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Lactobacilli are predominant microorganism in vaginal ecology and provide protection against pathogens. The
present study was aimed to evaluate the in vitro and in vivo prebiotic effect of pectin on vaginal lactobacilli. The
effect of pectin concentration on growth of Lactobacilli casei (LC) and Lactobacilli fermentum (LF) was studied by
measuring change in pH, optical density, titratable acidity, and dry mass after 48 h of incubation. The antimicrobial
effect against pathogenic Escherichia coli and Candida albicans was studied by agar diffusion technique. /n
vitro effect of pectin on viability of mixed cultures of LC or LF with E. coli or C. albicans was studied. In vivo,
prophylactic and therapeutic effect of pectin on vaginal lactobacilli was investigated on female Wistar rats. The
stimulative effect of pectin was confirmed by an increase in LC and LF dry mass, reduction in pH, and increase in
production of organic acid. Lactobacilli supernatants showed a significant antimicrobial effect against E. coli. The
mixed culture study demonstrated the stimulative effect of pectin on LC and LF, whereas inhibitory effects on E.
coli and C. albicans. In vivo study on female rats revealed a significant increase in lactobacilli count in vaginal flora
after topical administration of pectin. This study demonstrated the prophylactic and therapeutic effect of pectin as a

prebiotic on vaginal microflora.

1. INTRODUCTION

The microflora of healthy human vagina is composed of dominant
Lactobacilli species that play an important role in promoting vaginal
health [1]. Lactobacilli are an integral part of vaginal defense mechanism
and provide protection against pathogens by the formation of biofilm
on vaginal epithelium, secretion of organic acids, and production of
antimicrobial substances, and stimulation of immune system of host [2].
Any change in local microflora of vagina leads to a condition known
as dysbiosis that is indicated by a decrease in lactobacilli count and
increase in the growth of pathogenic bacteria [3]. Recently much interest
has been focused on alternative therapies for treatment of vaginal
infection, considering the adverse effects of current antimicrobial agents
on vaginal ecology. Use of probiotic and prebiotic is a potential area of
research for promoting vaginal health [4,5].

Prebiotics are insoluble dietary fibers that are known to stimulate
the growth of health-promoting endogenous microorganisms like
lactobacilli affecting the composition of natural microflora [6].
Probiotics as per WHO are defined as “live micro-organisms which
when administered in adequate amount confer the health benefits
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to the host.” The mechanisms which are identified for the probiotic
action are: Promotion of lactobacilli growth, competition of
lactobacilli with pathogens for adhesion to epithelial cells and for
nutrients, production of antimicrobials such as bacteriocin, hydrogen
peroxides, and restoration of vaginal pH by production of lactic acid
that is unfavorable to growth of pathogens and by modulating local
immunological responses [7].

The pro and prebiotic approach has been widely studied in treatment
of gastrointestinal infectious diseases, inflammatory bowel disease like
ulcerative colitis [8], Chrohn’s disease [9] and also in prevention of
colon cancer [10]. Although there are limited reports on prebiotic and
synbiotic approach for promoting vaginal health, use of probiotic for
vaginal health is reported by both oral and topical route [11,12] and had
supported the possibility of restoration of vaginal microbiota after oral
administration of lactobacilli. Clinical studies have reported the efficacy
of probiotics in treatment and prevention of vaginal infections such
as bacterial vaginosis [13], vaginal candidiasis [14], and urinary tract
infections [15] when administered topically. Current reports on vaginal
probiotics suggest that it may serve as an important approach for faster
recovery and prevention of recurrences of vaginal infections [16].

