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Abstract

Of 44 species of seaweed screened for potential anti-Gardnerella vaginalis activity, 27 (61.4%) showed
antimicrobial activity by the agar disk-diffusion method. Among them, the strongest activities against the
pathogen were exhibited by Chlorophyta, with Ulva pertusa producing an 11.3-mm zone of inhibition at 5
mg disk”. The MIC values of U. pertusa extracts against both G. vaginalis KCTC 5096 and KCTC 5097, the
main cause of vaginosis, were 312 ug ml”, while the MIC values against both Candida albicans KCTC 7270
and KCTC 7965, the main cause of candidiasis, were 2.5 mg mi". Against Lactobacillus gasseriKCTC 3173
and Lactobacillus jensenii KCTC 5194, members of the normal vaginal microflora, no inhibitory effect was
seen even at 10 mg ml”. To identify the primary active compounds, a U. pertusa powder was successively
fractionated according to polarity, and the main active agents against G. vaginalis KCTC 5096 were
determined to be nitrogenous compounds (156 g mi™ of the MIC value). According to these results, it was
suggested that extracts of the seaweed U. pertusa are valuable for the development of natural therapeutic
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agents for treating women with bacterial vaginosis.
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Introduction

Bacterial vaginosis is one of the most common vaginal
disorders in women of reproductive age. The normal vaginal
microflora is composed of lactobacilli, especially Lactobacillus
gasseri, L. crispatus and L. jensenii. The lactobacilli metabolize
glucose essentially to lactic acid. The lactic acid contributes to the
retainment of a low vaginal pH (4.0-4.5) and inhibits the growth of
most pathogens (Aroutcheva et al., 2001). In vitro, Lactobacilli
have been shown to inhibit the growth of a number of
microorganisms including Gardnerella vaginalis. This inhibitory
effect has been attributed variously to the production of
dissociated short-chain fatty acids and a low pH (Mardh et al.,
1983) and to the production of hydrogen peroxide by lactobacilli
(Klebanoff et al., 1991). However, a disturbed vaginal microflora is
characterized by the overgrowth of G. vaginalis and other
anaerobic bacteria (Nagaraja, 2008). Bacterial vaginosis causes

increased vaginal discharge with pruritus and a fishy, malodorous
discharge. Itis usually associated with late miscarriages, preterm
births, pelvic inflammatory disease, postpartum endometritis,
post-abortal sepsis, and post-hysterectomy cuff cellulitis
(Falagas et al., 2007). Traditionally, bacterial vaginosis has been
treated with metronidazole and clindamycin (Ferris et al., 1995).
Nevertheless, previous researches reported cure rates of 70 to
96% for both antibiotics, with recurrence rates of 49 to 66%,
following 7 days of therapy (Bradshaw et al., 2006; Greaves et al.,
1988; Koumans et al., 2002).

Nowadays, interest in seaweed as potential source of
pharmaceutical agents has increased (Newman et al., 2003). It
has been reported that seaweed exhibit very different bioactivities
such as antibacterial, antifungal, antiviral and anthelmintic
activities (Del Val et al., 2001; Newman et al., 2003). There are
many reports on the antimicrobial activities of seaweeds against
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human pathogens, but to the best of our knowledge, there has no
report on the antimicrobial effects against G. vaginalis, which is
one of the most common bacterial pathogens causing vaginosis.
Therefore, it was evaluated the antimicrobial activity of ethanol
extracts of 44 species of seaweed against G. vaginalis was
evaluated.

Materials and Methods

Seaweed extracts : Seaweed thalli were collected off the coast of
Korea, from October 2010 to March 2011. A total of 44 seaweed
species (6 Chlorophyta, 29 Phaeophyta and 9 Rhodophyta) were
used in this study. The tissues were washed with filtered water to
get rid of salt, epiphytes and sand, and dried for 1 day at room
temperature. They were then ground in a mill and passed through
a 500 mesh sieve. The sieved material was stored at -20°C until
use. For ethanol extraction, to each 20 g of seaweed powder, 11 of
ethanol was added for 1 day to extract ethanol-soluble
compounds. This procedure was repeated 3 times, and the
combined extracts were evaporated to dryness. By dissolving
each 100 mg of dried extract in 1 ml of ethanol, stock solutions
were prepared. The stock solutions were filtered through a 0.22-
pm syringe filter and stored at-20°C (Jin et al., 1997).

