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The Growth Inhibition Effect on the Bacterial Vaginosis Causative
Bacteria by Citric Acid and Trisodium Phosphate

Nam-Woong Yang" and Wan-Jin Sihn’

'Department of Microbiology, College of Medicine, Chosun University, Gwangju, *Department of Alternative
Complementary Medicine, Graduate School Chosun University, Gwangju Korea

Bacterial vaginosis (BV) is the most frequent vaginal disease being apt to relapse. The growth inhibition effect of the

mixture of citric acid (CA) and trisodium phosphate (TSP)

on BV causative bacteria and probiotics was measured.

Gardnerella vaginalis was reduced to zero in WCCT-1 (CA 0.25% and TSP 0.55% in Wilkins-Chalgren broth), 2.0 X<
10*ml in WCCT-2 (CA 0.5% and TSP 0.8% in WC), and 3.3 > 10°/ml in WCCT-3 (CA 1.0% and TSP 2.6% in WC)
comparing with 1.3 > 10%ml in WC after 48 h. Bacteroides fragilis was reduced to 6.0 X< 10*/ml in WCCA (CA 0.34%
in WC), 2.3 X 10%ml in WCCT (CA 0.5% and TSP 0.2% in WC), 7.0 X 10*ml in WCHCI (HCI in WC) after 48 h.
Mobiluncus mulieris was reduced to 1.08 < 10%ml in WCCA, 1.03 X 10*ml in WCCT, and 10 ea/ml in WCHCI after
48 h. Peptostreptococcus asaccharolyticus was completely inhibited in WCCA, WCCT, and WCHCI after 24 h. Probiotics,
Steroidobacter denitrificans YH1 (3.4 > 10"/ml) and Lactobacillus crispatus YH2 (2.7 > 10%ml), grew to 1.25 X
10%/ml and 2.6 < 10"/ml in MRSCA (CA 1.0% in MRS), 1.8 < 10”/ml and 4.6 > 10%ml in MRSCT (CA 1.5% and
TSP 0.58% in MRS), 1.2 > 10*/ml and 2.3 < 10"/ml in MRSHCI after 48 h, respectively. These results mean that the
CA-TSP mixture can be used as the useful vaginal pH controller, growth inhibitor on BV causative bacteria, and an

efficient means for settlement of probiotics.
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MATERIALS AND METHODS
Probiotics@} & A3

Sihn 5 (6)°] 43419] A7k of4de] HellM EefskaL
S| S R EAE(KCCM)N A Steroidobacter denitrificans
9} Lactobacillus crispatus= 5735 ©] probiotics & }7}
ANE AoR ERIE S denitrificans YHI, L. crispatus YH2
T aTES AT 45 A HEFCE Garderella
vaginalis (ATCC 14018), Bacteroides fragilis (ATCC 25285),
Mobiluncus mulieris (ATCC 35239), Peptostreptococcus asac-
charobyticus (KCTC 3321) % dTES £ A3 A
a3l

G. vaginalis| HZE et AlF A

gk
-
00
10

U2 M=

At 55 AP g AT E Yo W 9
A&-2] 7] (Vision Scientific Co., VS-21SR, Seoul, Korea)oll 4]
3,000 pm o= BHE AFd o] Bl wizhx] 3xkd oY ¢
A AFATE A NS AAT AT SRTE 5
sto] Al HE & o= ghelste] 23t v, FAs
ZetrE g7 YWar 80T WEael Yo FAA &
7AYle], 30T 2ollA] SA] sllsshe 2S5 33] WS
04 A o] Aol k= A fieekglck & E A3

Ne ] SHTE 259 AT v, o]E ¥ o
A EE] 7164 15000 pm o2 305 Bk YHsle] Al o
W AT A 48T £92 045 um Millipore
A3)-8 AAT|Z of 3} Fbatste] 80Tl W Bytshd
I3 uf dfE3te] ARSI (7).
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=1} probioticsOf| st A& &4X &2

=

G. vaginalisOl Tst Mz AX|

B oA mdE wr) $7 AA wiA 2= Wilkins-
Chalgren anaerobe broth (Oxoid, UK)ol| At 28+ &3
Ng 5% WA FH7FeE A wiA S 714 A= ARE-S)
Gt 714 wiR] citric acid (CA) monohydrateS 0.25%,
trisodium phosphate (TSP) 12 hydrateE- 0.55% = Al Y- H|
A2 WCCT-1 (pH 6.27)%, CA 0.5%, TSPE 0.8% =7 4
© HjA]3= WCCT2 (pH 627)%, CA 1.0%, TSPS 2.6% ]
A gL wAE WCCT32 Fgslgith iz wAE 7]
A Hi A (pH 6.92)5 L= ARS-SEATE A7 HiAl =S
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screw cap tube®l] 5 ml¥
&3t G vaginalis WEA 0.1

