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Pesome. HacTosimiee KpaTkoe coOOIIIeHNEe TOCBSIIIEHO BOIIPOCAM 3KCIICPUMEHTAIBHOTO U3YICHUST MM~
MYHHOTPOMHOU aKTUBHOCTU HOBOTO COETMHEHUSI — MeTabMOTHKa, HAa OCHOBE MEeTa00IUTOB (OMOIOTUYECKU
aKTUBHBIX BelllecTB, bAB), nmpoayuupyeMbIx canmpoGUTHBIM U 0€30TTaCHBIM CTaHAAPTU3MPOBAHHBIM IITAM-
moMm BKIIM Bacillus subtilis B-9909. Llenb viccieqoBaHusl — 3KCIepUMeHTabHas OLleHKAa UMMYHOTPOITHOTO
IEeHCTBUS METaOOIMTOB, IIPOAYIIMPYEMBIX IIPOOMOTUIECKIMI MUKpOOpTaHn3MaMu pomaa Bacillus KymbTypel
npobuotudeckux MmukpoopranusMoB BKIIM Bacillus subtilis B-9909 Ha 1a60paTOPHBIX (KMUBOTHBIX ITPU MO-
IEeIMPOBAHUHU Y HIX TOKCUIECKOTO ITOpakeHNsI. MeTaOOIUTHI BRIIC/ISUIN U3 KYJIBTYPAIbHOMN KMIKOCTH OaK-
TepuaabHOU KyJIbTypbl Bacillus subtilis, mitamm BKITIM B-9909, npu ero rimyouHHOM KyJbTUBUPOBAHUU B
cpene, COCTOSIICH N3 COMSTHO-KMCIIOTHOTO THAPOJIM3aTa COCBOM MYKM MJIM ITAHKPEAaTUIESCKOTO THAPOI3aTa
KaseuHa. KyJbTypa B 3TO BpeMsi HaXoIMIach B KOHIIE 9KCITOHEHIIMAJIbHOM (ha3bl pocTa (16-18 4acoB KyabTH-
BupoBaHus). McciaegoBaHue moKa3areicii TyMOpPaJbHOTO cTaTyca y 9KCIIepUMEHTAIBHBIX TPYII KMBOTHBIX
MpU OLIEHKE TepareBTUYeCKON 3(HEKTUBHOCTU SKCIIEPUMEHTAIbHOIO 00pas3iia MeTabroTrKa, Mo OTHOIIIe-
HUIO K TPYMIIC JIAOOPATOPHBIX XXUBOTHBIX, TTOJYYaBIINX MpeHapaT CpaBHEHUSI ypCOcaH, TIPOBOMMIIN ITyTeM
onpeaesieHUsl TaKMX KOJTMUECTBEHHbBIX OKa3aTeaeil ChIBOPOTKM KPOBU, KaK TUTPbl UMMYHOIJIOOYJIMHOB M,
G, A, E, Turp a-mHTepdhepoHa U KOHIICHTPALIMN IINUPKYJIUPYIOIINX UMMYHHBIX KOMITIEKCOB. [lopaxkeHue
MEeYEeHU U3yJaslu IyTeM MOACIUPOBAHMS OCTPOTr0 TOKCUYECKOIO rermaTuTa y 6eJIbIX KpbIC. DKCIIepUMEHTATb-
HBII TOKCUYECKUI TelaTUT MOACINPOBAIM Ha JJa0OpPaTOPHBIX XKMBOTHBIX — OEJIBIX KpbIcax. BHyTpImKemy-
nouHo BBoauian 40%-ublii pactBop CCl, B Ba3eJIMHOBOM Macjie B TedeHue 2 Henelb u3 pacyera 0,2 nkr'.
[ToyyeHHBIC pe3yIbTaThl SKCIEPUMEHTAIBHBIX UCCIICIOBAHNI CBUACTEIILCTBYIOT, UTO BOSHUKHOBEHIE MM-
MYHHOT'O BOCHAJIMTEIbHOTO CUHIPOMa B 3HAYMUTEIbHOU CTENeHU ObLIO B KOHTPOJILHOI I'PYITIE MOAOIIBITHBIX
KMBOTHBIX C BOCIIPOM3BEICHHBIM TOKCUMUYECKMM IelaTuTOM. B rpymirie, B KOTopoii 1abopaTOpHBIM XUBOT-
HbIM OBbLTM Ha3zHadyeHbl MeTaboauThl (BAB), maTonornueckuii mpoiecc ObLI CYIIECTBEHHO MEHEE BbhIpaXkeH,
YeM B TPYIIIE, TTOIyYaBIIeH IIpernapar cpaBHeHMs. BaxKHO OTMETHTH TOT (DaKT, UTO IO OKOHYaHUM CPOKa Ha-
omoaeHus (30-e cyTku), B rpyIine JadopaTOPHBIX JKMBOTHBIX, TTOJYYaBIIMX META0OIUTHI OTMEYaId HOpMa-
JIM3aIIAIo0 BCeX UCCIIeMyeMbIX TToKa3aTelIeil, B OTJIUNIMEe OT TPYMITHI C YPCOCAHOM, B KOTOPOU ITOKa3aTeJIN BOC-
NaJuTeIbHOTO UMMYHHOI'O CUHAPOMA He ObLJIM 10 KOHIIa BOCCTAaHOBJIEHBI. TakKuM 00pa3oM, MPOBeICHHbIE
WICCIICIOBAHMS IO N3YYSHUIO TYMOPATBHOTO CTaTyca JJabopaTOPHBIX KUBOTHBIX, MOJTYJIaBIINX METAOOJMTHI,
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NpOAYLIUPYEMbIX TTPOOMOTUYECKMMU MUKpOOpraHusmMamu poaa Bacillus subtilis B-9909 Ha nabopaTopHBIX
JKMBOTHBIX IIPU MOACIMPOBAHUM Y HUX TOKCUUYECKOIO MOPaXKeHMsl, 1al0T OCHOBAHMS BBIIOJIHUTD 3aKJII0Ue-
HHE 0 HAJIUYMH Y UCITBITYeMOT0 00pa3iia MeTabMOTHKA CYIIIeCTBEHHOTO MMMYHOMOIYJIMPYIomero a¢pdeKra,
B CpaBHEHUHU C ypcocaHOM. [laHHOe 0OCTOSITEIbCTBO MMO3BOJISIET peKOMEHI0BATh JaHHOE COeAMHEHUE, KaK
TMePCIIEKTUBHOE JUIST CO3MAaHMsI HOBOTO JICKAPCTBEHHOTO KaHIMAATa TeITaTOIIPOTEKTOpa ¢ MMMYHOTPOITHBIM
a(ppeKkToM.

