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STUDY OF THE ANTIMICROBIAL ACTIVITY
OF CAPTOPRIL PHARMACEUTICAL PRODUCTS PRODUCED
IN KAZAKHSTAN

According to the requirements of the State Pharmacopoeia of the Republic of Kazakhstan for the
control of medicinal products, one of the essential components in ensuring the safety, efficacy, and high
quality of pharmaceutical products manufactured in the country is the assessment of their antimicrobial
activity. Compliance with microbiological purity standards enables a comprehensive evaluation of drug
quality, strengthens the alignment of domestic pharmaceutical production with international standards,
and contributes to maintaining competitiveness in the pharmaceutical market.

This study experimentally investigated the antimicrobial activity of the pharmaceutical substance
and finished dosage form of Captopril produced in Kazakhstan against pharmacopoeial test microor-
ganisms, including Escherichia coli, Staphylococcus aureus, Bacillus subtilis, Pseudomonas aeruginosa,
Candida albicans and Aspergillus brasiliensis. 1t is known that certain medicinal products may possess
intrinsic inhibitory activity, which can distort microbiological test results and lead to false-negative out-
comes. Therefore, preliminary assessment of a drug’s impact on microbial growth is a critical step for
accurate microbiological evaluation.

Three batches of Captopril substance and three batches of the tablet dosage form were examined.
The results demonstrated that dilutions of 1:10 and 1:20 exhibited a pronounced inhibitory effect against
E. coli, S. aureus and B. subtilis. No activity was observed against Candida albicans, Aspergillus brasil-
iensis or P. aeruginosa, while the 1:50 dilution completely lacked antimicrobial activity.

The findings confirm the importance of employing methodologies fully compliant with pharma-
copoeial requirements when assessing the quality of Captopril substance and its finished dosage form.
Moreover, the results justify the necessity of including information on the drug’s intrinsic antimicrobial
properties in the manufacturer’s specification. This study holds practical significance for ensuring the
quality and safety of domestically produced pharmaceutical products.

Keywords: drug, substance, Captopril, antimicrobial activity, test strain, microorganisms.
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KasakcTaHAa 6HAIpIAeTIH KanTonpHuA ASpIAiIK NpenapaTbiHbIH,
AHTUMMKPOOTBIK, 6eACEHAAIriH 6aFaray

KasakcraH PecriybamkacbiHbig MemaekeTTik (DapmakornescbiMeH ABPIAIK 3aTTapAbl OakblAayFa
KOWbIFAH TaAanTapblHA COMKEC, eAiMi3Ae BHAIPIAETIH ASPIAIK 6HIMAEPAIH KayinCi3AiriH, TUIMAIAITIH
>K&HEe >KOfapbl canacblH KamTamacbl3 eTy YLIIH XXYPri3iAeTiH Herisri 3epTTeyAepAiH, 6ipi — oAapAbiH
AHTUMUKPOOTBIK GEACEHAIAIMH 6aFaaay 60AbIN TabbiAaAbl. MMKPOOMOAOTMSABIK Ta3aAblK TaAaNTapbIHbIH
COMKECTIri >KaAmbl ABPIAIK 3aTTapAblH, CanacbiH KelleHAI 6araray MyMKIHAIK Gepeai XXeHe OTaHAbIK,
OHAIPICTIH XaAblKapaAblK, CTaHAApPTTapFa COWMKECTIriH apTTbIpbIN, apMaLeBTMKAAbIK HapbIKTafbl
boacekere KabiATTIAINH KaMTaMacbI3 eTeTiH Heri3ri hakTopAapAbiH, 6ipi 60AbIN TabbiAaAbl.

ByA fbiAbiMM  >KyMbicTa KasakcTtaHaa eHaipiAeTiH  KanTonpuA  A8piAik  npenapaTbiHbIH,
hapMaLeBTMKaAbIK, CyOCTaHUMSICbI MEH AaiiblH  ABPIAIK  (pOpMacbiHbiH - (hapMaKOMesAbIK, TecT-
MUKpoopraHnamaepi Escherichia coli, Staphylococcus aureus, Bacillus subtilis, Pseudomonas aeruginosa,
Candida albicans xeHe Aspergillus brasiliensis KaTbICTbl aHTUMMKPOOTLIK, OEACEHAIAIr Taxipnbe
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KenTtereH AspiAik 3aTTapAblH KypambiHAQ TabWFn TypAe OeAriai 6ip AeHrenae MHrMOUTOPAbIK, GeAceH-
AIAIK BOAYBI MYMKIH, aA OYA KaCMET MUKPOOMOAOTMSABIK, TAAAQY HOTUXKEAEPIH BypMaAar, >KaAfaH Tepic
KepceTKilTepre aAbin KeAyi bikTMMaA. COHAbIKTaH MMKPOOMOAOIMSIABIK, Ta3aAbIKTbl AYPbIC Oarasay
YLiH 3epTTEAETIH NnpenapaTTbiH MUKPOOPraHM3MAEPre acepiH aAAbIH aAd aHbIKTay epekile MaHbI3Abl.

bisaiH 3epTTeyae Kantonpua cy6CTaHUMSCBIHBIH, KoHe TabAeTka TypiHAeri ASPIAIK OHIMHIH
YL Cepusicbl KOAAAHbBIAAbI TECT LTaMMAapbiHa ocepi OaraAaHbin, HaTwxKeciHae Escherichia coli,
Staphylococcus aureus, Bacillus subtilis,1:10 xeHe 1:20 cyMbIATyAapAQ NpenapaTTbiH, ankbiH TEXeriL
acep kepceTeTiHi aHbikTaAAbl. Candida albicans xaHe Aspergillus brasiliensis, conaai-ak, P. aeruginosa
LUTaMMA@PbIHA KaTbICTbl 6EACEHAIAIK BarikaAFaH X0k, aA 1:50 KaTblHaCTarbl TOXXipMOEAE aHTUMMKPOO-
ThIK, aKTUBTIAIK MHTMOUPAEHA|.

