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THE EFFECT OF LACTO- AND BIFIDOBACTERIA COMPOSITIONS
ON THE VAGINAL MICROFLORA IN CASES OF INTRAVAGINAL

STAPHYLOCOCCOSIS

The effect of intravaginal injection of Lactobacillus casei IMV B-7280, Lactobacillus acidophilus IMV
B-7279, Bifidobacterium animalis VKL and Bifidobacterium animalis VKB strains in various compositions on
the range of microflora of the urogenital tract on the model of experimental intravaginal staphylococcosis of
mice was determined. It was established that under the influence of various compositions of these strains chang-
es in microflora spectrum occurred: the number of representatives of normoflora increased and the number of
pathogenic microorganisms, including staphylococci, streptococci, coliform bacteria and fungi, significantly
decreased. It was determined that strains of lacto- and bifidobacteria, that were studied, are prospective compo-
nents of future probiotic drugs efficient in treating staphylococcosis.
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Urogenital infection- inflammatory bacterial diseases are common in modern clinical practice.
One of the basic causes of the urogenital infections is a violation of vaginal microecology, which is
very sensitive to various factors such as hormonal status, sexual activity, use of oral contraceptives,
the glycogen content, the pH of the vagina, therapy with glucocorticoids, immunosuppressive
treatment, etc. [2, 5, 6].

Despite the great importance, approaches to the therapy of these diseases did not change
significantly in recent years. Thus, the main agents in the treatment of urogenital infections are
antibiotics and antimycotics, but with the growth of antibiotic resistance, the effectiveness of these
drugs is reducing, and their use in pregnancy is not always possible [9, 12].

The concept of the protective role of normal microflora of the vagina (e.g., lactobacilli) became
the basis for the treatment of urogenital infections by probiotics. Later it was shown that Lactobacillus
strains can colonize the vagina after the use of vaginal suppositories [1, 7], reduce the risk of urinary
tract infections and fungal vaginitis [1, 11] and bacterial vaginosis [14]. The advantage of probiotic
therapy, in addition to the lack of adverse drug reactions, is the possibility of their use in daily
diet. The disadvantage of the concept is the lack of the results of controlled studies of the effect of
probiotics on the human body. Nevertheless, a number of microorganisms are widely used for this
purpose at present [6, 15].

The mechanism of the impact of probiotics on the vaginal mucosa in cases of urogenital infections
is presumably multifactorial in nature and is caused by the production of lactic acid, microbicides and
hydrogen peroxide, a modification of the immune response, production of biosurfactant and collagen-
binding proteins (inhibition of adhesion of pathogenic bacteria), synthesis of the specific molecules,
that are capable to reduce the virulence of pathogens and other factors [2, 4, 13], which requires
further study on models both in vitro, and in vivo.

Previously [10, 13] we have characterized the strains of lacto- and bifidobacteria: Lactobacillus
casei IMV B-7280, L. acidophilus IMV B-7279, Bifidobacterium animalis VKL and B. animalis VKB.
It was established that these probiotic strains in monoculture and in various compositions have
antistaphylococcal effect on the model of experimental intravaginal staphylococcosis of mice. It was
found that under the influence of these strains and their various compositions, the in vitro growth of
S. aureus was inhibited, and the number of colonies of S. aureus plated from the vagina of infected
mice was significantly reduced [10], but the most effective elimination of S. aureus in vivo was
observed under the influence of these probiotic strains in different compositions. However, the
changes in the range of other pathogenic bacteria, that can also cause the infectious-inflammatory
diseases of the urogenital tract, have not been studied yet.
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Therefore, the aim of this study was to determine the effect of probiotic strains of lactobacilli
and/or bifidobacteria in various compositions to the range of opportunistic vaginal microflora on the
model of experimental intravaginal staphylococcosis of mice.

Materials and Methods. Experimental studies were performed on six-week-old female BALB/c
mice that were kept in the vivarium in standard conditions during the experiment. All studies were
performed taking into account the rules of the European Convention for the protection of vertebrate
animals [14].

Four strains of lactic acid bacteria— L. casei IMV B-7280, L. acidophilus IMV B-7279, B. animalis
VKL and B. animalis VKB were used in various compositions. Before each experiment the viability
of the probiotic cultures was tested by monitoring their growth on the Man-Rogosa-Sharpe (MRS)
agar medium at 37 °C for 24-48 h. The study was performed using bacteria lyophilized in Cuddon
Freeze Dryer FD1500 (New Zealand). “Labilakt®” (Ariadna, Odessa, Ukraine), that includes a
composition of lyophilized strains of lacto- and bifidobacteria was used at work for comparison.

Staphylococcus aureus 8325-4 strain, that had plasmid-based resistance to gentamicin, was used
in the study. Before injection into mice vagina, S. aureus 8325-4 was grown on selective medium
for staphylococci (BAIRD-PARKER-Agar, Merck, Germany) containing gentamicin (15 pg/ml) at
37 °C for 24 h. Staphylococcosis was modeled through intravaginal administration of the S. aureus
8325-4 daily culture to mice, in doses of 5 x 107 cells per animal.

Twenty-four hours after infection, mice were given an intravaginal injection of a suspension of
lyophilized lacto- and/or bifidobacteria cells in saline solution at a dose of 1 x 10° cells per animal,
once per day for 7 days. Strains were injected in the following compositions: L. casei IMV B-7280
- L. acidophilus IMV B-7279; L. casei IMV B-7280 - B. animalis VKL; L. casei IMV B-7280 -
B. animalis VKB; L. acidophilus IMV B-7279 - B. animalis VKL; L. acidophilus IMV B-7279
- B. animalis VKB; B. animalis VKL - B. animalis VKB; L. casei IMV B-7280 - B. animalis
VKL - B. animalis VKB; L. casei IMV B-7280 - B. animalis VKL - L. acidophilus IMV B-7279;
L. acidophilus IMV B-7279- B. animalis VKL - B. animalis VKB; L. casei IMV B-7280 - B. animalis
VKB - L. acidophilus IMV B-7279; L. casei IMV B-7280 - B. animalis VKB - B. animalis VKL-
L. acidophilus IMV B-7279 in equal proportion.