Although probiotic seems to be an interesting approach, maintaining
stability of probiotic formulation is challenging. Moreover, for topical
applications of probiotic, limited dosage forms are available that would
retain stability and efficacy of probiotic bacteria. Use of prebiotic that
has a stimulating effect on local microflora may serve as an alternative
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approach to probiotic. However, most of the reported studies of
prebiotic in literature are associated with colonic function. Prebiotics
are reported to show change in the composition of short-chain fatty
acids, decrease local pH, decrease reductive enzymes, and play
important role in immunomodulation [7]. The short-chain fatty acids
produced by fermentation of prebiotics affect mucosal inflammation,
colonization of pathogens, enzymatic activities, chemoprevention in
carcinogenesis, etc. Prebiotics are also reported to play an important
role in apoptosis of human tumor cells[17]. There are very few reports
on the use of prebiotic carbohydrates for vaginal infections. Recent
reports by Sutherland et al. (2008) [18] have indicated the possibility
of prevention of vaginal infections such as bacterial vaginosis and
candidiasis by topical application of prebiotics. Rousseau et al.
(2005) [19] reported beneficial effect of fructo-oligosaccharides and
gluco-oligosaccharides on growth of vaginal lactobacilli by in vitro
models. A clinical study by Coste et al. (2012) [12] indicated recovery
of normal vaginal flora in patients treated with gels containing gluco-
oligosaccharides. In one of our previous studies, the in vitro effect of
fructo- and galacto-oligosaccharides on vaginal lactobacilli such as
Lactobacilli acidophilus, Lactobacilli casei (LC), and Lactobacilli
fermentum (LF) was investigated [20]. In the present study, an attempt
has been made to investigate the in vitro and in vivo effect of pectin on
vaginal lactobacilli. Pectin is a soluble hetero-polysaccharide obtained
from ripe fruits and is mainly used as viscosity modifier or gelling
agent in food industry [21]. It is also a by-product obtained from fruit
wastes. It mainly contains colloidal poly (galacturonic acid) with
varying degree of methylation [22]. Previous research has supported
the role of pectin as prebiotic for gastrointestinal flora [23]. To the
best of our knowledge, there are no reports in the literature depicting
effect of pectin on vaginal microflora, although pectin has been used
previously as a carrier for vaginal drug delivery [24]. In view of this,
in the present study, effect of pectin on two vaginal lactobacilli strains,
LC, and LF was evaluated by measuring their growth kinetics in the
presence of pectin and antimicrobial effects of these lactobacilli against
Escherichia coli and Candida albicans, commonly observed pathogens
of the genitourinary tract, was also evaluated. The prophylactic and
therapeutic effect of pectin on vaginal microflora was studied using
in vivo rat model.

2. MATERIALS AND METHODS

2.1. Materials

LF (ATCC 14931) and LC (ATCC 393) were provided by the
Department of Biotechnology, Dr. D. Y. Patil Science College, Pune.
E. coli (ATCC 8739) and C. albicans (ATCC 10231) were provided
by the Department of Microbiology, Dr. D.Y. Patil Medical College,
Pune. Citrus fruit pectin was obtained as a gift sample from Krishna
Pectin Jalgaon, India. All the media and chemicals were of analytical
grade and purchased from HiMedia, Mumbeai, India.

2.2. Methods

2.2.1. Microbial strains, media, and growth condition

For the present study, microbial cultures of LF (ATCC 14931), LC
(ATCC 393), E. coli (ATCC 8739), and C. albicans (ATCC 10231)
were used. Lactobacilli strains were cultured in deMan-Rogosa-
Sharpe (MRS) broth or in reconstituted MRS broth and incubated at
37°C for 24 h in microaerophilic condition using candle jar. In candle
jar method, a candle was placed in a desiccator containing plates
such that the candle utilized the oxygen present in the desiccator to
create a condition with low oxygen content. E. coli was cultured in
MacConkey broth at 37°C for 24 h and C. albicans was subcultured in

potato dextrose broth at 37°C for 24 h in aerobic condition. For all the
study protocols, an overnight (18 h) culture of each microbial strain
was used.

2.2.2. Preparation of lactobacilli strains

For the preparation of LC and LF culture, a single colony of lactobacilli
previously-stored at —20°C on MRS agar plate was transferred to
30 ml of MRS broth and incubation was carried out at 37°C for 18 h
in microaerophilic condition. The broth was centrifuged to obtain a
pellet. The pellet was further re-suspended in MRS broth to obtain
the turbidity of suspension adjusted to 0.5 McFarland standards.
The inoculum concentration was considered to be approximately 1.5
x 106 cfu/ml as per inoculum density.