3epTTey HaTMxKeAepi KanTonpua cybcTaHUMSIChl MeH ABPIAIK 3aTbiHbIH, CcanacbiH 6akbiAay Ke3iHAe
hapMaKkonesAbiK, TaAanTapra TOAbIK, COMKEC KEAETIH dAiCTEMEHI KOAAAHYAbIH MAaHbI3ABIAbIFbIH ADAEA-
A€r, eHAIpyLWi creumdurKaumsacbiHa NpenaparTbiH, aHTUMUKPOOTbIK, OEACEHAIAIM TypaAbl aknapaTTbl
€Hri3y KaXKeTTIAIriH HerizaeAi. ByA >KYMbICTbIH HOTMXKEAEpPi OTaHAbIK, (hapMaLeBTUKaAAbIK BHAIpicTe
cara MeH Kayirnci3AikTi KamTamacbi3 eTyre 6arbITTaAFaH TaxXipnbeAik KyHABIAbIKKA Me.

Tyiin ce3aep: AopiAik npenapat, cybcTaHums, Kantonpma, aHTUMUMKPOOTbIK, GEACEHAIAIK, TecT-
LLITaMM MMKPOAF3aAapbl.
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OueHka aHTMMMKPOOHOM aKTUBHOCTU A€KapCTBEHHOro npenapara Kantonpma,
npou3Boanmoro B Kasaxcrane

B cooTBetcTBUM ¢ TpeboBaHusamu FocyaapcteeHHor Dapmakonen Pecnybankm KazaxcrtaH K KOH-
TPOAIO AEKapCTBEHHbIX CPEACTB, OAHUM M3 KAIOYEBbIX 3TanoB obecrneveHus 6e3onacHoCcTH, adek-
TMBHOCTU U BbICOKOIO KauyecTBa OTEYECTBEHHbIX hapMaLieBTUUYECKMX NMPOAYKTOB SBASETCS OLLEHKA MX
AHTUMUMKPOOBHOM akTMBHOCTU. OnpeaeAeHre COOTBETCTBUS MOKA3aTeASIM MMKPOBUOAOrMYECKOM Um-
CTOTbI MO3BOASIET KOMMAEKCHO OLIEHUTb KaueCTBO Mpenapara, NoBbICUTb COOTBETCTBME HALLMOHAABHOMO
NPOM3BOACTBA MEXKAYHAPOAHBIM CTaHAApPTaM M 06ecneunTb ero KOHKYPEHTOCNOCOOHOCTbL Ha hapMa-
LIeBTMUYECKOM PbIHKE.

B AQHHOM MCCAEAOBAHMM IKCMEPUMEHTAABHO M3ydeHa aHTUMUKPOOHAs aKTUBHOCTb (hapmaLeBTH-
Yyeckow cybCcTaHUMM 1M FTOTOBOM AeKapCTBeHHOM hopMbl KanTonpuraa, nponssoammoro B KasaxcraHe,
Mo OTHOLLUEHMIO K hapMaKkornenHbIM TecT-MuKpoopraHuamam Escherichia coli, Staphylococcus aureus,
Bacillus subtilis, Pseudomonas aeruginosa, Candida albicans v Aspergillus brasiliensis. 13BecTHo, 4TO
HEKOTOpble AeKapCTBEHHbIE CPEACTBA 0OAAAAIOT COBCTBEHHOM MHIMOMPYIOLLE aKTUBHOCTbIO, KOTOpast
MO>ET MCKaXkaTb Pe3yAbTaTbl MUKPOOUOAOTMUECKUX UCTbITAHWUI U MPUBOAUTb K AOKHOOTPULIATEAb-
HbIM MoKa3zaTeAsam. [103TOMy npeABapUTEAbHas OLEHKA BAMSIHMS MpernapaTa Ha POCT MUKPOOPraHm3-
MOB SIBASIETCS HEOOXOAVMbIM YCAOBMEM KOPPEKTHOIO aHaAM3a.

B pamkax MCCAeAOBaHMs OLIEHEHO AEMCTBUE TPEX cepuii CyOCTaHUMM 1 TaBAETUPOBAHHOM (DOPMbI
KanTonpuaa. YcraHoBAeHO, UTo B pa3BeaeHmax 1:10 1 1:20 npenapart NposiBASIET Bblpa’keHHbIA MHI M-
Gupytowmin acpexT B oTHowwenun E. coli, S. aureus v B. subtilis. AktuBHOCTb B oTHOLWeHUM Candida
albicans, Aspergillus brasiliensis n P. aeruginosa He HabAlOAaAaCh, a NMpu passBeaeHnr 1:50 aHTUMKM-
KPOG6HbIN 3(hHEKT MOAHOCTbIO OTCYTCTBOBAA.

[oAyueHHble pe3yAbTaTbl MOATBEPXKAAIOT HEOOXOAMMOCTb MPUMEHEHWUS METOAMK, MOAHOCTbIO
COOTBETCTBYIOLIMX (DAPMAKOMENHbIM TPEOOBAHMSM, NPU KOHTPOAE KayecTBa CyOCTaHUMM U FOTOBOMO
AeKapcTBeHHoro cpeactsa Kantonpua. Kpome Toro, nokasaHo, 4To CBEAEHUSI O COOCTBEHHOM aHTUMM-
KPOGHOM aKTMBHOCTU Mpernapara AOAXKHbI BbiTb OTpaXkeHbl B crieummKalmm npounssoamTeas. [Npose-
AEHHOE MCCAEAOBAHUE MMEEeT MPAKTUYECKYIO0 3HAUMMOCTb AAS 0OecriedeHmns kadecTsa 1 6e30nacHoCTu
OTeYeCTBEHHbIX (hapMaLieBTUUECKMX MPOAYKTOB.

KAtoueBble CAOBa: AeKapCTBEHHbIE npenapathl, cybcTaHums, Kantonpra, aHTUMMKpOOHas akTmB-
HOCTb, TECT-LITAMMbl, MUKPOOPraHW3Mbl.
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Introduction

The modern arsenal of medicines includes a
wide range of drugs. However, the technology of
their production does not always guarantee complete
microbiological purity of the drugs. Injectable and
ophthalmic drugs must be absolutely sterile, which
is taken into account during their production. For
other categories of drugs, contamination with mi-
croorganisms is undesirable, but possible, since the
rules for their production do not require strict steril-
ity. The main sources of contamination of medici-
nal products (DPs) are: the substance (most often of
plant and animal origin), process water, production
equipment, industrial air, workers, containers and
finished DP packaging [1,2].

