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Abstract

Bencficial and pathogenic microbes coexist in the vaginal canal, where a diminishing population of lactic acid bacteria
may cause recurring urogenital infections. Probiotic bacteria Lactobacillus crispatus, Lactobacillus gasseri, Lactobacillus
vaginalis, and pathogenic microbes Enterococcus faecalis, Enterobacter cloacae, Shigella sp.. Staphylococcus epidermidis,
and Escherichia fergusonii were isolated from vaginal swabs. Lactobacillus sp. and their probiotic culture free supernatant
(PCFS) inhibited the growth of the above-mentioned urogenital pathogens. L. crispatus produced both lactic acid and hydro-
gen peroxide, exhibiting the best antimicrobial potential against the studied pathogens. Lyophilized L crispatus had a shelf
life of 12 months and the lyophilized PCFS also retained its antibacterial property with a minimum inhibition concentration
of 1 pg/uL. Carboxy-methyl cellulose-alginate, a green alternative to super-absorbent polymers, was encapsulated with L.
crispatus cells. The probiotic in its encapsulated state retained its viability for 21 days, and the bead showed 30% solvent
absorptive capacity. PCFS-laced non-woven fabric displayed antibacterial property with no change in its physicochemical
propertics. These probiotic and postbiotic formulations have excellent prophylactic potential for urogenital infections. Such

formulations can be exploited as additives in sanitary suppositories to enhance vaginal health.

Keywords Lactic acid bacteria - Probiotic - Postbiotics - Urogenital pathogen - Non-woven Fabric

Introduction

Microbiota encompasses a combined population of micro-
organisms inhabiting a particular niche. The vaginal canal
(VC) plays host to a varied range of microorganisms post
puberty (Larsen and Monif 2001). VC (3-5") is the out-
ermost portion of the female reproductive tract, aiding in
menstruation, parturition, and intercourse. The commonly
found vaginal microbes are Diphtheroid, Lactobacillus,
Staphylococcus, Streptococcus, Escherichia, Klebsiella,
Enterobacter, Proteus, and Pseudomonas (Corbishley
1977: Chee et al. 2020). Some of these species are ben-
cficial, some maintain commensalism, and few are patho-
genic in nature (Ravel et al. 2011). On the onset of puberty,
the estrogen hormone stimulates the vaginal epithelium to

4 Bolin Kumar Konwar
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' Department of MBBT, Tezpur University,
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produce glycogen that is digested by a-amylase enzyme to
form maltose (Gregoire ct al. 1971); this sugar is utilized
as a food source by microbes throughout the reproductive
age (Sumawong ct al. 1962; Nunn et al. 2020). The micro-
flora shuffles throughout a menstrual cycle depending on
the hormonal balance, self-hygiene, and sexual behavior
until menopause (Taddei et al. 2018). The microflora post
menopause shows similarity to the microbial flora prior to
puberty (Larsen and Galask 1982; Das et al. 2023).
Beneficial microbes inhabit VC, and studics have shown their
mutualistic relationship with the host. These microorganisms
render protection to VC from pathogens throughout the repro-
ductive age and are considered beneficial and termed probiotic
(Pino et al. 2019). The menstrual cycle not only initiates the
process of becoming reproductively active but also enhances
the protection of VC by arranging a suitable environment for
beneficial microbes to grow. Studies on the vaginal microflora
of reproductive women at a genetic level have revealed vanious
community state types (CST). Lactobacillus sp. fills up 70%
of the microbial population in CST 1, 2, and 5 being a con-
sistent candidate for a healthy vagina (Smith and Ravel 2017).
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Abstract

Vaginal canal (VC) is exposed to the external environment affected by habitual factors like hygiene and sexual behaviour
as well as physiological factors like puberty, menstrual cycle, pregnancy, child birth and menopause. Healthy VC harbours
beneficial microflora supported by vaginal epithelium and cervical fluid. Connatural antimicrobial peptide (AMPs) of female
reproductive tract (FRT) conjunctly with these beneficial microbes provide protection from a large number of infectious
diseases. Such infections may either be caused by native microbes of the VC or transitory microbes like bacteria or virus
which are not a part of VC microflora. This review highlight’s the role of hormones, enzymes, innate immunological factors,
epithelial cells and vaginal mucus that support beneficial microbes over infectious ones thus, helping to maintain homeostasis
in VC and further protect the FRT. We also discuss the prospective use of vaginal probiotics and AMPs against pathogens
which can serve as a potential cure for vaginal infections.