Other separate groups were intact and infected mice that did not receive probiotic strains, but
intravaginally received the same volume of saline, and infected mice that recieved “Labilakt®” in the
same way as the other compositions of probiotic strains.

On the 1, 3, 6, 9 and 12" days after the injection of lacto- and/or bifidobacteria strains in various
composition or “Labilakt®” material was collected from the vagina and plated onto six nutrient
mediums: MRSA (Man-Rogosa-Sharpe agar medium for lactobacilli), Meat-Peptone Agar (MPA,
selective medium for aerobic and facultative anaerobic organisms), BAIRD-PARKER-Agar (Merck,
Germany; selective medium for staphylococci), KF-Streptococcus agar (Merck, Germany; selective
medium for streptococci), ENDO (NSCAMB, Obolensk, Russia; selective medium for coliform
bacteria) and Sabouraud agar (selective medium for fungi). The material was collected using
standardized sterile cotton tampons. Swabs from each tampon were performed with 1 ml of saline.
After cultivation at 37 °C for 24 h, the number of colony forming units (CFU) was counted, given that
one such colony corresponds to one bacterium.

All digital data obtained were processed with the help of the Origin Pro 8.5. software through
analysis of variance. Numerical data were represented as arithmetic average and standard error
(M £ m). The null hypothesis for the control and experimental comparative groups was checked using
Wilcoxon-Mann-Whitney (U) and Kolmogorov-Smirnov nonparametric criteria. The differences
between the groups were considered statistically meaningful at P < 0.05.

Results and Discussion. The results of the investigation of intravaginal injection of probiotic
strains in the compositions of two cultures to the range of microflora of the urogenital tract are
presented in Table 1. It should be noted that in mice infected with S. aureus, that did not receive
probiotic strains, the significant changes in the microflora of the urogenital tract was observed. Thus,
after injection of the infectious agent, the number of aerobic and facultative anaerobic microorganisms,
as well as staphylococci and streptococci increased during the observation period, and coliform
bacteria and fungi — on the 1* and 9™ days. On the contrary, the number of lactobacilli decreased from
the 6™ day and during the subsequent period of observation.
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Table 1
Number of colonies of opportunistic microorganisms, that were sowed from the vagina of the
infected mice after receiving intravaginal injection of compositions of two probiotic strains

of lacto- and/or bifidobacteria, each of them separately

Groups Colony forming units (Ig/ml)

of mice / ti'me Meat- Baird- KEF- Man- Sabouraud

of observation, |  Peptone Streptococcus | Rogosa- ENDO
day Agar Parker-Agar agar Sharpe agar

I;tl‘zcet - | 224£010 | 2514009 | 2.08+0.10 | 2.68+0.03 | 1.08+0.02 | 2.07+0.09

k= 1 day | 3.78£0.13* | 454 £0.08* | 3.53£0.05* | 2.79£0.13 | 1.60+0.04* |2.63 +0.05*

% g |3day | 3.82+0.09% | 430+0.05% | 3.45+0.03* | 2.63+0.04 | 1.48+0.03* | 1.48£0.02*

;;2 § 6day | 3.83+0.11% | 425£0.07* | 3.34+0.07* | 2.00+0.01* | 1.48 £0.05% | 2.18 +0.08

é “ | 9day | 3.51+£0.08% | 422 +0.11% | 326+0.11% | 223+0.02* | 1.30+0.01 |2.34+0.05*

