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ABSTRACT

Transformed drugs can exhibit a wide range of new toxicological effects compared to those
of their original compounds. Conventional wastewater treatment technologies are only able to
partially remove many pharmaceutical preparations and their metabolites from the environment,
if at all, resulting in their accumulation in soils and agricultural products. These compounds can
then enter the human body via the food chain, which contributes greater selection for resistance of
microorganisms to these drugs. In this study, we investigated the biotransformation of ciprofloxacin,
metronidazole, and adduct iodine in rats. The sensitivity 8faphylococcus aureus, Enterococcus
faecalis, and Escherichia coli strains to the used drugs was then determined in vitro ind’ivo
in a mouse model of sepsis. Ciprofloxacin, metronidazole, and iodine adduct biotransformation
products were all detected in the urine and feces of rats during the 7-day course of application. The
highest concentrations of ciprofloxacin and metronidazole were found in the urine, whereas the
highest concentration of iodides was detected in the feces. In vitro studies showed that all three
strains were sensitive to the test drugs. Treatment of mice with metronidazole, ciprofloxacin, and
iodine adduct caused positive dynamics of the septicopyemia course, but resulted in the development
of resistance to metronidazole. These results highlight the necessity to include detection of
biotransformed pharmaceutical preparations and their metabolites in open water sources as part of
routine monitoring programs of the Republic of Kazakhstan.

Key words: pharmaceutical preparations, ciprofloxacin, metronidazole, iodine adducts,
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INTRODUCTION

Mh route of pharmaceuticals entry into envi-
ronment is the flow of treated wastewater and sludge
to agricultural areas or open water sources. In the
environment, their further transformation — bio-
transformation in living organisms and under abi-
otic factors influence takes place, for example, pho-
totransformation, thermotransformation, etc. [1-3].
Pharmaceutical compounds continuously released
into the wastewater via sewer system, then pass
through treatment plant and reach soil and water
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in an unmodified form or as transformed products
[4]. More than 3.500 pharmaceutical compounds,
excluding metabolites and transformation products,
are found in surface waters. Nonsteroidal anti-in-
flammatory drugs (NSAIDs) are the most frequently
reported [5].

After receiving pharmacological agents in hu-
mans and animals are metabolized by group of
enzymes, synthesized mainly by the liver and in-
testines. These enzymes have wide specificity and
are able to form various metabolic products. It is
accepted to distinguish 3 phases of drug structural
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modification. Thus, in phase I, key enzyme is cy-
tochrome P450 (CYP), which oxidizes substrate by
joining reactive and polar functional hydroxyl group
or oxygen atom. Depending on the substrate, CYP
can produce highly active derivative, which can
modify other molecules in the cell, including mac-
romolecules, with the development of cytotoxicity
risk. In phase II, conjugation of activated chemical
with charged components occurs for effective ex-
port from the cell, molecular weight of substance
also increases and its reactivity decreases. In phase
II1, conjugated chemical removed from the cell into
extracellular medium [6].

Pharmacological agents are characterized by
excretion of drugs in unchanged form or in the form
of metabolites. One approach for detection of en-
dogenously formed transformation products is their
1dentification in blood, urine and feces.

One social health problem is the development
of antibiotic resistance in bacteria. This is associated
with their uncontrolled use, resulting in the treatment
of infections is not effective [7-9]. It is shown that
only small part of antibiotics undergoes complete
biodegradation, and basic part of them enters envi-
ronment in unchanged or in form of metabolites [10].

Total and uncontrolled use of antibiotics can
lead to sub-inhibitory concentrations (sub-MICs)
in the environment. Sub-MICs can increase genet-
ic and phenotypic variability of bacteria, affect sig-
nal transfer from cells to cells, gene expression in
bacterial populations. These effects can influence
competitive interactions, influence the structure and
functioning of microbial communities [11].