ST Wl T 2447k 48417F T #A 0.1
sto] A A= 108 A 31Xk, 7F 31X 9E 0.1
ml¥ Fsho] 3|49 o Ape 3 =
7}3F Casman agar base (BBL, USA) %3
48X 7 T2~ wjeksl Fof| Aol 4=
e Tl HI =X H(spread plate method):%

o},
J_:[I__

37H0ﬂ E¥ 35}

Aeete] Bt
R
ATt o]l AXA Ak wigS s A3
2k~ 8] %7](Quick anaerosystem, Sindo Co., Gwangju,
Korea)& AH&-3FT (8).

B. fragilis, M. mulieris ¥ P. asaccharolyticusOl th
ot d& A

Wilkins-Chalgren anaerobe broths 714 HI#|= A}-8-3}
a1, 714 wiRo] CAE 0.34% Al W2 wjx]= WCCA
(PH 4.22)Z, CA 0.5%, TSPE 02% A ¥ Hix &=
WCCT (pH 4.22)Z, 2 N HCITF ¥-2 nlj%]:= WCHCI (pH
4.22)= °Fsi3itt. tix viAl= 714 wiX|(pH 6.92)5 1
2 ARSIt A7) v 52 screw cap tubel] 5 mlY)
T Aerekal, 71A vl oA 24A13F Tk wl ke A
7] 3%9] b # 5] w01 m¥ HESkaL
Ahas mFastlch i F - 24A417F, 48413 $-2] 4 0.1
mlN-& F3t G vaginalis®t 53 *2]8te] Wilkins-
Chalgren agaroll A H# =28 A &3}l t)

S. denitrificans YH12} L. crispatus YH20| CHst A
S|

MRS broth (pH 5.7)& 714 HIA|= 3}iL, CAE 1.0% &I
Al Y& wjA= MRSCA (pH 42)%, CA 1.5%, TSP=
0.58% A €2 vix]:= MRSCT (pH 4.2)Z, 5 N HCIvH
Y2 wjx]i= MRSHCI (pH 4.2)Z <F 3t} thz viA
2 714 wiAE ARRSEITE A7) HIAIES screw cap
tubeoll 5 mi¥ 5 Htakal, 714 wiA| el A 244]3F
A4 diekst YHIF YH2 ¢ 0.1 ml® HEelar F4k
2 wiFERich vk 3 24417 48417 Fo) FAES
0.1 m® 3t G vaginalist 5L3HA *2]3l] MRS
agarol| A HHEFEH S A|PE}GIT)

RESULTS
G. vaginalisOll tist A% x| &1}

ok 24A)17F Zo CA 025%, TSP 0.55%% 3%H-3+

N-W Yang and W-J Sihn

Table 1. Growth rate of G vaginalis according to media sup-
plements

Media hr 24! 48
WCCT-12 6.0 X 10%ml NG
WCCT-2? 42 X 10%ml 2.0 X 10%ml
WCCT-3* 42 X 10°ml 33 X 10°ml
Control’ 1.29 % 10%ml 1.3 X 10%ml

1. Counts of initial bacterial inoculation are 2.3 X 10%ml
2. WC broth containing 0.25% CA and 0.55% TSP, pH 6.27
3. WC broth containing 0.5% CA and 0.8% TSP, pH 6.27

4. WC broth containing 1% CA and 2.6% TSP, pH 6.27

5. WC broth control, pH 6.92

WCCT-1 A= o o] &3t WCCT-29 WCCT-39]
A7 A mabel Bzt 48417 $ofl = WCCT-1
HjxJol| A= 245 AJgakA] 2 UTHTable 1).

B. fragilisOl CHEr & AR

k=l

B. fragilis WCCAY WCHCI A Bt} CA 0.5%, TSP
02%% =3+ 33k WCCT Hlj#|ollA] 24217 $of] 16
X 107l A 48A17F Fofl #4=7F 23 X 107/mIZ thE
uj=ol] H]ste] @R8] 7+A5F3TH(Table 2).