= 12 day| 3.36 £0.08* | 4.19+0.09* | 3.22+0.08* | 2.32£0.03* | 1.48£0.04* | 1.90 £ 0.02
3 1 day | 2.45+£0.07 [2.98 +£0.09%¢| 2.40 £0.09% |4.16£0.18*+ | 1.00 £0.04 | 2.28 £0.08¢
§ g % 3day | 2.18£0.10° |3.00 £ 0.13%«| 2.79 £0.13*e | 3.72 £ 0.09*« 0*e 2.51£0.05%
-§ M E 6 day [2.81 +£0.04%¢|2.88+0.07%| 2.72 £0.04* | 3.80 £ 0.02%*¢ 0*e 1.90 £ 0.04+
8 E §| 9 day |2.90 +0.09% | 2.73+0.05+ | 2.69 £0.05% |3.81+0.11%« | 1.00+0.02+ [2.74 % 0.09%-
AR 12 day|2.86 £ 0.07*+ | 2.68 £ 0.04¢ | 2.73 £ 0.04*« | 3.49 £ 0.12%. 0*e 2.08 +0.05¢
3 i 1 day [3.11 £0.07*¢ [ 3.11 £0.08%¢ | 2.96 £0.09%¢ | 1.70 £ 0.03* | 1.11 £0.02¢ 0%e
§ % z 3day [3.26 £0.11%¢|3.06 + 0.04*<| 2.75£0.08* | 2.56£0.09 0*e O*e
'§ ; E 6day [3.05+0.12%| 2.21 £0.05¢ | 2.64 £0.04* | 3.23 £0.10%« | 1.75+ 0.03%¢ | 1.00 £ 0.02%*«
5 E §lo day | 2.48£0.09¢ | 2.55+0.04¢ | 2.22£0.03+ |4.32+0.12% 0%e 0%e
2 12 day| 3.27 £0.08% | 228 £0.03+ | 2.33£0.08* |2.02+0.04*«| 1.11£0.01¢ 0*e
g E @ lday | 4.12+0.14% [3.99+£0.11% | 3.44+0.04* | 3.03+0.07* | 1.45£0.02*e | 1.75 £ 0.03¢
g ; Z 3day | 3.99+0.13*% |4.03 £0.03%| 3.54+0.08*% |3.50+£0.05% 0%e 2.12+0.02¢
E E § 6 day | 3.68 £0.09* | 3.85+0.09%« | 2.78 £0.04* | 3.05£0.04*¢ | 1.75+0.03*< | 2.15+0.03
% é §_ 9day | 3.35+£0.04* [3.79 £0.10%+ | 2.66 +0.08* | 2.60 +0.07¢ 0*e 2.44 £ 0.04*
& i n 12 day | 3.22 £0.08* | 3.85 £ 0.09%¢ | 2.65+ 0.05%¢ | 1.60 + 0.10% 0*e 1.55+0.08%*
g g i 1 day [3.26 £0.07*¢[3.77 £ 0.08% | 2.40+0.11e |[423£0.14* | 1.11£0.01 [2.44+0.03*
E ; Z 3 day [3.48+£0.05%|3.55+0.05% | 2.35+0.03¢ |4.13£0.08% 0%e 1.17 £ 0.02%
§ E g 6 day | 3.66 +0.08% |3.44 +£0.04*«| 2.20+0.02¢ |3.66+£0.07*¢ 0*e 2.10+0.04
é é § 9day | 3.73£0.04* |3.37+£0.07%| 2.15+0.04« | 2.81 £0.04> | 1.45+0.03 |1.66 % 0.02%
& i B 12 day | 3.62 £0.04* | 3.54 £0.09% | 2.10£0.03+ | 2.18 £0.04* 0%e 1.00 £ 0.01%*
g g 1 day | 4.08 +0.09% [2.08 +0.02%¢| 424+ 0.11* [4.14£0.11%*¢ | 1.30 £0.03« [2.88 +0.08%*
S S 3day | 4.13£0.12% [ 1.90 £ 0.01%e | 426 £0.07* [4.51 £0.13%« | 2.23 £0.04%* [3.91 £ 0.07*¢
f'g Q.Q % 6day | 3.92+0.05% | 2.11 £0.08%« | 4.18 £0.01*¢ | 4.08 £ 0.14%< | 2.93 + 0.05%¢ |2.83 £ 0.04%*«
% g =lo day |3.98 £0.14%«| 2.32+0.03« | 4.12£0.11%¢ |3.79 £0.09%¢ | 2.72 + 0.04*+ |2.88 £ 0.09*>
& & 12 day | 3.94 £ 0.09%¢ | 2.23 £0.04¢ | 4.08 £0.13%* | 3.77 £ 0.11%¢ | 2.69 + 0.05%¢ | 2.58 £ 0.08%*«
Lo gl I day | 421 £0.16* [3.15+0.13%| 3.66+0.09* |2.11£0.05% | 1.15+0.02 |2.67 +0.09*
§ ‘E ; 3day | 3.77£0.14* | 3.11 £0.08%« | 3.71£0.11* |2.22£0.07*¢ 0*e 3.14 £0.02%
:;; 2 E 6 day | 3.65%0.04* |2.95+0.04%| 3.55+0.05*% |3.14+0.05% | 1.98+0.03%¢ | 1.16 £ 0.02%e
§ E % 9day [3.14+0.04%| 2.44£0.03+ | 3.61£0.11*% |2.94+£0.07*¢ 0*e 1.92 £ 0.04¢
= ii 12 day | 3.12 £0.02% | 2.06 £ 0.04*+ | 3.12+0.11* | 2.16 £0.08* | 1.11 £0.01¢ |1.36 £ 0.03%*«

Note: Significant differences with the control is represented by * (P < 0.05) while differences with the

indicators of the infected mice who did not receive probiotic strains are represented by * (P < 0.05)
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It was found that the number of lactobacilli in the vagina increased throughout the period of
observation under the influence of compositions L. casei IMV B-7280 - B. animalis VKB or B. animalis
VKB - B. animalis VKL compared with the infected mice that did not receive probiotic cultures. The
increase of the number of lactobacilli in the vagina of infected mice was observed under the effect of L.
acidophilus IMV B-7279 - B. animalis VKL (on the 1, 3, 6 and 9" days), L. acidophilus IMV B-7279
- B. animalis VKB (on the 3, 6 and 9" days) or L. casei IMV B-7280 - B. animalis VKL (on the 6 and
9™ days). However, the number of lactobacilli in the vagina appeared lower than in the infected mice
not treated with probiotic cultures on the 1 and 12" days under the influence of compositions L. casei
IMV B-7280 - B. animalis VKL or L. acidophilus IMV B-7279 - B. animalis VKB and also under the
effect of L. casei IMV B-7280 - L. acidophilus IMV B-7279 (on the 1 and 3" days). After injection
of “Labilakt®”, the number of lactobacilli in the vagina of infected mice increased on the 3, 6, 9 and
12" days. The drug “Labilakt®” induced the increasing of the number of lactobacilli in the vagina of
infected mice on the 3, 6, 9 and 12" days. It should be noted that after the injection of almost all the
compositions of two probiotic cultures, the number of lactobacilli in the vagina of the infected mice
appeared to be even greater than in the control (intact mice). The number of lactobacilli in the vagina
of mice treated with L. casei IMV B-7280 - B. animalis VKL (on the 3" day), L. acidophilus IMV
B-7279 - B. animalis VKB (on the 9" day), L. acidophilus IMV B-7279 - B. animalis VKL (on the 9"
day) or “Labilakt®” (throughout the period of observation) was at the level of the control group.

It was found that in the vagina of mice infected with S. aureus, the number of aerobic and facultative
anaerobic microorganisms was reduced under the influence of L. casei IMV B-7280 - B. animalis VKB
during the whole experimental period, L. casei IMV B-7280 - B. animalis VKL —on the 1, 3, 6 and 9"
days, L. acidophilus IMV B-7279 - B. animalis VKL —on the 1 and 3" days and L. casei IMV B-7280 -
L. acidophilus IMV B-7279 — only on the 9" day compared with the infected mice that did not receive
probiotic cultures. But the number of aerobic and facultative anaerobic microorganisms in the vagina
of mice treated with composition B. animalis VKB - B. animalis VKL even increased on the 9 and 12"
days. Instead, after the injection of the composition L. acidophilus IMV B-7279 - B. animalis VKB,
the number of these microorganisms in the vagina during the whole observation period was the same
as in the infected mice that did not receive probiotic cultures. “Labilakt®” reduced the number of
aerobic and facultative anaerobic microorganisms in the vagina of mice infected with S. aureus during
the term of the experiment. Under the influence of only two compositions: L. casei IMV B-7280 -
B. animalis VKB (on the 1 and 3" days) or L. casei IMV B-7280 - B. animalis VKL (on the 9" day) the
number of acrobic and facultative anaerobic microorganisms in the vagina of infected mice decreased
to the level of the control group.

