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ABSTRACT

Bacterial lysates are widely used today as immunomodulatory agents that enhance the effectiveness of antibacterial therapy
through synergistic interactions with antibiotics. The aim of this study was to evaluate the pharmacological properties of a
bacterial lysate obtained from antibiotic-resistant strains of opportunistic microorganisms such as Acinetobacter baumanii,
Klebsiella pneumoniae SCAID PND1-2022 (246), and Pseudomonas aeruginosa SCAID PHRXI-2019 to assess its potential
in combating the growing problem of antimicrobial resistance. The study analyzed the properties of the lysate and its effects
on the body using in vivo studies at doses of 300.0 and 500.0 mg/kg. No signs of acute toxicity were observed, suggesting that
this substance is safe for use. Furthermore, destroyed bacterial cells retain the ability to induce a specific immune response,
stimulating immune system activation. Given the inherent resistance of bacterial strains to antibiotics, it can be concluded
that the use of bacterial lysate promotes the development of an adaptive immune response directed against highly resistant

pathogens, including superbugs.
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INTRODUCTION

One of the urgent problems of public health is antibiotic
resistance in strains of opportunistic microorganisms. For this
reason, it is becoming increasingly difficult to select a treat-
ment protocol and successful recovery of patients every day.
This problem is partly anthropogenic, namely due to non-com-
pliance with the recommendations of the attending physician,
premature interruption of antibiotics, and the second main rea-
son is the natural process of survival of microorganisms - par-
allel transfer of plasmids. To minimize the spread of resistance
genes through parallel transfer and the formation of immunity
to superbugs, it is necessary to strengthen local control over
the monitoring of infectious pathogens and introduce the use
of preventive treatment measures into practice. To find the
optimal solution to the problem, it is worth considering the
method of using a lysate of bacteria with multiple resistance
to antibiotics, due to which the immunity of the patient receiv-
ing this type of prophylactic treatment will be able to quickly
respond to infections with polytolerant microorganisms. Bac-
terial lysate clinically proves its effectiveness by improving
specific immunity in studies by Kamil Janeczek, Andrzej Em-
eryk [1]. Sublingual administration of bacterial lysate prepa-
rations provides significant effectiveness in alleviating SAR
symptoms in children sensitized to grass pollen allergens. Pri-
mary mediastinal B-cell lymphoma (PMBL) probably affects
mucosal immunity by attenuating the TH2 cell response and
thus restoring the TH1/TH2 balance.

Bacterial lysates were first isolated in the 1960s and intro-
duced for the treatment and prevention of human respiratory
tract infections (RTIs). According to Bommu. Rajasekhar [2],
bacterial lysate enhances both innate and adaptive immune re-
sponses, demonstrating efficacy in restoring epithelial barrier
integrity, activating ILC3 and dendritic cells, and stimulating
the Th1 response. In addition, they stimulate the production of
specific serum IgG and salivary IgA, providing cross-protec-
tion against other pathogens through trained immunity. Also,

according to Fulvio Braido, bacterial lysates, through DC acti-
vation, induce a predominant T helper 1 (TH1) response, with
an increase in IL-12 and interferon-y (IFNy),14,15 attenuat-
ing the TH2 pattern of the immune system [3]. In parallel with
the enhancement of the TH1 response, oral administration of
bacterial lysates promotes the production of IL-10, promot-
ing the conversion of FoxP3— T cells into FoxP3+ regulatory
T cells. However, the combined effects of TH1/TH2 balance
and stimulated differentiation of DCs and T regulatory cells
lay the foundation for the potential use of bacterial lysates in
the prevention of allergic diseases. According to recent studies
by Mikhail Kostinov, the addition of a bacterial lysate-based
immunomodulatory agent to the treatment regimen for mod-
erate to severe COVID-19 induces the production of pharyn-
geal and salivary sIgA, which means an enhancement of the
mucosal response and protection against various pathogens,
including viruses, which is mediated by its neutralizing prop-
erties, as well as its ability to prevent pathogen adhesion to
mucosal surfaces and opsonize pathogenic microorganisms,
thereby preventing their penetration into epithelial cells [4].