Microorganisms : All microbial strains used in the present study
were purchased from the Korean Collection for Type Cultures
(KCTC; Daejeon, Korea). Gardnerella vaginalis KCTC 5096 and
KCTC 5097, the main cause of bacterial vaginosis, and Candida
albicans KCTC 7270 and KCTC 7965, the cause of candidiasis,
were used. Lactobacillus gasseri KCTC 3173 and L. jensenii
KCTC 5194, members of the normal vaginal flora, were also used.
G. vaginalis was incubated in Brucella (Sigma) agar with 5% (v/v)
sheep blood at 37°C for 72 hr, while L. gasseri and L. jensenii
were incubated in MRS (BD 288130) agar at 37°C for 72 hr under
anaerobic conditions. Candida albicans was incubated in YM
agar at 25°C for 72 hr under aerobic conditions. Anaerobic
conditions were maintained using a Bactron Anaerobic Chamber
system (Shel Lab, Cornelius, OR, USA); the gas conditions were
5% H,,5% CO,and 90% N,.

Agar disk-diffusion method : The antimicrobial activity of each
extract was determined by the disk-diffusion method, following
the guidelines of the National Committee for Clinical and
Laboratory Standards (NCCLS, 2003). Gardnerella vaginalis was
incubated in GAM broth medium supplemented with 5 pg ml’
hemin and 1 pg ml" menadione, while the Lactobacilli were
incubated in MRS broth. Both G. vaginalis and the Lactobacilli
were incubated at 37°C for 72 hr under anaerobic conditions and
then adjusted to yield approximately 2.0x10° CFU ml". This
microbial suspension (1 ml) was aseptically spread on the surface
of an agar plate. Filter paper disks (8 mm in diameter) were
impregnated with the seaweed extracts (10-30 ul of stock
solution) and then dried and placed on the agar plate. Next, the
plates were incubated at 37°C for 48 hr under anaerobic
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conditions. Both C. albicans strains were incubated in YM for 24
hrat 25°C and then adjusted to yield approximately 2.0 x 10° CFU
ml”. Plates were incubated at 25°C for 24 hr under aerobic
conditions. Antimicrobial activity was assessed by measuring the
diameter of the zone of inhibition (mm). All disk-diffusion tests
were performed independently in triplicate.

Determination of the minimal inhibitory concentration (MIC)
values : The antimicrobial activity of each extract was determined
by a broth microdilution assay, following the guidelines of the
NCCLS for Candida sp. M27-A2 (NCCLS, 2002) and anaerobic
bacteria M11-A6 (NCCLS, 2004) in 96 U-shaped microplates. Al
MIC tests were performed independently in triplicate, as
described by Choi et al. (2011). The antimicrobial agent
carbenicillin (Sigma C1613) or ketoconazole (Sigma K1003) was
alsoincludedin the assay as a positive control.

Constituent separation : For constituent separation, the
seaweed powders (20 g) were extracted with 1 | of methanol
(MeOH)-water (4:1) three times. The MeOH-H,O extracts were
concentrated to 1/10 volume using a vacuum evaporator and
then according to their polarity, successive fractionation was
performed to classify into saccharides, lipids, phenolics, alkaloids
and nitrogenous compounds (Harborne, 1998).

Results and Discussion

Of the 44 species of seaweeds screened for their
potential antimicrobial (= anti-G. vaginalis) activity, 27 (61.4%)
showed antimicrobial activity by disk-diffusion method (Table 1).
Chlorophyta (green algae) showed the highest activity (83.3%)
among three classes of seaweed screened. The strongest
activities against microbial pathogens among Chlorophyta
species were exhibited by Enteromorpha compressa,
Enteromorpha linza and Ulva pertusa, which produced a zone of
inhibition greater than 5 mm. Among 29 species of Phaeophyta
(brown algae) screened, the ethanol extracts of 22 species
inhibited microbial pathogens. Among them, 10 species showed
considerable antimicrobial activity (Table 1). Among 9 tested
species of Rhodophyta (red algae), none of the ethanol extracts
exhibited antimicrobial activity.