As shown in Table 1, the number of staphylococci appeared lower after the injection of all the
compositions of two probiotic strains throughout the observation period compared with the infected
mice that did not receive probiotic compositions. The number of staphylococci in the vagina of infected
mice decreased to the level of control under the influence of only three compositions: L. casei IMV
B-7280 - B. animalis VKB (on the 9 and 12 days), L. casei IMV B-7280 - B. animalis VKL (on the 6,
9 and 12" days), L. acidophilus IMV B-7279 - L. casei IMV B-7280 (on the 9" day).

The number of staphylococci in the vagina of infected mice appeared smaller than in the control
group (intact mice) after the administration to the infected mice B. animalis VKB - B. animalis VKL
(on the 1, 3 and 6™ days) and on the 9 and 12% days — remained at the level of the control group (intact
mice). Under the influence of L. acidophilus IMV B-7279 - L. casei IMV B-7280 the number of
staphylococci in the vagina of infected mice on the 12 day was also lower than in the control. The
number of staphylococci also reduced to the control level under the influence of “Labilakt®” on the
6,9 and 12" days.

The number of streptococci decreased after injection of L. casei IMV B-7280 - B. animalis VKB,
L. casei IMV B-7280 - B. animalis VKL or L. acidophilus IMV B-7279 - B. animalis VKL throughout
the period of observation in comparison with the infected mice that did not receive probiotic cultures.
Under the influence of L. acidophilus IMV B-7279 - B. animalis VKB a decreased level of streptococci
was observed on the 6, 9 and 12% days.

After intravaginal injection of L. acidophilus IMV B-7279 - L. casei IMV B-7280 composition
the number of streptococci in the vagina of infected mice did not change significantly, but under the
influence of B. animalis VKL - B. animalis VKB their number increased throughout the period of
observation. The “Labilakt®” injection was characterized by increasing the number of streptococci in
the vagina of infected mice on the 1 and 3" days, but on the 6, 9 and 12" days their number was the
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same as in the infected mice not treated with probiotic cultures. The number of streptococci decreased
to the control level only under the influence of L. acidophilus IMV B-7279 - B. animalis VKL during
the period of observation and L. casei IMV B-7280 - B. animalis VKL — on the 9 and 12" days.

The number of coliform bacteria in the vagina decreased under the influence of L. casei IMV
B-7280 - B. animalis VKB (throughout the period of observation), L. casei IMV B-7280 - B. animalis
VKL (on the 1, 3, 9 and 12" days), L. acidophilus IMV B-7279 - B. animalis VKB (on the 1, 3, 9
and 12" days), L. acidophilus IMV B-7279 - L. casei IMV B-7280 (on the 1, 3, 9 and 12" days),
L. acidophilus IMV B-7279 - B. animalis VKL (on the 1, 3, 6 and 12" days), B. animalis VKL -
B. animalis VKB (on the 1% day) in comparison with the infected mice not treated with probiotic
cultures. The reduced number of coliform bacteria under the influence of the “Labilakt®” drug was
observed only on the 6™ day.

However, after the injection of some of these compositions to the infected mice, the number of
coliform bacteria in the vagina appeared to be even greater than in the control group and in the vagina
of mice infected with S. aureus, that did not receive probiotic cultures. It was observed after the
injection of L. casei IMV B-7280 - B. longum VK, L. acidophilus IMV B-7279 - B. animalis VKB and
L. acidophilus IMV B-7279 - L. casei IMV B-7280 (on the 6" days), the “Labilakt®” drug (on the 1
and 9" days) or B. animalis VKL - B. animalis VKB (on the 3, 6, 9 and 12" days).

It was shown that administration of different compositions of two probiotic strains into the vagina
of the infected mice changed the number of fungi in their vaginal flora. Their number decreased
throughout the period of observation under the influence of the composition L. casei IMV B-7280 -
B. animalis VKL compared with the infected mice not treated with probiotic cultures and the control
group (intact mice). The composition L. acidophilus IMV B-7279 - B. animalis VKL induced the
reduction of fungal flora on the 1, 3, 9 and 12" days, L. acidophilus IMV B-7279 - B. animalis VKB
—on the 1 and 12" days, L. acidophilus IMV B-7279 - L. casei IMV B-7280 — on the 9 and 12™ days,
L. casei IMV B-7280 - B. animalis VKB — on the 1% day. However, the number of fungi increased
under the influence of the last composition on the 3, 6, 9 and 12" days. The composition L.acidophilus
IMV B-7279 - B. animalis VKB also caused the increase of the number of fungi on the 3™ day, and
L. acidophilus IMV B-7279 - L. casei IMV B-7280 — on the 3 and 6™ days. It should be noted that
the number of fungi in the vagina of infected mice increased under the influence of composition
B. animalis VKL - B. animalis VKB on the 1, 3, 6, 9 and 12" days. The drug “Labilakt®” increased
the number of fungi on the 3, 9 and 12% days. In other terms of observation under the influence of
this drug the number of fungi was the same as in the infected mice that did not receive probiotic
cultures. The increase of the number of fungi in the vagina of the infected mice took place under the
influence of L. casei IMV B-7280 - B. animalis VKB (on the 3 and 9" days), L. acidophilus IMV
B-7279 - B. animalis VKB (on the 9" day), L. acidophilus IMV B-7279 - B. animalis VKL (on the
1* day), L. acidophilus IMV B-7279 - L. casei IMV B-7280 (on the 1 and 3" days) or B. animalis VKL
- B. animalis VKB (throughout the period of observation) in comparison with the control group (intact
mice). The drug “Labilakt®” induced the increase of the number of fungi in the vagina of infected
mice on the 1, 3 6 and 9" days (in comparison with the control group).

The compositions of the two strains being compared, their antistaphylococcal action was equal.
The number of coliform bacteria effectively reduced under the influence of L. casei IMV B-7280 -
B. animalis VKB, and fungi — under the influence of L. casei IMV B-7280 - B. animalis VKL.