Karouesnie cnosa: memabuomux, Bacillus subtilis, vemaboaumol, npobuomuk, UMMYHOMPONHAs AKMUBHOCMb, 2YMOPANbHBLI
UMMYHUMem, 2enamomoKCUu4HOCMb, 2eNamonpomeKmop

EXPERIMENTAL STUDY OF IMMUNOTROPIC PROPERTIES
OF METABOLITES OF BACILLUS SUBTILIS B-9909
STRAIN, PROMISING IN THE FORMULATION OF ANEW
HEPATOPROTECTOR

Zabokritskiy N.A.

Institute of Immunology and Physiology, Ural Branch, Russian Academy of Sciences, Yekaterinburg, Russian
Federation

Abstract. This brief report is devoted to the experimental study of the immunotropic activity of a new
compound, a metabiotic, based on metabolites (biologically active substances, BAS) produced by the
saprophytic and safe standardized strain of Bacillus subtilis B-9909. The aim of the study was to experimentally
evaluate the immunotropic effect of metabolites produced by probiotic microorganisms of the genus Bacillus
of the culture of probiotic microorganisms of the Bacillus subtilis B-9909 on laboratory animals when modeling
their toxic lesion. Metabolites were isolated from the culture fluid of the bacterial culture Bacillus subtilis, strain
RNCIM (Russian National Collection of Industrial Microorganisms) B-9909, during its deep cultivation in
a medium consisting of hydrochloric acid hydrolysate of soy flour or pancreatic hydrolysate of casein. The
study of humoral status indicators in experimental groups of animals in assessing the therapeutic efficacy of an
experimental metabiotic sample, in relation to the group receiving the ursosan comparison drug, was carried
out by determining such quantitative serum parameters as the titers of immunoglobulins M, G, A, E, the IFNa
titer and the concentration of circulating immune complexes. Liver damage was studied by modeling acute
toxic hepatitis in white rats. Thus, the studies conducted to study the humoral status of laboratory animals
receiving metabolites produced by probiotic microorganisms of the genus Bacillus of the culture of probiotic
microorganisms of the Bacillus subtilis B-9909 on laboratory animals when modeling toxic damage in them,
give grounds to conclude that the test sample of BAS has a significant immunomodulatory effect, in comparison
with ursosan. This circumstance allows us to recommend this compound as promising for the creation of a new
hepatoprotector drug candidate with an immunotropic effect.