Keywords Female reproductive tract (FRT) - Vaginal canal (VC) - Homeostasis - Antimicrobial peptides/proteins (AMP) -

Probiotic - Lactic acid bacteria (LAB)

Introduction

The microenvironment of vagina post-puberty shuffles due
to hormonal changes, diet, sexual and general habits [1, 2].
The FRT being an open system is highly prone to microbial
attack. Two innate immunological factors confer protection
in different ways:

Epithelial cells and mucus act as the first line of physical
defence; these cells chemically confer protection by producing
AMPs, chemokines and cytokines through pattern recognition
receptors (PPRs) [3]. Toll-like receptors (TLRs), on the vagi-
nal epithelial cells and neutrophils in mucus, recognise patho-
genic molecules and release AMPs that destroy the pathogens
through ionic disbalance by creating pores on pathogen cell
membrane. The FRT has ten types of TLRs that can recog-
nise virus, bacteria, lipopolysaccharide (LPS), flagellins, heat
shock proteins, ss RNA and DNA. VC also has few immune
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cells; the highest ~20% population is T cells followed by den-
dritic cells, macrophages, innate lymphoid cells and granulo-
cytes [4, 5]. On recognition of transitory pathogens, cytokines
and chemokines activate secondary immunity.

VC supports the growth of native microbiota belong-
ing from Lactobacillaceae family [6]. Transitory microbes
belonging to Mycoplasma, Chlamydiales and Neisseriaceae
family successfully invade and proliferate when a woman
is immune compromised [7, 8]. On contrary, few native
microbes like Bacteroides are inherent to the VC but are pre-
sent in miniscule density. When the growth of native ben-
eficial Lactobacilli sp is inhibited, the miniscule microbiota
overgrows and tend to show virulence to the host by activating
immune cells [9]. The vaginal environment is maintained by
a subtle balance of large number of aerobic and anaerobic
bacteria and fungi. Common vaginal aerobic Gram-positive
bacteria are—Diphtheroid, Lactobacilli, Staphylococcus,
and Streptococcus; and Gram-negative bacteria are—Escher-
ichia, Klebsiella, Enterobacter, Proteus, and Pseudomonas.
The anaerobic bacteria found in VC are Bacteroides, Bifi-
dobacterium, Clostridium, Eubacterium, Fusobacterium,
Peptococcus, Peptostreptococcus, and Propionibacterium
[10, 11]. The vaginal flora has 90% prevalence of acid tol-
erant bacteria, out of which 60% is Lactobacillus sp., rest
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Maintaming healthy vaginal microflora post-puberty is critical. In this study we explore the potential of vaginal hatic
acid bactenia (LAB) and their extracellular metabolites against the pathogeniaty of Candida albicans. The probiotic cul-
ture free supernatant (PCFS) from Lactobacillus crispatus, L. gasseri, and L. vaginalis exhibit an inlibitory cffect on
budding, hyphae, and biofilm formation of C. albians. LGPCFS manifested the best potential among the LAB PCFS,
inhibiting budding for 24 h and restricting hyphac formation post-stimulation. LGPCFS also pre<minently inhibited
biofim formation. Furthermore, L. gasseri itself grew under RPMI 1640 stimulation suppressing the biofilm formation
of C. albicans. The PCFS from the LAB downregulated the hyphal genes of C. albicans, inhibiting the yeast transfor-
mation to fungi. Hyphal cel wall protans HWP1, ALS3, ECEI, and HYRI and transcription factors BCRI and
CPHI were downregulated by the metabolites from LAB. Finally, the extracellular metabolome of the LAB was stud-
iad by LC-MS/MS analysss. L.gasseri produced the highest antifungal compounds and antibiotics, supporting its best
activity against C. albicans. Vaginal LAB and their extracellular metabolites perpetuate C. abicans at an avirulent state.
The metabobites produced by these LAB in vitro have been identified, and can be further exploited as a preventive mea-
sure against vaginal candidiasis.