Main cause of antibiotic resistance is horizontal
gene transfer: conjugative plasmids and transposons
encode antibiotic resistance and exactly they are ex-
changed between bacterial species. Environmental
factors, including species interactions and the level
of spatial structuring of habitats, affect the structure
of the bacterial community and horizontal transmis-
sion of antibiotic resistance genes by maintaining
high bacterial density and metabolic activity [12].
This leads to the formation of antibiotic resistant
genes (ARG) in bacteria, which can enter human
body through food chain [13].

Many infections are caused by bacterial strains
that are mostly commensals and sometimes oppor-
tunistic pathogens. Many antibiotic-resistant geno-
types have appeared in these communal strains of
microorganisms [ 14].

It was shown that the metabolites of acylglu-

curonide are formed by biotransformation of drugs
containing carboxylic acid, are potentially chemical-
ly reactive and have hepatotoxicity, nephrotoxicity,
cause hypersensitivity reactions to drugs and tissue
damage by induction of immune reactions against
covalent protein adducts [15].

Ciprofloxacin, like other antibiotics, when ex-
creted from the body, can be transferred in natural
environments as starting compound, hydrolysis
products, conjugates and oxides [16].

Metronidazole is included in the WHO list of
essential medicines as a basic drug and belongs to
the group of nitroimidazoles, is effective and is used
in the treatment of bacterial infections and infections
caused by protozoa. [17].

Iodine is an essential trace mineral necessary for
production of thyroid hormones (3,5,3”,5 -tetraio-
do-L-theronin, T4; 3,5,3’- triiodo - L-theronin, T3).
Recommended daily requirement for preschool
children is 90 pg, for schoolchildren — 120 pg, for
adolescents and adults — 150 pg, for pregnant and
lactating women — 250 ug, respectively [18]. It is
known that universal salt iodization is the most ef-
fective way to eliminate cases of iodine deficiency.
However, stages of its biological transformation in
environmental objects have not been studied.

Materials and methods

Studies used white outbred rats and mice of
both sexes. The animals were kept in the IVC com-
plex. Conditions of animals were in accordance with
the following standards: ambient temperature was
(21 £ 2) °C, humidity (50 + 10) %, artificial light
mode (12:12). All animals had free access to water
and feed in ad libitum mode. Distribution by groups
was carried out after randomization and marking of
animals.

For determination of drugs biotransforma-
tion products, studies were carried out on Ma-
ture SPF-rats, which course in 7 days introduced
studied drugs. Groups each with ten animals were
formed: 1 group — rats receiving daily oral met-
ronidazole in drinking water to provide a dose of
24 mg/kg per day (the recommended dose for an -
aerobic infections — British national form 1986);
2 group — rats receiving daily intramuscularly
ciprofloxacin 100 mg/kg; 3 group — oral iodine
adduct in the selected dose. After 7 days, urine
and feces were collected in all animals in first half
of the day to determine metabolites of drugs used
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in experiment. Rats were removed from the ex-
periment in compliance with rules of laboratory
animals humane treatment by decapitation after
inhalation with air containing 70 % CO , at a flow
rate of 30 1/min in the chamber, and biomaterial
was collected.

For studying of microorganisms resistance, in-
troduction of metronidazole, ciprofloxacin and ad-
ducts of iodine created model of sepsis in SPF mice
weighing 18-20 g. Test strains Staphylococcus aureus
ATCC 6538-P, Escherichia coli ATCC 8739 strain of
E. coli; E. faecalis ATCC 51575; E. feacium ATCC
700221 at a concentration of 1.0 McF — 1 ml were
chosen as infectious agents. Through 72 hours after
infection was carried out blood sampling to identify
priority pathogen for subsequent experiments.