The results of studying the influence of compositions of three or four strains on the vaginal
microflora spectrum are presented in Table 2.

The number of lactobacilli in the vagina of mice infected with S. aureus during the observation
period increased under the influence of the compositions L. casei IMV B-7280 - B. animalis VKL -
L. acidophilus IMV B-7279, L. acidophilus IMV B-7279 - B. animalis VKL - B. animalis VKB or
L. casei IMV B-7280 - B. animalis VKB - B. animalis VKL - L. acidophilus IMV B-7279 as compared
with the infected mice not treated with probiotic cultures. The number of lactobacilli increased also
on the 3, 6,9 and 12" days after the injection of L. casei IMV B-7280 - B. animalis VKL - B. animalis
VKB or L. casei IMV B-7280 - B. animalis VKB - L. acidophilus IMV B-7279. On the 1* day after
the injection of the composition L. casei IMV B-7280 - B. animalis VKL - B. animalis VKB to the
infected mice, the number of lactobacilli was the same as in the vagina of the infected mice, but higher
than in the control (intact mice). However, in the vagina of infected mice treated with the composition
L. casei IMV B-7280 - B. animalis VKB - L. acidophilus IMV B-7279, the number of lactobacilli
temporarily decreased on the 1* day.
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Table 2

Number of colonies of opportunistic microorganisms, that were sowed from the vagina of the
infected mice after receiving intravaginal injection of compositions of three or four probiotic
strains of lacto- and/or bifidobacteria, each of them separately

Groups ColonIiFforming units (Ig/ml)
of mice / time of | Meat-Peptone|  Baird- ) Man-Rogosa- Sabouraud
. Streptococcus ENDO
observation, day Agar Parker-Agar agar Sharpe agar
Intact
mice - 224+0.03 | 2.51+£0.07 2.08 £0.03 2.68+£0.05 | 1.08+0.05 | 2.07+0.07
— & | lday | 3.78+0.13% | 4544 0.08% | 3.53+0.05* 2.79+0.13 | 1.60 £ 0.04* | 2.63 +0.05*
=
% 2 | 3day | 3.82+0.09% | 430£0.05*% | 3.45+0.03* 2.63+£0.04 | 1.48+£0.03* | 1.48 £0.02*
(3
E :5 6day | 3.83+£0.11% | 425+0.07* | 3.34+£0.07* | 2.00+0.01* | 1.48+0.05*% | 2.18 +0.08
-; EE 9day | 3.51+0.08*% |4.22+0.11*% | 326+0.11* | 2.23+£0.02* | 1.30+£0.01 |2.34£0.05*
12 day| 3.36£0.08% | 4.19+0.09* | 3.22+0.08* | 2.32+£0.03* | 1.48£0.04* | 1.90 +£0.02
E = @ lday | 2.28+0.02¢ [3.06+0.11%| 2.88£0.04% | 3.10+0.10% | 1.90 £ 0.05%*s | 1.48 +0.03%
=S
3 § 2| 3day | 3.09£0.12% [3.34+£0.07* | 2.23+£0.05+ | 2.88+0.05¢ 0%e 1.60 + 0.09*
S 3 8
g
: < g | 6day | 2.54£0.02% | 2.08+0.02% | 2.57%0.05% | 3.14£0.07% |2.20 £0.04*|1.30 £0.01%
oo
% § Slo day | 2.72+0.07*¢ [2.96 £0.02% | 2.65+0.07* | 3.32+0.12% | 1.30£0.01 |1.70 £0.02%e
Q
& " g 12 day | 2.67 £ 0.08% | 2.52+£0.05¢ | 2.73£0.01*% | 3.22+0.11%+ | 1.48 £0.02% | 1.30 £ 0.05%«
> §] § lday | 2.34+£0.09¢ | 2.58£0.07= | 1.90+0.01+ | 326 £0.10% | 1.00+£0.01+ [1.30 £0.07*>
s>
‘3 % Q; 3day | 240£0.07¢ [3.23+0.03%| 2.18+0.11c | 3.49+0.10%e 0%e 0%*e
2
$52
: § 2| 6day | 327+0.05% | 2.34+0.07+ | 1.124+0.02%« | 3.53 +0.10%- 0%e 1.60 £ 0.04*«
T«E
= 5::* 9day | 2.86 £0.07*s | 2.49£0.04 | 1.60£0.01* | 3.45+0.14* | 1.30£0.03 |1.00+0.01%*
Q o0 -3
AR
= g z 12 day | 2.71 £0.03%e | 228 £0.07+ | 2.40£0.05* | 3.38+0.11% | 1.00 £0.01+ |1.00 £ 0.01%*«
2 =§ @ 1day | 4.19£0.07% |3.39£0.04*s | 4.08+0.11% | 322 £0.01% | 1.48 £0.02* | 2.15+0.07¢
F5%
§* § 2| 3day | 420+0.10% |3.51 £ 0.07%| 4.11£0.11% | 3.45+0.05%. 0%e 2.40 £ 0.08*e
T 2
:. [c\'\ S| 6day | 42940.09% |3.324£0.08% | 3.99+£0.07% | 3.54%0.07% 0%e 1.00 + 0.05%
= N :
% :_.\'Q ; 9day | 4.13£0.11% [3.24+0.07*| 4.04 £0.08*s | 3.33 +0.08% | 1.60+0.01*«| 1.90 £0.07¢
2=
& 2 » |12 day| 4.08+£0.10%« [2.96 % 0.05% | 3.80%0.09% | 3.5040.03*s | 1.00 £0.02+ | 1.95+0.04
> @ § lday | 3.21£0.12% |3.62£0.04*| 3.98+0.09% | 2.25+0.03*% | 1.00+0.02¢ [1.65+0.02%e
s> 4
s § 3day | 3.14£0.03% [3.32+£0.12%| 3.76 £0.04% | 3.11 +£0.08%e 0%e 2.11 £ 0.04¢
2 3
§52
: § ¢ | 6day | 3.13£0.05% [3.30£0.08% | 3.88£0.09% | 3.15+0.08* | 1.17£0.02+ | 2.03+0.03
w3
2 f§* 9day | 3.22+£0.07*s [3.16 £0.09%| 3.68 £0.08%« | 3.55+0.08% 0%e 1.85+0.04+
o o -3
CRSIRS)
& g :. 12 day| 3.36 £0.09% |2.89£0.08%| 3.55+0.04* | 3.11£0.09% | 1.36+0.03 | 1.17+0.02¢
=)
2 % 5 1 day | 428 £0.10% | 427 £0.12% | 4.13£0.13% | 3.41 £0.11% |3.76 £ 0.05%+ |3.46 £ 0.14*«
Tia
=
§ ; E 3day | 423 £0.12% | 428 £0.12% | 4.08£0.11%¢ | 298 £0.15+ |3.78 £0.07*+|3.57 £ 0.13%
=
o~ =
§ g % 6day | 432£0.11% [3.83+£0.07*%| 3.23+£0.12% | 4.11 £0.05% |3.54 £0.09%¢|2.65 £ 0.05%«
< S
RS
[SEESEAS]
§ § g 9day | 422£0.12% [3.86 £ 0.02%| 3.46+0.08% | 4.05+0.15% |3.51 £0.05%+|2.80 £ 0.05%«
= 2N
8 S
& 9 g 12 day | 4.18 £ 0.08*< |3.50 £0.09%« | 3.93 £0.07*e | 3.98 £0.07%¢ |3.32+0.03%¢|2.62 £ 0.02%e