2.2.3. Effect of pectin on growth of lactobacilli

The growth kinetic of lactobacilli was carried out in MRS broth and
reconstituted MRS broth supplemented with pectin. In MRS broth,
the cultivation of LC and LF was conducted with addition of 2%
(v/v) of the inoculum in 250 ml of sterile MRS broth aseptically. The
flasks were then incubated at 37°C for 48 h in anaerobic condition.
Samples were collected after every 2 h to determine optical density at
600 nm [20]. Each experiment was conducted in triplicate.

2.2.4. Determination of dry biomass

To monitor the process of cellular growth and to establish the
relationship of optical density at 600 nm and dry biomass, broth samples
were centrifuged at 4000 rpm in a cooling centrifuge (Remi, C24,
India) for 30 min. The cell-free supernatants were preserved for further
testing. The settled pellets were collected and weighed. The pellets
were dried in hot air oven at 80°C till their weight remained constant.
The final weight was taken as dry biomass weight. Calibration curve
of optical density and dry biomass was plotted and a linear equation
was obtained. This equation was used to plot the growth curves and
maximum specific growth rate (Wmax) and doubling time (t,) was
calculated from the growth curves [20,25].

2.2.5. pH
The pH was measured by a calibrated electronic digital pH meter
(Equip-Tronic, EQ-614A, India).

2.2.6. Determination of Titratable acidity

The acid production (% Titratable acidity) of LC and LF was
determined by titrating the supernatant samples with 0.1 M NaOH
using phenolphthalein as an indicator. The titratable acidity was
calculated [26] as follows,

_NXVXM
S X10

Where, N = Normality of standard NaOH used for titration

V = volume of standard NaOH used for titration in mL

M = Molecular weight of predominant acid in the sample divided by
the number of hydrogen ions in the acid molecules that are titrated

S = Sample size in mL or g.

2.2.7. Determination of antimicrobial activity against E. coli and
C. albicans

Antimicrobial activity of cell-free supernatant from LC and LF
cultures was tested against E. coli and C. albicans by agar well
diffusion method. For E. coli and C. albicans, MacConkey agar and
potato dextrose agar were used, respectively. The media were prepared
and sterilized at 121°C for 20 min in an autoclave. The sterilized media
were poured into sterile Petri plates and allowed to solidify under
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aseptic conditions. The overnight cultures (0.1 ml) of £. coli and C.
albicans were spread uniformly on respective agar media. The cups
were cut using bore of 6 mm diameter and 0.1 ml of supernatants was
added to each well. The samples were allowed to diffuse for 4 h in
the refrigerator followed by incubation of plates at 37°C for 24 h for
E. coli and 48 h for C. albicans in aerobic conditions. The tests were
performed in triplicate and zones of inhibition were measured [27].

2.2.8. In vitro investigation of pectin efficacy by mixed culture
technique

Minimal essential medium (MEM, 100 ml) consisting of yeast extract,
peptone, bile salt, vitamin K, cysteine, Tween 80, and supplemented
with 3% w/v of pectin as a sole carbon source was sterilized and
inoculated with overnight cultures of lactobacilli and pathogenic
bacteria (E. coli and C. albicans). Flask I was inoculated with LF
and E. coli, flask 2 with LF and C. albicans, flask 3 with LC and
E. coli, and flask 4 with LC and C. albicans. The media was incubated
for 48 h under microaerophilic conditions. After 0, 24, and 48 h,
100 pl of suspension was removed from flask, and serial dilutions
(1071, 1072, 1074, 107%, 1078, 1071°) were prepared using sterile broth.
The dilutions (100 wl) were plated on sterile agar plates and incubated
at 37°C in incubator for 24 h. For lactobacilli, MRS agar was used,
for E. coli, MacConkey’s agar, and C. albicans were plated on potato
dextrose agar medium. After 24 h of incubation, colonies on each
plate were counted using digital colony counter to estimate the total
viable count [28]. The viable count of (cfu/ml) was calculated using
following formula.

