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ABSTRACT 
 
Background: Bacterial vaginosis is commonly experienced by women of reproductive age. The 
Nugent score is the gold standard for diagnosing bacterial vaginosis. Prebiotic Glucomannan hy-
drolysates (GMH) as a therapy in the treatment of bacterial vaginosis and has an immunomo-
dulatory effect on the immune system and provides cellular immunity. The purpose of this study 
was to examine the effects RI�*0+�DQG�%9�*HO�RQ�1XJHQW�VFRUHV��7UHJ�FHOO�SUHVHQWDWLRQ��DQG�7*)�Ã�
levels in bacterial vaginosis of women of childbearing age. 
Subjects and Method: This was an experimental study. A sample of 24 women aged 20 to 45 
years old with bacterial vaginosis (Nugent scoUH� ����was divided into 4 groups: oral antibiotic 
group metronidazole (500mg), combination of GMH (300mg) and metronidazole, 5 ml BV Gel 
tube, and combination of GMH and BV Gel scores. The dependent variables were GMH and BV Gel 
administrations. The independent variables Nugent score, Treg presentation, and TGF-Ã� OHYHO. 
Nugent score��7UHJ�FHOO�SUHVHQWDWLRQ��DQG�7*)�Ã�OHYHO were measured on day-0, day-11, and day-22. 
The data were analyzed by one way Anova. 
Results: The results of the analysis after treatment on day 22 showed that the GMH and BV gel 
were able to reduce Nugent VFRUHV�� LQFUHDVH�7UHJ� FHOO�SUHVHQWDWLRQ�DQG�7*)�Ã� OHYHOV� LQ�EDFWHULDO�
vaginosis of women of childbearing age. 
Conclusion: GMH as an alternative therapy for bacterial vaginosis compared with antibiotic 
treatment can improve normal vaginal flora and stimulate the immune system in vitro and in vivo 
significantly. 
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BACKGROUND 

Vaginal infection is not a direct cause of 

maternal death, but is a cause of high mor-

bidity in women (Palmeira-de-Oliveira et 

al., 2015). The most common cause of vagi-

nitis is bacterial vaginosis (22% to 50% of 

symptomatic women), vulvovaginal candi-

diasis (17% to 39%), and trichomoniasis 

(4% to 35%) (Beckmann et al., 2010).  

 Bacterial vaginosis is the most com-

mon cause of abnormal vaginal expenditure 

in women of childbearing age. This is a 

syndrome with no known cause charac-

terized by reduced Lactobacillus population 

and excessive growth of anaerobic bacteria 

in the vagina, accompanied by loss of vagi-

nal acidity (Hay, 2014). The Nugent Score 

has good objectivity, sensitivity and specifi-

city, which is the gold standard for diagno-

sing BV infections (Bhat et al., 2011; Rodri-

gues et al., 2015). 
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The use of metronidazole antibiotics 

is the most commonly given antibiotic by 

74.3% in BV cases (Pujiastuti and Murti-

astutik, 2014), but can cause 30% of BV re-

currences again after 4 weeks of treatment. 

Resistance from antibiotic use associated 

with BV has been reported so that a new 

therapeutic strategy is needed (Workowski 

and Berman, 2011; Bradshaw, 2006; Ferris, 

2004; Beigi, 2004). Several studies on pre-

biotics containing oligosaccharides, sukro-

ka, prebiotic gel (BV gel) as an alternative 

to BV therapy (Roberfroid, 2007; Zeng, 

2010; Coste, 2012). Several clinical trials 

have reported that the use of plant com-

pounds in reducing BV symptoms includes 

polyherbal vaginal pessaries (Patel et al., 

2008). The use of prebiotic Glucomannan 

hydrolysates (GMH) 200 mg in patients 

with vaginal infections is as a therapy in the 

improvement of normal vaginal flora (Tes-

ter et al., 2012).  

Glucomannan hydrolysates (GMH) 

has an immunomodulatory effect on the 

development of the body's immune system, 

providing humoral, cellular and mucosal 

immunity. Immunomodulators of Lactoba-

cillus may be due to their ability to induce 

cytokines, regulate innate immune respon-

ses and adaptive immune responses (Lin et 

al., 2010). Several studies have shown that 

different species of bacteria have the ability 

in the immune system, antigen-specific T 

polarization including Treg cells (Moha-

madzadeh et al., 2005). Large populations 

of TCD4 + cells express CD25 + on surfaces 

that are thought to affect the immune res-

ponse (Kumar et al., 2013). Only one study 

reported the effect of BV on the percentage 

of Treg cells in peripheral blood mononu-

clear cells (PBMCs), that Treg reduction 

was only observed in BV+/ HIV+ women 

compared to BV-/ HIV+ women (Schellen-

berg et al., 2012). 

