed and spore germination and seedling growth®’.
Flavonoids operate as special UV filters and shield plants from a variety of stressors, both
abiotic and biotic*®. Flavonoids may be functional in plant heat acclimatization and freezing
tolerance in addition to their involvement in frost hardiness, drought resistance, and other

biological processes*’. They have a variety of beneficial biochemical and antioxidant
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properties linked to a number of illnesses, including atherosclerosis, Alzheimer's disease

(AD), cancer etc®. Flavonoids are essential in a wide range of nutraceutical, pharmacological,

medical, and cosmetic uses because they are linked to a wide range of health-promoting

benefits. Additionally, they have been found to be potent blockers of a number of enzymes,

including phosphoinositide 3-kinase, lipoxygenase and cyclo-oxygenase (COX)’!. (b,

2.3.3 Glycosides . Qb)&\
S

In the natural world glycosides are extensively dispersed. Various §ou s of them can be
'}

found in the fruits, seeds, barks, roots and leaves. In certain s@n , the same plant will

N

have two or more glycosides. When hydrolyzed, glyco%g-)release either one or several
sugar molecules along with an organic hydy@me less specific general word
"glycosides" was proposed because several p@components produced sugars other than
glucose. A chemical may be referre toc;)\a "glucoside" if glucose is the sugar that is
generated. Additionally, more pre%%vords like rhamnoside, fructoside and others can be
used. The term "aglycone" Nenin" often refers to the glycoside's non-sugar part.

'\
Chemically, glycosides@ of a non-carbohydrate component (genin or aglycone) and a

carbohydrate (glL\Q J.

Q

There are clgims that many medicinal formulations include plant extracts that contain
cyar@ic glycosides as flavorings>. Chemically speaking, glycosides are acetals in which
a non-sugar component's hydroxyl group is condensed with the sugar's hydroxyl group. To
indicate that the bond is through oxygen, this form of glycoside is more specifically referred
to as O-glycosides. Glycosides are acetal derivatives produced when a monosaccharide and

an alcohol interact with an acid catalyst. The "oside" suffix is used in place of the "ose"
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suffix in the names of glycosides, and the alcohol group name comes first. However, it is
intriguing to note that only B shapes exist in plants. This is due to the enzyme emulsion's
ability to hydrolyze naturally occurring a-glycosides while not being able to do so with
synthesized a-glycosides. Glycosides are often hydrolyzed by acids and have a fair amount
of stability in alkalis. Compared to other glycosides, some are significantly more resistant to
hydrolysis. A vast range of chemical substances, such as cardiac, saponin gly%&i s, etc.,
represent the aglycone or non-sugar parts of glycosides. Beca .68@ solubility
characteristics of the sugar residues have a significant impact, the gil moiety promotes
water solubility making many glycosides soluble in water ﬁro alcoholic solutions.
Enzymes that can synthesize or hydrolyze glycosides are&ﬁ%txently found with them. This
occurrence causes complications with the 1s01at10n‘@'%051des because, in certain instances,

partial or complete hydrolysis of the glyco results from the disintegration of plant

tissues without any safeguards to bloc atlc activity.

2.3.4 Saponins \)

In essence, saponins @ochemlcals that are present in the majority of vegetables,

legumes, and her{q“.\l?)lants frequently create saponins, which are structurally complicated
amphiphat%%sides of triterpenoids and steroids®. Some marine creatures, like sea
cuc nd starfish, also manufacture it°. Because of their surfactant qualities, which
cause stable soap-like foam to form when shaken in aqueous solution, their name is derived
from the Latin sapo, which means soap. Chemically, the name "saponin" refers to a class of
high molecular weight glycosides that include an aglycon, also known as genin or sapogenin,
connected to a glycosyl component®’. Saponins may also be further divided into 12 primary
classes based on the carbon skeleton of the aglycon. Additionally, saponins are frequently
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found in intricate combinations, and their chemical makeup can change based on a plant's age,
tissue type, background genetics, physiological state, and surrounding conditions. Because
they hemolyze blood and are known to poison cattle, saponins are particularly dangerous®®. It
features immunostimulant, anti-inflammatory, anti-apoptotic, and anti-oxidant activities®.
The linkage with the carbohydrate component, which includes one or more sugar moieties
comprising the sugars rhamnose, galactose, glucose, glucuronic acid, arabi%g,\xylose,
glucoronic acid glycosidically, is another crucial aspect of sapogenin (agl .(?@ Numerous
saponins have been found to have antimicrobial properties, to limit § %rowth of mold, and
to shield plants from damage caused by insects. Saponins arhi%%}uded in a wide class of
defensive chemicals called phytoanticipins or phytopro;@\eﬁ%?s, which are compounds that
are part of plants' defense mechanisms®!. Beeﬁ%&ponins are not required for the

fundamental metabolic functions of the ib@fy are classified as metabolites that are

secondary and differ from the element%' ary metabolism. As phytoprotectants, such as
the constitutively generated and inc@l’e phytoalexins phytoanticipins, they also support the
innate immune system®. (%lly, saponins have been investigated for a variety of
qualities, includia&%es& bitterness, molluscicidal, fungicidal, pesticidal,

insecticidal actiong as*well as additional industrial uses including foaming and surface-active

Q

chemicals.

Q

2.3.5 nnins

A complex, big biomolecule of the polyphenol type that has enough hydroxyls and other
appropriate groups, like carboxyl, to form powerful complexes with a variety of
macromolecules is commonly referred to as tannin®. Tannins are secondary polyphenolic
compounds found in higher plants. Tannins are typically utilized in the tanning process and
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as anti-gonorrhea, anti-pile, anti-burn and anti-inflammatory medications®. The terms
"macromolecular phenolic compounds" and "condensed" tannins are used to describe the two
main categories of tannins®>. The first are broken down into two categories: (i)
ellagitannins and (ii) gallotannins, which also include meta-depsids. Galloyl and
hexahydroxydiphenoyl esters and their derivatives are the first of two major structural
categories into which plant polyphenols are divided. Condensed proanthocyan@gg;e (i1).
There are several main groups into which galloyl and hexahydroxydiphen , s and their
derivatives have been further divided: Simple esters are one.. (2y%e‘%a olites of depside
(syngallotannins). (3) 'Open-chain' derivatives of glucose base&%)\} the 4 C1 conformation
of glucose, (b) the 1 C4 conformation® \ glucose, and (c) the
dehydrohexahydroxyhexahydroxydiphenoyl andQ%%hydroxydiphenoyl esters  (syn-
ellagitannins). (4) "Dimers" and "higher ol@srs," primarily those of class (3) above,
created by the oxidative coupling of ' ogﬂ)ers.” Condensed tannins and complex tannins
are the only two kinds of tannins Q%bﬁre fully discussed. The described tannin structures,
however, demonstrate that t g.\}gyl residues can also be linked to other residues or to one
3

another by their aro a@

glycosides. NatuKo ers a practically limitless supply of extremely different structures

on and/or phenolic oxygen atoms, in addition to the galloyl

through the comparable couplings of two or more natural components to one another.
But @@1 be noted that not every tannin necessarily consists of a galloyl unit or derivative.
The so-called condensed tannins, which are produced from flavanoid precursors, contain

examples of this type®®.
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2.3.6 Terpenes (terpenoids)

Terpenes are the largest class of secondary metabolites and are primarily composed of many
isoprene units (many isoprene units) that are joined to one another in a variety of ways®’.
Terpenes are the most prevalent group of secondary metabolites, and they combine numerous
five-carbon isoprene units produced by hydrocarbons®®. Terpenoids exhibit Chgtable

¥

pharmacological properties, including anti-inflammatory, antimalarial, antiba: antiviral,
cholesterol synthesis inhibition, and anti-cancer actions®®. One of th{%s\( common and
chemically diverse categories of natural products is terpene}\\‘q&g‘y are combustible
unsaturated hydrocarbons that are typically present in liqui@ in oleoresins, resins, and
essential oils’’. Numerous plants make volatile t rp@to entice particular pollinating
insects and to prevent some plants from bein%a by animals’!. Some plants develop

terpenes that are less volatile but have a@

have medicinal properties such as @rcinogenic, anti-malarial, anti-ulcer, hepaticidal,

tter or toxic flavor. Terpenoids can also

antimicrobial, or diuretic adﬁb{g)as well as the sesquiterpenoid anti-malarial drug

artimisinin and the diterpendid anticancer medicine taxol’2.

The majority of &?ds are lipophilic and interact with biomembranes and membrane
proteins tk%&erpenes. Terpenes are generally cytotoxic to a variety of organisms,
incl thteria, fungus, insects, and vertebrates, and are frequently employed in herbal
medicine to treat infections’’. Terpenoids are considered to be altered terpenes in which
methyl groups have been added, deleted, or relocated. Terpenoids and steroids that have been
known to be effective against Staphylococcus aureus™. These substances also possess
anticarcinogenic qualities’>.Depending on how many carbon atoms they contain, terpenoids
are classified as monoterpenes, sesquiterpenes, diterpenes, sesterpenes, and triterpenes. The
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majority of terpenoids, which vary in their structural makeup, are physiologically active and
used across the globe to treat a wide range of illnesses. Terpenes are used in many flavorings
and excellent scents because of their pleasant odour. Medicines for malaria like artemisinin
and similar substances are made from terpenes and their derivatives. Terpenoids, meantime,

have a variety of uses in the production of foods, medications, beauty products, vitamins,

° (b
hormones, and other products. \
&

S
2.4 Epidemiology of STI ‘%
. 6'»

Sexually transmitted infections (STIs) carry a heavy burden@%a\certain health, social, and
financial ramifications. Because many people may fe .“@maﬁzed when discussing STIs,
many of them remain hidden. Nearly 37 million le worldwide were HIV positive in
2017, and 66% of cases, 68% of new ad I ‘%\1 ections, 92% of new pediatric infections,
and 72% of all AIDS-related deaths o%gred in sub-Saharan Africa. With that in mind, the
main focus of an African ST@nment strategy should be on prevention and related
knowledge. According to \M@'data, the burden of disease and death caused by STDs across
the globe jeopardi@% of life, sexual and reproductive health, and the health of
newborns and ¢ n. In addition to causing cellular alterations that precede certain cancers,

tted infections also indirectly aid in the sexual transmission of HIV.

sexually %

Sexuall; transmitted infections negatively impact people's general well-being and place a
significant financial burden on households and national health systems, particularly in
middle- and low-income nations. For instance, syphilis, trichomoniasis, gonorrhea, and
chlamydia are the four sexually transmitted infections that an estimated 500 million people

get each year. There are more than 530 million individuals who have herpes simplex virus

26



type 2 (HSV2). One of the most prevalent STIs, HPV infection affects over 290 million

women worldwide.

2.5 Symptoms of Sexually Transmitted Infections

Vaginal discharge, burning or discharge from the urethra in men, genital ulc‘@& and

D

abdominal pain are common signs of sexually transmitted infections. I\£0t é\’ls cause
symptoms, or they may only cause minor ones. Thus, it is feasible t '%[ed without
realizing it. You can still teach it to other people, though. In the that symptoms exist,
they may consist of the following: an odd odor coming fro@ penis or vagina, sores or

warts on the genital area, painful or frequent urination, @% and redness in the genital area,

blisters or sores in or around the mouth, anal itchinghsoreness, fever, and abdominal pain.
2.6 Diagnosis of Sexually Transmit;te@tions

Treating the indications or sy; pt@ of a collection of illnesses as opposed to a single
disease is the goal of the dgomic approach to the diagnosis and treatment of sexually
transmitted infecti @) This has been acknowledged as the preferred method of
management si:@{} enables the treatment of one or more conditions that frequently occur
simultaneously, STI screening can support STI management and prevention and offer a
char@)r further health promotion and education during any and all medical visits.
Whenever feasible, STI prevention and screening ought to be incorporated into regular
medical visits. Sexually active people should discuss the risks of STIs and the necessary
testing with their healthcare provider. Given that many STIs typically don't cause symptoms.

Certain STIs can be identified by a physical examination, microscopic analysis of a sore, or
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by swabbing fluid from the penis, anus, or vagina. Other STI types can be diagnosed with
blood tests. It is crucial to perform a comprehensive ano-genital examination and obtain a
good sexual history. Inquiries about symptoms, recent sexual history, sexual orientation, type
of sex (oral, vaginal, or anal), potential pregnancy (female), use of contraceptives (including
condoms), history of recent antibiotic use, drug allergies, and recent international travel

should all be included in the history. Q&

STI diagnostic tests with high accuracy are commonly utilized in afﬂué!%}ons. These are
particularly helpful in the diagnosis of infections that show no s@r’ﬁs. Diagnostic tests,
however, are mainly unavailable in low- and middle-income @%s When testing is offered,
it's frequently pricy, difficult to access geographical y@sults are frequently delayed for

patients. As a result, care or treatment may not be ¢ leted and follow-up may be hindered.