No of colonies / ml plated

cfu/ml= —
Dilution factor

2.2.9. In vivo effect of pectin on vaginal lactobacilli flora

To study the prophylactic and therapeutic effect of pectin on vaginal
lactobacilli flora, an experimental rat model was developed in our
laboratory. This model is not reported previously in the literature for
vaginal route. All the animal experiments in the study were approved
by Institutional Animal Ethical Committee and were strictly adhering
to CPCSEA guidelines of India (DYPIPSR/IAEC/17-18/P-15). For
this model, 7-8 weeks old female Wistar rats were used. Rats received
a normal diet and water ad libitum and were kept in isolation at
temperature of 25°C with 12 h light and dark cycle. The lactobacilli
viable count of rat vagina was studied by taking vaginal swabs. The
vaginal smear was serially diluted aseptically with sterile saline and
plating was done using MRS agar. The plates were incubated at 37°C
for 48 h. The rats with lactobacilli population equal to or more than 1.5
x 10¢ cfu/ml and with no signs of infection were only considered for
the study. Rats were divided in 4 groups each containing 6 animals.
Out of four groups included in the study group, group 1 and group 2
were used to study the preventive effect of pectin as prebiotic, whereas
group 3 and 4 were used in the experiment of therapeutic effect of
prebiotic.

2.2.8.1. Preventive effect

To study the preventive or prophylactic effect of pectin on vaginal
microflora, one group of animal (Group 2) was administered pectin
gel (3%w/v) intravaginally (100 pl) once daily for 28 days and
group 1 was served as control which did not receive any prebiotic
treatment. On 0 (T), 7 (T,), 14 (T,,), 21 (T,)), and 28" (T,,) day,
vaginal swabbing was done and after proper serial dilutions, plating
was carried out MRS agar to determine the lactobacilli count. After
28 days, marketed metronidazole vaginal gel (Metrogyl Gel, 2%w/w,

J. B. Chemicals and Pharmaceuticals Ltd., India) was administered
intravaginally (100 pl) to rats from both the groups (group 1 and 2)
daily for 7 days to disturb the local microflora. The objective was to
check the prophylactic activity of pectin as prebiotic against control
group which was not given any prior treatment. After 3 (T, ) and 7"
(T,,) day of administration of Metronidazole, the vaginal lactobacilli
count was determined and results were expressed as log cfu/ml.

2.2.8.2. Therapeutic effect

This study was performed to investigate the ability of pectin as prebiotic
to restore the disturbed vaginal flora. In this model, the vaginal flora
of rats was first compromised and then the treatment was given by
intravaginal administration of pectin. Group 3 and group 4 of rats were
used for this study. The vaginal microflora of experimental rats in both
the groups was compromised or disturbed by administering Metrogyl
gel, intravaginally (100 pl), for 7 days. The decrease in lactobacilli
count was confirmed by determining viable lactobacilli count after
7 days (T,) of gel administration. After confirmation of compromised
vaginal flora, group 4 received prebiotic treatment once a daily for
28 days by intravaginal pectin gel administration (3%w/v). Group 3
was treated as control and no treatment was given to this group. The
viable lactobacilli count was determined on 7 (T ), 14 (T, ), 21 (T,y),
and 28" (T,,) day of pectin administration. The vaginal swabs were
cultured after serial dilution on MRS agar plates and incubated in
microaerophilic conditions.

2.2.9. Histopathological evaluation of vagina

For the histological experiments, one animal of each group was
sacrificed. The rats were euthanized by carbon dioxide inhalation. The
vagina and uterine horns of each animal were removed and fixed in
neutral-buffered Formalin. These tissues were trimmed longitudinally
and tissue processing was done to dehydrate in ascending grades of
alcohol, clearing in xylene, and embedded in paraffin wax. Paraffin
wax embedded tissue blocks were sectioned at 5 um thickness with
the rotary microtome. All the slides of vagina were stained with
hematoxylin and eosin stain. The prepared slides were examined
under microscope to note histopathological lesions and leukotriene
infiltration, if any. Severity of observed lesions was recorded.

2.3. Statistical Analysis

The bacterial counts were log-transformed for each experiment and
readings were expressed as mean + SD. The statistical difference in
the groups was determined by applying analysis of variance followed
by unpaired #-test (GraphPad Instat 3, USA). The difference was
considered as statistically significant for P < 0.05.