Then, mice received S. aureus 2+ ATCC 6538-P
at concentration of 1.5x10% CFU/ml, in volume of
0.3 ml once intravenously, subject to aseptic rules.
After 72 hours, blood was taken to re-confirm pres-
ence of pathogen. Then randomization was conduct-
ed for five animals in each group: group 1 — mice
treated for 7 days with oral metronidazole in the
drinking water of 24 mg/kg per day; group 2 — mice
treated with daily intramuscular injection of cipro-
floxacin 100 mg/kg for 7 days; group 3 — mice treat-
ed orally adduct of iodine in the selected dose and
the time interval; group 4 — positive control (untreat-
ed).One week later, animals were anesthetized with
subsequent cervical dislocation. For detection viru-
lence of the strain, blood and urine were collected
to determine plasma-coagulating and lecitovitellase
activities, as well as to determine sensitivity to the
drugs used.

Definition biotransformation substances con-
ducted by validated methods on HPLC (Agilent
1200).

Determination of iodide ions mass concentra-
tion in 1 % aqueous solution of tetramethylammo-
nium hydroxide was performed by inductively cou-
pled plasma mass spectrometry (ICP-MS) [19].

Procedure for determination of antimicrobial
activity was performed by method of twofold serial
dilutions in physiological solution.

Preparation of suspension investigated test
strains of microorganisms in physiological solu-
tion of 0.9 % NaCl by method of twofold serial
dilution using inoculum of microorganism test
strain at concentration of 1.5x10¢ CFU/ml. Ini-
tial suspension of the test strain were prepared in
physiological solution (0.9 % NaCl). Sterile loop
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was used to select an aliquot of daily-cultured
test strain, after which it was introduced into ster -
ile tube with 5 ml of 0.9 % NaCl. Turbidity of
obtained inoculum was controlled by measuring
optical density on den-1 densitometer. Density
of primary suspension was 0.5 Mcfarland units
(0.5 McF), which corresponds to 1.5x10% CFU/
ml. Further, primary suspension in amount of 0.1
ml was introduced into the tube with 9.9 ml of
isotonic solution to achieve working concentra-
tion of 1.5x10°® CFU/ml. For infection of mice,
microorganisms inoculum at concentration of 1.0
units according to Mcfarland (1.0 McF) by 1 ml.
Intraperitoneal method of animals infection was
chosen. Animals were divided into groups ac-
cording to test strains, within group according to
antibiotics. Treatment was carried out in course
of 7 days. For histological studies, pieces of or-
gans measuring 10x20 mm were cut from several
places (at junction of healthy and, if any, affected
tissue; from Central part and from edge of organ)
from the following organs: lung, liver, spleen,
kidney. For doing this, excised parts of the organs
were fixed in buffered 10 % solution of neutral
formalin, dehydrated in ethanol solutions with an
ascending concentration and poured into paraffin
blocks. From paraffin blocks cut tissue into thin
layers with the help of microtome was obtained
sections with thickness of 5-7 um, which were
stained with hematoxylin-eosin [20, 21]. Micro-
scopic studies of tissue sections and internal or-
gans were performed using a direct light micro -
scope (Leica DM1000).

Statistical processing was carried out according
to standard methods [22]. Two-sided student test (t)
was used to determine significance of differences
between experimental and control values under nor-
mal distribution. Differences between groups were
considered statistically significant at P < 0.05. Af-
ter obtaining numerical values of the primary data,
arithmetic mean (M) and standard error of mean (m)
were calculated.

RESULTS AND DISCUSSION

Results of ciprofloxacin, metronidazole and
iodides concentrations determination after oral ad-
ministration of medicines course (ciproxe 100 mg/
kg, metronidazole 24.0 mg/kg, the adduct of iodine
with 4.0 mg/kg body weight) in rats are presented in
table 1.
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Table 1. Concentration of drugs in urine and faeces of rats, M £ m

.. Concentration, mg/1
Ne Medicinal drug -
urine faeces
1 Ciprofloxacin 157.16 £ 96.24 0.75+£0.35
2 Metronidazole 1086.5 £ 198.6 9.25+4.5
Todides 0.17+£0.08 92+04

Determination of drugs concentration revealed
their presence in biological substrates — urine and
feces. Highest concentrations of antibiotics were ob-

Results of test strains sensitivity determination
to the studied drugs under in vitro conditions are
presented in table 2.

served in urine, and iodide ions — in feces.