M. mulierisOl| thet HE& X =1}

M. mulierisi= 24X 7t 3 WCCASIA 7.6 * 10¥ml°] %]
a1, 48A17F 3 1.08 X 10YmIE 743k tE. WCCTol A
24417 315 X 10%ml, 48417 3 1.03 X 10/ml=
WCCAKRT §A43] 7H4s1lth. WCHCIO A= 24413 5
307H2]/ml, 48417F 5 107F]/ml2 WCCA®} WCCTXE T}
 AA3] 7HA3k T Table 3).

L

fol

P. asaccharolyticusOll Tt §& A

P. asaccharolyticus= WCCA, WCCT % WCHCI®IA] 48
A3k wksigient W8 A ke oz W)
M= 24N 7F F 55 X 10%ml, 48417 F 1.0 X 107/ml=
23745191 TH(Table 4).

S. denitrificans YH10 st S & X &2}

S. denitrificans YHI->= MRSCA®| A 24A]7F &, MRS U
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Table 2. Growth rate of B. fragilis according to media supplements
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Table 5. Growth rate of S. denitrificans YH1 according to media
supplements

Media I 24! 48

WCCA? 1.6 X 10%/ml 6.0 X< 10%ml
WCCT? 1.3 X 10¥ml 23 X 10%ml
WCHCI* 6.2 X< 10%ml 7.0 X 10%ml
Control® 22 X 10°/ml 1.4 X 10°/ml

1. Counts of initial bacterial inoculation are 7.0 < 10%ml
2. WC broth containing 0.34% CA, pH 4.2

3. WC broth containing 0.5% CA and 0.2% TSP, pH 4.2
4. WC broth controlled by 5 N HCl to pH 4.2

5. WC broth control, pH 6.92

Table 3. Growth rate of M. mulieris according to media sup-
plements

Media I 24! 48
WCCA? 7.6 X< 10%ml 1.08 < 10%ml
WCCT? 1.5 X 10*/ml 1.03 X 10%/ml
WCHCI* 30 ea/ml 10 ea/ml
Control® 3.6 X 10%ml 4.6 < 10°/ml

1. Counts of initial bacterial inoculation are 3.2 < 10%ml
2. WC broth containing 0.34% CA, pH 4.2

3. WC broth containing 0.5% CA and 0.2% TSP, pH 4.2
4. WC broth controlled by 5 N HCl to pH 4.2

5. WC broth control, pH 6.92

Table 4. Growth rate of P. asaccharolyticus according to media
supplements

Media I 24! 48
WCCA’® NG? NG
wcet! NG NG
WCHCI NG NG
Control® 5.5 X 10%ml 1.0 X< 107/ml

1. Amounts of initial bacterial inoculation are 3.0 > 10%ml
2. No growth

3. WC broth containing 0.34% CA, pH 4.2

4. WC broth containing 0.5% CA and 0.2% TSP, pH 4.2

5. WC broth controlled by 5 N HCl to pH 4.2

6. WC broth control, pH 6.92

Media hr 24! 48

MRSCA? 6.8 X 10%ml 1.25 < 10%ml
MRSCT? 6.7 < 10°/ml 1.8 X 107/ml
MRSHCI* 1.2 < 10%ml 1.2 < 10%ml
MRS® 1.9 X 10%ml 2.0 X 10%ml

1. Counts of initial bacterial inoculation are 3.4 X 107/ml
2. MRS broth containing 1% CA, pH 4.2

3. MRS broth containing 1.5% CA and 0.6% TSP pH 4.2
4. MRS broth controlled to pH 4.2 by 5 N HCI

5. MRS broth control, pH 5.72

Table 6. Growth rate of L. crispatus YH2 according to media
supplements

Media hr 24! 48

MRSCA? 2.5 X 10%/ml 2.6 X 107/ml
MRSCT? 3.5 X 10%/ml 4.6 % 10%ml
MRSHCI* 1.33 > 10%ml 2.3 < 10"/ml
MRS® 3.0 X 107/ml 7.0 X 10%ml

1. Amounts of initial bacterial inoculation are 2.7 > 10%ml
2. MRS broth containing 1% CA, pH 4.2

3. MRS broth containing 1.5% CA and 0.6% TSP pH 4.2

4. MRS broth controlled by 5 N HCI to pH 4.2

5. MRS broth control, pH 5.7

Z A (pH 5.7)¢] 1.9 < 10%mlcll H]3}le] 6.8 X 10%mlo-
2 Ui g4 o 48A17F Tl 125 X 10¥mIZ o)
Z R 9F 2 Zpol7h gle] 7Skt CA 1.5%, TSP
0.58%= 3H3F MRSCT (pH 4.2)°4 24417F vk 5,
6.7 X 10°/ml= FZEC 34 X 10/mlEct A4 7248
Ao, 48A17F Folli= 1.8 X 107/mlE HEekel] 48}
3] =591tk MRSHCI (pH 4.2)°1 4= 24417k} 484 7F 5
12 X 10°ml2 iz sjx]e} & =Fo]7} glo] Adstsich
(Table 5).