3. RESULTS AND DISCUSSION

3.1. Effect of Pectin on Growth of Lactobacilli

Effect of pectin on growth of LF and LC is shown in Figures 1 and 2.
Addition of pectin had significant (P < 0.005) effect on the growth
of LF as well as LC as compared to control. Maximum growth was
observed during 2 to 28 h. A significant difference in growth of
lactobacilli was observed with change in concentration of pectin. An
increase in pectin concentration from 1% to 3% w/v significantly
increased the OD of LF and LC cultures which demonstrated the
ability of pectin to stimulate lactobacilli growth. Further increase in
pectin concentration (above 3%) did not significantly increase OD of
LF and LC as compared to 3 % pectin. Hence, concentrations of pectin
above 3% were not considered in the study.

105
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Figure 1: Effect of pectin on growth of Lactobacilli casei. *Error bars

represent standard deviations of three replicates.
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Figure 2: Effect of pectin on growth of Lactobacilli fermentum. *Error bars

represent standard deviations of three replicates.

These results were further confirmed by the growth curves
[Figures 3 and 4] with dry biomass (g/L) plotted as function of
time. The cellular concentration expressed in terms of dry mass
for Lactobacilli species increased with an increase in pectin
concentration. The higher growth rate of LC (umax, 0.080 g.
L'h") than LF (umax, 0.046 g. L"'h™") was further confirmed. The
doubling time (t,) for LC and LF in the presence of pectin was 19.8
h and 34.6 h, respectively.

The difference in the growth rate of LC and LF could be attributed
to pectinolytic ability of both the lactobacilli strains. The lactobacilli
have the ability to degrade the polysaccharide to monosaccharides
that are used as a sugar source by lactobacilli for their growth [29].
The presence of a prebiotic-specific enzyme hydrolysis system is
needed in lactobacilli for the utilization of any prebiotic by those
lactobacilli [30]. The pectinolytic activities of lactobacilli had been
reported in studies related to fermentation process; however, there are
few reports identifying specific polysaccharide degrading enzymes
in lactobacilli [29]. Recent reports have suggested that diversity of
lactobacilli strains in carbohydrate fermentation could be attributed to
phylogenetic diversity in the genus lactobacillus [30].

Figure 3: Effect of pectin on Lactobacilli casei dry biomass. *Error bars
represent standard deviations of three replicates.
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Figure 4: Effect of pectin on Lactobacilli fermentum dry biomass. *Error bars
represent standard deviations of three replicates.

3.2. Effect on Titratable Acidity

Table 1 indicate titratable acidity (%) produced by LC and LF in the
presence and absence of pectin. The titratable acidity was found to
be increased with an increase in pectin concentration. As lactobacilli
produced different organic acid (lactic and acetic acid as predominant)
through fermentation of glucose, in the presence of pectin, the availability
of monosaccharide is more than control resulting in increased production
of organic acid. The LC demonstrated higher acid production than LF.
This is in agreement with several studies reported in literature [31,32].
Piwat et al. (2012) [33] classified LC as a strong acid producer, whereas
LF belonging to medium acid-producing group. The acid-producing
ability can be correlated with growth rate of lactobacilli strains. In this
study, LC demonstrated higher growth rate and sugar fermenting ability
resulting in higher acid production and lower pH compared to Lactobacilli
fermentum (LF). LC is reported to utilize Embden-Meyerhof-Parnas and
6-phosphogluconate/phosphoketolase pathways to ferment sugar [20].

3.3. Effect of pH

The effect of pectin on pH lowering capacity of lactobacilli is
depicted in Table 1. As evident from the table, pectin demonstrated
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Table 1: The pH values, titratable acidity, and zone of inhibition of lactobacilli supernatants against Escherichia coli.

