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Abstract

During the treatment of farm animals with various medicines, including antibiotics, quite often there
is a suppression of the activity of beneficial microflora, which, in turn, causes an increase in the number of
pathogenic and potentially dangerous to animal health microorganisms in the intestine. In this regard, the
selection of different cultures of microorganisms in probiotic preparations is of great importance to such
property as antibiotic resistance. In this article, the objects of the research were new strains of lactic acid
bacteria isolated from natural sources, showing antibiotic resistance to the following antibiotics:
benzylpenicillin, streptomycin, polymyxin, kanamycin, azithromycin, nystatin, ampicillin, carbenicillin.
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World experience shows that in the prevention and treatment of gastrointestinal diseases of
young farm animals and birds, replacement therapy is of great importance, aimed at restoring
intestinal biocenosis by regular administration of live bacteria - representatives of normal intestinal
microflora [1].

In modern conditions, probiotic preparations containing live representatives of beneficial
microorganisms are increasingly used to neutralise mycotoxins entering the digestive tract with
feed. Probiotics can be introduced into feed in the form of lyophilised powders and in liquid form
(they contain bifido-, propionic acid bacteria, lactobacilli, lactic acid streptococci and their
combinations) in order to restore normal intestinal microflora, activate fermentolysis of feed
nutrients, strengthen the immunity of the organism, increase the growth rate of young animals, etc.

[2].

According to the regulated requirements, the term “probiotic” means a functional food
ingredient in the form of beneficial for humans and animals, non-pathogenic and non-toxicogenic
live microorganisms. Probiotics include mainly representatives of the genera Lactobacillus and
Bifidobacterium, as well as certain strains of some species of Streptococcus, Lactococcus,
Entercoccus, Bacillus and Saccharomyces species [3,4].

It should be noted that antibiotics have a negative effect on the development of lactic acid
bacteria. This occurs when antibiotics entering food raw materials during the treatment of farm
animals can suppress the development of probiotic microflora during the technological process of
food production, which worsens their quality and creates a potential danger for the development
of extraneous antibiotic-resistant microflora. In case of irrational treatment of humans and farm
animals with antibiotics, the activity of beneficial microflora is suppressed, causing an increase in
the number of pathogenic and potentially dangerous for humans and farm animals microorganisms
in the intestine. Therefore, the selection of microbial cultures for probiotic preparations and food
products based on them is of great importance for such property as resistance to antibiotics.

It is known that the combined use of antibiotics and antibiotic-resistant strains of
microorganisms contributes to the effective restoration of normal intestinal microflora already in
the process of antibiotic therapy [5,6].

Antibiotic resistance of natural strains of lactobacilli and yeasts is a species property. At the
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same time, antibiotic resistance of lactic acid bacteria can be the basis for the use of such strains
for the production of new food products and therapeutic drugs, which will become the main means
of combating pathogens of the gastrointestinal tract.

A number of researchers have studied the antibiotic resistance of B.subtilis strains to 14
antibiotics that are most commonly used in the clinic. As a result, it was found that B.subtilis strain
1719 was more resistant to gentamicin, polymyxin, and erythromycin, while B.subtilis strains 1594
and B.subtilis 1318 were resistant only to gentamicin [7].

Thus, the antimicrobial susceptibility study of a bacterial strain provided the basis for its
approval as a probiotic. In a number of sources, the authors note that in cases of concomitant
administration with antibiotics to prevent and treat intestinal disorders, probiotics must be resistant
to certain antibiotics in order to survive in the gastrointestinal tract.

The antimicrobial properties of lactic acid bacteria have received special attention, as they
have various advantages as agents against antibiotic-resistant pathogens.

Natural resistance to some antibiotics is characteristic of bifido and lactic acid bacteria.
Strains with natural antibiotic resistance are considered suitable for use as probiotics [8].

Materials and methods of research

The objects for the research were strains of lactic acid bacteria from the genus Lactobacillus
7K-2L, 7K-6L, 5K-9L1, 7K-16L, 17K-6L12 isolated from natural sources. To study antibiotic
resistance of lactobacilli, we used the well-known disk-diffusion technique with standard
antibiotic disks impregnated with standard solutions of benzylpenicillin, tetracycline, kanamycin,
streptomycin, levomycetin, polymyxin and erythromycin.

Agar with hydrolyzed milk (AHM) and MRS-1 was used as nutrient medium for lactic acid
bacteria. For this purpose, melted agarized nutrient medium was poured into sterile Petri dishes,
and after cooling it was dried in the thermostat. On the surface of the solidified nutrient medium
was applied one-day culture grown at optimal temperature in the form of cell suspension in the
amount of 1 ml, 1 mird of suspension of the tested strain, and evenly distributed over the entire
surface of the medium with a Drigalsky spatula. Excess liquid was removed, then the cultures were
dried in the thermostat for 30 minutes. After that, antibiotic disks were placed on the surface of
the seeded medium with sterile tweezers at an equal distance from each other and at a distance of
2 cm from the edge of the cup. Petri dishes with disks and antibiotics were incubated for 2-3 hours
at room temperature (for temporary inhibition of culture growth and diffusion of antibiotics into the agar
thickness), and then in the thermostat at +40°C until visible growth of cultures. To avoid smearing of the
zones with condensation water, the cups were placed upside down in the thermostat.

Russian disks (Pharmacotherapy Research Center) for determining sensitivity to antimicrobials were
used during the research process.

The results obtained were evaluated according to the instructions for determining the sensitivity of
microbes to antibiotics using the paper disc method, i.e., insensitive strains were characterised by growth
around the paper disc; insensitive strains were characterised by a zone with a diameter of up to 15 mm;
sensitive strains were characterised by a zone with a diameter of 15 to 25 mm; and highly sensitive
strains were characterised by a zone with a diameter of more than 25 mm [16].

Results and discussion

The degree of sensitivity of isolated new strains of lactic acid bacteria to antibiotics is an
important factor, as the development of gastrointestinal microflora or microorganisms included in
probiotics is suppressed during antibiotic treatment of young farm animals and birds. Antibiotic
resistance of newly isolated strains of lactobacilli was determined by disc-diffusion method,
measuring the diameters of growth retardation zones. The sample of 5 strains of lactobacilli, 3
were resistant to 8 antibiotics: benzylpenicillin, streptomycin, polymyxin, kanamycin,
azithromycin, nystatin, ampicillin and carbenicillin. All strains of lactic acid bacteria tested were
sensitive to tetracycline and levomycetin. Lactobacillus strain 7K-16L is resistant to streptomycin,
polymyxin, kanamycin, nystatin, weakly sensitive to benzylpenicillin, azithromycin, tetracycline,
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ampicillin and carbenil, sensitive to levomycetin. Lactobacillus strain 17K-6L12 showed
resistance to benzylpenicillin, nystatin, ampicillin, carbenicillin, weak sensitivity to levomycetin,
polymyxin, kanamycin, sensitivity to streptomycin, azithromycin and tetracycline. It should be
noted that the above results of our studies are in agreement with the data of Cano Roca [9]. Also,
all the studied strains of lactobacilli were resistant to benzylpenicillin, which was noted in the
works conducted by other researchers [10-14].