Cytokines and chemokines regulate 

many functions of the body's immunity in 

the female reproductive tract (Hickey et al., 

2011). One of the important mediators of 

mature signals on the mucosal effector site 

is the Transforming Growth Factor-beta 

(TGF-Ã��� 7KH� SDWWHUQ� RI� F\WRNLQH� UHVSRQVH�

to L. Crispatus evaluated in superficiality of 

cell cultures reported that immunoregu-

latory cytokines, including TGF-Ã� Dnd IL-

10, detected the highest concentration com-

pared to Th1 type (IFN-Ä� DQG� ,/-12) and 

type Th2 (IL-4) has a lower concentration 

detected (Alvarez-Olmos et al., 2004; Levi-

ngs et al., 2002). In BV, the role of the 

infecting agent regulates its integrin ex-

pression, it has been reported that integrin 

expression is regulated by cytokines such as 

changes in TGF-Ã�� 7KH� 7*)-Ã� VLJQDOLQJ�

pathway must be hypothetically activated 

by various active microbial components th-

rough the Toll-like receptor (TLR) (Biswal 

et al., 2014) 

Molecular analysis of bacterial vagi-

nosis is an additional method that is pro-

spectively useful for clinical and micros-

copic analysis of identifying patients at high 

risk of bacterial vaginosis recurrence (Hil-

bert et al., 2016). The purpose of this study 

is to prove the effect of GMH and BV Gel on 

Nugent scores, Treg cell presentation, and 

7*)� Ã� OHYHOV� LQ bacterial vaginosis of wo-

men in childbearing age. 

 

SUBJECTS AND METHOD 

1. Study Design 

This study was a true experimental using in 

vivo pretest posttest group design, conduc-

ted on bacterial vaginosis patients to deter-

mine T regulator presentation and TGF-Ã�

levels before and after GMH and BV Gel 

administration.  

2. Population and Samples 

The population of this study were patients 

diagnosed with bacterial vaginosis of wo-
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men of childbearing age (20 to 45 years) at 

Department of Obstetrics and Gynecology, 

dr. Iskak Hospital, Tulungagung, East Java. 

The bacterial vaginosis diagnosis was based 

on gram bacterial staining that was 

assessed based on Nugent's score table.  

The sample in this study amounted to 

24 people, divided into 4 groups, each 

group amounted to 6 people, namely: 

Group P1 given therapy Antibiotic Metro-

nidazole taken at a dose of 500 mg, 2 times 

a day for 7 days.  

Group P2 was given Metronidazole 

taken at a dose of 500 mg, 2x daily for 7 

days and also given a pessary therapy 

containing 300 mg GMH inserted into the 

vaginal opening, patients were given 

pessary 3 times a week and recommended 

to be used before going to bed for 21 days. 

The P3 group was given a therapy in 

the form of BV Gel products used according 

to the manufacturer's instructions, once a 

day for 7 days. P4 group was given pessary 

therapy containing 300 mg GMH 3 times a 

week and performed before going to bed for 

21 days and given BV Gel product therapy 

according to factory instructions the maker, 

once a day for 7 days. 

3. Study Variables 

The dependent variable of this study was 

Nugent score, Treg cell and TGF-Ã�F\WRNLQH��

The independent variables include BV Gel, 

Glucomannan Hydrolysates (GMH) and 

GMH+ BV Gel Combinations. 

4. Operational Definition of Variables 

Glucomannan hydrolysates (GMH) in the 

form of prebiotic capsules containing poly-

saccharides from the plant Amorphopallus 

konjac are administered vaginally. The ratio 

measurement scale was by giving 300 mg 

GMH capsules.  

BV Gel is the one containing Lactic 

acid, Glycogen, Propylene Glycol, Methyl-

hydroxy Propyl cellulose, sodium lactate, 

water, and pH 3.8. Scale ratio measurement 

was by giving 5 ml tube. 

Antibiotics was used generic metroni-

dazole tablets. Scale measurement ratio was 

by giving 500 mg / per oral. 

Nugent scores by examining vaginal 

secretions that have been stained with 

Gram staining bacteria observed under 

microscope, are assessed and scored accor-

ding to Nugent criteria. The ratio measure-

ment scale was by calculating the number 0 

to 10 based on Nugent's table. 