Despite the recent introduction of many drugs for the
treatment of RTIs, prophylaxis with bacterial lysates still at-
tracts the interest of physicians as a promising tool to reduce
acute infection and limit the use of antibiotics, topical corti-
costeroids and anti-inflammatory drugs. In this regard, the
European Medicines Agency [5, 6] recently reviewed the ev-
idence on the safety and efficacy of bacterial lysates and rec-
ommended their use for the prevention of recurrent respira-
tory infections. The use of bacterial lysate is recommended as
a prophylaxis, as well as in synergy with a targeted antibiotic
to increase the effect of the main therapeutic drug.

More recently, it was reported that in vitro treatment of
immature DCs with fragments of bacterial strains obtained by
mechanical lysis can induce DC maturation and secretion of a
wide range of cytokines and chemokines. Lanzilli et al. [7], in
an ex vivo study, found that treatment with a polyvalent me-
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chanical bacterial lysate (PMBL) altered circulating lympho-
cyte subsets in elderly patients with chronic obstructive pul-
monary disease (COPD).

In connection with the worldwide conducted research of
the preparation from the bacterial lysate - OM-85, the world
is opening up a detailed study of the effect of the bacterial ly-
sate on the body. According to currently known data, bacte-
rial lysate imitates the natural effect of microbes, promoting
an innate, adaptive, antigen-specific immune response against
the introduced antigens. In the case of the emerging problem
of antibiotic resistance, the scientific community should con-
sider the option of studying both the effect of the lysate itself
and the lysate from objects with resistance. Studies from these
types of objects have not been previously conducted, before
the start of scientific research, a literature analysis was con-
ducted on the mechanism of the effect of bacterial lysate on
the body. Presumably, by affecting TLR-2 and TLR-4 through
the resistance antigen, the mechanism of a specific response of
the body to antibiotic-resistant microorganisms is triggered.
This work has its own uniqueness - a high chance of a break-
through in the treatment and prevention of diseases caused by
antibiotic-resistant microorganisms.

MATERIALS AND METHODS

The objects of the study are the lysate of opportunistic mi-
croorganisms Acinetobacter baumanii, Klebsiella pneumoniae
SCAID PND1-2022 (246), Pseudomonas aeruginosa SCAID
PHRX1-2019.

In the preclinical studies conducted during physical dis-
integration using the French press method, the OECD Guide-
lines for the Testing of Chemicals No. «423» Acute toxicity -

classical method were used.

The studied pharmacological substance Lysate was ad-
ministered orally once, since this is the intended method of
use in the clinic.

The study used white outbred sexually mature laboratory
mice of both sexes in the amount of 20 individuals, weigh-
ing 22 g + 10%. Working solutions of the studied pharmaco-
logical substance were prepared by dissolving the sample in
the calculated volume of solvent (distilled water) to the spec-
ified dosages of 300.0 mg/kg, 500.0 mg/kg, 1000.0 mg/kg
and 2000.0 mg/kg of weight. The amount of the sample de-
pended on the weight of the animals included in the experi-
mental groups.

Solutions of the studied pharmacological substance Lysate
in the studied dosages were administered to the animals once
orally using a gastric tube in a volume of 0.5 ml.

Table 1 shows the orally administered doses of the studied
pharmacological substance Lysate. Animals were monitored
for lethality or toxic signs on the first day - during the work-
ing day every 2 hours, in the following days - every 24 hours.

All animals were observed for 14 days after the adminis-
tration of solutions of the studied pharmacological substance
Lysate. During the observation period, the presence of signs
of acute toxic effects associated with the effect of the studied
pharmacological substance was assessed. The body weight
of the animals was measured immediately before dosing and
then weekly throughout the observation period.

RESULTS

Data on animal observation after a single oral administra-
tion of the studied pharmacological substance Lysate in dif-

Table 1 — Distribution of mice into groups for the study of acute toxicity of the studied pharmacological substance Lysate

upon oral administration

The substance under Volume of injection, Number of animals in
Groups Dose, mg/kg

study ml a group
Experimental 1 0,5 300,0 5

Pharmacological sub- | Experimental 2 0,5 500,0 5

stance Lysate Experimental 3 0,5 1000,0 p)
Experimental 4 0,5 2000,0 5

Table 2 — Clinical symptoms and mortality of mice after a single oral administration of solutions of the studied pharmaco-