In her research Kitaevskaya S.V. [15] notes high sensitivity of lactic acid bacteria of the
genus Lactobacterium to benzylpenicillin. In our research, isolated new strains of lactic acid
bacteria were also resistant to benzylpenicillin.

The results obtained in the research are summarised in Table.

Table - Antibiotic resistance results of newly isolated Lactobacillus strains

Antibiotics
=
—_ [
:| E| &£ & | g | B |8 8| 3 |2
Strains = 2 £ g s = 2 S = S
> o o = c = P © = o
N (3 S o < = < = re
] 5 2 = = N 2 © 3
m
1 2 3 4 5 6 7 8 9 10 11
7K-2L 6+0,1 | 6+0,1 15+0,2 | 6+0,2 6+0,1 6+0,1 | 6+0,1 | 13+0,2 | 6+0,1 6+0,1
7TK-6L 6+0,1 | 6+0,1 15+0,2 | 6+0,2 6+0,1 6+0,1 | 6+0,1 | 13+0,2 | 6+0,1 6+0,1
5K-9L1 6+0,1 | 6+0,1 13+0,2 | 6+0,2 6+0,1 6+0,1 | 6+0,1 | 13+0,2 | 6+0,1 6+0,1
7K-16L 6+0,1 | 6+0,1 | 20+0,2 | 6+0,2 6+0,1 | 15+0,2 | 6+0,1 | 15+0,2 | 13+0,2 | 13+0,2
17K-6L12 | 6+0,1 | 20+0,2 | 15+0,2 | 13+0,2 | 13+0,2 | 20+0,2 | 6+0,1 | 23+0,2 | 6+0,1 6+0,1

The table shows that the isolated new Lactobacillus strain 7K-2L was resistant to
benzylpenicillin, streptomycin, polymyxin, kanamycin, azithromycin, nystatin, ampicillin and
carbenicillin, weakly sensitive to tetracycline, levomycin, (zone of growth suppression of the strain
13-15 mm). Lactobacillus strain 7K-6L were resistant to benzylpenicillin, streptomycin,
polymyxin, kanamycin, azithromycin, nystatin, ampicillin and carbenicillin, weakly sensitive to
tetracycline, levomycin, (strain growth suppression zone 13-15 mm). Lactobacillus strain 5K-9L1
were resistant to benzylpenicillin, streptomycin, polymyxin, kanamycin, azithromycin, nystatin,
ampicelin and carbenil, weakly sensitive to tetracycline, levomycin, (strain growth suppression
zone 13-15 mm). Lactobacillus strain 7K-16L is resistant to streptomycin, polymyxin, kanamycin,
nystatin, weakly sensitive to benzylpenicillin, azithromycin, tetracycline, ampicelin and
carbenicillin (zone of growth suppression of the strain 10-15 mm), sensitive to levomycetin (zone
of growth suppression of the strain 20 mm). Lactobacillus strain 17K-6L12 showed resistance to
benzylpenicillin, nystatin, ampicillin, and carbenicillin, weak sensitivity to levomycetin,
polymyxin, and kanamycin (strain growth suppression zone 13-15 mm), sensitivity to
streptomycin, azithromycin, and tetracycline (strain growth suppression zone 20-23 mm).

Figures 1 and 2 show the antibiotic resistance of newly isolated strains of lactobacilli
researched by disk-diffusion method.

The analysis of the figures showed that the growth of lactobacilli strains 7K-2L, 7K-6L, 5K-
9L1 around disks with antibiotics indicates their resistance to benzylpenicillin, streptomycin,
polymyxin, kanamycin, azithromycin, nystatin, ampicillin and carbenicillin. Strains 7K-2L, 7K-
6L, 5K-9L1 and 7K-16L showed weak sensitivity to levomycin and tetracycline, while strain 17K-
6L12 was sensitive to these antibiotics. The formation of light zones around the disks with
streptomycin, levomycetin, polymyxin, kanamycin, azithromycin and tetracycline indicates the
sensitivity of lactobacilli to these antibiotics. of lactobacilli to these antibiotics.
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Figure 2 - Antibiotic resistance of newly isolated strains of Lactobacillus examined by the disk-diffusion
method

Therefore, based on the obtained results of the research, it can be stated that the following
strains of lactobacilli 7K-2L, 7K-6L, 5K-9L1 showed high resistance to benzylpenicillin,
streptomycin, polymyxin, kanamycin, azithromycin, nystatin, ampicillin and carbenicillin.

Lactic acid bacteria may harbor antibiotic resistance genes and participate in the
transmission of these genes to other microorganisms. There is evidence in the literature that genes
encoding resistance to tetracyclines and erythromycin are most often transmitted [17, 18].

Natural resistance to some antibiotics is characteristic of bifidobacteria and lactic acid
bacteria. Strains with natural resistance to antibiotics are considered suitable for use as probiotics
and starter cultures for fermented milk products [19].
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The degree of sensitivity of lactic acid bacteria to antibiotics is an important aspect,
especially in the context of their use in veterinary medicine. Studying the sensitivity of isolated
new strains of lactic acid bacteria to antibiotics is of great importance to ensure the safety and
effectiveness of their use as probiotics.

Based on the studies conducted, it was established that the studied strains are relatively
resistant to antibiotics and can be recommended for use as part of a probiotic preparation to
improve the immune status, as well as normalize the microbiota of the gastrointestinal tract of farm
animals.

Conclusion

The obtained research results allow us to conclude that strains of lactobacilli isolated from
fermented milk products of different geographical zones can serve as a source of therapeutic and
prophylactic preparations of a new generation.

The sensitivity of lactic acid bacteria to antibiotics is an important issue not only in cases
where microorganisms are pathogenic and cause infections, but also for understanding changes in
the normal intestinal flora when antibiotics are prescribed and when selecting a lactobacillus strain
as a probiotic.