The list of seaweeds that had no inhibitory antimicrobial
activity is as follows: Chlorophyta, Codium fragile collected at
Cheongsapo, Busan; Phaeophyta, Dictyopteris prolitera at Iho,
Jeju; Eisenia bicyclis and Myelophycus simplex from Sinyang,
Jeju; Myagropsis yendoi at Gijang, Busan; Padina crassa at Oro,
Jeju; Sargassum coreanum and Sargassum horneri at
Cheongsapo, Busan; Rhodophyta, Bangia atropurpurea,
Chondaria crassicaulis, Chondracanthus intermedia, Chondrus
ocellatus, Gracilaria verrucosa, Hypnea charoides, Meristotheca
papulosa, and Porphyra yezoensis, collected at Cheongsapo,
Busan; and Grateloupia filicina collected at Iho, Jeju.
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When the antimicrobial activity of selected three seaweed
species, E. compressa, E. linza, and U. pertusa was further
evaluated at 1, 3, and 5 mg disk”, U. pertusa presented the most
potent anti-G. vaginalis KCTC 5096 activity, showing a zone of
inhibition of 11.3 mm at 5 mg disk”. The zones of inhibition of E.
compressa and E. linza were 5.0 and 4.8 mm, respectively, at 5
mg disk” (Fig. 1 and Table 2). The zone of inhibition of carbenicillin
(Sigma C1613), a positive control against G. vaginalis KCTC
5096 was 11 mm at 5 ug disk ™.

The antimicrobial activities of selected three seaweed
species were also evaluated by determining MIC, which was the
lowest concentration of an antimicrobial that would visibly inhibit
the growth of a microorganism. A microbroth dilution assay was
conducted to determine the MIC values of three selected
seaweed extracts (Table 2). MIC values were determined using
two-fold serial dilution method. The MIC values of E. compressa
and E. linza against G. vaginalis were equal (156 ug mi"). The
MIC value for U. pertusa was 312 ug ml". The MIC value of
carbenicillin against G. vaginalis was 0.6 ug mi". Even with
weaker activity of U. pertusa MIC, further studies were conducted
using U. pertusa because of its relative abundance in biomass

539

and highest antimicrobial levelin disk-diffusion method.

The antimicrobial activities of U. pertusa against different
vaginal microorganisms, G. vaginalis KCTC 5097, another strain
of G. vaginalis, and C. albicans KCTC 7270 and KCTC 7965 was
examined by disk-diffusion'method. In addition, whether the U.
pertusa extract affected L. gasseri and L. jensenii was also
examined. These results are presented in Table 3.

When the antimicrobial activity against G. vaginalis
KCTC 5097 was determined, the zone of inhibition was 8.4 mm at
5mg disk”; in comparison, itwas found to have no inhibitory effect
againstboth C. albicans KCTC 7270 and KCTC 7965 at 5 mg disk
" In addition, the extracts tested showed no inhibitory effect
against normal vaginal flora, L. gasseri and L. jensenii at 5 mg
disk”.

Carbenicillin against G. vaginalis KCTC 5096, KCTC
5097, and L. gasseri at 5 pg disk” produced a 13.0-mm zone of
inhibition and L. jenseniiat 50 pg disk” produced a 7.0-mm zone of
inhibition. Also, ketoconazole at 5 ug disk” produced a 7-mm zone
ofinhibitionagainstboth C. albicans KCTC 7270 and KCTC 7965.