logical substance Lysate in different dosages

Groups, doses Animal | Hours Days
code |1 2 (4 |6 [2 (3 |4 [5 |6 |7 [8 |9 |10 |11 [12 |13 |14
3000 F o A S I U S A A I R S I R B
£ S I R S R U S AN RO R Y
£ S S I R I R N S AN RO A Y
E5 N A I T A N I O R O N O R Y
psr A S N B I I O I R N RO R Y
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Groups, doses Animal | Hours Days
code 1 |2 |4 (6 |2 |3 |4 |5 (6 |7 [8 |9 |10 (11 |12 |13 |14
2 Group =3000mr! | PRE g\ IV N N N N Y N Y Y Y Y Y Y
KT 159-2-1
PHT-
o U N N N N I R T Y N B I B Y
PHT-
o B N N B N N B N N O N N SV IO N
PHT-
s O N N B N U O N T N B R B Y
PHT-
o B N B N A T O U I R T N BV R O Y
3 Group = 10000/ \PHE Ay IV N [V VN VN Y Y Y Y Y
KT 159-3-1
PHT-
e U N N N U N Y KT Y N B I O Y
PHT-
15033 |V YN NN NN |F O {F |F [F |F |F |F |F |F
PHT-
ot S N N A N U N O N Y N BV I O Y
PHT-
it B N O T T O U N Y R Y N BV I O Y
4 Group —2000,0 mr/ | PHT-
A 159_4_1\/\/\/\/\/\/\/\/FFFFFFFFF
PHT-
i N O O T Y T O Y U I YO O R
PHT-
soas [V VNN NN NN |F O |F |F |F |F |F |F|F
PHT-
S N T A T U Y T Y N YO U O Y
PHT-
159_4_5\/\/\/\/\/\/\/\/\/\/\/FFFFFF
X — death; I —in a state of prostration;
V- norm,; J — tremor;
A — uncoordinated movements; K — difficulty breathing;
B — lacrimation; L — hunched posture;
C — salivation/foam; M - inhibited response to external stimuli;
D —loose stools; O —refusal to eat;
E — vomit; P — paleness of the mucous membranes;
F — alopecia; Q — convulsions;
G — huddling together; W — decreased skeletal muscle tone.

ferent dosages are presented in Table 2.

During the observation period (14 days) after the adminis-
tration of the studied doses of solutions of the studied pharma-
cological substance, no death of mice was recorded. During
the observation, a satisfactory condition of animals was noted
that received solutions of the studied pharmacological sub-
stance Lysate in doses of 300.0 mg / kg; 500.0 mg / kg; 1000.0
mg / kg and 2000.0 mg / kg, signs of severe toxic poisoning
and changes in the behavior of animals were not observed. At
doses of 1000.0 mg / kg and 2000.0 mg / kg of weight, signs

of alopecia were observed in individual animals.

The dynamics of changes in the body weight of animals
during the experiment are presented in Table 3.

When studying the dynamics of body weight of mice with
oral administration of the studied doses of solutions of the
studied pharmacological substance, a positive physiological
increase in body weight was observed over 14 days, no reli-
ably significant changes were detected.

In mice receiving the maximum dose of 2000.0 mg / kg
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Table 3 — Changes in the body weight of mice after a single oral administration of solutions of the studied pharmacological substance
Lysate in different doses, (M + m).

Average weight of animals, g
Dose of the
Ne substance before
groups | Lysate, mg/kg th? 1 in7 days in 14 days
of weight | periment
began
22,6 + 233+
b b :t
1 300,0 0.73 0.73 24,1+ 0,42
22,9 + 23,4+
2 500,0 0.18 0.41 23,9+ 0,20
22,7+ 233+
3 1000,0 0.30 0.30 24,0 £0,23
22,8+ 23,6 +
4 2000,0 0.52 0.54 24,6 + 0,59
Note: * — the difference is reliable in relation to the values of body weight before the start of the experiment (p < 0.05)

of the drug, the urinary bladder was filled with light trans-
parent contents with a typical urine odor, the ureters were
passable. Histological studies of those receiving this dose are
shown in Figure 1. In this figure 1, in sample A, dystrophic
changes in the epithelial cells of the proximal tubules (blue
pointer) are noted in the cortex. Homogeneous detritus is dif-
fusely present in the lumen of the distal tubules, and in the
preserved tubules, the epithelial cells are pushed out into the
lumen (orange pointer). In the glomeruli, focal activation of
mesangiocytes (green pointer) is observed. In sample B, ho-
mogeneous detritus is diffusely present in the lumen of the
distal tubules; in the preserved tubules, epithelial cells are
pushed into the lumen (orange pointer). In the medulla, there
are diffuse foci of neutrophilic inflammation, less frequently
macrophages, including large ones, predominantly along the
periphery of inflammatory cell infiltrates (yellow pointer).