Consequently, the research of resistance of newly isolated strains of lactobacilli to 8
antibiotics of different classes (benzylpenicillin, streptomycin, polymyxin, kanamycin,
azithromycin, nystatin, ampicillin, carbenicillin) characterizes the safety of the target strains
considered as potential probiotics.

Of the selected 5 strains of lactobacilli, 3 strains were resistant to 8 antibiotics:
benzylpenicillin, streptomycin, polymyxin, kanamycin, azithromycin, nystatin, ampicillin, and
carbenicillin. In general, all lactobacilli strains tested were sensitive to tetracycline and
levomycetin, and 2 of them showed weak sensitivity to azithromycin, tetracycline, ampicillin, and
carbenicillin.
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TABUTU KO3JIEPJAEH AJIBIHFAH ’KAHA JIAKTOBAIIMIJIAJIAP
ITAMIAPBIHBIH AHTUBMOTUKTEPI'E TO3IMALJIIT'T

Tyiiin
AyBIT mapyanisUIbIFEl KaHyapJIapblH, OHBIH IITHAC aHTHOMOTHKTEPMEH eMIey Ke3iHIe Manigarsl
MUKpPOQIIOpaHbIH OeJICEHIUIIrH ToMeHIeTe i, Oy 03 Ke3erinae >kaHyapiapAblH iIIeKTepiHae 3apAanThl
JKOHE BIKTHMAJl KayilTi MUKpPOOPTaHW3MJEP CaHBIHBIH KeOetoine okeneni. OcbiFaH OaiaHBICTHI
NpOOMOTUKANBIK —TpenaparTapibslH, KypaMblHa MHKPOOPTaHM3MJICPAIH op TYpdl KyJIbTypaiapbiH
TaHJaraH/1a, aHTHOMOTUKTEPIe TO3IMAUIIK KOPCETETIH KacueTTepiHe YIKeH MoH Oepineni. by makanana
3epTTey OOBEeKTiIepi TaOMFH Ke3AepleH OeiHIN ajiblHFaH CYTKBILIKBULABI OaKkTepusuiapIblH KaHa

267


https://www.dissercat.com/content/biologicheskie-svoistva-shtammov-bacillus-subtilis-perspektivnykh-dlya-sozdaniya-novykh-prob
https://www.dissercat.com/content/biologicheskie-svoistva-shtammov-bacillus-subtilis-perspektivnykh-dlya-sozdaniya-novykh-prob
https://doi.org/10.2903/j.efsa.2012.2740
https://digitalcommons.unl.edu/foodscidiss/46/
https://doi.org/10.1016/j.fm.2006.11.001
http://idosi.org/wjdfs/wjdfs7(2)/14.pdf
https://doi.org/10.1111/jfs.12171
https://doi.org/10.1016/j.foodres.2014.01.025
https://doi.org/10.3389/fmicb.2013.00202
https://cyberleninka.ru/article/n/rezistentnost-probioticheskih-shtammov-molochnokislyh-bakteriy-k-antibiotikam
https://cyberleninka.ru/article/n/rezistentnost-probioticheskih-shtammov-molochnokislyh-bakteriy-k-antibiotikam
https://doi.org/10.2903/j.efsa.2012.2740
mailto:Raya_Myktybayeva@mail.ru

MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Ne2 (45) 2024  www. imv-journal.kz

mTaMaapbl  Kejeci OCH3WINCHUIWUIMH, CTPENTOMHIIMH, IOJUMUKCUH, KaHAMUIIMH, a3UTPOMHUIIVH,
HUCTATHH, aMIIUIMINH, KapOCHHUIIWIIINH CEKiITi aHTHOMOTHKTEPTe TO3IMILTITT aHBIKTAJIIEI.
KinTri ce3aep: Mukpoopranusmuaep, OakTepus MmTaMMIaphl, TO3IMIIIIK, aHTHOMOTHK.

MPHTMU: 68.41.35

P.JK. MBIKTBIBAEBA'", 3.A. KOXKAXMETOBA?, I11.A. AJIBIIEVICOB?,
A.P. CAHCBI3BAITY, )K.M. OTEBAEB!, C. O3KAIA?
'Ka3axckuii HauMOHANBHBINA arpapHbIii HccIen0BaTeNbCKHI yHUBEpCHTET, AnMathl, Kazaxcran
2 YHUBEpCUTET NPUKIAHBIX Hayk Mcmapra, Mcnapra, Typrus
e-mail: raya_myktybayeva@mail.ru

AHTUBNOTHUKOPE3ZUCTEHTHOCTD HOBBIX HITAMMOB JTAKTOBAIINJLJL,
BBIIEJIEHHBIX U3 ITPUPOJHBIX HCTOYHUKOB
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AHHOTANUA

[Ipu nedeHnn CeNbCKOXO3AMCTBEHHBIX KUBOTHBIX PA3IMYHBIMU JIEKAPCTBEHHBIMH TIpenapaTamMu, B
TOM YHCJIE aHTUOMOTHKAMHU, ITOBOJHHO YAaCTO HAONIONAETCS TMONABICHHUE JEATSIBHOCTH TIOJIC3HOU
MUKPO(]IIOPHI, YTO, B CBOIO OYEPE/ib, BHI3BIBACT YBEIMYCHUC B KHUIICYHUKE KOJIUYECTBA MATOTCHHBIX U
MOTEHITHAIBHO OTIACHBIX IS 3JI0POBbS JKUBOTHBIX MUKPOOPTaHU3MOB. B CBsI31 ¢ 3THM, 60JIBIIIOE 3HAUECHNE
pu moA00pe pa3IMIHBIX KyJIbTyp MUKPOOPTaHU3MOB B COCTAaB IMPOOMOTHYECKUX MPETapaTOB MPUAAETCS
TaKOMy CBOWCTBY, KaK YCTOHYHMBOCTh K aHTHOMOTHMKaM. B maHHOW cTraThe OOBEKTAMH HUCCIIEAOBaHUS
MOCTY>KWJIM HOBBIE INTAMMBI MOJIOYHOKHCIBIX OaKTEepHil, BBIAENEHHBIX M3 MPUPOJHBIX HCTOYHHKOB,
MPOSBISIONINX ~ AHTHOMOTHKOPE3UCTEHTHOCTh K CIEIYIOIIMM AHTHOMOTHKAM: O€H3WINECHUIMIIINHY,
CTPENTOMULIMHY,  MOJUMHUKCUHY, KaHAMULUHY, a3UTPOMUIMHY, HHUCTATHHY, aMIULUIUHY,
KapOCHUITMILTUHY.

Kiro4deBblie cJIoBa: MUKPOOPTaHU3MBI, IITAMMBI OaKTEPHH, YCTOMIUBOCTh, aHTHOHOTHKH.