Table 1 : Inhibitory effect of seaweed extracts on the propagation of Gardnerella vaginalis (KCTC 5096) by disk-diffusion method

Scientific name Collection site Yield (%) 5mg disk’
Chlorophyta

Capsosiphon fulvescens Jangheung, Jeonnam 1.1 +
Enteromorpha compressa Cheongsapo, Busan 3.7 +++
Enteromorpha linza Cheongsapo, Busan 3.2 +++
Monostroma nitidum Galmoonri, Wando 59 +
Ulvapertusa Cheongsapo, Busan 1.2 +++
Phaeophyta

Colpomenia bullosa Cheongsapo, Busan 10.9 +
Colpomenia sinuosa Songjeong, Busan 5.5 +
Costaria costata Songjeong, Busan 5.2 +t+
Ecklonia kurome Bangeori, Pohang 19.2 ++
Ecklonia stolonifera Daebyeon, Busan 4.0 ++
Hizikia fusiformis Cheongsapo, Busan 74 +
Ishige okamurae Sachon, Namhae 55 ++
Ishige sinicola Cheongsapo, Busan 14.1 ++
Laminaria japonica Cheongsapo, Busan 7.0 ++
Myagropsis myagroides Cheongsapo, Busan 7.2 +
Pachydictyon coriaceum lho, Jeju 11.6 +
Petalonia binghamiae lho, Jeju 6.2 +
Petalonia fascia Cheongsapo, Busan 9.5 +
Sargassum confusum Songjung, Busan 14.4 +
Sargassum hemiphyllum Cheongsapo, Busan 19.8 +
Sargassum marcrocarpum Cheongsapo, Busan 14.7 +
Sargassum patens Cheongsapo, Busan 8.6 +
Sargassum sagamianum Cheongsapo, Busan 16.9 ++
Sargassum thunbergii Cheongsapo, Busan 135 ++
Sargassum sp. lho, Jeju 17.7 ++
Scytosiphon lomentaria Cheongsapo, Busan 5.7 ++
Undaria pinnatifida Cheongsapo, Busan 15.5 +

(+,<2 mm; ++, 2-5 mm; +++, >5 mm)
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(A) E. compressa

(B) E. linza

(C) U. pertusa

Fig. 1 : Zones of inhibition of the selected three seaweed species (A) Enteromorpha compressa, (B) Enteromorpha linza, and (C) Ulva pertusa
against Gardnerella vaginalis (KCTC 5096). a: negative control; b: 1 mg disk™; c: 3 mg disk™; d: 5 mg disk”

Table 2 : Antimicrobial activity of ethanol extracts from the selected three species of seaweed against Gardnerella vaginalis (KCTC 5096)

Seaweed Zone of inhibition (mm) MiC
1mg disk’ 3Imgdisk’ 5mgdisk’ mgml’
Enteromorpha compressa 0.2£0.1 0.8+0.1 5.0£0.2 0.156
Enteromorpha linza 0.2+0.1 0.6+0.4 4.8+0.8 0.156
Ulva pertusa 0.24£0.1 4.3+0.3 11.3+0.8 0.312

The data are the averages of triplicate experiments

Table 3: Antimicrobial activity of Ulva pertusa ethanol extracts against several vaginal bacteria as determined by the disk-diffusion method

Zone of inhibition (mm)

1mg disk’ 3mg disk’ 5mgdisk’
Gardnerella vaginalis (KCTC 5097) 0.1 2.840.2 8.4+0.5
Candida albicans (KCTC 7270) ND ND ND
Candida albicans (KCTC 7965) ND ND ND
Lactobacillus gasseri(KCTC 3173) ND ND ND
Lactobacillus jensenii (KCTC 5194) ND ND ND

The data are average values from three separate experiments. ND, noinhibition

The MIC values of U. pertusa were evaluated against
three different vaginal pathogens, G. vaginalis KCTC 5097 and
C. albicans KCTC 7270 and KCTC 7965, and against two
normal vaginal microorganisms, L. gasseri KCTC 3173 and L.
jensenii KCTC 5194 (Table 4). The MIC value against G.
vaginalis KCTC 5097 was 312 ug ml". Both C. albicans KCTC
7270 and KCTC 7965 were 2.5 mg ml". For L. gasseri KCTC
3173 and L. jensenii KCTC 5194, no inhibitory effects were
seen, even at 10 mg ml”. The MIC values of carbenicillin against
G. vaginalis KTCT 5097, L. gasseriand L. jenseniiwere 0.6, 0.3,
and 2.4 ug ml", respectively. The MIC value of ketoconazole
against both C. albicans KCTC 7270 and KCTC 7965 was 19.5