Table 2. Determination of test strains sensitivity to drugs in vitro

Test strains of microorganisms

Enterococcus faecalis
ATCC 51575

Enterococcus faecalis
ATCC 700221

Escherichia coli
ATCC 8739

Ne | Medicinal drug, dosage
Staphylococcus
aureus ATCC
6538-P
1 | Metronidazol growth from 10
250 mg well

@B 16

growth from 2 well

auByC 4000

growth from 2 well

gy 4000

growth from 11
well

gMByL 8

well

gy 8

gy 4

2 | Ciprofloxacin (Forcip 500 | growth from 12 growth from 9 well growth from 7 well growth from 11
mg) well By 32 By 125 well
My 4 @By 8
3 | Ciprofloxacin (Ciproxe 500 | growth from 10 growth from 9 well growth from 7 well growth from 11
mg) well guByC 32 gy 125 well
g8y 4 @By 8
4 | Iodine adduct growth from 11 growth from 11 well | growth from 12 well | growth from 12

well

gy 8

gy 4

After intraperitoneal injection of test strains
Staphylococcus aureus ATCC6538-P; Escherichia
coli ATCC8739; E.faecalis ATCC51575; E.feaci-
um ATCC700221 to mice at concentration of 1.0
McF — 1 ml infection occurred only by Staphylo-
coccus aureus ATCC6538-P culture, growth of
which was observed in peripheral blood. In this re-
gard, test strain of S.aureus 2+ at a concentration of
1.5 x 10* CFU/ml was selected as an infecting agent
for subsequent experiments in vivo.

After intraperitoneal infection with S. aureus 2+
on the third day, course administration of drugs was
started within 7 days. For isolation of microorganisms
test strains we collected animal urine from the bladder
to avoid contamination of test material with animals
own microorganisms by sterile syringes.

For isolation of pure culture from urine,
Muller-Hinton broth (MOSS) was used, followed
by sowing on dense nutrient media — yolk-salt agar
(JSA) after 24 hours. Grown cultures were studied
for compliance with cultural, morphological, tinc-
torial properties of Staphylococcus aureus. Growth
of S-colonies with yellow pigment, 1-2 mm in di-
ameter with turbidity zone (lecitovitellase activity)
was observed on JSA. Microscopic preparations
were prepared from the culture. Gram positive (g+)
cocci, arranged in grapes were discovered. Select-
ed culture was checked for plasmacoagulase and
DNA-ase. Plasmacoagulation occurred for 4 hours.
Response to DNA-ase gave positive result.

Antibiogram S. aureus ATCC 6538-P after treat-
ment is presented in table 3.

Table 3. Determination of S. aureus ATCC 6538-P test strain sensitivity to drugs in vivo

Ne | Medicinal drug

Test strain of microorganisms ¢Staphylococcus aureus ATCC 6538-P

Sensitivity alteration

1 | Metronidazol gtodth from 9 well (MBC 32 p resistance development
Chorefloxacin gtondth from 12 well (MBC 4 p no changes
Ciprofloxacin gtokth from 12 well (MBC 4 p no changes
(Ciproxe)

4 | Iodine adduct gtodrth from 11 well (MBC 8 p no changes
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In determination of sensitivity to antibiotics af-
ter treatment, it was found that there was a change in
MBC to metronidazole twice towards the formation
of resistance (MBC in vitro was 16 pg/ml, in vivo
was 32 pg/ml).

Histological findings of liver, spleen and kidney
of mice infected with S. aureus, with application of
ciprofloxacin, metronidazole and iodine adduct are
shown in figures 1-10.