Incubation time (h) Lactobacilli casei Lactobacilli fermentum
Carbon source pH* Titratable Zone of pH* Titratable Zone of
acidity (%)* inhibition (mm)* acidity (%)* inhibition (mm)*
24 Control (without 5.7+0.01 0.27+0.03 - 5.6+0.21 0.20+0.01 -
carbon source)
1% pectin 5.6+0.35 0.36+0.01 5.6+£0.35 5.6+0.03 0.38+0.00 6.5+0.35
2% pectin 5.6+0.07 0.31£0.05 8.6+0.28 5.5+0.02 0.48+0.03 9.4+0.23
3% pectin 5.6£0.07 0.46+0.02 12.3£0.35 5.4+0.07 0.66+0.01 13.3+0.35
48 control 4.9+0.07 0.78+0.00 - 4.7+014 0.49+0.01 -
1% pectin 4.9+0.01 0.80+0.07 8.240.42 4.7+0.07 0.8120.00 8.2+0.42
2% pectin 4.6+0.00 0.81+0.11 14.3+0.35 4.3£0.07 0.88+0.00 15.3£0.27
3% pectin 4.2+0.07 0.96+0.00 16.6+0.42 440.21 0.95+0.05 18.6+0.42

*Values are expressed as Mean+SD (n=3)

pH lowering effect by stimulating lactobacilli. With increase
in pectin concentration, there was an increase in lactobacilli cell
concentration resulting in increased production of lactic acid that
is responsible for reduction in pH. After 24 h of incubation LC
reduced the pH of media to 5.6 + 0.07 and LF reduced to 5.4 + 0.07
at 3% pectin concentration. After 48 h of incubation, LC and LF
resulted in pH value 0f 4.2+ 0.07 and 4.0 £ 0.21. LC and LF showed
almost similar pH lowering effect with Wy 0f 0.009 and 0.007 h'!,
respectively.

The vaginal health is maintained by lactobacilli flora in vagina. One of
the important self-defense mechanism of vagina against pathogen is its
acidic pH in the range of 4.0-5.5. Vaginal lactobacilli utilize glycogen
in epithelial cells to produce lactic acid that helps to maintain vaginal
pH. The presence of lower pH and lactic acid would restrict the growth
of pathogens without affecting the normal flora. The lower pH values
by LC and LF at increasing pectin concentration are indicative of
prebiotic potential of pectin.

3.4. Antimicrobial Activity Against E. coli and C. albicans

The antimicrobial activity of supernatants obtained after treatment
of growth medium for LC and LF was tested against £. coli and C.
albicans [Table 1 and Figure 5]. The inhibition zone changed as
function of time for E. coli. With increase in the incubation time of
LC and LF, there was an increase in zone of inhibition against E.
coli. After 24 of incubation of LC and LF, the zones of inhibition for
E. coli were 12.3 £ 0.35 and 13.3 + 0.85 mm, respectively, whereas
after 48 h of incubation values of 16.6 + 0.42 and 18.6 + 0.40 mm
were observed. Thus, the activity was significant against E. coli but
no zones were observed against C. albicans for both lactobacilli
strains. The activity against E. coli could be attributed to ability of
lactobacilli to produce bacteriocin-like substance that prevent the
growth of pathogenic bacteria but do not show any effect on itself
(lactobacilli). Moreover, E. coli being a Gram-negative bacteria
which is known to be more sensitive to bacteriocin. C. albicans,
being a yeast, is resistant to this bacteriocin-like substance resulting
in no zone of inhibition. This is consistent with the reports of our
previous study [20].

Inhibitory zones of LF were larger as compared to that of LC. The
bacteriocin produced by different Lactobacilli species could have a
different mode of action against E. coli showing different zones of
inhibition.

Figure 5: Zone of inhibition of (a) Lactobacilli casei (b) Lactobacilli

fermentum supernatants against Escherichia coli.