MupOBO# OIIBIT CBUIETEIHCTBYET, YTO B MPO(PHUIAKTHKE U JICYCHUH JKEITyI0UHO-KAIIICUHBIX
00J1e3HeN MOJIOIHAKA C/X )KUBOTHBIX U NITHUI] OOJIBIIIOE 3HAUCHHE UMEET 3aMECTUTEIbHAs TeparHs,
HarpaBJIeHHAs Ha BOCCTAHOBJICHUE KAIIIEYHOT'O OMOIIEHO3a ITyTEM PETYJISPHOTO BBEJICHHS YKUBBIX
OakTepuii — MpeacTaBUTENe HOPMABHON KHIIEYHOH MUKpodIops! [1].

B COBpeMEHHBIX YCIIOBUSIX I HEUTpaJM3allMd MHKOTOKCHHOB, TIIOTAJAIONIAX B
NUILEBAPUTENBHBIA TPAKT C KOPMaMH, BCE IIHMPE MCIIOJIB3YIOTCS TPOONOTUYECKHE Mpenaparsl, B
COCTaBe KOTOPBIX UMEIOTCS YKHUBBIE MPEICTABUTENIH TOJE3HBIX MUKPOOPTaHU3MOB. [IpodbnoTnku
MOYXHO BBOJUTH B KOpMa B BHJE THO(DUIM3HUPOBAHHBIX MOPOIIKOB U B KUAKOW (opme (OHU
comepxar OupUI0-, TMPOMUOHOBOKHUCIIBIC OaKTepuu, JAKTOOAIIMIUIBI, MOJIOYHOKHUCIIBIC
CTPENTOKOKKM M WX KOMOWHAIIMM) C LENbI0 BOCCTAaHOBJICHUS HOPMAJIbHOH MHKPO(IOPHI
KUAIICYHNKA, AKTUBU3alUM (PEPMEHTONM3a THTATENBFHBIX BEHIECTB KOPMOB, YKPEIICHUS
UMMYHHUTETa OPraHu3Ma, YBEJIHMUYCHHUSI CKOPOCTH POCTa MOJIO/IHSIKA | Jp. [2].

CorimacHO perjJaMEeHTHPOBAHHBIM TPEOOBAaHUSAM, TEPMHH «IIPOOMOTHK» O3HAdYaeT
(GYHKIIMOHATBHBIM THUIICBOM HWHTPEAUCHT B BHUJAC IMOJIE3HBIX JUISI YEJIOBEKA U JKUBOTHBIX
HETAaTOTeHHBIX M HE TOKCHKOTEHHBIX JKHUBBIX MHKPOOpPraHu3MoB. K mpoOMOTHKaM OTHOCSTCS
NpeuMyIIeCTBEHHO npecTaBuTeau poaos Lactobacillus u Bifidobacterium, a Takxe otnenbHbie
IITaMMBI HEKOTOPBIX BHIOB Streptococcus, Lactococcus, Entercoccus, Bacillus u Saccharomyces
[3,4].

Crnemyer OTMETUTh, YTO AaHTHOMOTHUKU OKAa3bIBAIOT OTPHUIIATEIBHOE BIMSHUE HA Pa3BUTHE
MOJIOYHOKHUCIIBIX OAaKTepHil. DTO MPOUCXOIMT, KOT/Ia aHTUOMOTHKH, TOTaaas B MUIIEBOE ChIPbE
NpU JICYCHUU C/X JKUBOTHBIX, MOTYT TMOJABIATH PAa3BUTHE MHKPOQIIOPH MPOOHOTHKA MpH
TEXHOJIOTUYECKOM TIPOLIECCE MPOU3BOJCTBA MPOAYKTOB, YTO YXY/IIAET UX KAaYECTBO M CO3JAET
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MNOTEHIMATIBLHYIO OTIACHOCTB ISl Pa3BUTHSI TIOCTOPOHHEN aHTHOMOTUKOYCTONYMBON MUKPOQIIOPHI.
[Ipn HepanMOHATBLHOM JICUEHUM 4YEJIOBEKa M C/X >KMBOTHBIX AHTUOMOTHKAMU HaOmonaercs
NOJaBJICHUE JESITEIBHOCTH MOJE3HOW MHKPOQIIOPHI, BBHI3BIBAIOIICH YBEIMYCHHE B KHUIICYHUKE
Ycila NaTOr€HHBIX U MOTEHIMAIBHO ONACHBIX AJIS YeJIOBEKA U C/X AKHUBOTHBIX MUKPOOPTaHU3MOB.
[TosToMy HemanoOBaXXHOE 3HAYCHHME MpPH TNOAOOpE KYJIbTYp MHUKPOOPTaHU3MOB B COCTaB
IPOOMOTUYECKHX MTPENAapaTOB U CO3/JaHHBIX HA UX OCHOBE MPOYKTOB MUTAHUS IPUIAETCSA TAKOMY
CBOWCTBY, KaK YCTOMYMBOCTh K aHTUOMOTHKAM.

N3BecTHO, 4TO COBMECTHOE NMPUMEHEHHE aHTUOMOTUKOB U YCTOMYMBBIX K AaHTUOMOTHKAM
IITAMMOB MHKPOOPTaHU3MOB CHOCOOCTBYeT 3(()EKTUBHOMY BOCCTAHOBICHHIO HOPMAaJIbHOU
MHUKPO(DIOPHI KMIIIEYHUKA yXKE B ITPoIecce aHTHOHOTHKOTEepanuu [5,6].

YCTOHYMBOCTh K AaHTUOMOTHKAM TMPUPOAHBIX INTAMMOB JAKTOOAKTEPHUH U IPOXIKEH
ABISIETCA BUAOBBIM CBOMcTBOM. IIpu 3TOM aHTHOMOTMKOPE3HUCTEHTHOCTb MOJIOUHOKHCIIBIX
OakTepHii MOXKET OBITh MOJIOKEHA B OCHOBY MCIOJIB30BAHUS TAaKUX IITAMMOB JUIs IPOU3BOACTBA
HOBBIX MPOAYKTOB MUTAHUS U JICUEOHBIX MPENapaToB, KOTOPbIE CTAHYT IVIABHBIMU CPEICTBAMU
060pbOBI C MaTOreHaMHu KeTyJOYHO-KUIIEYHOTO TPaKTa.