In order to implement the goal of the Address of
the President of the Republic of Kazakhstan to the
people — to enter the list of the 50 most developed
and competitive countries in the world, leading en-
terprises of the domestic pharmaceutical industry,
carrying out restructuring in the production sector,
have been introducing the principles of GMP (Good
Manufacturing Practice) since January 2008 and are
moving to new requirements for controlling medici-
nal products established by the State Pharmacopoeia
of the Republic of Kazakhstan (MPK RK), which
ensure the safety, effectiveness, and high quality of
the product, which in turn is the main condition for
its competitiveness in the domestic and global phar-
maceutical markets [3].

The establishment of the MF of the Republic of
Kazakhstan was carried out with state support since
2005. The first edition of the Pharmacopoeia was
published in three volumes in the state and Russian
languages. Volumes I and Il were approved and put
into effect in 2008, and Volume 1l in 2015. The leg-
islative status of the MF of the Republic of Kazakh-
stan is established by the Code of the Republic of
Kazakhstan “On Public Health and the Healthcare
System”[4].

Contamination of DP with microorganisms can
be the cause of infectious processes in the person
receiving it. In clinical practice, cases of diseases
caused by enterobacteria, Pseudomonas aeruginosa,
Staphylococcus aureus, spore-forming anaerobes,
mold fungi, etc. are known [5].

Contamination of DP with microorganisms vio-
lates its stability. Antimicrobial compounds in the
composition of ointments for external use do not
always guarantee their microbial purity. The mul-
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tiplication of microorganisms in the composition of
the ointment leads to a change in its consistency, the
appearance of an unpleasant odor, etc. changes[6].

In liquid dosage forms, metabolites of microor-
ganisms can change their chemical composition and
may also lead to the formation of toxic products.
Solid dosage forms are less likely to be contaminat-
ed with microorganisms, since they do not provide a
suitable environment for the growth of microorgan-
isms. Contamination of DP raw materials with mi-
croorganisms, as well as improper storage, can lead
to changes in their properties [7].

The need for quality control of non-sterile me-
dicinal products is justified by the importance of en-
suring their safety and effectiveness, that is, reduc-
ing the risk when used by the consumer. Thus, it is
necessary to achieve quality assurance of non-sterile
medicinal products by assessing the risk of the oc-
currence of substandard products and creating a risk
management system, starting from the development
of a new pharmaceutical product, from production
to the consumer. In this case, biological methods for
testing pharmaceutical products related to the field
of pharmacology and microbiology play a special
role[8,9].

The specificity of the types of microbiological
analysis is the specificity of the object of study — mi-
croorganisms with individual properties. The most
important features of DP that affect the results of the
analysis are: the presence of antimicrobial activity
in DP themselves or their components, as well as
the presence of preservatives in some of them that
prevent the detection of microorganisms [4,10].

Medicinal products (Drugs) (substances, various
forms of drugs — tablets, capsules, granules, solu-
tions, suspensions, syrups, ointments, suppositories,
etc., as well as excipients) can be contaminated with
microorganisms. Before controlling them accord-
ing to the “microbiological purity” indicator of the
KR MF, volume 1, it is necessary to determine their
antimicrobial activity against molds and yeasts and
individual types of microorganisms, as this leads to
an incorrect assessment of the results obtained [11].

The study of the antimicrobial activity of sub-
stances used in the development of drugs improves
the well-known methods of studying ready-made
DP, thereby preventing ways of harming human
health [6,12,13].

Antimicrobial activity is a process aimed at de-
stroying or inhibiting pathogenic microorganisms.
For this, various agents are used against microor-
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ganisms. Drugs against microorganisms can be anti-
bacterial, antifungal or antiviral [14].

To eliminate antimicrobial activity, special, non-
specific inactivators, special neutralizing solutions
are used, the amount of normal solvent is increased,
and membrane filtration is used as a test [15].

A variety of compounds involved in the treat-
ment of diseases of non-infectious etiology show a
certain antimicrobial activity in vitro against bacte-
ria and other microorganisms. Such compounds are
called non-antimicrobial drugs. At the end of the
19th century, it was known that dyes have activity
against microorganisms, for example, Paul Ehrlich
used methylene blue (one of the phenothiazine com-
pounds) as an agent against microorganisms [16].

The antimicrobial activity of some non-antimi-
crobial drugs was first revealed on the Polish phar-
maceutical market during several years of drug con-
trol at the National Institute of Medicine. Currently,
about 950 drugs randomly selected from various
groups of pharmaceutical products have been stud-
ied for their antimicrobial activity. During the study,
it was shown that some drugs inhibit the growth of
at least one of the four standard strains of microor-
ganisms studied..

Classes of drugs such as neuroleptics, antihis-
tamines, antidepressants, antiplatelet agents, and
nonsteroidal anti-inflammatory drugs have varying
degrees of activity against a broad spectrum of mi-
croorganisms [17]. These non-antimicrobial drugs
affect the growth of microorganisms in a variety of
ways. They may have direct activity against micro-
organisms, enhance the efficacy of antibiotics when
coadministered (adjuvant compounds), or alter the
pathogenicity or activity of microorganisms, such as
by modulating macrophage activity [18].

The main aspects of the quality of DP are physi-
cochemical and microbiological tests [19]. An im-
portant aspect of conducting microbiological tests is
the study of the antimicrobial activity of the sample
under study. This is necessary for the correct devel-
opment of the finished DP research methodology
and its inclusion in the analytical regulatory docu-
ment or quality specification [20].

Currently, domestic and foreign authors have
shown that non-antimicrobial drugs can have an
antimicrobial effect on some test microorganisms,
which justifies the need to determine this character-
istic of DP during the microbiological testing of DP
in order to reduce the risk of false-negative results
[21,22].