There are currently rapid and affordable@o&‘t ts available for STIs. In certain settings
with limited resources, this test is alre%&n use. The test requires little training, is accurate,
and can yield results in 15 td\@nutes. Numerous rapid tests for additional sexually
transmitted infections (STXS%ate being developed and could enhance STI diagnosis and

treatment, particulaqy i&g{ronments with limited resources.

2.7 Trez@f Sexually Transmitted Infections

The@ currently effective treatment available for a number of STIs,. The three bacterial
STIs (chlamydia, gonorrhea, and syphilis) and the single parasitic STI (trichomoniasis) can
typically be cured with currently available, efficient single-dose antibiotic regimens. The best
treatments currently available for HIV and herpes are antivirals, which slows the progression

of the illness but are unable to reverse it. Immune system modulators such as interferon and
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antiviral drugs can aid in the fight against hepatitis B and reduce liver damage. The number
of treatment options for sexually transmitted infections (STIs) has decreased due to the rapid
increase in antibiotic resistance, particularly gonorrhea. Gonorrhea has become a multidrug-
resistant organism due to its decreased susceptibility to the "last line" treatment option, which
is oral and injectable cephalosporins, as well as its previously demonstrated resistance to
penicillins, sulphonamides, tetracyclines, quinolones, and macrolides. Although %@\()mmon,
antimicrobial resistance also exists for other STIs, so prevention and .fhg@atment are
essential. STI case handling Rather than using laboratory testing to 'de'\ treatment, low- and
middle-income countries rely on syndromic managemer&@h%\ is based on the
identification of consistent groups of symptoms and c@%cognized signs (syndromes).
With this method, which frequently uses clini@ithms, medical professionals can
identify a particular infection based on s@ms they have seen. Simple, same-day

treatment is guaranteed by syndromic aigement, which also spares costly or unfeasible

diagnostic testing. But this method @ es infections that show no symptoms at all.

2.8  The Challenges Associdted with Sexually Transmitted Infections.
2.8.1 t{g.ﬂ)st of Multiplex diagnostic nucleic acid amplification tests

Tests for nueleic acid amplification (NAATSs) have completely changed how STIs are
diag. NAATSs enable STI screening to be incorporated outside of the typical STI
outpatient clinic setting, such as in the context of regular HIV care. Additionally, NAATSs
make STI screening significantly simpler by providing the patient with options for both self-
and home-collection. High-income nations have widely adopted NAATs due to their

convenience in sample collection. Businesses are starting to introduce NAATSs that can
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identify several pathogens in a single specimen. STI screening has historically relied on
serology, pathogen cultivation, and direct light microscopic visualization. Although the
modalities of these tests have a high specificity, their sensitivity was frequently low.
Although the development of highly sensitive and specific tests has benefited greatly from
the amplification of pathogenic DNA or RNA, most low- and middle-income countries
cannot afford it. The identification of the causative agent of a STI-related syndr@%such as

urethritis, vaginal discharge, or genito-ulcerative disease, may also bené ially from

this. ) ‘\%“

AS
2.8.2 Shortages of Out-Of-Patent Antibiotics Q‘}%

An example of sThe first-line treatment for syphilis; '}hine penicillin G (BPG), was said
to be globally short-handed in 2017. Future, s@ges of first-line antibiotics for gonorrhea,

patent’®. Syphilis makes up just 1% prescriptions; rheumatic heart disease is the most

trichomoniasis, and chlamydia can @@icmated because these medications are off-
common indication for BPG. only treatment that is thought to be safe for expectant
mothers to prevent con ‘%f)gwhilis is BPG. The active pharmaceutical ingredient was
produced in just th ctories, all located in China, due to the low profit margins and high
productio BPG. The stock-out risk has significantly increased as a result. Two of
the l@nurers recently stopped producing because of governmental regulations and
env&ental concerns’’. BPG has been identified by the WHO as a necessary medication
with a high stock-out risk. In order to guarantee acceptable quality, safety, and efficacy

standards of BPG supplied by international agencies (such as the Global Fund to Fight AIDS,

Tuberculosis, and Malaria), it has invited manufacturers to apply for WHO pre-qualification.
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Demand-side measures include prioritizing appropriate syphilis treatment and strengthening

national BPG forecasting and procurement systems.

®
O
S

Antimicrobials are used to cure infections in people, animals, and plants by killing or

2.9 Antimicrobial Resistance

preventing the growth of bacteria’®. Each antimicrobial kind @tﬂ '}distinct anatomical
feature or physiological function unique to its target bagte&lv% ntimicrobials can either be
wide, focusing on a characteristic that all membe Xoup of bacteria share, or narrow,
influencing a characteristic that is e><clus.iV§:\a one or a few species within a group.
Antimicrobials that work well against ne@_e}es or group of organisms do not work as well
when applied to another species or that does not possess the targeted characteristic”.
Antimicrobial resistance (AI\N is a global issue that has detrimental long-term
repercussions due to the t 2t antibiotic resistance is developing more quickly than new
treatments are be‘ii‘ Qeloped. Although STIs caused by antibiotic resistance are a global

public hea@em, front-line healthcare professionals frequently fail to recognize their

signi@@

According to the World Health Organization's (WHO) first general global report on
antimicrobial resistance, antibiotic resistance isn't just a concern for the future; it's already
happening everywhere. Since no significant new antibiotics have been developed in the last

30 years, this is even more concerning. Furthermore, this report specifically notes decreased
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susceptibility in 36 countries and treatment failures owing to resistance to extended spectrum
cephalosporins, the last-resort treatments for gonorrhea, in 10 countries. Control of
gonococcal infections was given priority in the World Health Organization (WHO) policy
report on STIs, in part due to the threat of diseases that would become incurable due to
medication resistance®. Other prevalent STIs have also been linked to treatment resistance,
many of which can lead to silent illness and contribute to the spread of %g%sistant
organisms worldwide®!. Numerous promising antibacterial treatmen.\g d become
worthless due to the quick rise in antibiotic resistance®?. A bacteriur&:ggacity to endure the

effects of antibiotics is referred to as bacterial resistance. The '@hty of medicines to treat

infectious diseases for which they were intended is a d&%ﬁping global issue known as

antibiotic resistance. @

Now that the WHO has warned that the v@a\i‘}'ﬁmning out of antibiotics," concerns about
the rise of antibiotic resistance world@are intensifying. Antimicrobial-resistant microbes
have recently presented a sigﬂ%g‘ challenge to the management of clinical contagious
disorders, leading to a pr Ve rise in the incidence of hospital acquired infections®. As

bacterial infections‘arege of the main causes of sickness and death, antibiotic resistance

continues tosr@lobally, putting the ability to treat common infectious diseases at risk.
itsMli

Because 6

antibioti€ resistance is an important concern in health care®.

kelihood to spread globally and the resulting shortage of therapeutic options,

A genetic mutation that dramatically affects a pathogenic microbe's morphology or
physiology giving it the ability to avoid or resist the effects of an antimicrobial drug is what
causes AMR, a natural process®. The resistance to antibiotics, happens when bacteria

develop a resistance to antibiotic medication. Because of this, the resistant strain sustains
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exposure to the antibiotic while other strains do not have this mutation. The resistant
microorganism can then reproduce and divide, passing on the genetic advantage. In some
cases, horizontal gene transfer between species can also occur®®. An infected person or host,
whether human, animal, or plant, can transmit their anti-microbial-resistant strain to others
by direct or indirect transmission, such as through food products, the environment, or direct
contact between animals and humans®’. Over time, the resistant strain dominateélj@species,
rendering the antimicrobial drug largely useless. Inhibiting particular anti .'OIQ%I pathways,
such as cell wall construction, nucleic acid synthesis, ribosome ac&tx, protein synthesis,
folate metabolism, and cell membrane function, frequently @m in the development of

Q

antibiotic resistance®. .

>

Because they are available over the counter, wit @prescription, and through unregulated
supply chains, antibiotic misuse is m e.%% in developing nations®. Poverty is a
significant root cause of antimicrob@age in developing countries, and noncompliance
with antimicrobial use has Varidvi%%cts on resistance®. However, even among the wealthy,
some patients miss dos ifitentionally or on purpose, particularly when signs and
symptoms start to f@r n initial positive therapeutic response®!. Other times, such when
a severe sid f@&ccurs, people stop taking their medication only to end up in the hospital
again wi%a eoccurring illness caused by a more virulent and resistant strain of the

microoxganism®2, These efforts expose remaining organisms to sub-therapeutic levels of

antibiotics, increasing the likelihood that they may develop resistance.

In developing nations, where people frequently obtain antibiotics without a prescription and
through uncontrolled supply chains, self-medication is a popular practice®>.Threats posed by
gram-negative and gram-positive resistant bacterial strains have pushed researchers to look
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into new antibiotic classes and cutting-edge methods to combat the issue of resistance®. If
prompt and proactive action is not taken, we are quickly moving into a post-antibiotic world

in which routine diseases and minor wounds can once again be fatal.

EffiLe purmp -/5%
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Figure 1.1. Antimicrobial resistance mechanisms®>

2.10 Bacterial Isolates

&

0

Bacteria, viruses, fungus, and protozoa are all considered microorganismsy sometimes known

. L . . 3 .
as microbes. They can be found in either a commensal (which @wt cause disease) or

pathogenic (which causes infection) connection with hu@nimals, plants, water, soil,

and the air. Q}Q\
2.11 The Bacteria ° &
M

The simplest, oldest, and most preval%" rm of life on earth is bacteria. Additionally, they
are the only species having pro‘tﬁwqdc cellular structure. Bacteria were widespread for more
than 2 billion years befor: atyotes first formed in the Earth, and they are still present in
the earliest rocks f@c fossils have been found, which 3.5 to 3.8 billion years old are.
Early oxygen- cing photosynthetic bacteria (cyanobacteria) changed the earth's
atmos h% résulting in a high level of bacterial and eukaryotic diversity. Both production
and ching of the materials necessary for all other life-forms depend heavily on bacteria.

Only bacteria are capable of fixing nitrogen from the atmosphere.

There are currently 5000 known types of bacteria, but there are undoubtedly many thousands
more that need to be properly identified. The structural variations between various bacteria

are negligible even when seen under an electron microscope in comparison to other groups of
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organisms. Since morphological distinctions between bacteria are so negligible, the majority
of bacteria are categorized according to their metabolic and genetic traits. Because the
features of these organisms frequently change depending on their development conditions,

bacteria can only be accurately classified when they are cultivated on a specified medium.

On Earth, bacteria are omnipresent and coexist with eukaryotes. Numerous othe@grsher

settings would be fatal to any other type of life. Yet, bacteria can survive in of these.

Bacteria can survive in settings that would kill most other species, suf:%hot springs that

would roast other organisms, hypersaline environments that wou\ “out other cells, and

atmospheres full of deadly gases like methane or hyég% sulfide. These hostile

environments resemble those on the early Earth, w e@rst emerged, perhaps. Bacteria
S

most likely developed the ability to live in these% ging environments early on and have

continued to do so even as the rest of the(enw)\xl ent has changed. Antibiotic residue-filled
environments impose selective press aid in the emergence of microorganisms that are

resistant to antibiotics. Numerﬁv dies have concentrated on antibiotic-resistant bacteria

that are frequently grown i Oratories due to the possible health concern.

G
2.11.1 Staphyloc& aureus
Q

Staphylocgc is a gram positive, non-motile organism that is both a commensal bacterium
and@nan pathogen. This group of organisms are often fastidious, facultative anaerobes
without spores, observed under the microscope in clusters, pairs, and occasionally short
chains. S. aureus colonizes about 30% of the population of people®®. Staphylococcus aureus
is a pathogen that colonizes the skin and mucous membrane of the anterior nares,

gastrointestinal tracts, perineum, genitourinary tracts, and pharynx. It is widespread,
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adaptable, and extremely contagious®’. It is the cause of a variety of illnesses in both humans
and animals that have a serious effect on public health. Significant public health implications
were presented by host specialization, the capacity to acquire and lose virulence and
resistance genes, as well as the possibility for zoonotic transmission®®. Clinically, S. aureus is
the most dangerous staphylococci member and the cause of a wide range of illnesses,
including food poisoning, endocarditis, necrotic pneumonia in children, and sl@&gtions
(such as folliculitis, furuncles, impetigo, wound infections, and scalde i ndrome)”,
Soft-tissue infections, toxic shock syndrome, purpura fulminans, endecarditis, osteomyelitis,
. ‘
food poisoning, and urinary tract infections are a few exam %medical conditions. A
research of a cohort of individuals visiting a sexually @%ﬂiitted infections (STI) clinic

described other body areas of Staphylococcus colo@& including the vaginal area!®.