Note: Significant differences with the control is represented by * (P < 0.05) while differences with the
indicators of the infected mice who did not receive probiotic strains are represented by * (P < 0.05)
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The number of aerobic and facultative anaerobic microorganisms in the vagina of infected mice
decreased under the influence of compositions L. casei IMV B-7280 - B. animalis VKL - B. animalis
VKB and L. casei IMV B-7280 - B. animalis VKL - L. acidophilus IMV B-7279 during the observation
period in comparison with the infected mice not treated with probiotic cultures. However, their
number increased after the injection of L. acidophilus IMV B-7279 - B. animalis VKL - B. animalis
VKB and L. casei IMV B-7280 - B. animalis VKB - B. animalis VKL - L. acidophilus IMV B-7279
throughout the period of observation. Under the influence of composition L. casei IMV B-7280 -
B. animalis VKB - L. acidophilus IMV B-7279, the number of these bacteria decreased on the 3, 6
and 9™ days, and in other terms of observation it was the same as in the vagina of the infected mice
that did not receive probiotic cultures.

The number of staphylococci in the vagina of the infected mice decreased throughout the period
of observation under the influence of the compositions L. casei IMV B-7280 - B. animalis VKB -
L. acidophilus IMV B-7279, L. acidophilus IMV B-7279 - B. animalis VKL - B. animalis VKB,
L. casei IMV B-7280 - B. animalis VKL - L. acidophilus IMV B-7279 or L. casei IMV B-7280 -
B. animalis VKL - B. animalis VKB as compared with the infected mice not treated with probiotic
cultures. But under the influence of the composition L. casei IMV B-7280 - B. animalis VKB -
B. animalis VKL - L. acidophilus IMV B-7279 on the 1 and 3™ days, the number of staphylococci in
the vagina was the same as in the vagina of the infected mice, but on the 6, 9 and 12" days it decreased.
Under the influence of composition L. casei IMV B-7280 - B. animalis VKL - L. acidophilus IMV
B-7279 the number of staphylococci in the vagina of infected mice decreased to the level of control
(intact mice) on the 1, 6, 9 and 12" days, and under the influence of L. casei IMV B-7280 - B.animalis
VKL - B. animalis VKB — only on the 12" day.

Throughout the period of observation the number of streptococci in the vagina of the infected mice
decreased under the influence of compositions L. casei IMV B-7280 - B. animalis VKL - B. animalis
VKB or L. casei IMV B-7280 - B. animalis VKL - L. acidophilus IMV B-7279, but increased under
the influence of L. acidophilus IMV B-7279 - B. animalis VKL - B. animalis VKB, L. casei IMV
B-7280 - B. animalis VKB - L. acidophilus IMV B-7279 in comparison with the infected mice that
did not receive probiotic cultures. The composition L. casei IMV B-7280 - B. animalis VKB - B.
animalis VKL - L. acidophilus IMV B-7279 increased the number of streptococci on the 1, 3 and
12" days. The number of streptococci in the vagina of infected mice decreased to the level of the
control group only under the influence of compositions the L. casei IMV B-7280 - B. animalis VKL
- L. acidophilus IMV B-7279 (on the 1 and 3" days) or L. casei IMV B-7280 - B. animalis VKL -
B. animalis VKB (on the 3 day).

The number of coliform bacteria in the vagina of the infected mice decreased after the injection
of compositions L. casei IMV B-7280 - B. animalis VKL - L. acidophilus IMV B-7279 (on the 1, 3,
6 and 12" days), L. casei IMV B-7280 - B. animalis VKB - L. acidophilus IMV B-7279 (on the 1, 3,
6 and 9™ days), L. acidophilus IMV B-7279 - B. animalis VKL - B. animalis VKB (on the 3, 6 and
12" days) or L. casei IMV B-7280 - B. animalis VKL - B. animalis VKB (on the 3 day) as compared
with the infected mice. However, the composition L. acidophilus IMV B-7279 - B. animalis VKL
- B. animalis VKB increased the number of bacteria on the 9" day and L. casei IMV B-7280 -
B. animalis VKL - B. animalis VKB — on the 1 and 6" days.

There was the increase in the number of fungi in the vagina of the infected mice under the influence
of L. casei IMV B-7280 - B. animalis VKL - B. animalis VKB or L. casei IMV B-7280 - B. animalis
VKL - L. acidophilus IMV B-7279 during the observation period as compared with the infected mice
that did not receive probiotic strains and the control group (intact mice). The composition L. casei
IMV B-7280 - B. animalis VKB - L. acidophilus IMV B-7279 induced the reduction of the number
of fungi on the 1, 9 and 12" days, and L. acidophilus IMV B-7279 - B. animalis VKL - B. animalis
VKB - on the 1, 6 and 9" days. The number of fungi also increased on the 3™ day after the infected
mice were injected with L. casei IMV B-7280 - B. animalis VKB - L. acidophilus IMV B-7279 or
L. acidophilus IMV B-7279 - B. animalis VKL - B. animalis VKB.