Mice of positive control group began to die,
starting from the third day from moment of patho-
gen introduction. In autopsy of dying animals putrid
smell was detected. Lungs were with uneven airi-
ness, edema, and atelectasis. On lungs slice dense
grainy yellowish-gray foci protruding above cut
surface which when pressed secrete pus with pun-
gent odor were observed. Liver was with not large
small foci in the form of cavities with dirty yellow-
ish color purulent contents. In heart, mainly in the
ventricle myocardium was small foci with rounded
shape, generally, myocardium of flabby consistency.
Kiney capsule is easily removable. Kidneys were
swollen of flabby consistency, on the cortical layer
cut is small foci of yellowish-gray color, surround-
ed by red colored corolla. Spleen is cut with small
yellowish-gray patches, leaving scrape on scalpel
blade.

Liver of infected mice treated with ciprofloxacin
consists of lymphohistiocytic infiltrates foci, main-
ly in portal tracts, activation of stellate reticulocytes

Fig. 1. Histological structure of infected mice liver, treated
with ciprofloxacin. Stain: hematoxilin-eosin.
Magnification: x200

Proximal and distal tubules of kidneys are atro-
phied, content in lumen is mainly leukocytes. Leu-
kocyte infiltration, spreading to the adjacent adipose
tissue. Picture ofpurulent pyelitis (figure 2).

78

Fig. 2. Histostructure of infected mice kidneys treated with
ciprofloxacin. Stain: hematoxilin-eosin.
Magnification: x 200

In the spleen of infected mice treated with cipro-
floxacin, giant macrophages are observed (figure 3).

AR

Fig. 3. Histological structure of infected mice spleen, treated with
ciprofloxacin. Stain: hematoxilin-eosin. Magnification x 100
Microscopic examination of mice liver infect-

ed with Staphylococcus aureus, receiving metroni-
dazole, focal purulent inflammatory infiltrates were

noted in organ. Focal dystrophy of hepatocytes. Ac-

e " 1 X 3 . <) u
Fig. 4. Histological structure of infected mice liver receiving
metronidazole. Stain: hematoxilin-eosin. Magnification x 200

In kidneys, during treatment of mice with met-
ronidazole, focal infiltration, mainly represented by
neutrophil leukocytes and colonies of bacteria is
noted, infiltrates with histolysis of kidney tissue are
formed. There are basophilic bacterial emboli in the
vessels lumen. Picture of embolic purulent nephri-
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tis (pyosepticemia). Tubules are focally atrophied,
epithelium of preserved tubules is in the state of
protein and large-vacuum dystrophy. In place of tu-
bules there are unstructured areas of pink — necrotic
detritus of pink color. Glomeruli are enlarged due
to proliferation mesange. Also balls with epithelium
proliferation of an outside leaf glomerulus capsule
are noted. In individual animals is predominantly
lymphomacrophagous infiltration (figures 5-6).

W

Fig. 5. Histostructure of infected mice kidneys treated with
metronidozole. Stain: hematoxylin-eosin. Magnification: x 200

& D A . 2 -

Fig. 6. istostructure of infected mice kidneystreated with
metronidozole. Stain: hematoxylin-eosin.
Magnification: x 200

Spleen parenchyma pattern is erased, red and
white pulp are not differentiated, lymphocytes are
superseded by giant macrophages, perivascular ede-

Fig. 7. Histostructure of infected mice spleen treated with
metronidozol. Stain: hematoxylin-eosin.
Magnification x 200

In mice treated with iodine complex, small foci
of lymphohistiocytic infiltration were observed in
liver. At the same time, hepatocytes are in the state
of protein and small-scale dystrophy, vacuoles co-
alesce in individual cells. Nuclei of hepatocytes are
reduced in size. Activation of stellate reticulocytes.
Expansion of veins and sinusoids, hyperemia of
veins (figure 8).