If the conditions for the production and storage
of medicinal products are not met, their biodegra-
dation may occur under the influence of microbial
enzymes, the speed of which is determined by the
chemical composition of the medicinal product,
the presence of substances in it that are easily ab-
sorbed by microorganisms or have biocidal activ-
ity, the number and species composition of con-
taminants, environmental conditions (humidity,
temperature). Some components of drugs (starch,
gelatin, kaolin, magnesium trisilicate, aluminum
hydroxide, surfactants, proteins) protect the cells
of microorganisms from preservatives [23]. The
possibility of biodegradation processes is influ-
enced by the type of packaging that prevents the
ingress of contaminants and controls humidity.
An important criterion for conducting analytical
work on the appropriate microbiological purity of
a drug is the study of the antimicrobial activity
of the active pharmaceutical ingredients included
in its composition and the drug itself during the
manufacturing process [24].

Pilot-industrial batches of the non-antimicrobial
active pharmaceutical ingredient Captopril and the
hard tablet formulation Captopril were selected for
antimicrobial activity studies.

The efficacy of the well-known angiotensin-con-
verting enzyme inhibitor L-Captopril as an inhibi-
tor of dapE was assessed by analyzing its binding
modes and affinity for dapE, and it was demonstrat-
ed that L-Captopril inhibits the growth rate of test
cultures of S. enterica and E. Coli [25].

Materials and methods

The object of the research work was the pharma-
ceutical active substance Captopril series 5102-17-
014, 5102-17-045, 5102-18-017 and the experimen-
tal-industrial series of the drug Captopril 001, 002,
003 produced in Kazakhstan.

The antihypertensive drug Captopril is an in-
hibitor of angiotensin-converting enzyme (ACE).
The mechanism of the antihypertensive effect of
Captopril is associated with competitive inhibition
of ACE activity, which leads to a decrease in the
rate of conversion of angiotensin | to angiotensin
II in tissues and blood plasma, as a result of which
it achieves a vasodilating effect and a decrease in
aldosterone secretion in the adrenal glands. As a
result, Captopril reduces total peripheral vascular
resistance (afterload), pulmonary capillary wedge

147



Study of the antimicrobial activity of captopril pharmaceutical products produced in Kazakhstan

pressure (preload) and pulmonary vascular resis-
tance; increases cardiac output and exercise toler-
ance [26,27,28].

To study the antimicrobial activity of the
substance and drug Captopril, the following
pharmacopoeial test cultures were used: Esch-
erichia coli ATCC®8739, Pseudomonas aeru-
ginosa ATCC®9027, Staphylococcus —aureus
ATCC®6538, Bacillus subtilis ATCC®6633 Can-
dida albicans ATCC®10231, Aspergillus brasilien-
sis ATCC®16404, produced by the Italian company
Liofilchem®, which produces standard reference
cultures of microorganisms from the American
Type Culture Collection (ATCC).

Each test culture is a lyophilized microorganism
prepared from a reference primary culture (5 gran-
ules in 1 vial).

During the research, tryptone soy-casein agar,
tryptone soy-casein broth, Sabouraud agar, pro-
duced by the German company Merck KgaA, were
used.

The antimicrobial activity of the substance and
drug captopril was studied using the method de-
scribed in the first volume of the National Pharma-
copoeia of the Republic of Belarus — “Determina-
tion of antimicrobial activity under microbiological
purity testing conditions (for water-soluble drugs)”
[29].

Determination of antimicrobial activity un-
der microbiological purity testing conditions (for
water-soluble drugs)For this purpose, a suspension
was prepared using pharmacopoeial test culture
microorganisms (Escherichia coli ATCC®8739,
Pseudomonas aeruginosa ATCC®9027, Staphy-
lococcus aureus ATCC®6538, Bacillus subti-
lis ATCC®6633, Candida albicans ATCC®10231,
Aspergillus brasiliensis ATCC®16404) [30,31,32].

Suspensions of bacterial test cultures are inocu-
lated onto tryptone soy-casein agar slants and incu-
bated for 48 hours at 30-35-C.

Cultures of yeasts are inoculated onto Sabouraud
agar slants in test tubes and incubated for 5 days at
20-25-C [6,11]..

After the incubation period, bacterial cultures
and Candida albicans cultures are washed from the
slants with 0.9% sodium chloride solution, and As-
pergillus brasiliensis cultures are washed with 0.9%
sodium chloride solution with 0.05% polysorbate
80, and suspensions are made[11,12].
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The resulting bacterial suspensions are diluted
to a concentration of 103 CFU/ml, and fungal sus-
pensions to a concentration of 103-104 CFU/ml
with phosphate buffer solution.

The Captopril substance and the drug substance
for the study were diluted in three different concen-
trations in standard phosphate buffer solution: 1:10,
1:20 and 1:50.

To determine the antimicrobial activity against
the test microorganisms Candida albicans, Asper-
gillus brasiliensis, Bacillus subtilis, 1 ml of each
prepared concentration (1:10, 1:20, 1:50) of the
sample was inoculated into a sterile Petri dish for the
purpose of deep inoculation. In the Petri dishes with
the sample, suspensions of the test microorganisms
were added in the volume of: 0.2 ml Bacillus sub-
tilis; 0.2 ml Candida albicans; 0.2 ml Aspergillus
brasiliensis (for each concentration of the sample
under study). Inoculation was carried out in 3 repli-
cates for each sample.

Petri dishes contaminated with Bacillus subtilis
test cultures are poured with 15-20 ml of tryptone
soy-casein agar cooled to 45-50°C and mixed.

Petri dishes contaminated with Candida albi-
cans, Aspergillus brasiliensis test strains are poured
with 15-20 ml of Sabouraud agar cooled to 45-50-C
and mixed.

To determine the antimicrobial activity of the
sample under study against the test culture micro-
organisms Escherichia coli, Pseudomonas aerugi-
nosa, Staphylococcus aureus, 1 ml of each prepared
concentration of the sample (1:10, 1:20, 1:50) is
dropped into 9 test tubes containing 10 ml of tryp-
tone soy-casein broth. The test-strain suspensions
are added to the test tubes (for each concentration
of the test sample) in the following volumes: 1 ml
of Escherichia coli culture suspension to 3 tubes; 1
ml of Pseudomonas aeruginosa culture suspension
to 3 tubes; 1 ml of Staphylococcus aureus test-strain
suspension to 3 tubes.

In parallel, the growth rate of the test-culture
microorganisms is monitored. For this, 0.2 ml of
Bacillus subtilis (at a concentration of 103 CFU/ml)
of each test-culture suspension prepared is added to
tryptone soy-casein agar; 0.2 ml of Candida albi-
cans; 0.2 ml of Aspergillus brasiliensis Sabouraud
agar medium is added and mixed.