a3

a

fol

L. crispatus YH20I CHet H& A

L. cripatus YH2:= MRSCAONA vl 24417 & AF5F
Q1 27 X 10°mlET} 2.5 X 10/mlE AA3] Fasile
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Zo]2kal Skarin & % Sethi 52 thE s E
AA18HAT} (13). Anukam -2 597 2 20 9] 2

rhamnosus GR-13} Lactobacillus reuteri RC-14 713

A U 53 77} metronidazole gel
117g0] A5 of 7]

Rl

olr

rd'r-lﬁﬁai
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7 o bell A A Ak= 187 0] —rx]'

o] problotlcs 24 5% 5k Bas)
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rhamnosus GR-1°0] IAtslmAi 8 W
, ol s
o o3 HE &
a0l dalE AA53A

U 48217 Folli= 2.6 X 10/mlZ )= wjx|9} =fe] gl
d3]ete] A7dstlth. MRSHCIOl A=

ek L
o] AISV= L crispatus SR U ©] A
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al

A
o] <

232
°] 2743k th MRSCTOll A= 24417
A&l vlsl oha 7AEkl
10°mlZ HEFS Rl
thz BiA R v =2 A] AJekel ot 48413
% A e} B]SskA] A 7d5kS tH(Table 6)
DISCUSSION ZAgAN
oF A A Arkeh=
ARt dS5S AAAeRE 71 &3t A Zdstolm x W= Locni
7] JE, 27 BRE9), AR AR HEd (10), £ (1) 4 e
S DAY Jvk R3Eo] Sk G vaginalise A dlell lofA AApAQl a]lo] oy
4 AToIME 100% =T (1), Altd 2F 3ke] 1B ot Balske] Atassi
AW A 7 915 Ashs Aloltt (12). ¥t} (17). Sihn 52 773 Aol A B2l S denitrificans
g A% Aoll= ZF ¥ Lactobacillus spp. S 72k A2 YHI 529} L. crispatus YH2 =77} G vaginalis, B. fiagilis,
ARELTE] A -9& At olon, olgo] & M. mulieris, P. asaccharolyticus 52} 22 Mo 25 ¢
3.0~4.5 "Rto 2 fAgto =M AAe A ol #Eo Uigte] st A4 JA| FHo] Y2 B
W (2), Al Aol Ak "3 ST (6). 719 AY ERES AR ALY A
Ak ARl s 58 2l AR Al A5E A58, G
vaginalise =013 2 U A N3-S 3158 5 e
probiotic &7}7} A2 UF3sk Ak 22 probiotics
G502 G vaginaliss A oA A= AE B
Ak A3 AR o itk H Al As ] TP
At fik aclow RuEE AL A W G vaginalis
o] % F7tolt}. G vaginaliss= % W pHE AS5A7]aL
At FE59 A W B2 S7A Al -t
£ frEskes o= deld vt
UTHH, Ml A5

el pHE
AEAE frAeke=
spp., Mobiluncus spp., Peptococcus spp., Peptostreptococcus
spp., Prevotella spp )= Mycoplasma hominis, Ureaplasma
o W7 Lok (2, 3, 13),
So] BalAo] ek}t
L ek @).

i @?—4_} T
gk s.
Z
T

A3 AMltt(lactic acid bacteria)E©] F71
E

vaginalis®] S7tet tlEo] Ad] Tk H]‘?IL(Bactemldes

A7 A ofel
= A

0o o
AT =
ek o] ohjel, 43
o

S. denitrificans YH13}

®), ¥=
Aol 4 S7h
18). WA A WX G vaginalis®] 4 915
9ltiar AZtete}, AAFE Sihn S©] pro-
2] oA A