pgml”.
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To determine the main active compound in seaweed
extracts, U. perfusa powders were successively fractionated into
five classes of constituents according to their polarity: saccharides,
lipids, phenolics, alkaloids and nitrogenous compounds. The dried
powder (20 g) of U. pertusa was extracted three times with 1 | of
MeOH-water (4:1), and the crude extract was evaporated,
producing a dark green gummy residue. After discarding the fraction
was acidified to pH 2 and extracted with CHCI,, the remaining
aqueous acid layer was adjusted to pH 10 with NH,OH and
extracted with CHCI-MeOH (3:1, twice) and CHCI,. Next, the
aqueous basic layer was evaporated and extracted with MeOH to
yield dark green nitrogenous compounds (870 mg), which contained
the main antimicrobial activity (156 ug mI” of MIC values) (Table 5).



Gardnerella vaginalis growth inhibition by seaweed extract

541

Table 4 : MIC values of Ulva pertusa ethanol extracts against several vaginal bacteria as determined by broth microdilution assays

MIC (mgml”)
Ulvapertusa Carbenicillin Ketoconazole

Gardnerella vaginalis (KCTC 5096) 0.312 0.0006

Gardnerella vaginalis (KCTC 5097) 0.312 0.0012 -

Candida albicans (KCTC 7270) 25 - 0.0195
Candida albicans (KCTC 7965) 25 - 0.0195
Lactobacillus gasseri(KCTC 3173) ND 0.0003 -

Lactobacillus jensenii (KCTC 5194) ND 0.0024

MIC values of positive control (carbenicillin or ketoconazole) are also presented. The data are average values from three separate experiments (MIC in

mgml™). ND, noinhibition at 10 mg ml"; -, not tested

Table 5: Comparison of the antimicrobial activity of different compound fractions from Ulva pertusa against Gardnerella vaginalis KCTC 5096 by the MIC

test

Saccharides Lipids Phenolics Alkaloids Nitrogenous compounds
Yield (%) 124 0.32 1.87 0.05 4.35
MIC (mgml™) ND 1.25 0.625 0.625 0.156

The data are the averages of triplicate experiments for each test material. ND, noinhibition at 10 mgml”.

Bacterial vaginosis is the most common cause of vaginal
discharge in women. In this type of vaginosis, the normal
Lactobacillus-dominated vaginal flora is replaced with anaerobes
and other organisms. Gardnerella vaginalis is a Gram-negative or
-variable, non-motile, non-encapsulated, rod-shaped, catalase-
negative, facultative anaerobic bacterium known primarily as a
pathogen of female genitourinary tract (Leopold, 1953). To treat
G. vaginalis infection, metronidazole and clindamycin can be
administered orally and/or vaginally (Ferris etal., 1995). Recently,
there has been an increase in the number of cases of
metronidazole- and/or clindamycin-resistant strains of G.
vaginalis (Bradshaw et al., 2006; Greaves et al., 1988; Koumans
et al., 2002). Thus, it is important to identify novel therapeutic
agents other than antibiotics that are both highly effective and
safe. Previous studies have attempted to develop a novel
antimicrobial agent capable of preventing and/or treating
infections with G. vaginalis. Until now, most studies have mainly
focused on terrestrial plants (Kim and Lee, 2006; Trinh et al.,
2011). Although various secondary metabolites produced by
seaweeds are considered good sources of bioactive compounds,
to best of our knowledge there is no report available on the anti-G.
vaginalis activity of seaweed species. For these reasons, the anti-
G. vaginalis activity of easily collectible intertidal seaweeds in
Koreawas evaluated.

