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| 1. Introduction

Vaginal infections are a global public health issue affecting worldwide up to 70% of women of reproductive age 2. The
symptoms or clinical manifestations are itching, irritation, abnormal vaginal discharge, and discomfort when urinating and
during sexual activity. In some cases, the infections may be asymptomatic or show mild symptoms, The most common
infections caused by bacteria, fungus, and protozoa are bacterial vaginosis (BV), vulvovaginal candidiasis (VVC), and
trichomoniasis B4, Bacterial vaginosis is caused by the species Staphylococcus and Peptostreptococcus,
Enterobacteriaceae, Gardnerella vaginalis, and Mycoplasma hominis. Vulvovaginal candidiasis is caused by Candida
albicans, Candida tropicalis, Candida parapsilosos, Candida crusei, Candida glabrata, Candida stellatoidea, and Candida
lusitaniae. Trichomoniasis is caused by the human protozoan pathogen Trichomonas vaginalis.

The female reproductive system is composed of the fallopian tubes, ovary, cervix, ectocervix, and vagina. The vagina is a
distensible organ (~9 cm in length), which is characterized by a stratified epithelium, fiboromuscular layer, lamina propria,
and adventitia. The vagina is covered with cervical mucus which is composed of water (90%), urea, carbohydrates,
mucins, fatty acids, proteolytic enzymes, and salts 2. The consistency of cervical mucus and the thickness of the vaginal
epithelium vary throughout the menstrual cycle and are regulated by hormones such as estrogen. The main functions of
the mucus are to provide lubrication and protection against infections. The layers of vaginal tissue and compositions of
mucus are illustrated in Figure 1.
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Figure 1. lllustration of layers of vagina tissue and mucus composition.

Various factors, such as age, menstrual cycle, hormone level etc., influence the physiology of the vagina, and these
factors affect the natural vaginal flora or microbiota and the amount of vaginal fluids. The Lactobacillus species is the
predominant microorganism that protects the vagina from the invasion of pathogens by producing lactic acid that provides
the acidic environment of the vagina. When this normal symbiotic mutual relationship becomes imbalanced, the natural
vaginal flora is heavily disturbed, leading to the onset of vaginal infections that promote the colonization of pathogens.

These pathogens thrive in the vagina by producing a biofilm that leads to the recurrence of the infection even after
treatment (817 as the biofilm is an adaptation of the bacteria to resist any applied drugs and evade the immune system.
The biofilm is composed of a group of pathogenic microbes adhered to one another on a surface that is, by extracellular



polymeric substances, produced by the microbes. The formation of biofilm is illustrated in Figure 2. Biofilm is a physical
barrier that limits the accessibility of drug molecules and enhances the thriving of pathogens. In this aspect, any drug
formulation for vaginal delivery should not be harmful to the vaginal flora and its environment.
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Figure 2. lllustration of invasion of pathogen and biofilm formation.

Vaginal infections, particularly bacterial vaginosis, are comparatively higher in non-pregnant women than in pregnant
women and women at the age of 40 and above. This difference in the rate of infection is attributed to the imbalance of
estrogen that affects the viability of the Lactobacillus species in the vagina.

| 2. vaginal Infections and Treatment

Vaginal infections are a reproductive health issue, globally affecting women at their reproductive age, and the reported
cases are of microbial origin. These include pathogenic bacteria, fungi, viruses, or parasites. The common types of
vaginal infections are bacterial vaginosis (BV), vulva vaginal candidiasis (VVC) and trichomoniasis, human
immunodeficiency virus (HIV) infections, and human papilloma virus (HPV) infections [H[2E14],

2.1. Bacterial Vaginosis (BV)

BV is the most prevalent infection globally, ranging from 23-29%, and the risk factors are sexual intercourse, douching,
and poor hygiene. It is caused by an overgrowth of anaerobic bacteria and microaerophilic bacteria, such as Gardnerella
vaginalis, Autopodium vaginae, Bacteroides spp., etc. The symptoms are thin white vaginal discharge with a fishy odour,
irritation, and itchiness, and in general, the infection is diagnosed using the Nugent criteria, Amsel criteria, and Hay—Ison
criteria 8. The most common treatments for BV are antimicrobial formulations, such as oral metronidazole, oral
clindamycin, oral tinidazole, metronidazole gel, clindamycin cream, and clindamycin ovules 21911,