Psgom wuccienoBateneit ObUIO NPOBEACHO H3YyYEHHE aHTUOMOTHKOPE3UCTEHTHOCTH
mrammoB Bacillus subtilis k 14 anTuOmoTHKaM, KOTOpble HauOoOJiee YacTO NPHUMEHSIOTCS B
KJIMHHKE. B pesynbrare BoIgBIeHO, uTo Imtamm B. subtilis 1719 okazancs Gomee ycroituus K
TeHTaMUIMHY, TOJMMUKCUHY M SPUTPOMUIMHY, a mTamMel B. subtilis 1594 u B. subtilis 1318
OBUTH PE3MCTEHTHBI TOJBKO K TeHTaMUIHY [7].

Takum 00pa3oM, H3y4eHHE UYBCTBUTEIBHOCTH K MPOTUBOMHKPOOHBIM NpenapaTam
0aKTepHaIbHOIO IITAMMA JaJI0 OCHOBAHUE AJIS €r0 YTBEPKJICHHs B KauecTBe NpoOroTuKa. B psne
UCTOYHHKOB aBTOPBI OTMEYAIOT, YTO B CIIy4asiX OAHOBPEMEHHOI'O Ha3HAUYEHUs C aHTUOMOTHKAMU
JUId TIPENyNpEeXICHU M JICYEHUS KHIIEUHBIX PAcCTPONCTB, MPOOMOTUKM JIOJKHBI OBITH
YCTOMYUBEI K ONPE/ICTICHHBIM aHTHOMOTHKAM JIJISl TOTO, YTOOBI BBKUTH B JKEITYA0YHO-KHILICYHOM
TpPaKTe.

[Ipu sTOM OCOOEHHOE BHMMAaHHE YAETSACTCS HCCIEIOBAHUIO AHTHMUKPOOHBIX CBOMCTB
MOJIOYHOKHUCIIBIX OaKTepUi, TaK KaK OHU 00JaJaloT pa3lIMYHbIMKM IPEUMYLIECTBAMHU B Ka4eCTBE
cpeacTB 60pHOBI ¢ AHTUOMOTUKOPE3UCTEHTHBIMY ITaTOT€HAMH.

[IpupogHas yCTOMYMBOCTh K HEKOTOPHIM AaHTHOMOTHKAM CBOMCTBEHHAa OMBUIO- H
MOJIOYHOKUCIBIM OakTepusiM. llITaMMbl ¢ TpUpPOJHON YCTOHYMBOCTBIO K aHTUOMOTHKAM
CUYMTAIOTCS MPUTOTHBIMU JJISI PUMEHEHHSI B Ka4eCTBE MPOOUOTHKOB [ 8].

Matepuajbl 1 METOAbI HCCJIEIOBAHUS

OObexTamu Ui IPOBEICHUS UCCIE0OBAHUS CIYKHIIU IITAMMbI MOJIOYHOKHCIBIX OaKTepHii
u3 poxaa Lactobacillus 7K-2L, 7K-6L, 5K-9L1, 7K-16L, 17K-6L12 BbiaeiieHHbIE U3 TIPUPOIHBIX
UCTOYHUKOB. [IJi1 M3ydeHHs aHTUOMOTHYECKOW PE3UCTEHTHOCTH JIAKTOOAIMIUT HMCIIOJIb30BAIN
U3BECTHYIO JUCKO-IU(PY3HYI0 METOAUKY CO CTaHAAPTHBIMU JHCKAMH AaHTHUOHMOTHKOB,
OPOMHUTAHHBIX  CTAaHAAPTHBIMH  pPAacTBOpPaMU  OCH3WINEHHLIMWJUIMHA,  CTPENTOMHUIIMHA,
JEBOMULWTHH, TMOJIMMHUKCHHA, KaHAaMULWHA, a3UTPOMHULMHA, HUCTATHHA, TETPALUKIINH,
aMIUIWINHA, KapOCHUITUILTHHA.

B kauecTBe muTaTeNbHOW CpEeIbl I MOJOYHOKHUCIBIX OAaKTEpHi MCIOJIb30BAIHM arap ¢
TUIPpOIM30BaHHBIM MosIokoM (AI'M) 1 MRS-1. Jlns aToro B crepuibHble Yamku [letpu HanuBamm
PAacCIUIaBICHHYIO arapyu30BaHHYI0 NUTATENbHYIO CpPENy, IOCJIE OCTHIBAHHS €€ BBICYIIMBAIHA B
Tepmocrare. Ha IOBEPXHOCTb 3aCTBIBIIEH IUTATENbHOW CpeAbl HAHOCWIH OJHOCYTOUYHYIO
KYJIbTypY, BBIPAIICHHYIO IPU ONTUMAJIbHOM TeMIEepaType B BHJE CYCIIEH3UU KIETOK B
KonuuecTBe 1o 1 mui, 1 MupA. CycneH3MOHHOW B3BECH HCIIBITBIBAEMOrO IITAMMA, U IIIATENIEM
JpuranbCckoro paBHOMEPHO pacHpenessiiii 1Mo BCed MOBEPXHOCTH cpelbl. 30BITOK XKUIAKOCTH
yIaJsuIM, 3aTeM IOCEBBI MOACYIMIMBaAINM B TepMmocrare B TeueHue 30 muHyt. Ilocie storo Ha
MOBEPXHOCTh 3aCESTHHOW Cpe/ibl CTEPHIIHBIM MMUHIETOM HaKJIaIbIBAIA AUCKH C aHTUOMOTUKAMU
Ha paBHOM PacCTOSHUU JIPYT OT Ipyra U Ha pacCTOSHUU 2 cM OT Kpas yawku. Yamku Iletpu ¢
JTUCKaMU M aHTUOMOTHKAMHU BBIIEP)KUBAIIM B TeUueHUE 2—3 4acoOB MPU KOMHATHOM TeMmmeparype
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(11 BpEMEHHOT'O TOPMOXKEHHUSI pocTa KylbTyp M JU(GGYHIUPOBAHUS AHTUOMOTHKOB B TOJILY
arapa), a 3areM B TepmocTate rnpu +40°C 10 MOSBICHHUS BUAMMOTO pocTa KyJIbTyp. Bo nzbexanue
pa3Ma3bIBaHUs 30H KOH/ICHCAITMOHHON BOJIOM YAIIKU CTABUJIM B TEPMOCTAT B TIEPEBEPHYTOM BHUJIE.

B mpomecce wuccnemoBaHus ObLTM UCHONB30BaHbl poccuiickue mucku (HUL®D) mns
OTIpe/IeNIeHUs] TYyBCTBUTEIHPHOCTH K aHTHMHKPOOHBIM TIperapaTam.