o
=

A 5ha, A
HashkAl
E2 M

urealyticum ‘2. =
MdEo] Ailsl= iy E4E
sapae) 247, thark 5 Skl W
Al Al Azl Faka Altg A, A A7gAl,
G4k B 22tol JJEl b WzkRREe] AFREL gl
L Aol RiMste] Altd AES SHHIA7IE AmHe
OFA7IA] AEEA) i Ak (6). T BIRFR probioties 714
£ ol&sto] A 2oe ARsHE drEe] ofF A& VU
oAt} Skarin 5 in vitrodA 9EFL] FARTEC] biotic &77}F Sl AR HI
Mobiluncus, G vaginalis, Bacteroides® EHO}"% 37 A L. crispatus YH22] A3l & &S
BT lSE ERISIAL (14), Sethi 52 Fsleas #4 Aoe] fldae] e AEz
AArelE §ARTEC] G ovaginalis2] 7374 A0 o &3} o] pHE 4.5 nvte® Y= pH F4A|=
7F QtkaL BAEkGIT) (15). Atassi > 7R ofAdollA ARo] ZhesebiA L, Aol dlEA a2 s
=23} L. acidophilus, L. jensenii, L. gasseri 2 L. crispatus A AS Ao A& A A X|SeA, probioticse] & W
o] %k *]'73 NE G vaginalis®} Prevotella bivia2] W% ARES g7 AN S 9P Aow AAFIY. F
A7 Aue GaAw, F 2o AEES Qe Ao A%, A, 4 W, A% 5o AF
shelailon, 1 713k W o} Zh F ookl Toll 0.1~1.0% AETb WEAR A}
of Yol sk 85 9drh Ray 52 24k Al T2 Abe] e
njxe] shghzell  pHe} sl B oHlEiY At EAE wEel 2 S Al
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o] WAL zhe=

pH lactic acidll
T Tl al g A
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I
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Ho
fol
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VLJ =& %*J %@101] d7g Al
= /\}iﬂf"— HA)aL o]o)A] 2~12%2] A3A}E
gollof] thA] AATHE T ARl 9E HES A
AAL 4= dokar Barska dok (21). olH g AEA
HuEd] A & AtellA] ik} AR EE
S Adeste] AsSlth 1 23 G vaginalis®] 735 pH
6.27%1 WCCT-1 vl =]ol|A] 48A17F ol 2] Ad7do] ehxl
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TARE ARRSE = glar S ARl AR ER
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Efo] A4 A adet v pH7 3 #Hesk 4
ol Ao w ABZIET. M mulieris W 24417 F-9}
48A|17F o] WCCT ulj#|ollA] WCCA HIA| KT} oF 10H]
A% o A=k HCIZ pHE 5= WCHCI Hi#] ol 4
= A9 A3 A A= Belvh 28y HClS

Abghol Al AR = Oio Bg Ak ABIES
S ARESHE Ao o bt Aotk P asaccharobticus=
WCCA (pH 4.2), WCCT (pH 4.2), WCHCI (pH 4.2) Hi*], K5

ol A 48A17¥7}A] kA3 JA= A=, P asaccharolyticus
= pHell ®17FeE AlRtQl 7be o= A3 7}ghr). Probiotics )
S. denitrificans YH1->- MRSCA (pH 4.2) X ollA] 2413k
Fol HEE] 20%7H4] 7HA8H o, 484)7F o= o)
Z WiA(pH 5.7) i 59 63%7+A] 3] E% 21Tl MRSCT
(pH 4.2) HIA]OI A 5= 24A13F $ HE5F0] 20%7HA] A
Sl oL, 48413 Foll= HEe 53%7HA] 3]HE ATk
MRSHCI (pH 4.2)0l1 4= 2441312} 48A17F 5 oz wjj =<k
Z Z}o) 7} glo] SIS L. crispatus YH2= MRSCA®
A 24A17F & HEFY 0.1%= AT 48417 &
o= HEF] 96%71HA] 335 = Atk MRSCTOlA = A%
o] 13% 2 At 48417 Foll = S 170%
2 3 5F Ak MRSHCIO A= tE wiAHL) tha =

74] A‘]X]—O]—Oﬂ oL]_ 48)\]7} EHZ HH;(]Q_ H]/\O].}“ /Hz]—
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SFAt) ol ek A¥= 7] probioticsE©] W pHS| 3

Fo W, FA ANIIEF) dRe
of Z7]ellt= o] e AHAR Alzre] Aol e} o
g Fushe a 2 otk o @ Avke T B u,

probiotics &< A ABIMMHERS] 3= 37
At Ao Xlioﬂ A1-8-3}H, probiotics THE0 2 AlE-
= 492U} probioticsE°] M EF 3xle] A
of B} golaAl AHE 4 vk gl A4 o

WAk, A ABIES S| AA =
< gel Al AF ko] A o] 47| v F
oAt U, S. denitrificans YH1Z} L. crispatus YH2E &4
Azstol vl TE F, ALE A0 Sakste] 84
A Yol T3t probioticsE2] A W AENA A&
o] 7k, TEA R Ml A5 SR 7S
T vkar Azhgit
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