R

Fig. 8. Histological structure of infected mice liver treated with
adducts of iodine. Stain: hematoxilin-eosin. Magnification x 200

In the kidneys there are foci of leukocyte infil-
tration, hemodynamic disorders. Adjacent glomeruli
are enlarged due to proliferation mesange. Separate
epithelial cells of distal tubules are necrobiotically
changed (figure 9).

e B S et 5 )
Fig. 9. Histological structure of infected mice kidneys
treated with adducts of iodine. Stain: hematoxilin-eosin.
Magnification x 200

Giant macrophages are observed in the spleen

P

Fig. 10. Histological structure of infected mice spleen
treated with adducts of iodine. Stain: hematoxilin-eosin.
Magnification x 200
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CONCLUSION

Validation of sample preparation method and
methods of ciprofloxacin and metronidazole anal-
ysis were carried out. According to parameters of
accuracy, precision, repeatability, intermediate pre-
cision, LOD, LOQ, linearity and operating range,
procedure is validated, and results of validation ful-
ly meet validation plan requirements. Injection of
drugs to rats (ciprofloxacin, metronidazole, iodine),
which are most widely used in medical practice,
with course application for 7 days, leads to detection
of biotransformation products in urine and faeces.
Concentration of ciprofloxacin and metronidazole in
urine was significantly higher than in feces, in con-
trast, concentration of iodides in feces is greater than
in urine.

In determination of Staphylococcus aureus
ATCC 6538-P, Enterococcus faecalis ATCC 51575,
Enterococcus faecalis ATCC 700221, E. coli ATCC
8739 strains in vitro sensitivity, they all showed
sensitivity to the tested drugs. With intraperitoneal
administration of these strains to mice, infection oc-
curred only S. aureus ATCC 6538-P at concentration
of 1.5 x 10® CFU/ml, which was determined both
in blood and urine. S. aureus ATCC 6538-P caused
in animals by histological research of septicopyemia
picture. Use of metronidazole, ciprofloxacin and io-
dine adducts led to positive dynamics of infectious
process, but pathogen was found in urine after ther-
apy end. Treatment of S. aureus ATCC 6538-P mice
infected with studied drugs led to formation of re-
sistance to metronidazole (MBC in vivo is twice as
much as MBC in vitro, 32 ng/ml and 16 pg/ml, re-
spectively). This fact indicates that infectious agent
can enter wastewater and environment in resistant
form.

Thus, studies showed the need for further study
of drugs biotransformation products receipt problem
in the environment of urban areas, followed by the
risk of conditionally pathogenic microorganisms re-
sistance.

We believe that the principle of taking into ac-
count total residue of drugs in wastewater in the as-
sessment of risks to the environment is not sufficient
[23], since it assumes that the drugs themselves
exhibit same effects in the environment. However,
transformed drugs may exhibit whole range of new
toxicological effects than the original compound.
Many pharmaceutical products and their metabo-
lites can be removed only partially or not at all in
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the process of traditional wastewater treatment tech-
nologies, which leads to their accumulation in soils
and agricultural products, further along food chain
can enter human body and as a result form micro-
organisms resistance to the used drugs. Since drug
resistance is currently a global health problem, there
is the need to include biotransformed pharmaceuti-
cals (metabolites) in open water sources monitoring
programs of the Republic of Kazakhstan.
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TYUIH