3.5. In Vitro Efficacy of Pectin Using Mixed Culture Technique

The mixed culture or co-culture technique was performed to study
the selective nature of pectin as a prebiotic toward the healthy
vaginal bacteria like lactobacilli against pathogens, such as E. coli
and C. albicans, in a mixed or co-culture mimicking the in vivo
conditions. The cultures of LC or LF with E. coli or C. albicans
were grown in MEM supplemented with pectin. The effect of pectin
on the viable count of lactobacilli and E. coli or C. albicans was
studied [Figures 6-9]. The stimulate effect of pectin on lactobacilli
count was evident from the study. After 24 h of incubation with
pectin, there was an increase in the viable count of both LF and LC
by 1-2 log values. No inhibitory effect of C. albicans or E. coli was
found on lactobacilli. However, there was a significant reduction
(P <0.001) in the viable count of E. coli as well as C. albicans in
the presence of pectin and lactobacilli. In the presence of LC and
pectin, the initial microbial count of 6.98 + 0.32 log cfu/ml of E. coli
decreased to 6.92 + 0.62 log cfu/ml and 4.84 + 0.71 log cfu/ml
[Figure 6] in 24 h and 48 h, respectively. E. coli microbial count
of 8.09 + 0.20 log cfu/ml, was decreased to 5.05 £ 0.15 log cfu/ml
in 24 h and 5.04 + 0.19 log cfu/ml in 48 h when incubated with LF
[Figure 7].

Vaginal lactobacilli play a vital role in maintaining acidic pH of vagina.
The epithelial glycogen in vagina is utilized by lactobacilli flora to
produce lactic and acetic acid by fermentation. This helps as defense
mechanism of vagina against pathogen. The lower acidic pH of vagina
reduces the risk of pathogenic microbes allowing restoration of the
vaginal ecosystem. In addition, lactobacilli are known to compete with
the pathogen for the same carbon source and produce antimicrobial
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three replicates.

substances such as bacteriocin and hydrogen peroxide that provide
unfavorable conditions for the growth of pathogen [20]. Prebiotic
does not have a direct effect on pathogens but stimulates the growth
of healthy microorganisms like lactobacilli and helps to restore the
normal flora.

E. coli is a typical inhabitant of human microflora and is known to
cause many infections, including genitourinary tract infections. The
inhibition of E. coli by lactobacilli is attributed to decrease in pH
due to production of lactic acid as well secretion of bacteriocin-like
substance with antimicrobial activity. This is consistent with the study
by Tomas et al. [34], who have reported the inhibition of . coli growth
in L. acidophilus and E. coli mixed culture.

From Figures 8 and 9, the effect of LF and LC on C. albicans is
evident. In 24 h of incubation, C. albicans count decreased from 7.86
+0.28 log cfu/ml to 4.77 + 0.31 log cfu/ml and after 48 h, reduction in
microbial count was 4.53 + 0.18 log cfu/ml in the presence of pectin
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Figure 9: Effect of pectin on viability count of Lactobacilli fermentum and
Candida albicans in mixed culture. *Error bars represent standard deviations

of three replicates.

and LF. In presence of LC, decrease in C. albicans was from 6.81 £
0.45 log cfu/ml to 4.65 + 0.42 log cfu/ml in 48 h of incubation. These
results are in contrast to the antimicrobial effects of supernatants of
lactobacilli where no effects were observed. The higher anti-candida
effect of pectin in a co-culture could be attributed to synbiotic effect
of pectin and lactobacilli [28]. The acidic environment provided due
to growth of lactobacilli could be one of the reasons responsible for
unfavorable conditions for the growth of C. albicans, resulting in
reduction in its count.

3.6. In Vivo Effect of Pectin on Vaginal Lactobacilli

In vivo effect of pectin on vaginal lactobacilli was studied using rat
model with compromised vaginal microflora. Rat model was selected
for this study because similar to human, in rats Lactobacilli spp. are
the major component of vaginal microflora, making local vaginal
pH lower than neutral in contrast to mice where lactobacilli are not
dominant species of vaginal flora [35].
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3.6.1. Preventive effect