Escherichia coli ATCC®8739, Pseudomonas
aeruginosa ATCC®9027, Staphylococcus aureus
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ATCC®6538 test culture microorganisms (at a con-
centration of 103 CFU/ml) were inoculated in 1 ml
of 10 ml test tubes. The control was performed in 3
replicates.

Samples contaminated with test culture micro-
organisms Escherichia coli, Pseudomonas aerugi-
nosa, Staphylococcus aureus, Bacillus subtilis are
incubated in a thermostat for 48 hours at a tempera-
ture of 35-37-C.

Samples contaminated with test culture micro-
organisms Candida albicans, Aspergillus brasilien-
sis are incubated in a thermostat for 5 days at a tem-
perature of 22-25-C.

After the incubation period, the presence or ab-
sence of a characteristic and normal growth rate of
microorganisms is determined in Petri dishes and
test tubes containing the tested sample and test cul-
ture microorganisms and in controls [6,11].

The applied methods are consistent with the
fundamental principles of biomedical statistics de-

scribed by Altman (1991), including the use of mean
values, standard deviation, and variability analysis
[33].

Results and discussion

In the experimental work, the antimicrobial
activity of three batches of Captopril (substance:
5102-17-014, 5102-17-045, 5102-18-017; fin-
ished dosage form: batches 001, 002, 003) was
evaluated against the pharmacopeial test strains
Escherichia coli ATCC®8739, Pseudomonas ae-
ruginosa ATCC®9027, Staphylococcus aureus
ATCC®6538, Bacillus subtilis ATCC®6633,
Candida albicans ATCC®10231, and Aspergillus
brasiliensis ATCC®16404. For each concentration/
strain combination, three replicates were performed
(x1, x2, x3), and the mean values (X) and standard
deviations were calculated. The results are summa-
rized in Tables 1-3.

Table 1 — Results of the Study of the Antimicrobial Activity of Captopril Substance (Batches 5102-17-014, 5102-17-045, 5102-18-

017)
Sample | Unit of Captopril substance series
Test cultures
conc. | measure 5102-17-014 5102-18-017 5102-17-045
X X, X, X X, X3 X, X, X, X3 X,
1:10 - - -
With 0 0 0 0 0 0 0 0 0 0 0
dicati CFU
medication 1:20 0 0 o |o] o 0 olo] o] o] o0
1:50 94 95 95 90 | 89 90 90 95 91 93 93
2
S | Without - CFU | 96 | 94 95 | 89 | 92 | o1 |91 | 93| 94 | 94 | o4
£ medication
=
'g Common standard deviation
3]
With 1:50 % x=95 x=90 x;=93
medication 250
Without 5 x;=95 x=91 x=94
. . - 0
medication 208
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Continuation of the table

Sample | Unitof Captopril substance series
Test cultures
conc. | measure 5102-17-014 5102-18-017 5102-17-045
X X X5 X X X, X3 X X X, X3 X
1:10 - - -
With - 87 86 |8 | 87 |94 | 95| 92 |94 | 90| 92| 92| 91
medication 1:20 92 87 90| 90 | 94 |9 | 95 | 95 |8 | 91 | 92 | 91
1:50 93 94 | 94| 94 | 96 | 93 | 95 [ 95 | 89 | 94 | 92 | 92
. 95 | 93
Without ; CFU 89 | 95 | 92| 92 | 91 93 | 90 | 94 | 92 | 92
medication
2
_§ Common standard deviation
S
S i — =
:§ 1:10 x=87 X, 94 X; 91
=
S 3.51
With xi=90 xi=95 xi=91
L. 1:20 %
medication 2 64
xi=94 xi=95 X;=92
1:50
1.52
Without y xi=92 xi=93 xi=92
medication 0 057
X X, X5 X, X X X5 X, X X, X5 X
1:10 -
With - 48 | 45 | 40 | 44 | 44 | 39 | 35 | 39 | 39 |37 ] 40 | 39
medication 1:20 47 | 42 | 40 | 43 | 41| 40 | 38 | 40 | 40 |38 | 35 | 38
1:50 39 | 40 | 41 | 40 [ 38 | 31 | 39|36 | 36 |38 36| 37
| Without CFU 42 |40 | 43 |42 | 39| 42 |40 | 40 | 39 |36 38 | 38
-2 medication
=
S
= Common standard deviation
S
~
e x=44 X=39 x=39
S 1:10
1Y)
& 2.88
S
= With 1:20 y x=43 x=40 x=38
medication 0 251
xi=40 xi=36 X;=37
1:50
2.08
Without \ xi=42 xi=40 xi=38
Jov %
medication >
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At concentrations 1:10 and 1:20, the substance
demonstrated pronounced inhibition of B. subtilis,
manifested by the absence of microbial growth,
whereas at 1:50 growth was present and the CFU
counts were close to the control. For Candida albi-
cans and Aspergillus brasiliensis, the substance did
not show significant fungicidal activity at the tested
concentrations; at 1:10-1:50, numerical values and
mean counts differed insignificantly from the con-
trol. Standard deviations across the three replicates

were small, indicating reproducibility of the mea-
surements.

The Captopril substance exhibits selective anti-
bacterial activity against some test strains at higher
concentrations, but does not demonstrate meaning-
ful antifungal effects under the test conditions.

For the finished dosage form of Captopril (batch-
es 001, 002, 003), inhibition of B. subtilis was also
observed at 1:10 and 1:20, i.e., absence of growth,
while at 1:50 microbial growth was restored.