Keywords: metabiotic, Bacillus subtilis, metabolites, probiotic, immunotropic activity, humoral immunity, hepatotoxicity,
hepatoprotector

Introduction

Modern domestic and foreign scientists agree that
it is very advisable to create new medical immunolo-
gical preparations. It is especially important that such
drug candidates implement specific pharmacological
mechanisms in a variety of biological models. All this
will allow in the future to extrapolate the obtained
results to practical public health.

Today it is necessary to take into account that
the human body is exposed to adverse factors, such
as: ecology, climatic and geographical features, so-
cial, professional. In combination with a bad epide-
miological situation, they cause various pathological
disorders of both individual tissues and organs, and

In connection with the foregoing, the creation
and use of preparations of microbiological origin is
especially promising. This pharmacological group is
probiotics in various pharmacological dosage forms.

This confirms the fact that many probiotics, such
as bactisubtil, biosporin, sporobacterin, etc. already
implemented in practical healthcare. The proportion
of the use of probiotics based on non-pathogenic
bacteria of the genus Bacillus and their metabolites
is increasing. These metabolites are considered
biologically active substances (BAS). And drugs based
on metabolites are called metabiotics [1, 3, 5, 7].

Thus, metabiotics derived from biologically active
substances of bacteria of the genus Bacillus are of

entire systems of the human body. All this affects
the morbidity and mortality of the population of the
country.

considerable scientific interest [3, §].
The aim of the study was to experimentally evaluate
the immunotropic effect of metabolites produced by
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probiotic microorganisms of the genus Bacillus of a
culture of probiotic microorganisms RNCIM Bacillus
subtilis B-9909 on laboratory animals when modeling
their toxic damage.

Materials and methods

Metabolites of microorganisms of the RNCIM
strain Bacillus subtilis B-9909 were used in the work.

The complex of biologically active substances was
obtained under laboratory conditions according to the
recommendations currently available in the scientific
literature [2, 5, 6, 8].

Metabolites were isolated from the cultural liquid
of the bacterial culture of Bacillus subtilis, strain
RNCIM B-9909, during its deep cultivation in a
medium consisting of hydrochloric acid hydrolysate
of soy flour or pancreatic hydrolysate of casein. The
culture at that time was at the end of the exponential
growth phase (16-18 hours of cultivation) [2, 5].

Cultivation was carried out in 250.0 mL flasks on
a temperature-controlled plant for growing micro-
organisms UVMT-12-250. To obtain the culture
liquid in large volumes, a BIOR-0.1 fermenter was
used.

Subsequently, the culture liquid was subjected to
the following technological operations:

—  centrifugation (8000 rpm-1 for 15 minutes)
or, with large volumes of culture liquid, separation (to
separate the cell mass) using an ASG-3MB separator;

— ultrasonic disintegration (to destroy the
remaining bacterial cells of Bacillus subtilis) for which
an ultrasonic disperser UZD2-0.1/22 was used [2, 4, 8];

— sterilizing ultrafiltration using membrane
filters “Millipor” with a pore diameter of 0.22 pm and
“Sartorius” with a pore diameter of 0.3 pm;

—  freeze-drying (to a residual moisture level of
3-5%) in a laboratory freeze-drying unit LSS-2. The
yield of freeze-dried BAS complex, freed from cell
biomass (from 1 liter of centrate liquid), was 10-15 g.

The qualitative and quantitative content of
metabolites was determined by high performance
liquid chromatography. Separation was performed
at room temperature using a SupelcosilTM LC-18
column (250 x 4.6 mm, particle size 5 pum).

The study of indicators of the humoral status
in experimental groups of animals in assessing the
therapeutic efficacy of the experimental sample, in
relation to the comparison drug ursosan, was carried
out by determining such quantitative indicators of
blood serum as the titers of immunoglobulins M, G,
A, E, the titer of a-interferon and the concentration
of circulating immune complexes.