Infertile couples' semen cultures had a pr@e\@f 75% and high vaginal and endocervical
swabs had a prevalence of 38.7% S. @101. S. aureus was shown to be the most common
vaginal pathogen (57.33%) aﬁ@@ocal infertile women, followed by Escherichia coli
(25.33%), according to a Study!®2. The presence of genes for antibiotic resistance such
mecA, vanA, staphyloceecal exotoxins, and others that promote the onset of the disease
process, im u@(’asion, and host tissue damage are what contribute to the disease's
severitme > aureus (28.1%) and S. saprohyticus (13.9%) were the most prevalent
patho discovered and have detrimental effects on sperm motility and morphology in a

research of a total of 140 sperm samples obtained from the University of Benin Teaching

Hospital'%4,

Increased rates of community-associated (CA)-MRSA infection have been reported among
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HIV-positive people'™, sexually active males who have sex with men (MSM), and people
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who engage in high-risk sexual practices (as indicated by improper or infrequent condom
usage). However, the pathogenic staphylococcal infection has considerably increased over
the past 20 years due to an increase in infections linked to healthcare and caused by strains
that are resistant to antibiotics!®®. The emergence of antibiotic resistance in S. aureus was
first noted in the middle of the 1940s, when a strain of the bacteria produced penicillinase, a
hydrolyzing enzyme that allowed it to resist penicillin'®’. Public health is particﬁ?y%at risk
due to the sharp increase of antibiotic-resistant bacteria. MRSA stan 1 ethicillin-
resistant S. aureus, a type of bacteria that has the capacity to ﬁit%lstand all B-lactam
medications, including penicillins and cephalosporins. A nm&@ye gene that codes for a

enicillin-binding protein (PBP2a) with a markedly redu gﬁnity for B-lactams is typically
p g 9\

acquired to confer resistance. @
Since only patients and medical staff w@%’ exposed to these resistant strains, they

were given the label nosocomial assc@d penicillin resistant S. aureus. However, resistant
strains that were not clearly "N k%) to the hospital strains' risk factors were eventually
discovered among comm members. As a result, from the late 1940s to the early 1960s,
penicillin resistanc@ ethicillin, a semi-synthetic homologue of penicillin, was then
introduced into @ts as a preferred medication for the management of S. aureus infection!%,
Howevergit in a year of its debut as a preferred strategic medication for the treatment of S.
aureusNinfection, methicillin resistance in S. aureus was reported. Community-associated
methicillin-resistant S. aureus (CA-MRSA) colonization and infection have become more
common worldwide since the 1990s!%. The development of a genomic island containing the
mecA methicillin resistance determinant is the cause of methicillin-resistant S. aureus

(MRSA). Consequently, many critically necessary antibiotics' therapeutic effectiveness is
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decreased, and the length of hospital stays is increased'!?. This is a follow-up to the discovery
of a methicillin resistance gene that codes for a penicillin-binding protein that is less

susceptible to all beta lactam antibiotic classes'!!.
2.11.2 Candida specie

A yeast fungus called Candida is a component of the human muco-cutaneous ﬂ&&ncﬁda
albicans, glabrata, tropicalis, stellatoidea, parapsilosis, catemilata, cife .r\ fliermondii,

'}

haemulonii, kefyr, and krusei are a few of the 200 or more species %{ exist. In 20-50% of
n$ Candida species''?.

healthy, asymptomatic women, the lower vaginal tract flora é%%'!
75% of women get vaginitis at least once in their lifetim%g:l&h Candida being the primary
cause''®. A fungal infection of any species from (.@’%\Candida (one genus of yeasts) is
known as candidiasis, thrush, or yeast infwﬁ@The most typical cause of candidiasis in
humans is Candida albicans. In vagin s;gﬂ}ens, non-albicans including C. glabrata and C.
tropicalis are also present!!'?, Acc@g to reports, women on broad-spectrum antibiotics,
pregnant women, those with M‘[es, and women living with HIV/AIDS had increased
°

carrier rates!!’>. The ma@t od of transmission involves sexual behavior as well as non-

sexual contact sg&hca) handling contaminated medical supplies, wearing or exchanging

garments by%%ers, and others''®,

Seve ther factors, such as pregnancy, the use of oestrogen-rich medications and oral
contraceptives, uncontrolled diabetes mellitus, prolonged use of broad-spectrum antibiotics
that destroy good and beneficial bacteria, allowing yeast overgrowth, poor dietary practices,
and poor personal hygiene, can also be linked to an increased rate of C. albicans colonization
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of the vagina''’. Many medical professionals think that nylon underwear and tight, insulating
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garments make women more susceptible to vaginal candidiasis by raising the perineum's
temperature and moisture levels. A study of African women found that those who wore tight
clothing had a higher prevalence of Vulvovaginal candidiasis caused by Candida albicans

than those who wore loose clothing!!®

. Douching, constantly wet vulva from tight clothing,
chemicals coming into contact with the vagina from scented tampons, poor personal hygiene,

and prolonged use of antibiotics that kill the benign and beneficial bacteria thaéﬁik%w yeast

overgrowth are additional physical factors that can cause genital tract infe b@@

Candidiasis includes a variety of infections, from minor illnesls)@)kg vaginitis and oral
thrush to more serious, sometimes fatal conditions'?. C%@sis can also affect male
genitalia and is a fairly common cause of vaginal 's@t (vaginitis)'?!. In 85%-90% of

VVC instances, it is solitary!?2, Recent investigation$=¢vealed that non-albicans Candida are
now regarded as pathogens due to the rise(rit)@quency with which they are isolated from
clinical specimens. Symptoms inclu@in or soreness in the vagina, discomfort during
sexual activity, pain or discﬁ@@ when peeing, and abnormal vaginal discharge'?’.

Although most cases of \@gﬂcandidiasis are minor, some women might develop serious
\%

infections characte@g

To contind%lglng within the host and spread disease when the chance presents, C.

ginal wall fissures, edema, and redness'?*.

albi Azole-based medications are often used to treat Candida infections. '?°. . The
level of resistance to these medications is rising, though. Fluconazole is inherently resistant
to several Candida species, such as C. glabrata and C. krusei, and most fluconazole-sensitive
isolates of C. dubliniensis encode multidrug transporters that cause fluconazole resistance

during clinical therapy'?’. Since speciation and antifungal susceptibility testing of Candida
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isolates are not frequently performed for clinical purposes, this is mostly due to the use of

over-the-counter (OTC) medications and empiric regimens to treat these infections!?,
2.11.3 Escherichia coli

One of the most common species discovered in human semen and genitourinary diseases,
particularly epididymitis, is Escherichia coli. '*. Closely connected hosts, such&s and

romantic partners, frequently share E. coli strains, whether they are df%&r not'3%, Tn

communal settings, uropathogenic Escherichia coli (UPEC) can be sexually transmitted and,
'}
%y

L ]
in the absence of sexual interaction, can also be spread amor%é'h members!3!. These

N\

organisms were considered relative aetiologies for. %Qsﬁ/mptoms the patients were

experiencing because they (together with Lacta@ have previously been linked to

urinary tract infections with unusual symptom%

Infection with one of these pathoty %@an cause enteric/diarrheal disease, urinary tract
infections (UTIs), and sepsis/r@is, three main clinical syndromes. Enteropathogenic E.
coli (EPEC), enterohaern&%agic E. coli (EHEC), enterotoxigenic E. coli (ETEC),

enteroaggregative @ EC), enteroinvasive E. coli (EIEC), and diffusely adherent E.

coli (DAEC) a@w six well-defined groups of intestinal pathogens'**. EXPEC is the new
hes

name for E

resist genes on the chromosomes, synthesis of  -lactamase, and extended range B -

. coli pathotypes linked to extraintestinal infections'**. R-factor on plasmids,

lactamase enzymes are among the factors frequently causing E. coli resistance!3>.
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2.11.4 Klebsiella pneumoniae

Since its discovery in 1883 by German pathologist Carl Friedldnder, who later gave it the
generic name Klebsiella in honor of German bacteriologist Edwin Klebs!3, It is a Gram-
negative, non-motile, encapsulated, lactose-fermenting, facultatively anaerobic, rod-shaped
bacillus of the Enterobacteriaceae family that grows as a mucoid lactose fenp\ r on
MacConkey agar'3’. Using classifications from the Centers for Disws@trol and
Prevention, the site of infection associated with the bacteremia was ide‘n%d as pneumonia,
urinary tract infection, meningitis, incisional wound infectiony d@s’éft tissue infection,

intra-abdominal infection, and primary bloodstream infectioréz&%

S

One of the agents that can cause bacterial Va@ Klebsiella pneumonia, which is
multiresistant to medicines, particularly . bﬁactam drugs'*®. K. pneumonia is an
opportunistic pathogenic bacteria that s@conﬁrmed by bacteriologists to infect people
of all ages. It is also one of the @eomial pathogenic agents that can easily grow and
multiply in a variety of enviroMs, including soil and hospitals, and is the primary cause
of urinary infections w&, ?1d burns'¥’, High morbidity and death rates from Klebsiella

infections point organism's virulence characteristics, as well as its high level of

antibacterid@resistance that is encoded on several plasmids!4!.

Q

Acco to numerous studies, K. pneumoniae is capable of producing widely distributed
beta-lactamases that may withstand a variety of antibiotic actions by using a variety of
resistance mechanisms'¥?, Bacteria have developed highly effective methods for clonal
expansion and the distribution of resistance characteristics, and they employ a variety of

ways to evade the effects of antimicrobial drugs'#’. The prevalence of the resistant organisms
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is now a global issue, and there are few effective treatment options available!#*. Testing to

identify which antibiotics will treat this infection is necessary because the recommended

treatment changes as the organism develops resistances, making it difficult to treat K.

prneumoniae infections due to the emerging resistance to traditional antibiotics that were once

effective against them.'®, %

2.12 Antibiotics . Qb)&\
S

The word "antibiosis," which means "against life," was used to cr&%}th name antibiotic.
'}

Antibiotics used to be thought of as chemical molecules made P@% e of bacteria that are

poisonous to other microorganisms!46, A chemical produc%%)a single microorganism or of

biological origin that, at low concentrations, can b@%e growth of or be harmful to other

bacteria was the original definition of an antk’%&ic because of this idea!*’. Modern times

have changed this concept to also &Q@) antimicrobials that are partially or entirely
>

manufactured synthetically. Q)

While some medicines cam%aﬂy eradicate other germs, others can just stop their growth.
Bacteriostatic subsfances) prevent bacterial growth, whereas bactericidal substances kill
bacteria!*®, e@m the fact that the term "antibiotic" often refers to an antibacterial,
antibiotic_compounds are classified as either antibacterial, antifungals, or antivirals
depen% on the type of microorganisms they combat!'%’. Penicillin was accidentally
discovered in soil-dwelling fungus Penicillium notatum in September 1928 by late English
bacteriologist Sir Alexander Fleming. Its discovery was first reported in 1929, and the first

human clinical trials were conducted in 1940!°,
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2.12.1 Classification of Antibiotics

Because there are exploitable metabolic variations between the organism and the host, it is
possible to create chemotherapeutic drugs that are toxic for infectious organisms but safe for
the host!!. This results in many antibiotic classes that act on various metabolic targets and

N

aminoglycosides), block the creation of cell walls and nucleic acids (such a; -lactams),

pathways. These include agents that stop the production of bacterial protei h as
and damage the structure of cell membranes (such as polymyxins)‘.%ere are various
classification categories for antibiotics, but the most popular @;ére based on their
molecular makeup, modes of action, and range of ac‘[1V1‘[y15 '@ers include the method of
administration (oral, topical, and injectable). It i % 1 for antibiotics from the same

structural class to exhibit a similar pattern of y, toxicity, and allergic-related side

effects. C;\\‘

The first significant antibiotic, "pe@hn was discovered and developed in the 1920s. It
was then introduced into the hlm health care system in the 1940s, and it has since changed
how bacterial infection&n '\aged and combated!>. Antibiotics' antibacterial activity isn't
quite completely& tve, though. While combating pathogenic bacteria, they also combat
the benefnﬁ@crobiota that all humans require and possess, such as those in the
gast al tract'>*. Therefore, the prescription and administration of any given antibiotic
is based on the total intended benefit while taking into account the associated negative effects.
Because of this, it is essential to comprehend the mode of action of any antibiotic before
introducing it into our system for delivering healthcare, and current molecular biological
techniques have greatly contributed to clarifying our understanding in this regard. Based on
their chemical or molecular composition, the following kinds of antibiotics are frequently
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used:  Beta-lactams, Macrolides, Tetracyclines, Quinolones, = Aminoglycosides,

Sulphonamides, Glycopeptides, and Oxazolidinones!.
2.13 Antimicrobials and Antibiotics

Antibiotics, which fight bacteria and treat bacterial infections, are a type of preventive
medicine. Antibiotic resistance is created when bacteria alter their forms in %&se to
frequent antibiotic use. Generally speaking, antimicrobial resistance t(‘)%&kgg?ns used to
treat diseases brought on by other bacteria like parasites, viruses, and ;r;u gus like Candida
and malaria. Hence Antimicrobials are one of the few trea@is available for severe
bacterial infections in humans, and they play a signiﬁc%@e in human medicine. If left
untreated, serious infections are likely to cause cq% le morbidity or fatality. Multidrug
resistance is also a result of illnesses that al@ted to the site of the infection, such as
pneumonia or meningitis, or the h t,Qﬁh as a newborn or an immunosuppressive
medication. The use of such antib@&agents is maintained because the decline in their
efficacy brought on by the evoM of resistance has a substantial negative impact on human
health, particularly for 2 have infections that pose a serious risk to their lives. These

are the treatmeng\o) iens for major bacterial infections in humans, which are crucial to

human me@ Untreated infections could result in substantial morbidity or fatality.