All animals in this group showed similar changes in the
cortex and medulla of the kidney. Dystrophic changes in the
epithelial cells of the proximal tubules are observed in the cor-
tex. Homogeneous detritus is diffuse in the lumen of the distal
tubules, and epithelial cells are pushed into the lumen in the
preserved tubules. Focal activation of mesangiocytes is ob-
served in the glomeruli. In the medulla, there are diffuse foci
of neutrophilic inflammation, less frequently macrophages,
including large ones, mainly along the periphery of inflam-
matory cell infiltrates.

DISCUSSIONS

The pharmacological substance of bacterial lysate ob-
tained mechanically through a French press disintegrator, as
an immunomodulator, shows its safety in doses of 300.0 mg/
kg, 500.0 mg/kg. However, when administering a dose of
2000.0 mg/kg and 1000.0 mg/kg, signs of alopecia are ob-
served and macro- and microscopic changes in the urinary
system (formation of inflammatory cell, mainly neutrophilic
infiltration) and microscopic changes in the spleen (depletion
of the lymphoid tissue pool) are noted. Taking into account
the preservation of all indicators within the norm when admin-
istering a dose of 500.0 mg/kg, this dosage is safe for admin-
istration. The absence of mortality in the study groups proves
the safety of the pharmacological substance of bacterial lysate.

CONCLUSION

The proposed mechanism of action of bacterial lysate on
the body is immunomodulation. Through the activation of
macrophages and dendritic cells, followed by the activation
of Th1, regulatory T cells and cytotoxic CD8+ cells, bacte-
rial lysate has an immunomodulatory effect in synergy with
the targeted therapeutic drug.

When obtaining a bacterial lysate, the minimum toxicity is
shown by the volume of drug administration - 500 mg/g. This
dosage of bacterial lysate activates specific immunity, increas-

Figure 1 - Histostructure of the kidney tissue of mice 14 days after a single intragastric administration of bacterial lysate
2000.0 mg / kg (Staining with hematoxylin and eosin, eyepiece x10, objective x20)
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ing the body’s resistance to antibiotic-resistant microorgan-
isms. The immunomodulatory activity of this bacterial lysate
is hypothetical and based mainly on literature data. More de-
tailed and expanded studies of changes in functional immune
parameters are needed for a full assessment of the biochemi-
cal reactions to the body.
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AHHOTALIUS

B coBpeMeHHBIX yCIOBUSIX OaKTepHaIbHBIC JIN3aThl HAXOIAT MIMPOKOE ITPUMEHEHHE B KaY€CTBE MMMYHOMOIYIHPYIOIINX
CPEIICTB, YCHIIMBAIOMNX 3P ()EKTHBHOCTh aHTHOAKTEPHAILHOM TEPaINy 3a CYET CHHEPTeTHUECKOTO B3aNMOICHCTBHS C aHTH-
6norukamu. Llenpio rccnenoBaHus SBIsSETCS H3ydeHHe (apMaKoJIOTHUECKOH CyOCTaHIIMM OaKTepHaIbHOTO JIN3aTa, IOy YeH-
HOTO 13 aHTHOMOTHKOPE3NCTEHTHBIX IITAMMOB yCIOBHO-TIATOTEHHBIX MUKPOOPTaHU3MOB Acinetobacter baumanii, Klebsiella
pneumoniae SCAID PND1-2022 (246), Pseudomonas aeruginosa SCAID PHRX1-2019 ayst onieHKH ero oTeHImana B 00psoe
¢ pacTyuieit mpobieMoli aHTUMHUKPOOHOH pe3nCTeHTHOCTH. B paboTe nmpoanani3upoBaHbl CBOMCTBA JIM3aTa U €ro BO3/IeHCTBHE
Ha OPTaHW3M METOJIOM M3YUeHHS in vivo ipyu BBefeHnH B no3upoBkax 300,0 u 500,0 mr/kr. B pesynsrare Habmonaercst oTcyT-
CTBHE NIPU3HAKOB OCTPOH TOKCUYHOCTH, YTO ITO3BOJISIET CUMTATh JAHHYIO CyOCTaHIIUIO Oe301IacHOH il mpuMeHeHust. Kpome
TOTO, pa3pylIeHHbIE KJIETKH OaKTepuil COXpaHSIOT CIIOCOOHOCTh MHIYIIUPOBATh CHeNN(pHIECKIH HMMYHHBIH OTBET, CTUMY-
JHUPYs aKTUBAIMIO HMMYHHOM CHCTEMBI. YUUTHIBAs NCXOIHYIO YCTOWYMBOCTD OaKTEpPHAIbHBIX IITAMMOB K aHTHOWOTHKAM,
MOXKHO CJIeJIaTh BBIBOJ, YTO IPUMEHEHNE OaKTepHaIbHOTO JIN3aTa CII0COOCTBYeT (POPMUPOBAHHIO TATHBHOTO HMMYHHOTO
OTBETa, HAIIPABJIECHHOTO POTHB BEICOKOPE3UCTEHTHBIX BO30OYANTENEH, BKIIIOYast CynepOaKTepHu.