Table 2 — Results of the Study of the Antimicrobial Activity of Captopril Finished Dosage Form (Batches 001, 002, 003)

Sample | Unit of Captopril drug series
Test cultures
conc. measure 001 002 003
1:10 X, X, X5 =i X X, X3 X X X X3 X
i ' 0 0
With CFU
medication 1:20 0 0 0] 0 0 0 | o0 0
2 1:50 96 93 95 95 94 | 93 94 94 93 90 | 91 91
s | Without - CFU | 95| 96 | 95| 95 |97 96| 95 | 96 | 93 | 92| 89 | o1
- medication
=
3 Common standard deviation
I
R With 1:50 % x=95 | X=94 | x 91
medication 2.08
Without . x=95 | x=95 | x=91
Lo - %
medication 2.3
10 X, X, X, X, X, X, X, X, X, X, X, X,
With cpu L4 L 95 95 95 | 94190 | 92 | 92|87 86| 8 | 86
medication 1:20 94 | 96 | 95| 95 | 94 | 92| 8 |92 | 92| 87 | 91 | 90
1:50 96 93 95 95 94 | 93 88 92 89 93 91 91
; 94 91
Wlth. - CFU 91 95 93 93 92 92 93 89 92 91
- medication
=
E Common standard deviation
]
. =95 =92 =86
3 1:10 X; | X; | X
'~§ 4.58
° | |
: x=95 x=92 x=90
With 1220 % ‘ ‘ :
medication 2.51
x=95 | x=92 | x=91
1:50
2.08
Without o X=93 | X=92 | x=91
medication ° 1.0
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Continuation of the table

Sample | Unit of Captopril drug series
Test cultures
conc. measure 001 002 003
110 X, X, X, X, X, X, X, X, X, X, | X, X,
With . 41 42 40 41 | 38 | 39 35 | 37 40 38 | 34 | 37
L CFU
medication 1:20 39 40 39 39 | 42 | 40 39 | 40 36 34 | 40 | 40
1:50 39 38 41 39 | 39 | 33 42 | 38 41 36 | 35 | 37
2 le[ho‘.lt CFU 38 41 43 40 | 42 | 37 | 39| 40 37 42 | 38 | 39
2 medication
N
= Common standard deviation
s
S x=41 | x=37 | x=37
S 1:10
S 2.3
g0
S| with 1120 y x=39 | x40 | x=40
= medication ° 057
x=39 | x=38 | x=37
1:50
1.0
Without y x=40 | x=40 | x=39
medication ° 057

For Candida albicans and Aspergillus brasilien-
sis, no significant deviations from the control were
observed, confirming the absence of antifungal ac-
tivity under the tested conditions.

Comparison of the batches shows minimal variabil-
ity (similar X and SD values), indicating stability of the
manufacturing process and consistency of the effect.

Thus, the finished dosage form reproduces the
behavior of the substance—demonstrating a bacte-

riostatic effect at higher concentrations and no activ-
ity against the tested fungal strains.

In the next stage of our experiments, a qualita-
tive assessment of growth was performed for P. ae-
ruginosa. As shown in table 3, all batches and all
concentrations exhibited growth (“+7), indicating
no antimicrobial activity against this strain. This
finding is consistent with the known high resistance
of Pseudomonas to many substances.

Table 3 — Antimicrobial Activity Against Pseudomonas aeruginosa, Escherichia coli and Staphylococcus aureus

Tested sample/series
Captopril substance The drug Captopril
Test cultures Series
5102-17-014 | 5102-17-045 | 5102-17-014 001 002 003

10 Xl X [ X ] X0 | X | X [ XX [ XXX X X | X [ XXX, | X

<. + |+ |+ + |+ |+ |+ + |+ F ||+ |+ |+ +]|+ +
§ '§° 1:20 S T S R N S I O o N S A B A + |+ | + | + +
;S: § 1:50 S I I S e O O I O T e I T e I e B I +
Contro_l (W_ithout S I R S I A N O S N S I S I R +

medication)
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Continuation of the table

Tested sample/series
Captopril substance The drug Captopril
Test cultures Series
5102-17-014 | 5102-17-045 | 5102-17-014 001 002 003
. XX [ X | X XX XXX X X X XX | XXX, | X

= :10
S - - - - - - - - - - - - - - - - - -
Q
S
S 1:20 - -] - - - - - - - - - - - - - - - -
b
< 1:50 R T S T S S R S O S S O S I S N S (O S N S S S B
Q
=]
N .

Contro.l(vs@thout S I TR o I O A S O S R S I S N I S +

medication)
§ Xl X1 XZ Xi Xl XZ Xi Xl X2 Xi X2 Xi Xl X2 Xi X1 X2 Xi
S 1:10
S - . - - - N I - . - - - R - -
S
g
§ 1:20 - -] - - - - - - - - - - - - - - - -
RS 1:50 + |+ |+ + |+ |+ |+ + |+ + |+ |+ + |+ ]|+ +]+] +
=
3, .
S Contro}(\ylthout + |+ |+ + |+ |+ |+ ]+ |+ + |+ |+ + |+ |+ +]+ +
Y medication)

Qualitative Evaluation: “+” — growth, “—” — no growth

For E. coli and S. aureus, no growth (“—") was
observed at concentrations 1:10 and 1:20, while at
1:50 growth was restored (“+”). Thus, the inhibi-
tory effect is manifested only at higher concentra-
tions.

Thus, both the substance and the finished dosage
form of Captopril exhibit a pronounced inhibitory
effect against E. coli and S. aureus at concentrations
1:10-1:20, whereas P. aeruginosa is resistant and
not inhibited at the tested concentrations.

Conclusion

The obtained results on the antimicrobial activ-
ity of Captopril samples produced by a domestic
manufacturer demonstrate that at concentrations
1:10 and 1:20 the preparation suppressed the growth
of Escherichia coli, Staphylococcus aureus and Ba-
cillus subtilis, but had no effect on Pseudomonas
aeruginosa, Candida albicans or Aspergillus brasil-
iensis. At a higher dilution (1:50), antimicrobial ac-
tivity disappeared. These observations apply to both
the substance and the tablet form.

The observed activity against E. coli, S. aureus
and B. subtilis is consistent with previously pub-
lished data showing that L-captopril can inhibit

bacterial enzymes (particularly DapE), which may
slow the synthesis of cell envelope components and
thereby suppress bacterial growth [15].

The absence of effect against P. aeruginosa can
be explained by well-known resistance mechanisms
of this species: reduced outer membrane permeabil-
ity, active efflux systems, and biofilm formation.
These features make Pseudomonas less susceptible
to many chemical compounds that are not specifi-
cally designed for it.

The lack of activity against Candida and Asper-
gillus is expected, since Captopril is not positioned
as an antifungal agent and its chemical structure is
not typical of azole or polyene fungicides.