Mu@sistance could also happen occasionally.
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Figure 2.2 Classes of antibiotics/antibacterial agents and their modes of action on bacteria!>6

AL
&
%
2.13.1 Antibiotics Targeting Cell Wall

. \ N
The cell wall of bacteria is comprised of peptidoglycan, wh@composed of long sugar
polymers. Transglycosidases work on the peptidoglycan @%ﬁs—link the glycan strands, and
the peptide chains extend from the sugars in the p@o create linkages from one peptide

to another'’

. In the presence of penicillin;bj@ proteins (PBPs), glycine residues cross-

link the D-alanyl-alanine part of the p& chain'®, The cell wall is strengthened by this

cross-linking. Glycopeptides ar@%bms prevent the production of cell walls.

e Beta-Lactam Anti s'- The PBPs are the main targets of B-lactam drugs. It has
been propo@t e D-alanyl D-alanine section of the peptide chain, which is
typ@nd by PBP, is mimicked by the B-lactam ring. PBP interacts with the [3-
la@m ring and isn't used in the production of fresh peptidoglycan. The lysis of the

cterium is caused by the rupture of the peptidoglycan layer.

e Glycopeptides bind to the D-alanyl D-alanine part of the peptide side chain of the
precursor peptidoglycan subunit. Vancomycin, a potent antibiotic, stops this D-alanyl

component from binding to the PBP, hence inhibiting the formation of cell walls'>°.
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2.13.2 Inhibitors of Protein Biosynthesis

First, a process known as transcription uses the information in bacterial DNA to create a
messenger RNA (m-RNA) molecule. Then, a process known as translation creates the
proteins found in m-RNA using the macromolecular structure known as the ribosome.
Ribosomes and cytoplasmic factors help to catalyze the synthesis of proteins. Th and
50S subunits of the ribonucleoprotein make up the bacterial 70S ribosome!’. %S or 50S

component of the bacterial ribosome is the target of antimicrobials“%prevent protein

production'¢! . %'\
S

e Inhibitors of the 30S subunit - AminoglycosidQQAGs) are positively charged
molecules that bind to the negatively charg@%to produce huge holes, which then
allow antibiotics to enter the bacteriu e bacterial ribosome is the major target of
the action; in order to enter,&m pass through the cytoplasmic membrane,
requiring an active, energz)%pendent bacterial transport mechanism that needs
oxygen and an active ;Nl motive force. Due to these factors, AG are ineffective
against anaer b@; and only function under aerobic circumstances. Since these
AG allow&iﬁ

in @%&with antibiotics that block the formation of cell walls (such as -lactam and

her penetration of AG within the cell and at low dosages, they work

peptides). Through hydrogen bonds, AGs engage with the 30S subunit's 16S r-
RNA close to the A site. They result in mRNA translation being misinterpreted and
ending too soon. Tetracyclines, such as tetracycline, chlortetracycline, doxycycline,
or minocycline, act upon the conserved sequences of the 16S r-RNA of the 30S

ribosomal subunit to prevent binding of t-RNA to The Site!®2,
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e Chloramphenicol is one of the inhibitors of the 50S subunit and interacts with the
conserved regions in the 23S r-RNA's peptidyltransferase cavity. As a result, it
prevents t-RNA from binding to the ribosomes A site, inhibiting the production of

proteins. '3,

e Macrolides target the conserved sequences of the peptidyltransferase core‘@e 23S
r-RNA of the 50S ribosomal subunit to alter the early stage of .pr synthesis,
known as translocation'®. As a result, incomplete peptide s prematurely
separate. Streptogramin B, macrolides, and lincosamidb@f%ibit a comparable

mode of action. QQ;&%

e Oxazolidinones: Linezolid, a member of 4his %p’s innovative class of antibiotics
that is entirely synthetic, was juste @ly approved. Several phases of protein
synthesis are disrupted by oxy%gdonesz both (i) bind to the 50S subunit's 23Sr
RNA to reduce protein syr@‘s, and (ii) block 70S inhibition via interacting with

peptidyl-t-RNA!,

"
2.13.3 Inhibitors @5@ %eplication

W\

Fluoroquin% FQ), a type of quinolone, prevent the bacterial DNA gyrase enzyme from

nicki ble-stranded DNA, adding negative supercoils, and then resealing the nicked
ends. When the strands separate to enable replication or transcription, this is required to
prevent excessive positive supercoiling of the strands. Two A subunits and two B subunits
make up the DNA gyrase. The DNA is cut by A subunit, B subunit adds negative supercoils,
and A subunit subsequently reseals the strands. The FQs interfere with the A subunit's ability
to cut and reseal strands by binding to it with a high affinity. Topoisomerase IV is a

49



prominent target of action in Gram-positive bacteria because it nicks and separates the
daughter DNA strand following DNA replication. Greater potency against Gram-positive
bacteria might result from greater affinity for this enzyme. Mammalian cells lack DNA
gyrase or topoisomerase IV in favor of topoisomerase II, which has a low affinity for FQ and
is therefore less hazardous to cells'®®. %

>
&

2.13.4 Folic Acid Metabolism Inhibitors QO

D
Both sulfonamides and trimethoprim block different processes in the et: lism of folic acid.
Combining trimethoprim and sulpha medications, which operagﬁg\%a'ous points along the
same biosynthetic pathway, results in synergy and a @ate of resistance mutation.
Sulfonamides have a higher affinity for the en@%an the natural substrate, p-amino
benzoic acid, and inhibit dihydropteroate synt@n a competitive manner. Trimethoprim is
an agent that works later in G&Qy)}wtion of folic acid and inhibits the

dihydrofolatereductase enzyme!®’. Q‘)b»
2.13.5 Prevention of Accm%la,tion of Antimicrobials

In order to do thi&} the absorption or efflux of the antibiotic from the cell must be

increased. Q

e Modifications in Outer Membrane Permeability - Drug molecules can enter a cell
%’ough self-uptake, diffusion through porins, and diffusion through the bilayer. The
OM of Gram-negative bacteria houses the porin channels. Only porins allow tiny

hydrophilic compounds (such as -lactams and quinolones) to pass through the OM.

Because there are fewer porin channels, less -lactam and FQ antibiotics enter the cell,
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which increases resistance to these antibiotic families. Low-OM permeability is the

cause of Pseudomonas aeruginosa's acquired resistance to all antibiotic classes.

e Efflux pumps - Membrane proteins that maintain low intracellular concentrations of
antibiotics while exporting them from the cell are known as efflux pumps'®. Before
these antimicrobials reach their target, efflux mechanisms pump them out of‘&e cell
again at the same rate at which they enter'®. Unlike porins, which are % d in OM,
these pumps are found in the cytoplasmic membrane. All types (@%cs, with the
exception of polymyxin, can cause the activation of ef stems!”°. Antibiotics
may be specific to efflux pumps. The majority of the%&%‘nultldrug transporters that
may pump a variety of unrelated antibiotics, 1r}$ﬁ€bng macrolides, tetracyclines, and

FQ. As a result, they greatly aid in Qevelopment of multidrug resistance

organisms!’!, Cj\\‘

e Modification of the Target @cule - A frequent mechanism of resistance involves
natural variances or acq}{é changes in the target sites of antimicrobials that inhibit

'\
drug binding. '@ ite modifications frequently result from a bacterial gene's

chromoso% ntaneous mutation. Minor changes to the target molecule can have a

sigﬂ@impact on antibiotic binding since antibiotic interactions with targets are

@ally extremely selective.

o A change in the ribosome's 30S or 50S subunits causes the body to become
resistant to medications that interfere with protein synthesis, such as
macrolides, tetracycline, chloramphenicol, and AGs. To inhibit protein

synthesis, AGs bind to the 30S ribosomal subunit, whereas chloramphenicol,
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macrolides, lincosamides, and streptogramin B bind to the 50S ribosomal

subunit!72,

PBP Alteration - The synthesis of B-lactamases is a preferred mechanism for
the development of resistance to Gram-negative bacteria, whereas the
modification of the PBP is a preferred strategy for resistance to Gra itive
bacteria. Penicillin-binding protein mutations cause a decrease 'i'lty for -
lactam drugs. This process explains why Streptococf’%«eumoniae and
Enterococcus faecalis are resistant to penicillin a sicillin, respectively.
The insertion of a mobile genetic elementé@ "staphylococcal cassette
chromosome mec" into the chro s@, of Staphylococcus aureus that
contains the resistance gene mec Iso linked to Staphylococcus aureus'
S

resistance to methicillin @

penicillin-binding pro é-PBP2a, which is necessary to alter the native

lin.'”3. mec A gene produces the novel

staphylococcal @BP% has strong B-lactam antibiotic resistance. All -
lactam antibietiCs, streptomycin, tetracycline, and in certain situations,

erythromyein”can be used to treat S. aureus strains that are resistant to

; \@N’cillinm.

QQ

Modified peptidoglycan precursors - Glycopeptides, such as vancomycin or
teicoplanin, can impede the formation of cell walls in Gram-positive bacteria
by binding to D-alanyl-D-alanine residues. As a result of the conversion of D-
alanyl-alanine to D-alanyl-lactate, glycopeptides become resistant to them
since they are unable to cross link with them.!”>. The strains of E. faecalis and
Enterococcus faecalis are highly resistant to teicoplanin and vancomycin (Van
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A-type resistance). Van B and Van C type resistance exhibits vancomycin

resistance but is teicoplanin susceptible!7®.

o Quinolones bind to the DNA gyraseA subunit, which causes mutated DNA
gyrase and topoisomerase IV to cause FQ resistance. DNA gyrase and
topoisomerase IV, which are both encoded by the genes gyr A and and
par C and par E, are modified as part of the resistance proge éQ cannot

bind as a result of replication failure caused by mutatioﬁ%}e genes gyr A

and par C. -%\\ﬂ"

o Tetracycline resistance-imparting ribosoma,LRg%ction mechanisms.

o RNA polymerase mutations that pr@ rifampicin resistance.

2.14 The Application of Herbal Coq%@ti}}s as Antimicrobial Agents

Because they can provide pro ec% molecules and combinations of bioactive substances
that can be utilized, herbal 'xi;%res have the potential to be therapeutically advantageous in
the management of @%ﬂs”g.lnfectious infections cause close to 50,000 deaths per day
worldwide. Mic%{ganisms that can thrive in warm, wet, dark areas of the human body, such
as the mouth~and anus, are what cause infectious diseases. Such infections are still a serious
glob@a?th issue!”. Sexually transmitted infections (STIs) are the most deadly infectious
disorders, and they are brought on by aberrant commensal microbial overgrowth!sC,
Infectious disorders brought on by microorganisms are becoming more prevalent, especially

in the majority of developing nations. The health care industry has paid close attention to the
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hunt for natural antimicrobial agents due to their perceived efficacy, safety, and lack of

adverse effects!8!.