Regulatory T cells (Treg) were obser-

ved Treg cells from Pheripheral Blood 

Mononuclear Cells (PBMC) in total CD4+ 

CD25+ Foxp3 of ten thousand cell po-

pulations using flowcitometry (Bio-legend). 

The ratio measurement scale was read with 

FACS CaliburTM flowcytometry with cell-

Quest Pro software with percent (%) units. 

7*)�Ã� OHYHOV�were cytokines observed 

IURP�EORRG�SODVPD�XVLQJ�WKH�+XPDQ�7*)�Ã�

Elisa Kit (Bio-legend). The ratio measure-

ment scale with Bio Rad 550 microplate re-

ader, expressed in units of pg / mL. 

The measurement of Nugent's score, 

7UHJ�FHOO�SUHVHQWDWLRQ�DQG�7*)�Ã�OHYHOV�ZDV�

carried out in 3 (three) measurements, 

namely on day 0 (H0) before treatment, 

day 11 (H11) and day 22 (H22) on 4 (four) 

sample groups. 

6. Data Analysis 

Data analysis was done using Shapiro-Wilk 

normality test because the sample was 50, 

while the comparison test was use One Way 

Anova. 

7. Research Ethics 

This study was carried out after obtained a 

permit from the Ethics Committee of 

Tulungagung Hospital. All bacterial vagino-

sis patients were sign informed consent 

before the study. Ethichal clearance was 

issued by the Research Ethics Committee of 

the Regional General Hospital Dr. Iskak 
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RESULTS 

The results of staining gram bacteria 

on a microscope 

Gram bacterial staining was observed on a 

microscope, then the assessment results 

using the Nugent score table and before the 

1XJHQW� VFRUH� WUHDWPHQW��� ��ZHUH� LQFOXGHG�

in the pre-treatment research inclusion 

criteria (Figure 1).  

 
Figure 1. Bacterial Gram (Day-0) 

 
Figure 2. Bacterial Gram (Day-11) 

 
Figure 3. Bacterial Gram  (Day-22) 

 

 After giving the treatment and obser-

ving gram bacteria on a microscope that 

showed the characteristics of the Lactoba-

cillus sp normal flora, then an assessment 

was conducted by using Nugent score table 

on day-22 (Figure 3). 

Based on the results of the Shapiro-

Wilk test in Table 1, it was found that 

Nugent score data, Treg cell counts, and 

TGF-Ã� OHYHOV� IRU� HDFK� REVHUYDWLRQ� JURXS�

had shown all the p values which were 

normally distributed. 

The highest average Nugent score was 

on day 0 of observations, then Nugent's 

average score decreased on the 11th day of 

observation, and it experienced another 

decrease on the 22nd day of observation. In 

women of reproductive age who have 

bacterial vaginosis and got GMH and BV 

Gel, it showed a decrease in Nugent scores 

on day 22 compared to before the appli-

cation (day 0). The combination of GMH 

and BV Gel obtained on D-0, D-11 and D-22 

had significant differences, which mean 

that the Nugent score had a significant 

decrease (Table 2). 

The lowest average number of Treg 

cells was in the observation of the 0th day 

before treatment, then the average number 
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of Treg cells increased in the 11th day of 

observations and it experienced another 

enhancement in the 22nd day of obser-

vations. In women of reproductive age who 

have bacterial vaginosis which given a 

combination of GMH and BV Gel, it showed 

the presetation results that Treg cell was 

increased and there were significant diffe-

rences on D-0, D-11 and D-22 (Table 3).  

In this study, the lowest TGF-Ã� OHYHOV�

was in the 0th day of observations day 

before treatment, then the average of TGF-

Ã� OHYHO� LQFUHDVHG� LQ� WKH� ��th day of obser-

vations and experienced another enhance-

ment in the 22nd day of observations. The 

assessment of TGF-Ã� OHYHOs in the com-

bination group of GMH and BV Gel showed 

that TGF-Ã� OHYHOV� KDG� LQFUHDVHG� DQG� WKHUH�

were significant differences in D-0, D-11, 

and D-22 (Table 4). 