Key words: Lactic acid bacteria; candidiasis; probiotics; extracellular metabolites.
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Human microbiota is established post-birth and
influenced by various factors such as mode of birth,
fetal care, and diet. Mycobiome is a broad class
under the human microbiota comprising of fungi
that colonize humans [1], and has been investigated
inadequately due to their low population in the
human body [2]. The culture-independent studies
from vaginal canal (VC) of healthy women have
reported several fungal species from Ascomycota,
Basidiomycota, and Oomycota phylum. Multiple
studies has reported the presence of fungal species
like Candida, Aspergillus, Saccharomyces, Rhinocla-
diella, Dothideomycetes, and Cryptococcusn from
VC of healthy adults [3). Candida albicans of asco-
mycota family is the most prevalent fungal species
found in the VC post-puberty. Other non-albican
species found in VC are C. glabrata, C. krusei,

Received 13 May 2023, Acaepted 26 November 2023

C. tropicalis, C. parapsilosis, and C. psuedotropicalis
[4). Overgrowth of Candida sp. in VC has reported
to cause inflammation, redness, itching, and rash in
the infected area leading to heavy discomfort [5].
Candida sp transits from yeast to hyphal form, ini-
tiates biofim formation and adhere as well as
invade the vaginal epithelial cells causing candidia-
sis [6]. 80-90% of candidiasis cases is caused by
Candida albicans, whereas the remaining 10-20% of
cases are caused by non-albican species [5]. 75%
of women population are affected by vulvovaginal
candidiasis (VVC) once prior to menopause and
15% suffers from recurrent VVC, making it the sec-
ond most prominent vaginal infection after bacte-
nal vaginosis (BV) [7].

Recent studies on vaginal microbiome of healthy
women using modern sequencing techniques illus-
trate that LAB accounts up to 70% of the total
microbial population in the VC [8, 9). The VC
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Chapter 1: Introduction

1.1. Female Reproductive System

Female reproductive tract (FRT) in human comprises of the uterus, ovaries, fallopian
tubes, cervix, and vagina. At the fourth week of gestation the pelvic region of an embryo
has a wolffian duct, a mullerian duct, the metanephros, cloacae and gonadal ridge. Prior
to fifth week of gestation the gonads of an embryo are indistinguishable. Post Sth week
the primordial germ cells migrate from the endodermal lining of yolk sac through the
dorsal mesentery of hindgut to the gonadal ridge. The development of female or male
genitalia is determined by the presence of the Y chromosome. In the absence of the
expression of the SRY gene, the primitive sex cord degenerates, leading to the
development of the female ovaries. The epithelium cells in the ovary divides to form the
cortical cord. The cortical cord matures and breaks eventually to form primordial cluster
with oogonium covered by a layer of epithelium cells. In absence of testosterone
hormone, the wolffian duct degenerates, whereas the mullerian duct forms in absence of
anti-mullerian hormones. The duct later differentiates to form the uterus, cervix, and
fallopian tubes [1, 2]. Health status of the FRT influences intermittent physiological
processes like fertilization, implantation, foetal growth, and parturition. Additionally. the
health of tract also has an impact on the sexual health and other physiological processes

like menstruation and regular mucus outflow [3].

Female Reproductive Tract

Vaginal Microbiome

&

Figl.1.: The female reproductive tract
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