This is due to the fact that the historically utilized medicinal herbs have demonstrated
pharmacological activity'®?. Plant extracts and their active components are used extensively
in therapeutic medicine!®®>. Based on their antibacterial properties, medicinal p have
been the subject of a number of reports. In recent years, many formulations o & mically
discovered chemicals and physiologically active molecules from plaﬁ%lacts have been
suggested for commercial usage!4. This may be due to the way thh@Su'Pal products interact
with infections to prevent or minimize damage to other é@ molecules or the host's
function'®>. There is a need to create and conductﬁ% ic research on new antibacterial

186

agents with unique modes of action as the preval infectious diseases rises

Despite the fact that pharmaceutical %rgduons have created a variety of antimicrobial
medications, the rise of microorg@! resistance to these drugs remains a serious issue.
Antimicrobial resistance affects\‘ug supply of antibiotics used to treat and enhance human
health'®’. Utilizing antil@r ?stance inhibitors derived from plants is one way to decrease
antibiotic resistaqﬁ t has been observed that antimicrobials derived from herbal extracts
have the pﬁ%@g‘to be effective treatments for infectious disorders'®.Many variables, such
as i e or improper therapeutic therapy or a high prevalence of disease coupled with
an inability to start prevention initiatives, can lead to the development of resistance to the

antimicrobial drugs'®. The misuse of antibiotics can potentially contribute to antibiotic

resistance.
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It is well known that herbs create a variety of chemicals to defend themselves from
infections. Therefore, it is anticipated that herbal extracts exhibiting target sites in addition to
those used by antibiotics will be effective against infections that have developed resistance to
those drugs!”!. Herbs having chemicals that could be used to make novel antimicrobial
medications should either prevent or stop the growth of bacteria and have a low or
nonexistent toxicity toward host cells!®?. The herbal mixtures investigated in t%»}ﬁ?diy are
those perceived to have antimicrobial properties based on the studied an .‘fs?@uses of the

'\
herbal mixes under investigation in this study are those that ar}@t ht to have antibacterial

herbs, in Nigeria. Based on research and traditional applications of t%plants in Nigeria, the
g

characteristics. Therefore, the objective of this experiment&%&’ to find those herbal extracts

that can prevent the growth of particular microbes@comes of this screening could be a

useful tool in the search for an effective mefh@&reating sexually transmitted illnesses.
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Chapter Three
Methodology
3.1. Purchase of Herbal Mixture

Six different herbal mixtures (three NAFDAC registered ones and three unregister%ones)
acclaimed to be used for STI treatment namely, Bakaida Flusher, Weakfles @e Parts
(WPP) mixture, Prebens General diseases herbal tonic, Legend S‘@%l Mixture,
Kambest STD Infection Flusher and Med Bunch STD Eradiqa@?'ﬁrbal Mixture were
purchased from different Health and Wellness stores in &&\l, Oyo state. The herbal
medicines were labeled samples A to sample F (Table :&% stored at specified temperature

on the label until use. &
3.2. Source of Test Isolate ( \)

Pure stock cultures of four test rg%y%s were collected having confirmed with biochemical
tests and obtained through hi}l:;inal Swab (HVS) from the microbiological laboratory of
University College @%UCH), Ibadan Nigeria. The organism includes Staphylococcus
aureus, Candid%@ican, Klebsiella pneumoniae and Escherichia coli. The Mueller Hinton
agar slope were streaked with a sterile inoculation loop to freshen all microbial stock cultures,
whic@re then kept at 4°C. The organisms were then subcultured using the streak plate

method in freshly prepared petri plates. Each of the strains were subjected to pathogenicity

test to confirm that they are pathogenic strains of the microorganisms.
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3.3. Preparation of Herbal Mixture

To avoid contamination, the herbal preparations' sealed bottle was cleaned with 70% ethanol
before being opened. The sterile mixture obtained were preserved in sterile universal bottles
and frozen at 4°C. Every assay were carried out in a sterile setting. Each of the concentrate
were then diluted to various concentration starting from 100mg/ml to 66.7rng/m‘1{@1g/ml
and 40mg/ml. Afterwards, they were tested for their antimicrobial potency o @ollowing
bacterial isolates: Staphylococcus aureus, Candida albican, Klebsie \eumoniae and

Escherichia coli. In the fifth well, distilled water served as the cmﬁﬁ"

S
&>
$

3.4. Ethical Consideration .

Research authorization was obtained from Un@y College Hospital (UCH), Ibadan

Nigeria. C:)@
>

3.5.  Preparation of Media Q)(b,,

MacConkey and Muller tqn agar were prepared according to the manufacturer's
recommendations, @%zed at 121°C for 15 minutes at a pressure of 151 b/sq inch. The
medium was all%ql to cool to about 47-50°C before pouring into sterile petridishes and left

to solidify'. Tt.was stored in the refrigerator for subsequent uses.
3.6. Qntimicrobial Activity Evaluation of the Herbs

Each herbal mixture extract's antimicrobial activity was evaluated using the agar well
diffusion method. Pure isolate cultures were emulsified in peptone water, and the suspensions

were compared to a McFarland standard of 0.5. After coating the Nutrient agar plate with
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0.1ml of the standardized suspension of the test organisms to evenly cover the surface, the
plate was allowed to dry for 15 minutes. A sterile 6mm cork borer was used to aseptically
create five wells on the nutritional agar plate, with the fifth well serving as a control. Using a
sterile automatic micropipette, S0ul of each local herbal mixture in concentrations ranging
from 100 mg/ml to 66.7 mg/ml, 50 mg/ml, and 40 mg/ml were applied differe.ntl%fo the

wells of various plates. Distilled water was put to the fifth well to serve asé&egaﬁve

control. ,%\QO

The petri plates were labeled, incubated at 37°C for 24 hours, a% 'sleft to stand for 30
minutes at room temperature to allow the appropriate diffl@%f the herbal combination.
The test bacteria's sensitivity to each extract was i d@ by distinct zones of inhibition
surrounding the wells. Using a transparent 30 ﬁer, the diameters of the clear zones
surrounding each well were measured?. T@\;gccuracy and reproducibility of results, the
tests were run twice. The minimum @wy concentration needed to totally suppress a test
organism for up to 48 hours owqb)ation, also known as the lowest concentration that can

significantly reduce inom@ﬁbility by more than 90% was recorded?.

3.7. Antimic lgl’gusceptibility Test of Bacteria with Conventional Antibiotics

Q

The isola@ re tested for antimicrobial disc susceptibility using the Kirby-Bauer technique
on I@ made Mueller-Hinton agar®. The suspension's turbidity was compared to the 0.5
McFarland standard after pure isolates were emulsified in a small amount of peptone water.
On the agar plate, 0.1ml of the suspension was applied. Disk diffusion method was used to
test for antibiotic susceptibility using antibiotic discs (Gram positive and Gram negative)®.

Using sterile forceps, commercially available antibiotic discs were aseptically inserted on
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each of the inoculated petri dishes. All susceptibility testing carried out included the indicator
organisms Staphylococcus aureus, Escherichia coli, and Klebsiella pneumoniae. The

sensitivity pattern was read after the plates had been incubated for 24 hours at 37°C.

The zones of inhibition shown on the agar plates that cause antibiotic susceptibility patterns
are referred to as Toas antibiogram. The antibiotic discs used were Perﬂoxacn@ ugl,
amoxicillin [30 pg], Rocephin [25 pg], Septrin [30 pg], Chloramphe (%.D&BO ugl,
Ciprofloxacin [10 pg], Sparfloxacin [10 pg], Augmentin [10 pg], (%m&ycin [10 pgl,

Zinnacef [20 pg], Erythromycin [10 pg], Ampiclox [30 pg] and <T '@lmO ug] according to

CLSI guidelines’. On nutrient agar, the agar well diffusion was employed to test the

fungi's sensitivity. Each well received 50ul of @al dilution in various strengths.

Ketoconazole and fluconazole were the antlfun% ications used. The zones of inhibition
i

were measured and recorded after the plat@e cubated for yeast for five days at 25°CS.

3.8. Method of Data Analysis Q)‘b‘

Analytical Statistics Utiliz PSS (Statistical Package for the Social Sciences) Version 23
software, descriptiye @s;cal analysis was performed. To examine whether category
variables we @eoted, the Chi-square test was used. A P value less than 0.05 was taken

into cons@ra ion to be significant for all statistical tests.
3.9. Determination of the Microbial Quality of Herbal Mixture

To avoid contamination, the sealed bottles of herbal remedies were cleaned with 70% ethanol
before being opened. The herbal mixtures were mixedd by gently inverting the bottles several

times. The conventional plate count method was used to assess the microbiological quality’.
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There were counts of Salmonellae, total fungi, and total bacteria. For the purpose of counting
the different types of organisms, each liquid solution was diluted 10 times using serial
dilution before being plated out on a new medium plate. Eosine Methylene Blue agar was
used for the fecal indicator E. Coli count, Xylose Lysine Desoxycholate agar was used for
the Salmonellae count, and nutrient agar was used to count the total bacteria and Sabouraud

Dextrose agar was used for total fungal count. Q‘)&\

The local herbal remedy was then pipetted into 9ml of sterile peptone‘%}. he last three
dilution (10%) was innoculated on already prepared agar plates.-'[‘l\(&%&vth of bacteria was
monitored on the agar plates after an 18-24 hour incubation%c% at 37°C. For 3 to 5 days,

o

the Sabauraud dextrose agar was incubated a@mperature to encourage fungal
1a,

development. To stop the development of bact reptomycin was added in the fungal
plates. Both the standard bacterial and fu@%ﬁ s were taken. Colony forming units (cfu)
were used to report colony numbers;@sed on colony appearance, Gram staining, and a

series of biochemical assays, b'zﬁédsolates were identified’.

0\

3.10. General Bioch@nd Identification of Isolates
3.10. l; %@1 Staining

Diff@staining is used to categorize microorganisms as gram positive or negative. On a

spotless, grease-free glass slide, thin smears of brand-new, pure bacteria cultures were
applied. The slides were heated by passing them over a Bunsen burner flame after being
allowed to air dry. The slides were placed on a rack over a sink, saturated with crystal violet
for 30 seconds, rinsed with clean running water, saturated with iodine for 60 seconds, rinsed

with water, decolored with 95% alcohol for 30 seconds, counter stained with safranin for 30
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seconds, rinsed with clean running water, allowed to air dry, and then examined with an oil

immersion lens. While gram negative bacteria stained red, gram positive bacteria did not.
3.10.2. Microscopy for Fungal Culture

It looks for spores and conidia, whether they are septate or aseptate. A small amount of the
fungal culture was taken off the edge and teased into the lactophenol cottoné‘b@ing a
sterile needle after a drop of lactophenol blue had been put to a clean, gr .o& glass slide.

Covering the smear with a cover slip allowed the microscope's 10X and 40X objectives to be

to see it ) \'
used . &%\

3.10.3. Biochemical test 4

e Citrate Utilization Test . \%
This test is used to determine which o@isms use citrate as their only source of carbon. A

sterile wire loop zigzag infect a%’ate agar slant with the test organism, and it was then

incubated at 37°C for 48 hoﬁ éfterward, positive and negative controls were noted'’.
e Indole Te‘s{)C)

This test n@es an organism's capacity to convert the amino acid tryptophan to pyruvate
and@e. The test organism is cultured aerobically for 24 hours at 37 °C after being
innoculatedd into 5 ml of sterile peptone water. By gently shaking the broth culture while
adding 0.5 ml of Kovac's reagent, the generation of indole was assessed. Results were then

documented.

e Motility Test
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This test determines whether or not an organism is motile. The test was conducted by
sticking a sterile stabbing needle into the butt of the test organism and injecting it into a
Sulphide Indole Motility (SIM) solution. After that, both positive and negative controls were

noted.

e C(Catalase Test

This test distinguishes between Staphylococci that produce catalase an. .thg@hat do not,

'}

like streptococci. H2O2 is broken down by catalase into hydrogen %ﬂw ter. This test was
ter on a glass slide

conducted by emulsifying the test organism in a drop of d@

devoid of grease, then adding 3% hydrogen peroxide. Thelg@@nce of gas bubbles indicates a

poor outcome. QQ\
e Sugar Fermentation C.J\\%

It was studied whether using sug@‘&ose, sucrose, and lactose) as the only source of
carbon might produce gas, acimmh at once. The ability of the organism to utilise sugar
as a source of carbon lb@ ?)y the formation of acid or gas. A color-changing indicator
(Bromocresol, 0. gﬁ/as also added to the peptone water after 1 gram of peptone had been
dissolved i@l of de-ionized water. The peptone water was divided equally among the
thre conical flasks. The available sugar (2.2 g) was separately dissolved in the
peptone water, and 10 ml of the resulting mixture was dispensed into test tubes containing an
inverted, clean Durham tube. The test tubes were then sterilized in an autoclave, and the
corresponding isolates were inoculated aseptically into the sugar solution and incubated for