Bacrankpl KajanblHA KaparaHaa, TpaHC()OpPMAIMAFa YIILIPAFAH [IJPi-IopMeKTep KelleHi
’KaHA TOKCHKOJIOTHSJIBIK dcepiep KepceTyi bIKkTuMaJl. [lalizajsanbslirad cyjJapabl JdCTYpJi Tazajiay
O0apbIchIiHIAa KeNTereH apMaleBTHKAJBIK KYPaJJ1ap MeH 0JIapJAblH MeTa00/JMTTepi TeK KapThliIail
HeMece MYJIIeM Ta3aJaHO0AHTHIHABIKTAH 0J1ap TONBIPAKTA 5K9HE ayblLJI IIAPYyallbLIBLIFbI OHIMEepiHae
JKUHAKTaJaabl. OHaH J9pi TizOekTesin O0apbiln agaM OpraHu3MiHe OTETIHIIKTEH, MaiaaJaHbLIbII
JKYpPreH m9piiik mnpemaparrapra Te3iMaiulikrepai KaabinTacTeipaabl. Takipube OapbicbhbiHAa
uunpogIaKkacuuH, MeTPOHNIA30J1 JKIHE aJUIYKT HOAbIHBIH 3ePTXaHAJBIK KaHyapJap (ereyKyipbIK)
ar3ajlapblHa JcepiHe 3epTTeyJep Kyprizinai.Staphylococcus aureus, Enterococcus faecalixone
Escherichia coli mukpoar3ajiap miTaMMIapbIHBIH in Vitro. :kargaibIHAAa NalJaJaHBUIBIN KYPreH
npenaparrapra ce3iMaijikrepi anbIKTa/ibl. THIIIKAHAAPFA CENCHUC )KACAY APKbLIbI MUKPOAF3aHbIH
ce3iMTaJABIFBIHBIH 03repyin 3eprreaik. HunpoduaoknannH, MeTPOHUABI30J MEH MO AAJAAYKTiHIH
OnorpaHcopManusiFa yuibIparaH eHimAepi skyiiejdi KoJJaHFaHAA aTKaJIMaHAapAbIH HecenTepi
MeH YJKeH AdpeTiHAe 7 KYHHEH COH KoepiHe OacTraraHbIH OaiikaabIK. Llumpoduiokcanun meH
METPOHUA030/1/IbIH A3aFAH MOJILIEPiHiH AKUbIHTHIFbl HeCeNTePiH/e, 2,1 HOAUATIH A31aFaAH MOJIIIEePiHiH
JKUBIHTBIFbI YJIKEH JdpeTiHae aHbIKTAJMAbI. In vitro 3eprreyiep 0apwicbinadtaphylococcus aureus,
Enterococcus faecalis, Escherichia coli Mmukpoar3anapablH HWITAMMIAapbl 3epTTelill OTbIPFAH
npenapartapra ce3iMTaaabiK 0O0aiikarTel. ThIIKAHAAPABI METPOHUAA30)1, UUNPOGIOKCALUH
JKOHe HMOA aAAYKTiMeH eMmJey CeNTHKONMMEMHSIHBIH aFbIMAbI THHAMHUKACBHIHAA JKAKChl HITHKe
OepreHiMeH, METPOHHMIA30JIFa TYPAKTBHUIBIKTBI KAJBINTACTBIPYFa ajbill KeJai. 3epTrey HITHkKeci
Omorpancopmanusara ymbIparaH (apMOneBTHKAJBIK Hpenaparrapabl  (MeTo0oauTTepai)
Kazakcran Pecny0imKkachbIHBIH alIBIK €y KO3/1epiHe MOHUTOPHHT Kacay 0aFgapaaMachblHA eHTI3ydiH
Ka’KeT eKeHIITrH KOpCeTTi.

Herisri cezaep: ¢papManeBTHKAJBIK Npenapar, HHNPo¢IoKcaunH, MeTPOHNAA30J1, HOX aAAYKTI,
Omorpancopmanmsi, KOPIIAFAH OPTa, PE3HUCTEHTTINIK, MHKPOAF3aJapAblH TeCT-IITAMMBI,
3epTXaHAJBIK KaHyap, cerncuc, MopgocTpyKkTypa.

82



w Eurasian Journal of Applied Biotechnology. No.2, 2019

U3YUYEHUE NPOJAYKTOB TPAHC®OPMAIIUU U MUKPOBUOJIOT' MYECKON
AKTUBHOCTHU AHTUBAKTEPUAJIBHBIX ITPEITAPATOB
Y TABOPATOPHBIX ’KUBOTHbIX

Ho6parumona H.A!l, JTro M.B.!, ’KKymabaesa C.M!, Kap:kay6aeBa P.A!,
CaourtoB A.H.!, AnamoexoB JI.A?