[TonydeHHble pe3ynbTaThl OLIEHUBAIN cOryacHo [16], mo onpeneneHnio 4yBCTBUTEILHOCTH
MUKpPOOOB K aHTHOMOTHKAM METOAOM OyMa)KHBIX TUCKOB, TO €CTh JUIS HEUYBCTBUTEIHHBIX
HITAMMOB XapaKTepeH POCT BOKPYr OyMa)kKHOTO IHMCKa; ISl CIa0O0YyBCTBUTENBHBIX — 30HA
JuaMeTpoM A0 15 MM; A5 4yBCTBHUTENBHBIX — 30HAa JuaMeTpoM oT 15 mo 25 MM u g
BBICOKOYYBCTBUTEIIHHBIX — 30HA IUAMETPOM OoJiee 25 MM

Pe3yabTaThl M 00Cy:KIeHHE

CremneHb 9yBCTBUTEIHHOCTH BBIJICTICHHBIX HOBBIX IITAMMOB MOJIOUHOKHUCIBIX OaKkTepuil K
AHTUOMOTHKAM SIBIISIETCS] BXKHBIM (DAaKTOPOM, TaK Kak MpH JICUEHUH aHTHOMOTHKAMH MOJIOJHSIKA
C/X )KUBOTHBIX U TITHII ITOJAABIISIETCS Pa3BUTHE MUKPO(IOPHI KETyJOUYHO-KUIIIEYHOTO TPAKTa WIIN
MUKpPOOPTraHU3MOB, BXOJSIIUX B COCTaB MPOOMOTHUKOB. AHTHOMOTHKOPE3UCTEHTHOCTH HOBBIX
BBIJICTICHHBIX IIITAMMOB JIAKTOOAIWIIT OMpPENesuin  TUCKO-TU(DPY3HBIM METOJ0M, H3MEpsis
JTUaMETPhI 30H 3a/1epKKHU pocTa. M3 0TOOpaHHbIX 5 ITaMMOB JaKTOOauI, 3 OB pe3UCTEHTHBI
K 8 aHTHOMOTHMKAM: OCH3WINCHUIWUINHY, CTPENTOMUIIMHY, MOJIHNMHKCUHY, KaHAMHUIIMHY,
AQ3UTPOMHULIMHY, HUCTAaTUHY, aMIUIWIUIMHY U KapOeHUIMUIMHY. Bce uccienoBaHHble MITaMMbl
MOJIOUHOKHUCIBIX OaKTepUi OKa3aduCh YYBCTBUTENBbHBI K TETPAIMKINHY U JICBOMHUIICTUHY.
[ramm nmakrobarmmn 7K-16L pe3ncCTeHTHEH K CTPENTOMHUIIMHY, NMOJTUMUKCUHY, KaHAMHIUHY,
HUCTATHHY, cJ1a00 YyCTBUTENEH K  OCH3WINEHUIWUINHY, a3UTPOMUIIMHY, TETPAIUKIUHY,
aMITUIIWJIMHY U KapOeHWy, 9YyBCTBUTENECH K JeBomuieTuny. Illtamm makrobammmn 17K-6L12
MOKa3aJl Pe3UCTEHTHOCTh K OCH3WINCHUIWUINHY, HUCTATUHY, aMIHUIIINHY, KapOSHUITMILTHHY,
c1a0yio 4yBCTBUBEIBHOCTD K JIEBOMULIETUHY, MTOJIMMUKCHHY, KAHAMUIIUHY, YyBCTBUTEIBLHOCTD K
CTPENITOMUIINHY, a3UTPOMUIIMHY U TeTpaluukinHy. Cleayer OTMETUTh, YTO BBIIICYKa3aHHBIC
pe3yabTaThl HAIIMX MCCIeI0BaHUi cormacyiorcs ¢ gaHHbiME Cano Roca [9]. Taxke Bce
WCCJICTIOBAaHHBIE IIITAMMBI JIAKTOOAKTEPHI OKA3IUCh YCTOWYMBBIMU K OCH3WINICHUITUILTAHY, YTO
0TMEYaJI0Ch B paboTax, MPOBEACHHBIX APYrUMHU UcciaeaoBareasmu [10-14].

B cBoux uccnenoanusix Kuraesckas C.B. [15] oTMeuaeT BBICOKYIO 4yBCTBUTEIBHOCTH
MOJIOYHOKHCIIBIX ~OakTepuii poxa Lactobacterium x OeHswimeHHmWUIMHY. B Hammx
WCCJICIOBAHMSIX BBIJCIICHHBIE HOBBIE IIITAMMBI MOJIOYHOKHUCIBIX OakTepwii Tak ke Obun
PE3UCTEHTHI K OCH3UINCHUIIWUIUHY.

[TonydeHHbIe pe3yNbTaThl MPEACTABICHBI B TAOIHUIIE.