48 hours at 37 °C. Results were then documented.
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e Oxidase test

This test identifies the source of the cytochrome oxidase enzyme and is employed to separate
Pseudomonas, which is oxidase positive, from all other enteric bacteria. The procedure
involved smearing the test organism on the filter paper after moistening it with a few drops of
the oxidase reagent (tetra-methyl-p-phenylene diamine dihydrochloride). An oxid@test is

positive if the color is deep purple; otherwise, the test is negative.

e
S
3.11. Phytochemical Screening of the Herbal Mixture ‘§
)
To determine the phytochemicals in the herbal blend, ph %a}cal screening was done.
This was carried out at The Polytechnic of Ibadan's C:@Research Laboratory. Standard
techniques were used to conduct phytochemical screeding on the herbal mixture to look for
secondary metabolites'!. Saponins, tan@sj\%lk loids, steroids, flavonoids, terpenoids,
chalcones, phenol, glycosides, and l%,chemicals were among the substances that were

examined for. Standard techd%%)were used to do both qualitative and quantitative

screening of the phytochemk%m’n the extracts to determine the components!2,

3.11.1.Q ag:aﬁve Determinations

e Test Taninns: In a test, 1ml of the extract was boiled in 20ml of water for 5

Qnutes before being filtered. When a few drops of 0.1% ferric chloride were added,
a green or blue-black coloring was seen, indicating that tannin was present!s.

e Test for Phlobatannins: Phlobatannins were confirmed by the formation of a

crimson precipitate after boiling 2ml of each herbal mixture's extract in 1% aqueous

hydrochloric acid.
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Test for Saponin: A little amount of the extract—about Sml—was cooked in 20ml of
distilled water before being filtered. To create a stable, long-lasting froth, 10ml of the
filterate was combined with Sml of distilled water and forcefully shaken. Three drops
of extra-virgin olive oil were added to the foam, which was quickly shaken before
being checked for the creation of an emulsion, which indicates the ;:re%ce of
- O

saponin. . Q‘)&

Test of Flavonoids: To 5ml of each extract, 3ml of a 1% alumi %de solution
was added. The presence of flavonoids was indicated b.y t y@klow coloration that
was seen. To the aforementioned mixture, Sml of a @d ammonia solution was
added before adding concentrated H2SOs. On sm@g, a yellow color vanished. The
yellow tint that vanished when the perso@%up suggests that flavonoids were

detected in the sample. ; ©

Test for Steroids: Each sampl extract first received 2ml of acetic anhydride,
which was then carefully fi %ed by 2ml of H>SO4. When steroids are present, the
color shift from viol toj\alue or green indicates their existence.

Test for Te @( alkowski test): Each sample's 2ml extract first received 2ml

of acetic
Q

steroids are present, the color shift from violet to blue or green indicates their

hydride, which was then carefully followed by 2ml of HoSO4. When

Y
1stence.

Test for Cardiac Glycosides and Cardenolides (Keller — Killani test): Two
milliliters of glacial acetic acid containing one drop of ferric chloride solution were
added to five milliliters of each extract. With 1ml of concentrated sulfuric acid, this

was downplayed. A brown ring at the interface denotes cardenolides' deoxysugar
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properties, confirming the presence of cardenolides. The presence of glycoside is
confirmed when a violet-green ring appears in the acetic acid layer behind the brown
ring!4,

e Alkaloids: On a steam bath, Iml of the extract was mixed with Sml of 1% aqueous
HCL before being filtered while still hot. The filtrate was treated with a fe.w drops of
Mayer's reagent (potassium mercuric iodide solution), Wagner's reage%@dine in
potassium iodide solution), or Dragendorff's reagent (potassiu .\gr@uth iodide
solution) after distilled water was added to the residual. A. @9\ test for alkaloids is
the production of a cream color using Mayer's r;@\t and a reddish-brown
precipitate using Wagner's and Dragendorff's reatg{&%

e Anthraquinone: 5ml of extract was comb@%l 10ml of benzene, filtered, and the
filtrate was then given 5ml of a 1Q% &@ solution. Anthraquinones were detected
when the mixture was shaken& owed signs of pink, red, or violet hue in the
ammoniac (lower) phase. Q)(b'

e Chalcones: 5ml of ﬁh .’p ant part's extract was combined with 2ml of an ammonia
solution. Ch @esence was established by the formation of a reddish tint.

e Phenol: @O ml test tube was filled with 5 ml of the extract, followed by 10 ml of
disti ater. In addition, 30 minutes were given for 2 ml of ammonium hydroxide

Q%ion and 5 ml of concentrated amyl alcohol to react. The appearance of a blue

green tint was interpreted as a sign that phenol was present!>.

3.11.2. Quantitative Determinations

° Tannin
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A 50ml beaker was filled with 0.20g of the sample. 20 ml of 50% methanol was added,
covered with parafilm, and incubated for one hour at 77-80°C in a water bath. It was
vigorously shaken to achieve even mixing. In a 100 ml volumetric flask, the extract was
quantitatively filtered using two layers of Whatman No. 41 filter paper, 20 ml of water, 2.5
ml of the folin-Denis reagent, and 10 ml of 17% Na,CO3; were then added and thoroughly
mixed. The mixture was prepared as directed, with water thoroughly mixed@ig‘[’er 20
minutes, a bluish-green tint will begin to appear. Similar to the 1ml sa .%%e, working
standard solutions of tannin in the 0—10ppm range were handled.. After gg) or development, a
Spectronic 21D spectrophotometer was used to measure th&@S\orbance of samples and

standard solutions of tannic acid at a wavelength of 760 n\m&%ﬁlizing the formula, % Tannin

was determined!®. @

=
S

%TANNIN = absorbance of samo}\z)%average oradient factor X Dilution factor

4%-, Wt. of Sample X 10,000

(W
° Alk;‘l<‘ rocedure
Q

This is a titrimetric and distillation process. 20ml of 80% pure alcohol was added to 2g of
ﬁne@und sample in a 100ml beaker to create a smooth paste. The liquid was then
transferred to a 250 ml flask, where 100 ml more alcohol and 1 g of magnesium oxide were
added. The mixture was digested for 1.5 hours in a boiling water bath with periodic shaking
under a reflux air condenser. While still hot, the liquid was filtered through a tiny buchner

funnel. The residue was put back into the flask and digested once more for 30 minutes with
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50ml alcohol. After the alcohol had evaporated, boiling water was added to make up for the
lost alcohol. Three drops of 10% HCL were added after the entire amount of alcohol was
eliminated. The entire solution was then placed into a 250 ml volumetric flask, to which 5 ml
of potassium ferrocyanide solution and 5 ml of zinc acetate solution were added and
thoroughly mixed to create a homogeneous solution. The flask was set aside for a short while,
filtered through dry filter paper, and 10 ml of the filtrate was put into a sepa@g funnel
where the alkaloids were aggressively extracted by shaking with five suc¢ y mounts of
chloroform. The residue obtained was dissolved in 10ml hot di.stilgvg‘a er and transferred
into a kjeldahl tube with the addition of 0.20g sucrose and \Conc.HzSOA. and 0.02g
selenium for digestion to a colorless solution to de&@%’%N by Kjeldahl distillation

method. %Nitrogen got is converted to % total a‘i@%y multiplying by a factor of 3.26
% Alkaloids = %N X 3.26 @
Allen’s commercial organic AIM”

'\
° Flavov@i)@eirmination

1.e % Total alkaloid = %N X 3.26

A glass rod%ged to swirl 80ml of 95% ethanol into 0.50g of finely ground sample in a
IOOQ&r to avoid lumping. The mixture was put into a 100ml volumetric flask after
being filtered using a Whatman No. 1 filter and adjusted with ethanol. In order to create a
magenta red colouring, 0.5g of magnesium turnings were added after 1ml of the extract and
four drops of concentrated HCL through a dropping pipette were pipetted into a 50ml
volumetric flask. From a 100ppm stock solution, standard flavonoid solutions ranging from 0

to 5 ppm were made, and they were similarly processed with HCL and magnesium turnings
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as samples. A digital Jenway V6300 Spectrophotometer was used to measure the absorbance
of the magenta red coloring of the sample and standard solutions at a wavelength of 520 nm.

Using the formula, the percentage of flavonoid is determined.

Absorbance of sample X average gradient factor X dilution factor

Wt. sample X 10,000 \(b

Allen’s commercial Organic Analysis'® ‘%\ C
%'»

N
&

» Saponin Analysis was performed using Brunner's (iﬁ@ Spectrophotometric technique.

e  Saponin Procedure:

100ml of isobutyl alcohol was added to a 250mINbeaker after 1g of the finely powdered
sample was weighed in. To ensure even i @he mixture was shaken on a UDY shaker
for five hours. A Whatman No. 1 ﬁlt%aper was used to filter the mixture into a 100 ml
beaker, and 20 ml of a 40% s ra% solution of magnesium carbonate was then added. To
get a clear, colorless soluti ,.ghe mixture made with saturated MgCO3 was once more
filtered through a t@%lol filter paper. A 50 ml volumetric flask was filled to the mark
with distilled wé(, after adding 2 ml of a 5% FeCls solution and 1 ml of the colorless
solution. For‘\the blood red color to fully emerge, it was left to stand for 30 minutes. From
sap(@tock solution, standard Saponin solutions ranging from 0 to 10 ppm were created.
Similar to how the 1ml sample above was handled, the standard solutions also received 2ml
of the 5% FeCls solution. After color development, a Jenway V6300 Spectrophotometer was
used to measure the sample's absorbance as well as that of reference saponin solutions at a

wavelength of 380 nm.
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%Saponin = Absorbance of sample X gradient factor X dilution factor

Wt.of sample X10000
Direct Spectrophotometer determination of Saponin. Anal. Chem!?

e  Determination of Glycoside . %

Pipette 10 ml of extract into a 250 ml conical flask.On a vortex mixer, iOr@hloroform

was added and shaken for an hour. After filtering the liquid into a 100 ml‘eonical flask, 2 ml
of 2% sodium nitroprusside and 10 ml of pyridine were a?%d% 'sd the mixture was
vigorously agitated for 10 minutes. Later, 3ml of 20% Na@vs added to create a brownish
yellow hue. Glycoside standards with concentrations ing from 0 to 5 mg/ml were created
from a stock 100 mg/ml standard. The stap%from 0 to 5 mg/ml underwent the same
processing as the sample above. At a aVQe_g\gth of 510 nm, the absorbances of the sample
and the standards were measured &é Spectronic 21D Digital Spectrophotometer. The

formula used to compute percewcose was
'3

Absorbance of sam% § é%ient factor X dilution factor

s% of sample X10000
QQ Determination of Steroids

In a 100ml beaker, 0.50g of sample extract was measured out. After 30 minutes of shaking
on a shaker, 20 ml of a chloroform-to-methanol (2:1) mixture was added to dissolve the
extract. The entire mixture was then filtered into a second dry, clean 100ml conical

flask/beaker using Whatman No. 1 filter paper. The resulting residue was repeatedly cleaned
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of steroids using a chloroform-methanol combination.5ml of alcoholic KOH was added to
Iml of the filtrate, which was pipetted into a 30ml test tube, and the mixture was vigorously
agitated to create a homogeneous mixture. After that, the mixture spent 90 minutes in a water
bath with a temperature of 37°C—40°C.It was brought to room temperature before 10 ml of
petroleum ether and 5 ml of distilled water were added. On the water bath, this was
evaporated until dry. The residue in the dry bottle received 6ml of Lieberm%%urchard
reagent, and an absorbance measurement at a wavelength of 620nm .@%de using a
Spectronic 21D digital spectrophotometer. Standard Steroids wefe cgte'%i rom a 100 mg/ml
stock steroid solution and handled in a manner comparable to @S@remen‘[ioned sample. %

Steroid was determined using the following formula: QQ)
Absorbance of Sample X Gradient X Dilution Faqtg

Wt of sample X 10000 C_)

Methods of Analysis of Analyt&lﬁi%ods Committee of Royal Society of Chemistry?°.