When ethanol extracts of 44 seaweed species were
tested against G. vaginalis, the highest MIC value (156 pg ml")
was found in ethanol extracts of E. compressa and E. linza. The
largest zone of inhibition (11 mm at 5 mg disk™) was found in U.
pertusa ethanol extracts. Therefore, additional studies were

performed using U. pertusa. Further, when the antimicrobial
activity of extracts against C. albicans was evaluated, the MIC
value was 2.5 mg ml"; in the case of L. gasseriand L. jensenii, no
inhibitory effect was seen even at 10 mg mi”. On the basis of these
results, itis likely that U. pertusa extract acted specifically against
G. vaginalis, presenting no antimicrobial effect against normal
vaginal microorganisms. Of these fractionates, nitrogenous
compounds had lowest MIC values. Nitrogenous compounds
containing biologically active substances produced by a
secondary product or its derivatives have shown antimicrobial
activity.

The green seaweed U. pertusa, which is widespread on
rocks and other substrates in intertidal zones along the coasts of
Asia and Europe, has been commonly used as a human foodstuff
and animal fodder in Korea and Japan (Oh et al., 1990). This
seaweed has various beneficial biological activities, including
antioxidant (Qi et al., 2005), anti-inflammatory (Khan et al., 2008),
immunomodulatory (Tabarsa et al., 2012), and antihyperlipidemic
(Qi et al., 2012) activities. In addition, according to a previous
study (Choi et al., 2012), which evaluated acute oral toxicity in
mice, U. pertusa has no toxicity at 5 g kg body weight.

In conclusion, it was demonstrated that extracts of the
green seaweed U. pertusa possessed specific and strong
antimicrobial activity against G. vaginalis, without any serious
toxic effect at moderate doses. These results suggest that an
ethanol extract of U. pertusais a useful potential candidate for the
identification of novel antibacterial agents as a natural treatment
for bacterial vaginosis caused by G. vaginalis.

Journal of Environmental Biology, May 2014



542

References

Aroutcheva, A., D. Gariti, M. Simon, S. Shott, J. Faro and J.A. Simone:
Defense factors of vaginal lactobacilli. Am. J. Obstet. Gynecol.,
185, 375-379 (2001).

Bradshaw, C.S., A.N. Morton, J. Hocking, S.M. Garland, M.B. Morris,
L.M. Moss, L.B. Horvath, I. Kuzevska and C.K. Fairley: High
recurrence rates of bacterial vaginosis over the course of 12
months after oral metronidazole therapy and factors associated
with recurrence. J. Infect. Dis., 193, 1478-1486 (2006).

Choi, J.S.,H.J. Bae, S.J. Kimand |.S. Choi: In vitro antibacterial and anti-
inflammatory properties of seaweed extracts against acne
inducing bacteria, Propionibacterium acnes. J. Environ. Biol., 32,
313-318(2011).

Choi, J.S., Y.M. Ha, C.U. Joo, K.K. Cho, S.J. Kimand .S. Choi: Inhibition
of oral pathogens and collagenase activity by seaweed extracts. J.
Environ. Biol., 33,115-121 (2012).

Del Val, A.G., G. Platas and A. Basilio: Screening of antimicrobial
activities in red, green and brown macroalgae from Gran Canaria
(Canary Islands, Spain). Int. Microbiol., 4, 35-40 (2001).

Falagas, M.E., G.I. Betsi and S. Athanasiou: Probiotics for the treatment
of women with bacterial vaginosis. Clin. Microbiol. Infect., 13, 657-
664 (2007).

Ferris, D.G., M.S. Litaker, L. Woodward, D. Mathis and J. Hendrich:
Treatment of bacterial vaginosis: A comparison of oral
metronidazole, metronidazole vaginal gel and clindamycin vaginal
cream.J. Fam. Pract.,41,443-9 (1995).

Greaves, W.L., J. Chungafung, B. Morris, A. Haile and J.L. Townsend:
Clindamycin versus metronidazole in the treatment of bacterial
vaginosis. Obstet. Gynecol., 72, 799-802 (1988).

Harborne, J.B.: Phytochemical methods: A guide to modern techniques
of plant analysis. 3" Edn., Chapman & Hall, London, UK., p. 302
(1998).