The number of fungi in the vagina of the infected mice decreased under the influence of these two
compositions on the 1 and 6" days, respectively, in comparison with the control group. In the vagina
of infected mice treated with the composition L. casei IMV B-7280 - B. animalis VKB - B. animalis
VKL - L. acidophilus IMV B-7279 the number of fungi and coliform bacteria increased as compared
with a group of infected animals not treated with probiotic cultures.
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The results of the comparative analysis of the effectiveness of compositions of three or four
probiotic strains that we studied showed that the antistaphylococcal activity during the observation
period was observed in four compositions of the three strains: L. casei IMV B-7280 - B. animalis
VKB - L. acidophilus IMV B-7279, L. acidophilus IMV B-7279- B. animalis VKL - B. animalis
VKB, L. casei IMV B-7280 - B. animalis VKL - L. acidophilus IMV B-7279 and L. casei IMV
B-7280 - B. animalis VKL - B. animalis VKB. However, the number of streptococci and fungi in the
vagina of the infected mice aws reduced more effectively by the compositions L. casei IMV B-7280 -
B. animalis VKL - B. animalis VKB or L. casei IMV B-7280 - B. animalis VKL - L. acidophilus IMV
B-7279. The number of coliform bacteria was effectively reduced under the influence of L. casei
IMV B-7280 - B. animalis VKL - L. acidophilus IMV B-7279.

Thus, the obtained data shows that L. casei IMV B-7280, L. acidophilus IMV B-7279, B. animalis
VKL and B. animalis VKB in various compositions of two, three or four strains had an impact on
the number of pathogenic bacteria in the vagina of staphylococcus infected mice. It should be noted
that after the injection of probiotic cultures in different compositions the number of lactobacilli in the
vagina increased. All the compositions of probiotic bacteria induced the reducing of the number of
staphylococci in the vagina. The number of streptococci decreased effectively under the influence of
the composition L. acidophilus IMV B-7279 - B. animalis VKL. The number of fungi was effectively
reduced in the infected mice vagina under the influence of the compositions L. casei IMV B-7280
- B. animalis VKL, L. casei IMV B-7280 - B. animalis VKL - B. animalis VKB or L. casei IMV
B-7280 - B. animalis VKL - L. acidophilus IMV B-7279. The number of coliform bacteria was
effectively reduced under the influence of L. acidophilus IMV B-7279 - B. animalis VKL, L. casei
IMV B-7280 - B. animalis VKB, L. casei IMV B-7280 - B. animalis VKL - L. acidophilus IMV
B-7279 or L. casei IMV B-7280 - B. animalis VKB - L. acidophilus IMV B-7279.

When testing compositions of two strains in vivo [10], the L. casei IMV B-7280 - B. animalis VKL
composition was the most effective on the model of intravaginal staphylococcus infection in mice.
This composition appeared to be a more active antagonist of staphylococci than L. casei IMV B-7280
or B. animalis VKL separately. The composition of three strains (L. casei IMV B-7280 - B. animalis
VKL - B. animalis VKB) also had high antistaphylococcal activity in vivo. The antistaphylococcal
activity of the of L. casei IMV B-7280 - B. animalis VKL - B. animalis VKB composition on the 3,
6, and 9" days appeared to be higher than of all these monocultures used separately, and on the 12"
day it was higher than that of B. animalis VKL. The antistaphylococcal activity of the two-strain
compositions (L. casei IMV B-7280 - B. animalis VKL or L. casei IMV B-7280 - B. animalis VKB),
was the same as that of the L. casei IMV B-7280 - B. animalis VKL - B. animalis VKB composition
on the 3 and 6™ days. However, on the 9" day S. aureus 8325-4 was still recovered from the vagina
after the injection of the L. casei IMV B-7280 - B. animalis VKL or L. casei IMV B-7280 - B. animalis
VKB compositions, but was completely eliminated from the vagina of mice treated with the L. casei
IMV B-7280 - B. animalis VKL - B. animalis VKB composition. L. casei IMV B-7280, B. animalis
VKL and B. animalis VKB, which were part of this composition, had high adhesive activity in respect
of epithelial cells (unpublished data), and B. animalis VKB and L. casei IMV B-7280 demonstrated
the best antistaphylococcal activity when injected into mice separately in comparison with the other
studied strains of bacteria. It should be noted that after the injection of a composition of four strains
into the infected mice, S. aureus 8325-4 was recovered from the vagina of mice in larger amounts
than after the injection of some probiotic cultures or their compositions.

We have not investigated the mechanisms of lacto- and bifidobacteria influence on the vaginal
microflora. However, the literature data showed some mechanisms of antimicrobial action of
lactic acid bacteria. So, it is considered that [8] the main mechanism of probiotics action against
urogenital infections is the production of biosurfactants and collagen-binding proteins, which leads
to suppression of the pathogenic bacteria adhesion, that was shown for the following pathogens:
E. coli 67, E. coli Hu734, E. faecalis 1131, E. faecalis 1396, P. mirabilis 28cii, P. aeruginosa AK1,
S. epidermidis 3059, K. pneumoniae 3a [3], as well as for some fungi. As it was established earlier [3,
8] L. acidophilus or L. rhamnosus GR-1 and L. fermentum RC-14 for 2 months led to the recovery
from the bacterial vaginosis or to reduction of the incidence of the bacterial vaginosis recurrences
and / or [11, 15] to increase of the number of lactobacilli in the vagina and restoring of the normal
microflora of the vagina significantly more often in comparison with the group which was not treated
or treated with placebo. The positive impact on the microflora of the urogenital tract and the ability to
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prevent the development of bacterial vaginosis by reducing the number of pathogens has been shown
for the strain Lactobacillus crispatus CTV-05 [11].