° Determmat@Cardenolldes

After properlé %@uring 0.50g of extract into a 100ml beaker, 50ml of chloroform was

added to disselve the extract. After the extract was completely dissolved in chloroform, 0.20
of s@\ bicarbonate powder (NaHCO3) was added to eliminate any free acids. The two
layers of the mixture were then allowed to separate by being put to a 250ml Separatory
funnel and vigorously shaken.It took 5 drops of acetic anhydride to clarify the mixture and
remove any hazy suspensions. This was placed in a 100ml volumetric flask, filtered using a

Whatman No. 1 filter paper, and prepared with chloroform to the appropriate mark. To
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establish the gradient factor, standard cardenolides solutions of concentrations 0—10 mg/ml

were made from a 100 mg/ml stock cardenolide solution.

% Cardenolide was calculated using the formula:

Absorbance of sample X gradient factor X dilution factor

Wt. of sample X 10000

®
O
S

Methods of Analysis of Analytical Methods Committee of Royal Society 0f Chemistry?!

'}
° Determination of Phlobatannin »&%\

RS

In a 50ml beaker, 0.50g of sample extract was m s@ out.20ml of 50% Methanol was
added, covered with parafilm, and incubate.d for'one hour at 77-800C in a water bath. The
mixture was thoroughly mixed and then f@}through a Whatman No. 1 Filter paper into a
50 ml volumetric flask using aqueo anol as a rinse and distilled water to make up to
the correct volume. A 50 ml thric flask was filled with 1 ml of the sample extract, 20
ml of water, 2.5 ml of th %-.bennis reagent, and 10 ml of 17% sodium carbonate. For 20
minutes, the mixtquas fully homogenized.Phlobatannin stock solution containing 100
mg/ml was_u Qo establish a standard concentration of 0 to 5 mg/ml, which was then
hand @ilarly to the sample above. A Spectronic 21D spectrophotometer was used to
mea&he absorbances of the sample and standard solutions at 550 nm. The formula for

calculating %Phlobatannin was used:

Absorbance of sample X gradient factor X dilution factor

Wt. of sample X 10,000
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Methods of Analysis of Analytical Methods Committee of Royal Society of Chemistry?
e  Determination of Terpene

A 50ml conical flask was filled with 0.50g of sample, 20ml of a 2:1 combination of
chloroform and methanol, and it was thoroughly shaken before being let to stand for 15
minutes.Later, the combination underwent another 15 minutes of centrifugation.%h&ﬂting

supernatant was discarded, and the precipitate was again washed withé S&solution of

chloroform and methanol before centrifugation. .

2
40ml of a 10% sodium deodocyl sulphate solution was use%&%\ssolve the precipitate that
resulted.At 30-second intervals, 1 ml of the 0.01 M fe .'(\%loride solution was added to the
mixture above; it was then shaken well and leftgnd for 30 minutes.A 100 mg/l stock
terpenes solution from Sigma-Aldrich chﬁj@f SA, was used to create standard terpenes
with a concentration range of 0 to 5 1. On a digital spectrophotometer with a 510nm

wavelength, the absorbancesﬂ% sample and standard Terpene concentrations were

measured. The formula is use%mdetermine the percentage of terpene:

Absorbance of s@ gradient factor X dilution factor

Q
Wt. of sample X 10,000
Q

: Determination of Phenol

To prevent lumping, 0.20g of the sample was weighed into a 50 ml beaker, 20 ml of acetone

was added, and the mixture was well homogenized for 1 hour. After thoroughly mixing the

mixture, it was filtered through Whatman No. 1 filter paper into a 100ml volumetric flask
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and rinsed with acetone. A 50 ml volumetric flask was filled with 1 ml of sample extract, 20
ml of water, 3 ml of phosphomolybdic acid, 5 ml of 23% Na>COs3, and carefully mixed. The
flask was then filled to the mark with distilled water and left to stand for 10 minutes to
acquire a bluish-green color. Standard Phenol was created from a 100 mg/1 stock solution
from Sigma-Aldrich Chemicals, USA, with a concentration range of 0—10 mg/ml. The
absorbances of the sample and standard phenol concentrations were measured u@g\ digital

spectrophotometer at 510 nm wavelength.The formula is used to determin 'ﬂ%‘@oportion of

phenol: N
2

Absorbance of sample X gradient factor X dilution factor Qh}%

Wt. of sample X 10,000 Q’Q\
e  Determination of Chalcone(l)\\%

In a 100ml beaker, 0.50g of sampl ct was measured out. After 30 minutes of shaking

on a shaker, 20 ml of a chlown-to-methanol (2:1) mixture was added to dissolve the
'\

extract. The entire mix@ras then filtered into a second dry, clean 100ml conical

QO

flask/beaker using\ an No. 1 filter paper.

Q

The resulting residue was repeatedly cleaned of Chalcones using a chloroform-methanol
comon. Sml of alcoholic KOH was added to 1ml of the filtrate, which was pipetted into
a 30ml test tube, and the mixture was vigorously agitated to create a homogeneous mixture.
After that, the mixture spent 90 minutes in a water bath with a temperature of 37°C—40°C.1It
was brought to room temperature before 10 ml of petroleum ether and 5 ml of distilled water

were added. On the water bath, this was evaporated until dry. The residue in the dry bottle
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received 6ml of Liebermann Burchard reagent, and an absorbance measurement at a
wavelength of 620nm was made using a Spectronic 21D digital spectrophotometer. From a
stock steroid solution containing 100 mg/ml, standard chalcones with a concentration of 0 to
4 mg/ml were created and handled identically to the sample above. The formula used to
compute % Chalcones is:

&

Absorbance of Sample X Gradient X Dilution Factor QO

D>
Wt of sample X 10000

"
N
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Chapter Four

Results and Discussion of Findings

4.1 Results

In the present study, a total of 4 clinical specimens were obtained through High Vaginal
Swab (HVS) technique at university college Hospital (UCH) Ibadan. These are @ida
albicans, Staphylococcus aureus, Escherichia coli and Klebsiella pneumoni hKG a total

of six herbal products were tested for their activity against these clinicﬁ%bfes.

[ ) ﬂ
Table 4.1 shows the information of the herbal mixture used@ without NAFDAC

registration number. Table 4.2 shows the zone of inhib&% exhibited by the registered
herbal mixture (mm) against the clinical isola;@ g STD. It is observed that the

herbal mixtures at different concentrations di@inhibit the indicator organisms.

Table 4.3 shows the zone of inhibit%'exhibited by unregistered herbal mixture (mm)
against clinical isolates. It wa&b)gﬁved that all brands of the unregistered herbal mixtures
did not inhibit C. albicans,S. qureus, K. pneumonia at the different concentrations used,

but the unregistere)@)%v mixture sample A inhibited E. coli with inhibition zone of

19mm, 17.5 %ﬂd 14.5mm at concentration of herbal mixtures of 100mg/ml, 66mg/ml,
=

5 Omg/mlQ
40@1.

Table 4.4 shows the susceptibility pattern of clinical isolates to herbal mixtures. It is

ectively but did not inhibit E.coli at herbal mixture concentration of

observed that the indicator organisms were not susceptible to the herbal mixture A which

inhibited E,coli.
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Table 4.5 shows the antibiotic sensitivity of standard clinical isolates to conventional
drugs. Sparfloxacin and Gentamycin have the highest susceptibility while the least
susceptibility was found in Chloramphenicol and Ampiclox, Pefloxacin, Gentamicin,
Ampiclox, Augmentin, Chloramphenicol, Rocephin, Sparfloxacin and Ciprofloxacin
inhibited FE.coli at various concentrations while Ofloxacin, Erythromycin,
Chloramphenicol, Ciprofloxacin inhibited K. pneumoniae at different concentrations.

S.aureus was resistant to all antibiotic used. Q’)&\

N

Table 4.6 showed antifungal sensitivity of the standard clinical Isolates to antifungal
agents. Ketoconazole and fluconazole inhibited the organism‘l,&%c?ns with a zone of
inhibition of 20 and 25 mm respectively. Table 4.7 and 4. S@Ns the microbial counts of
the registered and unregistered liquid herbal mixtu s@h/ml) respectively. The organism
recovered in all the herbal mixtures included %spp S. aureus, P. aeruginosa, E.coli
and Salmonella. Herbal mixture E had the h1 est level of microbial contamination with a
total of 12 organisms including B@ spp, S. aureus, E.coli and Salmonella. Herbal
mixture A and D had the 1&@ evel of contamination with a total of 2 organisms
including Bacillus spp @:ﬂzreus in herbal mixture D and S. aureus in herbal mixture
v CS
N

Table 4.9%\@ the qualitative phytochemical analysis of the herbal mixtures and all the
hetures contain all the phytochemical Tannin, Saponin, Alkaloid, Flavonoid,
Steroid. All the herbal mixture did not contain the phytochemical Phenol. Herbal mixture
A, E and F had Glycosides and Chalcones as an addition to their phytochemical compound
while herbal mixture B has the phytochemical Chalcones. Herbal mixture C and D does
not contain the phytochemical Glycosides and Chalcones. Herbal mixture A and C were

the only herbal mixture that contained the phytochemical Terpenoid.
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Table 5.0 shows the quantitative phytochemical analysis of the herbal mixtures and they
all contain the phytochemical Tannin, Saponin, Alkaloid, Flavonoid, Glycosides,

Chalcones, Terpenoid and Steroid in various concentrations

The herbalists who sold the medicines for this investigation advertised them as being
effective for treating several STDs. Plastic bottles were used to package and sell every
herbal product. The samples yielded a total of 35 bacterial isolates, including 1@&m-
positive and 22 Gram-negative species. The contaminants that were isol% e most
frequently in the testing sample were Staphyloccocus aureus s (36:1%), followed by
Bacillus species (30.5%). Other contaminants included E.;{&%y@ia coli (19.4%),
Pseudomonas aeruginosa (8.3%) and Salmonella species@%). Every herbal mixture
has at least one contaminant; 17% of the herbal @ures had bacteria, 33% of the

mixtures contained two, and 33% contained fo&O sample had five pollutants that were

| N
retrieved. CJ\
Q>

In this investigation, just 17% of@(bSamples evaluated had satisfactory microbiological

quality. The degree of patlllgenx)Gram negative organism contamination of the items is a
'\
a

cause for worry. It w@
sg/

registration wen&

Ifenging to determine why some herbal samples, which had
erior to herbal mixes without registration because the registered
samples W%nst as contaminated as the unregistered samples. Different types of zones of

inh@ggainst the investigated antibiotics were formed by the isolates.

The agar diffusion method was used to assess the antibacterial activity of these herbal
combination discs against test Gram-positive and negative bacteria after an antimicrobial
susceptibility test revealed that some plant extracts display antimicrobial activity over time.
Escherichia coli, one of the examined bacteria, was the only one for which one herbal

blend was discovered to exhibit antibacterial activity.
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Table 4.1: Details of the Herbal Medicinal Products

Sample Herbal Medicinal Product Nafdac Registeration No
A Legend Std Mixture, Ghana NA . (b
o
B Prebens General Disease Herbal Tonic NA
~
C Med-Bunch STD Eradication Flusher ) \\A7 -2124L
&Y
D Bakaida Flusher - A7-4328L
PN
E Kambest STD Infection Flusher\/ A7-4829L
N
F Weakness Private Parts Mixture NA
NS
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Table 4.2: Zone of Inhibition Exhibited by Registered Herbal Mixture (mm) against

Clinical Isolates Causing STI

Sample Concentration

Isolates Used Brand Codes 100mg/ml  66.7mg/ml 50g/ml -4Q‘Bg/ml

~ &
K. pneumoniae C R R R ; \ R
D R R R" R
N
S
E R . RA R R

%
C. albicans C R N R R

E. coli N R R R R
K

Q Y E R R R R
Q
S, aureus C R R R R
D R R R R
E R R R R
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R = Resistant, S = sensitive.

Table 4.3: Zone of Inhibition Exhibited by Unregistered Herbal Mixture (mm)

against Clinical Isolates Causing STI

SAMPLE CONCENTRATION

Isolates Used Brand Names  100mg/ml  66.7mg/ml  50g/ml 40 1

&
K. pneumoniae A R R R ;.\\20' R
B R R X R
&
F R R QfV%\R R
S
ALY
C. albicans A R NO'R R R
,\'&\_
B §'\1})\ R R R
E & R R R R

E. coli N‘g'\ 19 175 145 R
R
~ B

R
Ny

Q F R R R R
S, aureus A R R R R
B R R R R
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R = Resistant, S = sensitive.

Table 4.4: Summary of the Susceptibility Pattern of Clinical Isolates to Herbal

Mixtures

Herbal drugs A B C D E F

K. pneumonia R R R R R 5%) .
~NY

C.albican R R R R R N R

E. coli S R R R Q}“Q‘R R

S, aureus R R R 6@% R R

Total 1 - N m - - -
O

\Dr
P

R = Resistant, S = sensitive -N effect
: |

>

&
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Table 4.5: Antibiotic Sensitivity of Standard Clinical Isolates to Conventional Drugs.