! Hayunolii yeHmp npomusouH@pekyu0OHHbIX npenapamos,

np-m anv-Qapabu, 75A,Anmamot, Kazaxcman,

2 Kvipevisckas [ocyoapcmeennas meouyunckas axkademusi um. VLK. Axynbaesa,
yn. Axynbaesa, 92, 720020, buwkex, Kvipevisckas Pecnybnuka
nailya.73@mail.ru

ABCTPAKT

TpaHcpopMupoBaHHbBIe JIeKapCTBEHHBIE CPeACTBAa MOTYT NPOSABIATH IENbIii KOMIUIEKC
HOBBIX TOKCMKOTOTMYeCKNX 3¢ (PeKTOB, YeM MCXOAHbIe coeguHeHNnsa. MHorne papmaneBTuyecKue
CpefcTBa M MX MeTAa00MNTHI YRAIAIOTCA TONTBKO YaCTUYHO VIV BOOOIe He YHANAIOTCA B IMpolecce
TPagVIVIOHHBIX TEXHOIOTUI OYMCTKY CTOYHBIX BOJl, YTO IPUBOAUT K MX HAKOIUVICHUIO B MOYBAX U
CeNIbCKOXO03MCTBEHHOI nmpopyKunu. [Janee o NuieBoii meny OHM MOTYT NOCTYNAaTh B OPraHN3M
YyeloBeKa M B pe3yabrare (opMMpPOBATh YCTOMYMBOCTHD MUKPOOPTraHM3MOB K IIPUMEHAEMBIM
JIeKapCTBEHHBIM IpemaparaMm. JI3yyamm OmoTpaHchopManys JTeKapCTBEHHBIX Bel[eCTB:
DUnpo@dIoKcanyHa, MeTPOHNMAA3071a M afgyKTa MOJa B OpraHuM3Me Ta0OpaTOPHBIX >KMBOTHBIX
(kpopic). Ompepmensiu YyBCTBUTETBHOCTh INTAMMOB MUKpoopranuseghylococcus aureus,
Enterococcus faecalisu Escherichia colik mcnmonb3yeMbIM IpeniapaTaM B YCIOBUAXH vitro. VIsydann
U3MEeHeHNe 4YYBCTBUTETBHOCTM MMKPOOPTaHM3MOB IIPM MOJETVPOBAHMU CeNcHuca y MbIHIe.
IToka3aHo, 4YTO MPOAYKTBI OMOTpaHchopmManmuym punpodrokcanmyuHa, METPOHMUAA30/Ia M afAyKTa
MOfia 0OHAPY>KMBAKOTCA B MOoYe U (peKamnsax KpbIC IPK UX KYPCOBOM NPUMEHEHNN B Te4eHue 7 THell.
Han6onpuas KOHIeHTpanu:a BUnpo¢IoKcaHa ¥ METPOHNA030/1a OOHapy)KeHa B MOYe, A IORM/IOB
- B pexamuax. B uccnemoBanusax in vitro moxasaHo, 4To ITaMMbl MUKpoopranusmostaphylococcus
aureus, Enterococcus faecalis, Escherichia aapiosiBnsIyM YyBCTBUTENTBHOCTh K MCCIENyeMBIM
npenaparam. J/ledeHue Mblleii METPOHUAA30/IOM, IUIPOPIOKCALIHOM U afTYKTOM MO/ BBI3BIBAIO
NOIOXUTENBHYI0 AVHAMUKY TeYeHMs CEeNTHKONNEeMUM, OFHAKO IPUBOAMIO K (opmMupoBaHMIo
YCTOMYMBOCTH K MeTpoHupasony. IIpoBemeHHble NCCIefOBaHMA IOKa3aau HeOOXOXMMOCTH
BKIIOUeHNA OmorpaHcopMupoBaHHBIX (apMaleBTUYeCKNX INpemaparoB (Merab6onuTosB) B
NPOrpaMMbl MOHMTOPVHIA OTKPBITHIX BOROUCTOYHUKOB Peciy6mnku Kasaxcran.
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