Ta6J’II/ILIa -P C3YJIbTAThLL aHTI/I6I/IOTI/IKOp€3HCT€HTHOCTI/I HOBBIX BBIACJICHHBIX ITAMMOB J'IaKTO6aLII/IJ'IJ'I

AHTHOHOTHKH
o = o o o
2| = | E - E E | =
= S = = = g = o = g
= 5 = = = =S = = = =
= S| 5 > =1 = 5 5 =1 =
[ItamMmbl = = = = = s = = = g
5] e 15) = 5] ) 5) = ) E
= = = S = & = s = B
= ) = =] = g 5 g = 3
3 £ : g 5 5 5 5 5 2
= ) = 2 =2 = ]
(0] (5] () (5] ()
© © © © ©
1 2 3 4 5 6 7 8 9 10 11
7K-2L 6+0,1 | 6+0,1 15+0,2 | 6+0,2 6+0,1 6+0,1 | 6+0,1 | 13+0,2 | 6+0,1 6+0,1
7K-6L 6+0,1 | 6+0,1 15+0,2 | 6+0,2 6+0,1 6+0,1 | 6+0,1 | 13+0,2 | 6+0,1 6+0,1
5K-9L1 6+0,1 | 6+0,1 13+0,2 | 6+0,2 6+0,1 6+0,1 | 6+0,1 | 13+0,2 | 6+0,1 6+0,1
7K-16L 6+0,1 | 6+0,1 20+0,2 | 6+0,2 6+0,1 15+0,2 | 6+0,1 | 15+0,2 | 13+0,2 | 13+0,2
17K-6L12 | 6+0,1 | 20+0,2 | 15+0,2 | 13+0,2 | 13+0,2 | 20+0,2 | 6+0,1 | 23+0,2 | 6+0,1 6+0,1
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W3 ganHBIX TAOMWIBEI BUAHO, YTO BBIAEICHHBIM HOBBIA IITamMM JakroOanmml /K-2L Obln
pe3UCTEeHTEH K  OCH3WINEHUUWUINHY, CTPENTOMHUIMHY, TMOJUMHUKCUHY, KaHAMHUIIUHY,
AQ3UTPOMHUIIMHY, HHUCTAaTHUHY, AMIUIMIIMHY W KapOCHUIWUIMHY, CJa00 YyBCTBHTEICH K
TETPAIMKIMHY, JIEBOMUIIETHHY, (30Ha TMOJaBieHUs pocta mTamma 13-15 mMm). ltamm
nakTobanui 7K-6L Ol pe3ucTeHTHEH K OCH3WINEHUIIIIIMHY, CTPENITOMULIUHY, TOTUMHUKCHHY,
KaHaMULMHY, a3UTPOMUIIMHY, HUICTaTUHY, aMIIULEINHY U KapOeHUTy, cl1abo YyBCTBUTEIbHBI K
TETPALUKIMHY, JEBOMHUIMTHHY (30Ha moAaBieHus pocra mramma 13-15 wmm). [Hltamm
nakroOammr  S5K-9L1  Opu1  pe3UCTEHTHEH K  OCH3WINMCHUIWUINHY, CTPENTOMHIIMHY,
MOJIMMUKCHUHY, KaHAMHIIMHY, a3UTPOMUIIMHY, HUCTATHHY, aMIHIEIUHY U KapOeHmy, ciabo
YyBCTBUTEIBHBI K TETPALMKINHY, IEBOMUIIUTHHY, (30HA MOJaBICHUS pocTa mramma 13-15 mm).
HItamm nakrobamin 7K-16L pe3ucTeHTHEH K CTPENTOMUIMHY, NOJMMHUKCHHY, KaHAMHULIUHY,
HUCTaTHHY, CJ1a00 YyCTBUTENEH K OCH3WINEHULWUIMHY, a3UTPOMHUIMHY, TETPALUKIUHY,
aMIUIENNHY U KapOCHUIIWIUTHHY (30Ha ToaBiIeHus pocra mramma 10-15 Mm), 9yBCTBUTENEH K
JIEBOMUIICTUHY (30Ha mojaBieHus pocra mramma 20 mwm). lramm makrobammmn 17K-6L12
MOKa3aJl PE3UCTEHTHOCTh K OCH3WINCHUIWUINHY, HUCTATUHY, aMIUIMINHY, KapOSHUITNILTHHY,
cna0yi0 4yBCTBUTEIBHOCTh K JIEBOMHUIIETHHY, MOJUMHUKCHUHY, KaHAMUILIMHY (30HA TMOJABIICHUS
pocrta mTamma 13-15 Mm), 9yBCTBUTENIBHOCTH K CTPENITOMUIIMHY, a3UTPOMUIIUHY U TETPAITUKIUHY
(30Ha moaByieHus pocta mramma 20-23 mm).

Ha pucynkax 1 u 2 npuBeneHa aHTHOMOTHKOPE3UCTEHTHOCTh HOBBIX BBIICTICHHBIX IIITAMMOB
JAKTOOAIUIII, UCCIIETOBAHHBIX AUCKO-TU(PHY3HBIM METOIOM.

TK-2L e=o==7K-6L e=om=5K-9l.] e=om=7K-16L e=e==]17K-6L12

Pucynok 1 — /Ilnarpamma aHTHOHMOTHKOPE3UCTEHTHOCTH HOBBIX BBIACIICHHBIX
LITAMMOB JIAKTOOAKTEPHIA
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Pucynok 2 - AHTHOMOTHKOPE3UCTEHTHOCTH HOBBIX BBIIEJICHHBIX ITAMMOB JIAKTOOAKTEPHIA,
HCCIIEIOBAHHBIX TUCKO-IU(P(Y3HBIM METOAOM

[IpoBeneHHsbIi aHANIN3 TTOKAa3al, 4TO pocT mrammoB JakTobarmmn 7K-2L, 7K-6L, 5SK-9L1
BOKPYI JHCKOB C aHTUOMOTMKAMU  CBUJIETENICTBYET 00 HMX  PE3UCTEHTHOCTH K
OCH3WINCHULWUINHY,  CTPENTOMHIMHY, IOJUMHUKCUHY, KaHAMHUIMHY, a3UTPOMUIIMHY,
HUCTATHHY, aMIUIWIINHY U KapOeHumuuny. [Ipu stom mrammer 7K-2L, 7K-6L, 5K-9L1 u 7K-
16L mpoeMOHCTpUpOBay c1adyro 4yCTBUTEIBHOCTh K JICBOMULIUTHHY, TETPALIUKINHY, & IITAMM
17K-6L12 x naHHbIM aHTUOMOTHKAM OKa3ayics 4yBcTBUTENEeH. OOpa3oBaHUE 30H MPOCBETICHHUS
BOKPYI [JUCKOB CO CTPENTOMMIIMHOM, JIEBOMHUIIETHHOM, IIOJUMUKCHHOM, KaHAMUILIMHAM,
AQ3UTPOMULIMHOM U TETPALUKINHOM YKa3bIBa€T HA UYYBCTBUTEIBHOCTH JIAKTOOAIMII K 3THUM
AHTUOMOTHKAM.

[IpoBeneHHBINM aHANM3 TOKa3aJ, 4TO POCT ImTamMMoB jaktoOarmmn 7K-2L, 7K-6L, 5K-
9L1,7K-16L BOKpyr AMCKOB C aHTHOMOTMKAMHU CBHJIETEIBCTBYET 00 HX PE3UCTEHTHOCTH K
OCH3WINEHULWIUIMHY,  CTPENTOMMIMHY, TOJUMUKCHHY, KaHaMULUHY, Aa3UTPOMUIUHY,
HUCTaTUHY, aMIIMLIWITUHY U KapOeHuunay. [Ipu stom mrammsr 7K-2L, 7K-6L, 5K-9L1 u 7K-
16L mpoaeMoHCTpUpOBaIH Cl1adyt0 YyCTBUTEIBHOCTh K IEBOMULIUTUHY, TETPALIUKINHY, a IITAMM
17K-6L12 x naHHbIM aHTHOMOTHKAM OKazajcs 4yBcTBUTeNeH. OOpa3oBaHue 30H MPOCBETICHUS
BOKPYI JUCKOB CO CTPENTOMMIIMHOM, JIEBOMHUIIETUHOM, MOJMMUKCHUHOM, KaHAMUIIMHAM,
AQ3UTPOMHILIMHOM M TETPALMKIMHOM YKa3bIBa€T Ha YYBCTBHUTEIBHOCTH JIAKTOOAIIMIIT K ATUM
AHTHUOUOTHKAM.