Since the protective mechanisms could include not only inhibition of growth and adhesion
of pathogens, but also immune modulation, in our recent studies we have investigated the
immunomodulatory properties of probiotic strains of L. casei IMV B-7280, L. acidophilus IMV
B-7279, B. animalis VKB and B. animalis VKL. It was established that the phagocytic cells were
activated and the parameters of cellular immune response normalized under their influence [10, 16].
The production of interferons [10] and other Th1-type cytokines also increased (unpublished data).

Thus, the strains L. casei IMV B-7280, L. acidophilus IMV B-7279, B. animalis VKB and
B. animalis VKL in various compositions are all promising for the development of probiotic drugs
with antistaphylococcal activity and for correction of the urogenital tract microflora, but the most
successful compositions are B. animalis VKB - B. animalis VKL, L. casei IMV B-7280 - B. animalis
VKL - L. acidophilus IMV B-7279, L. casei IMV B-7280 - B. animalis VKL - B. animalis VKB, that
caused not only S. aureus elimination, but also normalization of the vaginal microflora. It should be
noted that for the final selection of the most effective composition of probiotic microorganisms it is
important to give attention not only to the effects of probiotic strains on the microflora, but also to
their immunomodulatory properties.

JLIL. Baobenko', JI.M. Jlazapenxo’, JI. M. IlTunxapenxo®’, B.B. Mokpo3yé',
B.C. ITiozopcvkuii, M.A. Cnisax’
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8yn. Akademika 3abonomnoeo, 154, Kuis, MCII, /103680, Vkpaina
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BILIMB KOMITO3HIIIM JAKTO- TA BI®IJOBAKTEPII HA
CIEKTP BATTHAJILHOI MIKPO®JIOPH ITPU IHTPABATTHAJIbHINA
CTA®LITIOKOKOBIM IHOEKIIII

Pesome

BusHadeHO BIUIMB iHTpaBariHaJabHOTO BBeJeHHS mramiB Lactobacillus casei IMV B-7280, Lactobacillus
acidophilus IMV B-7279, Bifidobacterium animalis VKL Ta Bifidobacterium animalis VKB y cknani pisHuX
KOMIIO3HLIIH Ha CIEKTP MIKpPO(IOpH YpOreHIiTaIbHOIO TPAKTy HA MOJENI eKCIIePHUMEHTAIBHOI IHTpaBariHaIbHOT
cTa(inoKoKoBOI iH(eKLii y MuIIel. BcTaHOBICHO, 1110 Mijl BIUIMBOM Pi3HUX KOMIIO3UIIIN IIMX LITaMiB BiJ0yBa-
nacs 3MiHa CrieKTpy Mikpoduopu, 301IbILICHHS KITBKOCTI IIPECTaBHUKIB HOPMO(IIOPH Ta CYTTEBO 3HUXKYBANIACh
KUIBKICTh YMOBHO-ITATOTEHHUX MIKPOOPIraHi3MiB, 30KkpeMa cTaiIOKOKIB, CTPENTOKOKIB, OaKTEepiil rpyny KUI-
KOBOI MAIMYKK Ta TpubiB. Bu3HaueHo, mo mramu gakTo- Ta 0idigodaxtepii, ki 1OCHIIIKyBaIHCh, € HEPCIEK-
TUBHUMM JJIsI CTBOPEHHS MPOOIOTUYHUX Mpenaparis, e)eKTUBHUX IPH JIIKyBaHHI IHTpaBariHaiabHOI cTadisoko-
KoBOI iH(eKIii.

Knwuosi cunoea: Lactobacillus, Bifidobacterium, Staphylococcus, nixea, mikpognopa, muuii

JLIL. Baébenko', JI.H. Jlazapenko’, JI.H. Illunkapenko™, B.B. Mokpo3yo',
B.C. Hoozopckuii, H.A. Cnusax’

!Unemumym mukpoduonocuu u eupyconocuu um. JI.K. 3a6onomnozo HAH Yxpaunol,
yi. Akademuka 3abonomnoeo, 154, Kues, MCII, /{03680, Yxpauna
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BJIMSIHUE KOMITO3UILIAM JTAKTO- U BUOPUTOBAKTEPAIA HA
CIEKTP BATUHAJIbHOM MUKPO®JIOPBI ITPU MHTPABATUHAJIBHOM
CTA®UJIOKOKKOBOI MTHOEKIINU

Pesome
OrmnpenesieHO BIMSHEE WHTPaBarMHAIBHOTO BBEJICHUs mMTaMMoB Lactobacillus casei IMV B-7280, Lacto-
bacillus acidophilus IMV B-7279, Bifidobacterium animalis VKL u Bifidobacterium animalis VKB B coctaBe
PA3NIMYHBIX KOMIO3HIMHA HA CIEKTP MUKPO(IOPH yPOI€HUTAIBHOIO TPAKTa HAa MOJEIN SKCICPUMEHTAIIBHOM
MHTPAaBarnHaJIbHON CTA(QUIOKOKKOBOM MH(MEKIMU Yy MbIIIeH. YCTAaHOBICHO, YTO IMOJ BIUSHUEM PA3IMYHBIX
KOMITO3UIHUH TUX IITAMMOB IPOMCXOJHIO H3MEHEHHE CIIEKTpa MUKPOGIOPHI, YBEIHUCHIE KOIHIECTBA MIpes-
craBuTeNeil HOPMOGIIOPE! M CYIIECTBEHHO CHIDKAJIACH KOJIMYECTBO YCIOBHO-NATOTEHHBIX MUKPOOPIaHH3MOB,
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B YaCTHOCTH CTa()MIOKOKKOB, CTPENTOKOKKOB, OAKTEPHil TPYIIIbI KUIICYHOM Manouku i rpubos. OnpeneneHo,
YTO [ITAMMBI JIAKTO- W OM(HI00aKTEPHi, KOTOPbIC HCCIIEIOBAIIKCH, SIBISIFOTCS TIEPCHIEKTHBHBIMU ISl CO3MAHUS
MPOOUOTHYECKUX MpenaparoB, SpHEKTHBHBIX MPH JICUCHHN HHTPABATHHAIBHON CTapUIOKOKKOBON HH(MEKIIIH.

Knwueswie cuoBa: Lactobacillus, Bifidobacterium, Staphylococcus, eacuna, mukpoguopa, mviuiu
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