Concentration (ug)  E. coli Klebsiella S. aureus
AM 30png - - -
S 30ug - - - Q&
AN
PEF 10pg 18 - - ‘%"V
Q 2
Z 20pg - - ‘\\Q

SXT 30ug - - \\ -

GN 10pg 20 ] ﬂ." )
>
OFX 10pg - %t\’ 14 _
S

R 25ug 16 - -
SP 10png 20 - -
CPX 10pg 19 11 -
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Key: -=No effect

PEF=Perfloxacin(10ug), AM= amoxicillin (30ug), R= Rocephin (25pg), SXT= Septrin
(30pg), CH= Chloramphenicol (30pg), CPX= Ciprofloxacin (10pg), SP= Sparfloxacin
(10pg), AU= Augmentin (10pg),GN= Gentamycin (10pg), Z= Zinnacef (20ug),E=

Erythromycin (10pg), APX= Ampiclox (30pg) and OFX= Tarivid (10pg).

@%
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Table 4.6: Antifungal Sensitivity of Standard Clinical Isolates to Antifungal Drugs.

Concentration (p1g) C. albicans
Ketoconazole (10) 20
Fluconazole (10) 25 &
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Table 4.7: Microbial Counts of the Registered Liquid Herbal Mixtures (CFU/ml).

Product Code C D E

Bacillus sp 3 1 3

ALY

S.aureus 2 1 7 Q'){\

P. aeruginosa 1 - - ‘:\

E.coli 2 - 1 &.%\6.\
S

Salmonella 1 - 66 R
A
Fungi - - . -
0\\
A

Total 9

2 Q) 12
P

Y
-
Key: -=No effee-)g'@
&
QO
Q
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Table 4.8: Microbial Counts of the Unregistered Liquid Herbal Mixtures (CFU/ml)

Product Code A B F

Bacillus sp - 1 3 : ‘&

S.aureus 2 - 1 ‘%\

P.aeruginosa - - 1 @

E.coli - 2 2

Salmonella - - (\. @

Fungi - - h\/
O

Total 2 ‘\}" 7
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Table 4.9: Qualitative Phytochemical Analysis of the Herbal Mixtures

Phytochemicals

O\
Sample LD Tannin Saponin Alkaloid Flavonoid Terpenoid Glycoside Chalconés Phenol

feroid )
S @QO

A ++ + + ++ + +&'\ 7+ - +
N

C + +++ ++ ++ QQ‘ - - - +

+re @s ;positive result and — represents a negative result.
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Table 5.0: Quantitative Phytochemical Analysis of the Herbal Mixtures

Phytochemicals

A
Sample I.D Tannin Saponin Alkaloid Flavonoid Terpenoid Glycosi halcones Phenol
Steroid . ‘\%0’
S
A 0.145 0213 0.041 0.207 0.032. A@\fz 0.082 0.000 0.027
B 0.142  0.143  0.064 0.525 &@3\’ 0.000 0.524 0.000  0.030
C 0.130  0.194 0.051 0.4(2 \)‘0%401 0.000 0.000 0.000  0.021
D 0.123 0.154 0.043 @4 0.000 0.000 0.000 0.000 0.014
E 0.150  0.143 0.308 0.000 0.025 0.054 0.000 0.019
A (\Q
F 0.156 0.019 0.045 0.000 0.015

\}f 0.014 0.420 0.000

N

N/

QQ
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4.2  Discussion of Findings

According to the WHO research, a significant portion of people in many developing
countries have access to and use herbal remedies!. These are due in part to thh@like
perceived efficacy, safety, and the lack of adverse effects?. The preparati.on@s study
were all stated to be for sexually transmitted illnesses after an analysﬁ%}e indications
for which they were prepared. The majority of time, herbal mh@gé\s contain soil and
airborne germs and mold. Total aerobic bacteria should n%@)ed 10°cfu/g, yeasts and

molds should not exceed 10°cfu/g, enterobacterif @0 her gram-negative organisms

should not exceed 10°cfu/g, and Salmonella . coli should not be present®. The
samples had various levels of bacterial <con%'li tion. 90% of the samples evaluated in

this investigation had microbial bur% hat were higher than permitted by the regulatory

agencies®. \)Q)
”

In addition to the higbﬁ%r bial loads, it was shown that the herbal samples contained
undesirable speg&d diseases. These are gastrointestinal-related organisms that suggest
the possib%g fecal contamination®. These contaminants might have been introduced
w les were being prepared and containers were being rinsed in contaminated
water. Vegetables and other plant components have been reported to act as reservoirs for a
variety of bacteria, including gastrointestinal diseases®. Poor production quality and
harvesting techniques have also been linked to the occurrence of Escherichia coli and
Salmonella spp’. Utilizing improperly cleaned plant components that have previously been
in contact with manure are other possible causes. There is also Pseudomonas aeruginosa,

a soil-born bacterium that can cause infections of the urinary tract, respiratory system,
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wounds, and other organs. The presence of Staphylococcus aureus in the samples may be
due to inappropriate harvesting, drying, storage, or handling practices, which may have an

impact on their microbiological quality®.

The fact that roots and vegetative plant parts that have been in contact with the soil and are
included in the preparations are supported by the recovery of quite a few Bacillus species,
the frequently predominant aerobic spore-forming bacteria naturally occurring rﬁi@ﬂora
of medicinal plants. The presence of organisms like S. aureus indicates that Q%&mination
may have happened during collection, post-harvest processing, and manufacturing due to
handling by personnel who carry dangerous bacteria or coh@a)mmensals. Since
preparations typically include numerous pieces that COIK @&p various harvest sites, the

inclusion of multiple pollutants in a single prep%x@s seen in this study is expected.
icr

Additionally, additional contamination and % ial growth may be brought on by
a

storage and transit procedures. Failure @

finished herbal products also leads }@trobial proliferation. The surroundings and tools

e the temperatures of liquid forms and

used to make the preparatioﬁ\}s well as the containers used to package them, are
additional potential so of contamination. A perfect package shouldn't have any

negative effects o@crobiological quality of the desired preparations’.

WV

The ﬁndif@his investigation imply that all of the isolated organisms had microbial
cm@g were considerable and could potentially serve as an infection source. Therefore,
it is necessary for the relevant regulatory bodies to establish some regulations to control
the manufacturing, usage, and distribution of herbal medicines. In order to effectively treat
diseases, items must be safe, effective, and of high quality. Numerous research carried out
in other nations have reported finding high levels of aerobic microorganisms in herbal

remedies!®. The organic chemicals and minerals contained in the plants used to make
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herbal medicine gave nutrition to the microbes associated with the raw herbal material and
may have helped the germs observed in this study multiply. These bacteria could cause the
final product to degrade and have a different composition, which could result in herbal
goods of lower quality. It's possible that using such subpar herbal medicines won't have
the desired therapeutic effects. The therapeutic potential of a medicinal product may be
diminished or destroyed by the presence of numerous microbial contaminant§ in_some
herbal samples, and the patient may even develop another ailment as a resultév\lse of
antibiotics is crucial in the fight against bacteria that cause infectiou 1.}$QHowever,
widespread antibiotic abuse in the healthcare and poultry .in tri&gs has led to the

development of antibiotic resistance in many bacterial specie®

The presence of tannin, saponin, alkaloid, ﬂavor%@enoid, glycoside, chalcones, and

steroid in the herbal product may be responsible for the mixture's antibacterial
characteristics. The herbal mixture c@ a variety of phytochemical elements,
including saponins, tannins, alkaloic}éﬂ%‘penoids, glycosides, and flavonoids, according to
a qualitative phytochemical wation. These bioactive substances have been found to
have bactericidal or fun "“Asl'éctivities on the studied human pathogens and are naturally
present in the maj@% extracts. Previous research of a similar nature has demonstrated
the antibac i@i tivity of some of the pharmacologically active components. Chemical
and stn@ra identification of these substances is now achievable thanks to improvements

in pro&dures for the separation, purification, and identification of bioactive chemicals!'2,
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Chapter Five
Conclusion and Recommendation

5.1 Summary of Findings

In order to treat and/or eradicate diseases brought on by resistant microarggﬁifms,
medicinal plants have been used as a potential source for new classes.of @f}cmbial
medicines with novel mechanisms of action. Since ancient times, i ggants have

been utilized to treat STIs. Some of these plants have sh@ﬂbtable or weaker

antibacterial efficacies against the microorganisms linked to S@

N

One herbal mixture was shown to have good anti e@l activity and the potential to be
employed as an alternative therapeutic op}ig& the treatment of STIs after testing six
randomly selected herbal mixtures ag@\the microorganisms causing STIs. When
applied against the test microorgani ractically all herbal mixtures showed a decrease
in antibacterial effectivenessﬁ?g)herichia coli was the only bacterial pathogen against
which the herbal blen&@? antibacterial efficacy. Only 10% of the six products had

antibacterial propeQe;); none, however, have antifungal properties.

All of th@ high levels of microbial contamination. It's possible that their production
diQollow current good manufacturing practices. The plant extracts contained a
variety of phytochemicals, including tannin, saponin, alkaloid, flavonoid, terpenoid,

glycoside, chalcones, phenol, and steroids.

115



5.2 Conclusion

In order to treat and/or cure diseases brought on by resistant microorganisms, medicinal
plants have been used as a potential source for new classes of antimicrobial medicines
with novel mechanisms of action. Since ancient times, medicinal plants have been utilized
to treat STIs, with some of them showing lower or notable antibacterial efficacies against
the microorganisms linked to STIs. STIs are one of the most significant health issues in

the world, and they are far more prevalent among underprivileged groups. Qh)&\

Only one herbal mixture (A) was found to have good antimicrobial @y and had the
potential to be used as an alternative therapeutic option for th@;ﬁent of one of the
organisms linked to STIs after evaluation of six herbaé&xtures marketed as being
effective against the pathogens causing STIs. The f@ medicinal plant must have the
lowest MIC value for each examined microbgﬁer to be regarded a candidate plant
with good antibacterial activity. Cj\\'
Q>

5.3  Recommendations %(b

The microbiological qualityyof medicinal plants is determined by external and intrinsic
factors. Extrinsic(ﬂa%’s like humidity, harvest technique, post-harvest treatment,
packaging, alé\torage conditions determine the extent and nature of microbial
contami%nt ; while intrinsic factors determine the amount and type of beneficial
mi@al content for plant survival and growth. Since microbial contaminations in some
plants can affect the concentration of their active ingredients, it is essential to accurately

estimate the microbial load in raw materials in order to produce herbal extracts that are as

pure as possible and have the greatest therapeutic potential.

Due to the deposition of fungicides, pesticides, and other microbes in medicinal plants,

which are utilized as raw materials for the production of herbal extracts for use as dietary
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supplements and herbal medicines, there may be quality and safety difficulties. People
have largely relied on plants for their basic needs, including the production of life-saving
medicines. However, because of human impact and unchecked wild assortment,
therapeutic plants are at risk. It is therefore recommended that deliberate efforts toward
training and development are essential for maintaining a stockpile of medicinal plant
ALY
2N

As complex mixes derived from biological sources, herbal medical medidn@%uire a lot

species.

of work to ensure a consistent and suitable quality. The pattern and\ concentration of
ingredients in herbal medical products should be kept as conSt@s?easible by careful
plant selection and a standardized production process as tlﬁeib a requirement for reliable

therapeutic benefits. From the selection of pro%@»material to the delivery of the

finished product to the customer, quality must incorporated throughout the entire

process. To guarantee the microbiologic@%{x\fy and safety of the herbal medicinal goods,
manufacturers of herbal products na-b’gffectively adhere to current good manufacturing
practices. As a result, the staﬁ%&g of herbal medications sold on the market need to be
constantly monitored ntrolled. National regulatory organizations should create
control procedure@r)ge sale of these herbal medicines to stop or lessen consumption of
goods that a@ ort of the basic requirements for quality. Additionally, campaigns

‘%basic healthcare facilities or family health initiatives should be launched in

associat%
the a;a to direct the right preparation of herbal medicines (avoiding microbial

contamination).

5.4 Suggestions for Further Studies
Our study has a number of drawbacks. Swab culture is mostly used in clinical

microbiological laboratories, and clinical diagnosis may not be accurate enough. The
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sensitivity testing only comprised commonly used antibiotics; socio-demographic
characteristics were not taken into account. Future research must address these issues, and
appropriate procedures must be put in place to protect these life-saving medications for the

long term. The potential antibacterial activity mechanism of the extracts must be identified.
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