 
Figure 4. The Results of Treg Cell Presentation Measurement with Flowecitometry  

 

The Results of Parametric Prerequisite Test 

Table 1. Normality Test Results 

Groups 
Observation 

Day 

p 

Distribution Nugent 

Score 

Number of 

Teg Cells 

TGF-Ã Levels 

P1 

H0 0.415 0.545 0.692 Normal 

H11 0.554 0.192 0.991 Normal 

H22 0.933 0.824 0.404 Normal 

P2 

H0 0.191 0.346 0.884 Normal 

H11 0.059 0.107 0.497 Normal 

H22 0.452 0.472 0.514 Normal 

P3 

H0 0.091 0.183 0.233 Normal 

H11 0.480 0.142 0.425 Normal 

H22 0.212 0.985 0.213 Normal 

P4 

H0 0.820 0.558 0.634 Normal 

H11 0.111 0.345 0.662 Normal 

H22 0.093 0.688 0.588 Normal 
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Table 2. The Results of Average Comparison of Nugent Score 

Groups 

 

Means±SD 

P1 P2 P3 P4 

H0 8.33±1.21a 8.50±1.38a 8.67±0.82a 8.50±1.05a 

H11 6.67±1.37a 5.67±1.75b 4.33±1.63b 3.50±1.76b 

H22 4.00±2.00b 3.17±1.94c 3.33±1.51b 1.33±1.37c 

P 0.001 <0.001 <0.001 <0.001 

 

Table 3. Comparative Test Results for Average Presentation of Treg Cells 

Groups 

 

Means±SD 

P1 P2 P3 P4 

H0 7.78±1.87a 7.62±2.03a 9.14±5.26a 8.10±2.35a 

H11 11.15±5.37a 11.59±4.10b 14.11±6.32a 15.42±4.96b 

H22 17.83±4.68b 19.67±2.78c 22.19±2.77b 22.62±7.53c  

P 0.003 <0.001 0.001 0.001 

 

Table 4. The Results of Average Comparison of TGF-Ã�/evels 

Groups 

 

Means±SD 

P1 P2 P3 P4 

H0 429.99±3.82a 429.44±6.72a 429.57±4.55a 428.83±4.63a 

H11 430.71±4.68a 431.14±2.88a 431.78±5.16a 434.74±3.78b 

H22 439.18±4.51b 439.77±3.18b 440.65±3.27b 441.19±3.52c 

p 0.004 0.003 0.001 <0.001 

 

DISCUSSION 

The Effect of GMH and BV Gel on 

Nugent Score  

The combination of GMH and BV Gel ob-

tained in H0, H11 and H22 has a significant 

difference which mean that the Nugent 

score experienced a significant decrease. 

The cure rate of women who were given 

antibiotics was higher (58% -100%) than 

the cure rate of women who were given 

placebo (5% -29%) when evaluated 4 weeks 

after treatment (Oduyebo, 2009; Menard, 

2011). Lactobacilli evaluation based on the 

Nugent score at 5-7-days of visit showed a 

higher Lactobacilli enhancement in the 

sucrose gel group compared to the metro-

nidazole group.  This result indicated that 

by triggering the growth of Lactobacilli, 

sucrose gel returned the vaginal normal 

flora faster than metronidazole (Menard, 

2011). The comparison of the effectiveness 

of prebiotic gel containing sucrose with 

0.75% metronidazole vaginal gel in the BV 

treatment (Zeng et al., 2010).  

Glucomannan hydrolysates which 

produced with mannanase or cellulase 

enzymes were carbon sources of lactic 

cellulase acid and hydrolyzate bacteria 

which were most important for lactic acid 

bacteria (AlæGhazzewi dan Tester, 2012). 

The use of cellulase or mannanase to 

hydrolyze konjac glucomannan could pro-

duce effective prebiotic substrate forma-

tion. (Al-Ghazzewi et al., 2007; Huang et 

al., 2007).  

In vitro culture tests on seventeen 

species of anaerobic bacteria related to BV 

and four species of vaginal Lactobacilli 

which were given H2O2, lactic acid, or 

acetic acid at pH 7.0 and pH 4.5, were 
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evaluated after two hours, physiological 

concentrations of lactic acid killed the BV-

related bacteria without affecting vaginal 

Lactobacilli, while physiological concen-

trations of H2O2 did not properly activate 

the BV-related bacteria or lactobacilli va-

gina. H2O2 was more toxic to vaginal 

lactobacilli than BV-related bacteria. On the 

basis of this in vitro observation, it could be 

seen that lactic acid, not H2O2, was more 

likely to suppress BV-related bacteria in 

vivo (O'Hanlon et al., 2011).   