Jin,H.J., J.H.Kim, C.H. Sohn, R.E. DeWreede, T.J. Choi, G.H.N. Towers,
J.B. Hudson and Y.K. Hong: Inhibition of Tag DNA polymerase by
seaweed extracts from British Columbia, Canada and Korea. J.
Appl. Phycol., 9, 383-388 (1997).

Khan, M.N.A., J.S. Choi, M.C. Lee, E. Kim, T.J. Nam, H. Fujiiand Y.K.
Hong: Anti-inflammatory activities of methanol extracts from
various seaweed species. J. Environ. Biol., 29, 465-469 (2008).

Kim, Y.H. and H.S. Lee: Antibacterial effects of oriental herb extract
against Gardnerella vaginalis. Kor. J.-Microbiol. Biotechnol., 34,
70-73(2006).

Klebanoff, S.J., S.L. Hillier, D.A. Eschenbach and A.M. Waltersdorph:
Control of the microbial flora of the vagina by H,0,-generating
Lactobacilli. J. Infect. Dis., 164,94-100 (1991).

Koumans, E.H., L.E. Markowitz and V. Hogan: Indications for therapy

Journal of Environmental Biology, May 2014

Yu-Mi Ha et al.

and treatment recommendations for bacterial vaginosis in
nonpregnant and pregnant women: A synthesis of data. Clin.
Infect. Dis., 35,152-172 (2002).

Leopold, S.: Heretofore undescribed organism isolated from
genitourinary system. US Armed Forces Med. J., 4, 263-266
(1953).

Mardh, P.A. and L.V. Soltesz: In vitro interactions between Lactobacilli
and other microorganisms occurring in the vaginal flora. Scand. J.
Infect. Dis. Suppl., 40,47-51(1983).

Nagaraja, P.: Antibiotic resistance of Gardnerella vaginalisinrecurrent
bacterial vaginosis. Indian J. Ned. Micribiol., 26, 155-157
(2008).

National Committee for Clinical Laboratory Standards: Reference
method for broth dilution antifungal susceptibility testing of yeasts;
Approved Standard-Second Edition. NCCLS Document M27-A.
Wayne, PA, NCCLS (2002).

National Committee for Clinical Laboratory Standards: Performance
standards for antimicrobial disk susceptibility tests; Approved
Standard-Eighth Edition. NCCLS Document M2-A8. Wayne, PA,
NCCLS (2003).

National Committee for Clinical Laboratory Standards: Methods for
antimicrobial susceptibility testing of anaerobic bacteria; Approved
Standard-Sixth Edition. NCCLS Document M11-A6. Wayne, PA,
NCCLS (2004).

Newman, D.J., G.M. Cragg and K.M. Snader: Natural products as
sources of new drugs over the period 1981-2002. J. Nat., Prod.,
66, 1022-1037 (2003).

Oh, Y.S,, I.K. Lee and S.M. Boo: An annotated account of Korean
economic seaweeds for food, medical and industrial uses. Korean
J. Phycol., 5,57-71(1990).

Qi, H., L. Huang, X. Liu, D. Liu, Q. Zhang and S. Liu: Antihyperlipidemic
activity of high sulfate content derivative of polysaccharide
extracted from Ulva pertusa (Chlorophyta). Carbohydr. Polym., 87,
1637-1640 (2012).

Qi, H.,Q.Zhang, T. Zhao, R. Chen, H. Zhang, X. Niu and Z. Li: Antioxidant
activity of different sulfate content derivatives of polysaccharide
extracted from Ulva pertusa (Chlorophyta) in vitro. Int. J. Biol.
Macromol., 37, 195-199 (2005).

Tabarsa, M., J.H. Han, C.Y. Kim and S.G. You: Molecular characteristics
and immunomodulatory activities of water-soluble sulfated
polysaccharides from Ulva pertusa. J. Med. Food, 15, 135-144
(2012).

Trinh, H.T., .A. Lee, Y.J. Hyun and D.H. Kim: Artemisia princeps Pamp.
Essential oil and its constituents eucalyptol and o-terpineol
ameliorate bacterial vaginosis and vulvovaginal candidiasis in
mice by inhibiting bacterial growth and NF-kB activation. Planta
Med., 77,1996-2002 (2011).