Takum o00pa3oM, Ha OCHOBaHMM IOJYYCHHBIX pPE3YJIbTAaTOB HCCIEAOBAaHUI MOXHO
KOHCTAaTUPOBATh, YTO CIIEAYyIOIUe mraMmbl Jaktodarmmur: 7K-2L, 7K-6L, 5SK-9L1 — nposBunu
BBICOKYIO YCTOHYMBOCTb K OCH3WINIEHUIIMIUIMHY, CTPENITOMHUIIMHY, TOJTUMHUKCHHY, KaHAMHIIUHY,
AQ3UTPOMULIMHY, HUCTATUHY, AMIIULIIUIUHY U KapOCHULIWIUIUHY.

MonoyHokucable OakTepud MOTYT OBITh XPAHWJIMILEM TEHOB YCTOHYMBOCTH K
aHTUOMOTHKAM UM y4acTBOBATh B [lepe/iaye STUX F€HOB APYTUM MUKpoopraHuzMaM. B nuteparype
€CTh JJaHHBIE, YTO Yallle BCEro NEPEJAI0TCs TEHbI, KOIUPYIOLIUE YCTOWUYMBOCTD K TETPALlMKIMHAM
U sputpomuiuny [17, 18].

[Ipupoanas ycTOWYMBOCTH K HEKOTOPHIM AaHTHOMOTHKAM CBOWCTBEHHA Oudumo- u
MOJIOUHOKHUCBIM OakTepusiM. IllTamMmbl ¢ TpUpPOAHON YCTOWYMBOCTBIO K aHTUOMOTHUKAM
CUMTAIOTCSI TMPHUTOJHBIMU JUIsI TNPUMEHEHHs B KadecTBE NPOOMOTHKOB M 3aKBacoOK IS
KHCJIOMOJIOYHBIX MPOAYKTOB [19].
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CrerneHb YYBCTBUTECIILHOCTH MOJIOYHOKHUCIBIX OaKTepuil K AaHTHUOMOTHUKAM SIBISIETCS
BR)XHBIM acCIIeKTOM, OCOOCHHO B KOHTEKCTE WX HCIIOJb30BaHHS B BeTepuHapuu. M3ydeHue
YYBCTBUTEIHLHOCTH BBIICJICHHBIX HOBBIX IITAMMOB MOJIOYHOKHUCIBIX OaKTepHil K aHTUOMOTHUKAM
uMeeT OOoJIBbIIIOE 3HAUYCHHUE ISl oOecteueHust 6€30macHOCTH B 3P (HEKTUBHOCTH UX MPUMECHECHHS B
Ka4yecTBe MPOOHMOTUKOB.

Ha ocHOBaHMH TpPOBEACHHBIX HCCIICIOBAHUI YCTAHOBIICHO, YTO HW3YYEHHBIC INTAMMEI
OTHOCUTEIIEHO YCTOWYHMBBI K aHTHOMOTHKAM M MOTYT OBITh PEKOMEHIOBAHKI JUIsl IPUMEHECHHUS B
cocTaBe TMPOOMOTHYECKOTO TIpenapara JUisl TOBBIIICHHS HMMMYHHOTO CTaTyca, a TakKKe
HOpMAIHM3allil  MUKPOOMOTHI  JKENyJOYHO-KUIIEYHOTO  TPaKTa  CEIbCKOXO3SHCTBEHHBIX
KUBOTHBIX.

3akiro4enue

[TomyyeHHble pe3yabTaThl UCCIEOBAHUIN TO3BOJIAIOT CAETATh 3aKJIIOYEHHE, YTO IITAMMBI
JTaKTOOAIMILI, BBIJICICHHBIE 3 KHCIOMOJIIOUYHBIX TIPOYKTOB PAa3HBIX reorpaduaecKux 30H, MOTYT
CIIY’)KUTh HCTOYHUKOM JIe4eOHO-TTPOPUIAKTUYECKUX TPENapaToB HOBOTO IMOKOJICHHUS.

YyBCTBUTEIHHOCTE MOJIOYHOKHCIIBIX OaKkTepuii K aHTHOMOTHKAaM SIBISETCS BAXXKHBIM
BOIIPOCOM HE TOJIBKO B CIIy4asix, KOT/1a MUKPOOPTaHU3MBI SIBJISIIOTCS ITATOTEHHBIMU U BBI3BIBAIOT
MH(EKINH, HO TaKkXKe W Ul MOHMMAaHWS W3MEHEHHH HOPMaJIbHON (DIIOpHI KHIIEYHHKA, KOTJa
HA3HAYAIOTCS aHTUOMOTHKH, U TIPH BHIOOPE IITaMMa JaKTOOAKTEepHil B KauyecTBe MPOONOTHKA.

TakuMm 06pa3om, n3ydeHne pe3sNCTEHTHOCTH HOBBIX BBIJICICHHBIX IITAMMOB JIAKTOOAIIMIIT K
8 aHTHOMOTMKAM pa3HBIX KIaccoB (OCH3WINECHUIWIUINH, CTPENTOMUIUH, IOJIUMHUKCHUH,
KaHAMUIMH, a3WTPOMUIIMH, HHUCTaTHH, AaMIUIINH, KapOCHWIWIUIMH), XapaKTepH3yeT
0€30I1aCHOCTb IEJIEBBIX HITAMMOB, PACCMATPHUBAECMbIX B KAYECTBE MOTCHIIUAIBHBIX TPOOMOTHKOB.

N3 oToOpaHHBIX 5 mTaMMOB  JakToOamuul 3 ImrTamMma OBUTA PE3UCTEHTHHI K 8
QHTUOMOTUKAM: OCH3WINCHULWUINHY, CTPENTOMHULUHY, MOJUMHKCHHY, KaHaMUIIMHY,
a3UTPOMUIIMHY, HHUCTaTHHY, aMIUIWINHY ¥ KapOeHHIWUIMHY. B 1menom Bce wuccnemyemble
IITaMMBI JIAKTOOAIMIIT OBUIM YYBCTBHUTEIBHBI K TETPALMKIMHY U JICBOMHIETUHY, a 2 U3 HHUX
nokazanu cnalyio YyBCTBUTENBHOCTh K a3UTPOMHIMHY, TETPAUMKIMHY, AaMITUIWUINHY,
KapOCHUIMIUIUHY.
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