Evaluation, efficacy, and other safety 

of prebiotic gels were applied as adjuvant 

therapy. Women who were treated for BV 

and showed the recovery from normal 

vaginal flora reduced the risk of recurrence 

(Coste et al., 2012). BV Gel which contained 

lactic acid could effectively increase the 

acidity of vaginal pH. Lactic acid was 

important in maintaining vaginal health, 

because it created an acidic pH that support 

the enhancement of Bacillus acidophilus 

and inhibit the growth of pathogens 

(Petrova, et al., 2015).  

The Effect of GMH and BV Gel on 

Treg Cell Presentation  

In women of reproductive age who have 

bacterial vaginosis and got a combination of 

GMH and BV Gel, the results of Treg cell 

presentation experienced an enhancement, 

and there were significant differences on D-

0, D-11, and D-22. 

Nowadays, all prebiotics were known 

as carbohydrates, and there were many 

different carbohydrates which distributed 

worldwide as prebiotics (2¶%U\DQ et al., 

2013). Carbohydrate receptors on the 

microbial surface phagocytized the micro-

bes and secreted the cytokines to activate 

the adaptive immune response (Abbas et 

al., 2015). Prebiotics can stimulate the 

growth of probiotics Lactobacillus sp. These 

probiotics can work by involving the type of 

T cells, Treg cells (the regulation of T cells 

down of the immune system by producing 

release of cytokines IL-10), thus increasing 

the number of Treg cells in the body, while 

also having the ability of immunoregulators 

mediated by regulator T cells to provide 

therapeutic benefits by inhibiting the gro-

wth of several harmful Gram-negative and 

Gram-positive bacteria which could lead to 

antimicrobial effects (Huber, et al., 2011).  

The anti-inflammatory effects of 

probiotics might depend on several me-

chanisms, such as adhesion to the epithelial 

barrier and antimicrobial effects. The 

relationship of regulator T cells and cyto-

kines related to the function of probiotics 

could increase the regulation of cytokines 

which played a major role in the protective 

effect of probiotics. The effects of probiotics 

which interact with the mucosa of dendritic 

cell produced their own regulatory cyto-

kines or induce the T cells to obtained a 

stronger regulatory cell response (Boirivant 

and Strober, 2007). Other study explained 

that Lactobacillus sp. have immunomodu-

latory effects (Jeon, 2012) which could 

induce CD4+ Treg CD4+ Treg (Rosseli, 

2009).  

The Effect of GMH and BV Gel on 

TGF-Ã Level 

The assessment of TGF-Ã� OHYHOV� LQ� WKH�

combination group of GMH and BV Gel 

showed that the TGF-Ã�OHYHOV�KDG�LQFUHDVHG�

and there were significant differences in D-

0, D-11, and D-22. 

The combination of prebiotic inulin 

and oligofructose in the treatment of colitis 

in transgenic rats reduced the pro-

inflammatory cytokines such as IL-�Ã� DQG�

IFN-Ä�� DQG increased the TGF-Ã� DQG�

immunomodulatory molecules (Hoentjen et 

al., 2005). The probiotics activated the 

TGF-Ã� WKURXJK� WKH� 60$'� VLJQDO pathway 

which lead to TLR2 degradation in 

epithelial cells. The enhancement of TGF-Ã�

produced SMAD signals which found in 
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peripheral blood mononuclear cells (Fujii et 

al., 2006; Vinderolan et al., 2005). Lactic 

acid (LA) has a direct effect on cervicova-

ginal epithelial cells to induce an anti-

inflammatory state, which were substan-

tially characterized by increased production 

of anti-inflammatory cytokines, and a 

reduction in the production of pro-infla-

mmatory cytokines. Furthermore, LA was 

able to protect cervico-vaginal epithelial 

cells from inflammation which caused by 

TLR agonists, and it significantly affected 

the production of cytokines and infla-

mmatory chemokines in LA presentations. 

The effect of LA to prevent the production 

of pro-inflammatory mediators of cervi-

covaginal epithelial cells was suspected that 

LA could inhibit the inflammation induced 

by pathogen-associated molecular patterns 

(PAMPS), from various pathogenic bacteri-

as and viruses (Anahtar et al., 2015; Arnold 

et al., 2016; Hearps et al., 2017; Ferreira et 

al., 2011). 

Various studies of different cell 

hosts/cultures showed a beneficial effect of 

prebiotics on immune system function, by 

regulating the expression of proinflamma-

tory cytokines and anti-inflammatory cyto-

kines (Shokryazdan et al., 2016). However, 

most studies considered the indirect effects 

of prebiotics on the immune system, where 

prebiotics improved immune function thro-

ugh increased population of normal vaginal 

flora (probiotics), and reduced the patho-

genic bacteria at the same time.  
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