Liver damage was studied by modeling acute toxic
hepatitis in albino rats.

Experimental toxic hepatitis was modeled on
laboratory animals, white rats. A 40% solution of CCl,
in vaseline oil was injected intragastrically for 2 weeks
at the rate of 0.2 g.kg™'.

The humoral status in the experimental groups of
animals in assessing the therapeutic efficacy of the

test preparations was determined by studying such
quantitative indicators of blood serum as:

— titer of immunoglobulins M, mg-cm;

— titer of immunoglobulins G, mg-cm3;

— titer of immunoglobulins A, mg-cm;

— titer of immunoglobulins E, mg-cm3;

— titer of a-interferon (IFNa), pg-cm;

— concentration of circulating immune
complexes (CIC), opt. units

Quantitative determination of the concentration
of CEC was carried out using the precipitation
method with a 3.5% solution of polyethylene glycol.
Quantitative determination of immunoglobulins
(IgM, IgG, IgA, IgE) and a-interferon in blood
serum was performed using enzyme immunoassay.
The sampling of material for research (blood serum)
was carried out on the 1st and 7th days after the start
of treatment with experimental samples of the tested
drugs.

The results were statistically analyzed using
Microsoft Office Excel 2010 and Statistica 12.0 soft-
ware packages. In this case, the method of dispersion
analysis (ANOVA) was used. The normality of the
distribution of the obtained data was assessed using the
Kolmogorov—Smirnov method. Statistical assessment
of the significance of intergroup differences was
performed using Fisher’s parametric test, depending
on the normality of the data distribution. Statistical
hypotheses were evaluated at the critical significance
level p < 0.05.

Results and discussion

The experimental data obtained indicate that in
the group of experimental animals with a reproduced
model of acute toxic hepatitis, compared with the
control group of animals, on the third day of the
experiment, there is a significant increase in the
values of humoral immunity indicators that are
directly involved in the immediate hypersensitivity
reaction. Thus, the IgM titer increased by 3.5 times,
the IgE titer — by 2 times, and, accordingly, the CIC
concentration — by 3.2 times. Thisimmunosuppressive
effect is caused by toxicity of carbon tetrachloride
on immunity, its effect on sIgA and IgG, as well as
a decrease in the titer of IFNa — 2.5 times in the
experimental group with a reproduced model of acute
toxic hepatitis, compared with the control.

Further observations show us that on the third day
in the groups of animals that, against the background
of the development of acute toxic hepatitis, intra-
gastrically administered metabolites (BAS) and the
reference drug ursosan saw the development of an
immunoinflammatory syndrome. It is important to
note that only small changes in humoral immunity
parameters were observed in the group of animals
treated with metabolites in relation to animals that
were prescribed ursosan.

The study of the immunoinflammatory syndrome
on the eighth day of the experiment showed a decrease
in its severity in all groups of experimental animals.
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It was found that the concentration of IgM and IgE
remained quite high (1.8 times increase). At the
same time, an increase in the concentration of IgA
and IgG was also noted. In addition, in all groups
of experimental animals with toxic hepatitis, the
CIC titer remained without correlation changes. It
is important to note that we were able to establish
an increase in the concentration of a-interferon in
the group of experimental animals treated with BAS
(41.6+2.8 pg:cm™), a 2-fold increase compared to
the control group (20.4%=1.7 pg-cm™3). At the same
time, in the group of experimental animals treated
with the reference drug ursosan, an increase in the
concentration of IFNa correlated with an increase
in its concentration in the group without treatment,
respectively, 18.84+1.5 pg:em™ and 16.6+1.5 pg-cm™.
The increase in CIC titer persisted in all groups of
animals with acute toxic hepatitis.

Further observations on the fourteenth day of the
experiment showed a return to the normal studied
parameters of humoral immunity. In all experimental
groups, the concentration of [gM remained 2-2.5 times
higher than in the control group of animals. Other
studied indicators were also increased by 1.6 — 1.8
times. A higher concentration of IFNa was registered
in the group with BAS — 34.2+1.8 pg-cm™, compared
with the ursosan group — 19.1£1.5 pg:cm™ and in the
group without treatment — 18,7£1.5 pg-cm™3.

The thirtieth day of observation was the final one.
It was found that in the group with BAS there was a
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