The use of pharmacopeial ATCC test strains and
standard culture media increases the comparability
of the results with other studies.

The described method for determining the “mi-
crobiological purity” indicator for the Captopril
substance and finished dosage form, as well as the
standard inhibition test for this drug, may be incor-
porated into the manufacturer’s specification. The
presence of intrinsic antimicrobial activity in the
substance/preparation provides quality control spe-
cialists with an understanding of its potential influ-
ence on microbiological tests[1,2,16].
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The obtained data confirm that Captopril
exhibits concentration-dependent antimicro-
bial activity against several pharmacopeial
bacterial strains under the test conditions. This
has direct practical significance for microbio-
logical purity testing procedures: without ac-
counting for this property, false results may
be obtained. It is recommended to implement
neutralization steps or other sample prepara-
tion approaches and to document this proper-

ty in the manufacturer’s specification and in
quality control protocols.

Information about the presence or absence of
antimicrobial activity in the Captopril substance
and finished dosage form is not reported in the State
Pharmacopeia of the Republic of Kazakhstan. The
conducted studies made it possible to improve the
effectiveness of the standard pharmacopeial meth-
odology by suppressing antimicrobial activity dur-
ing sample preparation.

References

1. European Pharmacopoeia. Microbiological quality of pharmaceutical preparations /EDQM, 2020.

2. United States Pharmacopeia (USP 43-NF 38). Microbiological Tests <61>, <62>. Rockville: USP, 2020.

3. XKakunb6exoB K.C., Tynemucos C.K., [arxaes Y.M., Cakunosa 3.5., I'magyx E.B., Hemuenko A.C. IlepcriekTuBb
pa3BuTHs (papManeBTHIeCKOro peiHka Pecrryommkn Kaszaxcran // SyberLeninka. —2014. — Ne 38. — C. 11.

4. Bsnos C.C., Crerruenko A.A., Jlponosa T.A., Bunnunkas E.B. Bei6op npenapata /ist 1eKapCTBEHHOMN TEPAITUH C yUETOM
ocobeHHocTel cyOcTannuu: PannonansHas GpapmakoTtepanus / M. — 2012 — Ne6(4). — C. 34-38.

5. XaOpuesa P.Y. PyKoBOACTBO IO 3KCHEPUMEHTAIBHOMY (ZOKIMHUYECKOMY) H3YYEHHIO HOBBIX (DapMaKOIOrHYECKHX

emects // M: OAO «M3parensctBo «Menuuna»», 2005. — 832c¢.

6. IOpreas H.B., Mnanenuesa A.Jl., bypmeiin A.B., I'enbman M.A., Mamuna A.A., Kocenko B.B. PykoBozacto
JUISL TIPEANPUSTHA (apMaIeBTUIECKOH MPOMBIIUIEHHOCTH METOJNYECKHe PEKOMEHIAMU [0 BalMIAllMA METOJAWK aHajm3a
JIEKapCTBEHHBIX CPE/ICTB oA penakuueii /M.: M3narensctBo «Cropt u kyneTypa-2000», 2007. — C. 10.

7. 3sepes B.B., boituenkoM.H.Muxpo6nomnorust: yaeonux /M.: TDOTAP-Menua, 2014. — 608 c.

8. McDonnell G., Russell A.D. Antiseptics and disinfectants: Activity, action, resistance. Clin Microbiol Re// 1999;12(1):147—

179.

9.  Walsh C. Molecular mechanisms of antibacterial resistance /Chem Rev. 2000;100:145-177.

10. Neu H.C. Mechanisms of antimicrobial resistance in bacteri / Am J Med. 1986;80:23-29.

11. MycunoB C.P., TynerenoBa A.Y. «[ocynapcTBeHHas dapmakoresi — TJIaBHBII CTAHJApPT KayecTBa JIEKAPCTBEHHBIX
CPEJICTB ¥ H3JIeIINii METMIINHCKOTO Ha3HaueHus B Pecrybnuke Kazaxcrany // Beoomocmu Hayunozo yenmpa sxcnepmusvl cpeocms

meouyunckozo npumenenus — 2016. — Ne 2. — C. 26-30.

12. Livermore D. Mechanisms of resistance. Microbiol Rev. 1995;59:629-640.

13. Denyer S., Hodges N., Gorman S. Hugo & Russell’s Pharmaceutical Microbiology //Wiley-Blackwell, 2011.

14. Denyer S.P., Baird R. Guide to microbiological quality control in pharmaceutical production //Wiley, 2015.

15. Debodyuti Dutta, S. Mishra. L-Captopril and derivatives as potential inhibitors of microbial enzyme DapE: //J Mol Graph-

ics Modeling. 2018;84.

16. Brook I. (1989). Inoculum effect // Rev. Infect. Dis. 11, 361-368. 10.1093/clinids/11.3.361
17.  CLSI Methods for Determining Bactericidal Activity of Antimicrobial Agents. //Approved Guideline. 2009;18.
18. Brauner A., Fridman O., Gefen O., Balaban N.Q. Distinguishing between resistance, tolerance and persistence // Nat Rev

Microbiol. 2016;14:320-330.

19. Mounyr Balouiri, Moulay Sadiki, Saad Koraichi Ibnsouda. Methods for in vitro evaluating antimicrobial activity /A

review. ] Pharm Anal. 2016;6(2):71-79.

20. Ilenema H. Obecnieuenne kauecTBa JICKAPCTBEHHBIX CPEJICTB-0/IHA U3 BAXKHEHIIMX 3a/1a4 COBpeMEeHHOIt (apmanuu //M:

2015.-C. 4.

21. TaneinkuH B.A., Kaueposen B.J11., 'abunosa A.3. dapmanesruyeckas Mukpobuosnorus / M: Apuedus. —2015.- C.183.
22. Koueposenn B.U., T'abmnoBa A.D., I'ynapO.B., T'ampmkunB.A., 3ankunaH.A. Beenenme B (hapMarieBTHUECKYIO

mukpoouonoruto /Cnb.: IIpocnekt nayku, 2014. -C. 238.