KiroueBnbie ciioBa: aHTI/I6I/IOTI/IKOp63PICT€HTHOCTL, JI3aT, JOKJIIMHNYCCKUE UCIIBITAaHUS, UMMYHOMOIYJIATOP, YCJIOBHO-IIA-
TOT'€HHBIE, OCTPasA TOKCUYHOCTbD.
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TYUIH

Kasipri sxaraaiiia 6akTepusiIbIK JU3aTTap aHTUOMOTUKTEPMEH CHHEPTETUKAIIBIK ©3apa dPEKEeTTECY apKbLIbl aHTHONOTHKA-
JIBIK TePaNHSHBIH THIMIUTITIH apTTHIPaTHIH UMMYHOMOYISIIIMSUTBIK areHTTEep PETiH/Ie KeHiHEeH KOJTaHbUTa bl 3epTTEYIiH MaK-
carsl- Acinetobacter baumanii, Klebsiella rpeimopiae SCAID PND1-2022 (246), Pseudomonas aeruginosa SCAID PHRXI-
2019 mapTThl MaTOr€HIK MUKPOOPTaHU3MIEP/IiH AHTUOMOTUKKE TO3IM/II IITAMAAPbIHAH AJBIHFAH OAKTEPUSUIBIK JIN3ATThIH
(hapMaKoJIOTUsIIBIK CYyOCTAHIIUSICBIH 3€PTTEY, OHBIH OCII KeJIe JKaTKaH MpobjeMaMeH Kypecy dlieyeTiH baraiay MUKPOOKa KapChl
te3imainik. XKymeicta 300,0 xonre 500,0 Mr/Kr 103372 €HTi3TeH Ke3/Ie IN3aTThIH KACHETTEPl XKOHE OHBIH aF3ara in vivo 3epT-
Tey 9IICIMEH dCepi TalJaHaIbl. HOTIDKECIH/IE JKeIeN YHITTBUIBIK OenriiepiniH 6ommaybl Oaifkaraasl, OYI1 OCHI CyOCTaHIIHSTHEI
KOJJJaHyFa Kayilci3 1en caHayra MyMKiHAIK Oepeni. COHBIMEH Karap, OakTeprsuiapAblH KOHBUIFaH JKacyIIaiapbl MMMYHJIBIK
JKYHeHIH OelceHIipinyiH BIHTATAHIBIPY apKBUIEI OeNTiii 0ip IMMYHIIBIK JKayanThl HHAYKIWsIIAy KaOineTiH cakraiabl. bak-
TEPUSUTBIK IITAM/IAP/IbIH aHTHOMOTUKTEPre OACTAIKbI TO3IMJILTICIH €CKePE OTHIPHII, OAKTEPHUSUIBIK JIN3ATThI KOJIJAHY KOFapPhI
Te3IMJIi MaTOreHepre, COHBIH IMIiHAe CynepOaKTeprsIapra Kapchl OarbITTAIFaH aIallTHBTI MMMYH/IBIK JKayallThIH mmaiiaa 6o-
JybIHA BIKMAJ €Te/Ii JeT€H KOPIThIH/BI XKacayFa 00abl.

KiarTi ce3aep: aHTHOMOTHKKE TO3IMILTIK, TU3aT, KIIMHUKAFa JEHiHT1 3epTTeyliep, IMMYHOMOIYIISTOP, IapTTHI-IIATOT€H 1],
JKEeJIeJl YBITTBUIBIK.
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