2.2. Vulva Vaginal Candidiasis (VVC)

VVC is primarily caused by the fungus Candida albicans, and it is estimated that nearly 75% of women will experience this
infection at least once in their lifetime 2. The symptoms of these infections are abnormal vaginal discharge, vaginal
soreness, dyspareunia, and dysuria. Treatment of VVC is through oral and topical azole therapies, such as fluconazole,
clotrimazole, miconazole, tioconazole, terconazole, and butoconazole 13114115],

2.3. Trichomoniasis

Trichomoniasis is a parasitic infection and is caused by a protozoan parasite, Trichomonas vaginalis. This is a nonviral
sexually transmitted infection and, in 2016, has infected around 5.3% of women worldwide (the majority being
asymptomatic). The symptoms of these infections are yellow—green vaginal discharge, lower abdominal pain, dysuria, and
irritation in the vulva 8. Infertility, poor pregnancy outcomes, and acquisition of sexually transmitted infections are
associated with trichomoniasis 4. The treatment is mainly through oral antibiotics, such as metronidazole and tinidazole.
For complete eradication of the infection, topical formulations are not recommended due to the lower cure rate because of
the poor residence time of the formulation on the vaginal tissues 18!,

2.4. Human Immunodeficiency Viral Infection (HIV)

One of the most common viral sexually transmitted infections is HIV, with an estimate of about 38 million people being
affected. Elevated risks are among intravenous drug users, sex workers, and the transgender community 29, Symptoms
of infections include liver dysfunctions, myalgias, swollen lymph nodes, tuberculosis, and AIDS. The currently available
antiretroviral drugs are nucleoside or nucleotide reverse transcriptase inhibitors (tenofovir), non-nucleoside reverse
transcriptase inhibitors (nevirapine), protease inhibitors (ritonavir, indinavir), integrase inhibitors (raltegravir), CCR5



antagonist (maraviroc), and fusion inhibitors (enfuvirtide) 29, All of these drugs inhibit the various stages of the virus’ life
cycle.

2.5. Human Papilloma Viral Infection (HPV) (Low Risk and High Risk)

This viral infection occurs in the cervix and squamous epithelium (the basal layer) of the vagina. The virus is in the form of
episomes in the basal layer and multiplies through the differentiation of epithelial cells 2. Many patients in the initial
stage of infection experience mild symptoms (development of genital warts) due to the production of antimicrobial
peptides by the epithelial cells and the natural chemicals present in the vaginal mucus. Lasting HPV infections may result
in the integration of the high risk HPV DNA into the host DNA and may lead to cervical, anogenital, and oropharyngeal
cancer (22, Vaccination and cryotherapy are the most effective approaches suggested by the World Health Organization
(WHO) for the prevention of cervical cancer and the management of precancerous lesions 23, The chemical structures of
some important drugs used in the treatment of vaginal infections and sexually transmitted infections are shown in Figure
3.
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Figure 3. Chemical structures of drugs used to treat vaginal infections and sexually transmitted infections.

In the management of vaginal infections, the oral administration of drugs and topical applications are some of the current
therapeutic approaches. However, both forms of drug-delivery approaches suffer from numerous systemic adverse effects
241, Oral administration of the antibiotic metronidazole causes nausea, insomnia, dizziness, and dry mouth. The long-term
oral administration of this antibiotic may lead to leukopenia and neutropenia (22, Oral administration of miconazole nitrate,
an antifungal drug leads to thrombocytopenic purpura, a blood disorder 281, Apart from these, oral administration of such
drugs may have serious side effects in pregnant women and women suffering from gastrointestinal disorders.

Given the high exposure contact surface and dense vascularization, the vagina is an alternative site for local and systemic
drug delivery. The main advantage is the avoidance of the acidic gastrointestinal environment, fewer side effects and
bypassing of the hepatic first-phase effect. Several conventional formulations, in the form of capsules, creams, solutions,
gels, and vaginal suppositories, are used in the treatment of vaginal infections. These pharmaceutical products for vaginal
drug delivery also suffer from a few limitations, such as poor adhesion, short retention or residence time, and poor release
of the drug 281271, To address these limitations, formulations based on hydrogels have been developed. Hydrogels are
well-suited for controlled delivery of biologically active therapeutics owing to their biocompatibility, high porosity, and high
water-retention properties.
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