After pre-treatment of rat vagina with pectin gel for 28 days, the
lactobacilli count in vaginal flora was observed as 7.31 + 0.89 log
cfu/ml [Figure 10]. After 3 days of metronidazole gel treatment (T,)),
the lactobacilli count of the control group reduced to 5.32 + 0.07 log
cfu/ml which further decreased to 3.36 + 0.28 log cfu/ml in 7 days
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Figure 10: Prophylactic effect of pectin on rat vaginal microflora. *Error
bars represent standard deviations of six replicates, ** First 28 days indicate
pectin treatment, 31* and 35" day indicates 3™ and 7™ day of metronidazole

gel treatment.
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Figure 11: Therapeutic effect of pectin on rat vaginal microflora. *Error
bars represent standard deviations of six replicates, ** First 7 days indicate
metronidazole gel treatment, 14™, 21+, 28" and 35" indicate 7%, 14" 21%, and
28" day of pectin treatment.
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(T,,). The reduction in lactobacilli count indicated the compromised
or disturbed microflora of rat vagina in control groups. The rats,
pretreated with pectin (Group 2) showed a significantly lower
reduction in lactobacilli count (5.25 + 0.17 log cfu/ml after 7
days of metronidazole treatment) than control (P < 0.0001). This
demonstrated the preventive effect of pectin as prebiotic on vaginal
lactobacilli. Various preclinical as well as clinical reports support the
prophylactic effects of lactobacilli strains against experimental and
urogenital infections in human [36,37]. Prebiotic stimulates the effect
of lactobacilli and has shown to produce significant prophylactic
effects against infection.

3.6.2. Therapeutic effect

For investigating therapeutic effect of pectin, the pectin gel was
administered to rats whose vaginal microflora was compromised by
administering Metronidazole gel intravaginally for 7 days. The viable
count (3.39 £ 0.05 log cfu/ml) after 7 days, confirmed the reduction
in vaginal lactobacilli [Figure 11]. When the rats were treated with
pectin gel intravaginally for 28 days, there was gradual increase in
lactobacilli count after 14 days of treatment (T, ). The control group
did not show any improvement in lactobacilli count. Few rats also
showed signs of fungal infection. This could be due to reduction
in vaginal lactobacilli resulting in a compromised vaginal defense
mechanism leading to dysbiosis. After 28 days of prebiotic treatment
(T,,), there was a complete restoration of vaginal flora (lactobacilli
count, 7.40 £ 0.14 log cfu/ml). The control group (group 3) did not
show any signs of improvement and the presence of fungal infection
was observed. After 28 days (T,,), lactobacilli count was 2.41 & 0.03
log cfu/ml in control group. This demonstrated significant faster
recovery (P < 0.0001) or restoration of microflora in the case of
prebiotic treatment.

3.7. Histopathology of Vagina

Microscopic examination of vaginal tissues of rats from the control
group did not reveal any signs of vaginal irritation [Figure 12]. Rats
of metronidazole treated group revealed multifocal mild hyperplasia
of squamous epithelium, multifocal mild vasodilation, and multifocal
moderate lymphocytic infiltration at lamina propria and epithelium.
Histopathological evaluation of group treated with metronidazole
followed by pectin revealed focal mild hyperplasia of squamous
epithelium and focal mild vasodilation and very mild lymphocytic
infiltration at lamina propria. The improvement in the signs of
irritation, caused by Metronidazole gel, was observed after 28 days of
pectin treatment.

),

Figure 12: Histopathology of (a) control (normal vagina) showing normal histology, Stratified squamous epithelium (small arrow), keratinized cells (arrowhead),

lamina (large arrow) {H & E, 400X} . (b) Metronidazole treated vagina: showing normal histology, hyperplasia of squamous epithelium (small arrow), moderate

lymphocytic infiltration at lamina (large arrow) {H & E, 400X}. (c) Metro + pectin treated vagina: Showing mild lymphocytic infiltration at lamina (small arrow)
{H & E, 400X}.
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4. CONCLUSION

The study was designed to investigate the prebiotic potential of pectin
on vaginal lactobacilli. Pectin showed stimulative in vitro effect of
pectin on LC and LF growth that is indigenous strains of human vagina.
Increase in pectin concentration showed a decrease in pH, increase
in lactic acid production, and potential antimicrobial effect against E.
coli. Mixed culture study showed stimulative effect of pectin on LC
and LF and significant inhibitory effect on E. coli and C. albicans.
In vivo studies in rat demonstrated prophylactic and curative effect of
pectin as prebiotic on vaginal lactobacilli flora. The study indicated
the prebiotic potential of pectin for prophylactic and therapeutic effect
in vagina.
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