23. Tabumosa A.3.,I'ynap O.B., 'apabamxuy A.B., lanskun B.A. MukpoOnonorudeckast 00ceMeHEHHOCTB JIEKAPCTBEHHOTO
pacTuTenbHOro ChIpbsi // MexayHapoaubiii popym «IIponoBonberBenHas 6e3onacHoctb». — CITB: 2013, — C. 142-148.
24. Jlabunckas A.C., brimakosa JLII., Emuna A.C YactHast MeIHIIMHCKAss MUKPOOUOJIOTHS C TEXHUKOH MUKPOOHOIOTHYECKAX

uccaenosanuii /M. «Memununay, 2005.-C. 599.

25. Debodyuti Dutta, Sabyashachi Mishra L-Captopril and its derivatives as potential inhibitors of microbial enzyme DapE:
A combined approach of drug repurposing and similarity screening//June 2018, Journal of Molecular Graphics and Modeling 84

26. Pharmacopoeia of the Republic of Kazakhstan// National Center of Expertise of Medicines, 2020.

27. British Pharmacopoeia (BP). Microbiological Quality Tests. 2023

154



A.V. Kudryakova et al.

28. IllepsikoB A.A I'ocynapcrBennas dapmaxornes: Pecriyoniku benapycs /Towm 1, 2012.

29. Hugo W.B., Russell A.D. Pharmaceutical Microbiology //8th Edition. Wiley, 2011.

30. Prescott L.M., Harley J.P., Klein D.A. Microbiology //10th Edition. McGraw-Hill, 2021.

31. Sandle T. Microbiological Quality Control for Pharmaceuticals and Medical Devices //Woodhead Publishing, 2016.

32. Balouiri M., Sadiki M., Ibnsouda S.K. Methods for in vitro evaluating antimicrobial activity //A review. J Pharm Anal.
2016;6(2):71-79.

33. Altman D.G. Practical Statistics for Medical Research //Chapman & Hall, 1991.

References

1. Altman D.G. Practical Statistics for Medical Research. Chapman & Hall, 1991.

2. Balouiri M., Sadiki M., Ibnsouda S.K. (2016) Methods for in vitro evaluating antimicrobial activity: A review. J Pharm
Anal. Vol.6(2), pp. 71-79.

3. Brauner A., Fridman O., Gefen O., Balaban N.Q. (2016) Distinguishing between resistance, tolerance and persistence. Nat
Rev Microbiol. Vol.143, pp. 20-330.

4. Brook L. (1989) Inoculum effect Rev. Infect. Dis.vol. 11, pp. 361-368. 10.1093/clinids/11.3.361

5. British Pharmacopoeia (BP) 92023)Microbiological Quality Tests.

6.  CLSI Methods for Determining Bactericidal Activity of Antimicrobial Agents (2009). Approved Guideline, vol. 18.

7.  Debodyuti Dutta, Sabyashachi Mishra. L-Captopril and its derivatives as potential inhibitors of microbial enzyme DapE:
A combined approach of drug repurposing and similarity screening (2018) J Mol Graphics Modeling, pp. 84.

8. Denyer S.P., Hugo W.B., Hodges N.A., Gorman S.P. Hugo & Russell’s(2011) Pharmaceutical Microbiology. 8th ed.
Wiley-Blackwell, ISBN 9781444330632.

9.  Denyer S.P., Baird R.M. (2006) Guide to Microbiological Control in Pharmaceuticals and Medical Devices. 2nd ed.
Taylor & Francis / CRC Press; ISBN 9780748406159.

10. European Pharmacopoeia. Microbiological quality of pharmaceutical preparations. EDQM, 2020.

11. TabumoBa A.D., I'ymap O.B., I'apabamxuy A.B., Ianemkun B.A. (2013) Mukpobuonoruyeckas 00CeMEHEHHOCTh
JIEKapCTBEHHOT'O PAaCTHTEIILHOTO CHIPbs // MexayHapoublid popym «IIponoBonserBennas 6e3onacHocts». — CIIB, 142-148 ctp.

12. TamemkuH B.A., Kaueposen B.U., 'abunoBa A.D. (2015) ®apmaneBtrueckas mukpoduosnorus / M: Apueous. C.183.

13. Hugo W.B., Russell A.D. (2011) Pharmaceutical Microbiology. 8th Edition. Wiley

14. Koueposen B.U., 'abunosa A.D., I'ynapO.B., I'anemkunaB.A., 3aukunaH.A. (2014) Beenenue B (GapManeBTHIECKYIO
mukpoduonoruto. Crb.: [Ipocnekr Hayku, C. 238.

15. McDonnell G., Russell A.D. (1999) Antiseptics and disinfectants: Activity, action, resistance. Clin Microbiol
Rev.;12(1):147-179.

16. Mycunos C.P., TynerenoBa A.Y. (2016) «['ocymapcTBenHas ¢papmaxonest — IJIaBHBIA CTaHIAPT KaueCTBA JIEKAPCTBEHHBIX
CPEJICTB M W3JeJINi MEAUIIMHCKOTo Ha3HaueHus B PecryOmmke Kazaxcram». Begomoctn HaydHoro meHTpa sKCIepTH3BI CPEICTB
MEIUIIMHCKOTO puMeHeHus.;No2:26—-30.

17.  Mounyr Balouiri, Moulay Sadiki, Saad Koraichi Ibnsouda (2016) Methods for in vitro evaluating antimicrobial activity: A
review. J Pharm Anal. vol. 6(2), pp.71-79.

18. Labinskaya A.S. (2005) Chastnaya medical microbiology.... M.: Medicine, 599 P.

19. Livermore D. Mechanisms of resistance. Microbiol Rev. 1995;59:629-640.

20. Neu H.C. (1986) Mechanisms of antimicrobial resistance in bacteria. Am J Med. vol.80, pp.23-29.

21. Perrin Y. et al. (2018) Drug-induced antibacterial activity in non-antibiotic pharmaceuticals. J Appl Microbiol. vol.124(4),
pp.1128-1139.

22. Pharmacopoeia of the Republic of Kazakhstan (2020) National Center of Expertise of Medicines

23. Prescott L.M., Harley J.P., Klein D.A. (2021) Microbiology. 10th Edition. McGraw-Hill,.

24. Sandle T. (2016) Microbiological Quality Control for Pharmaceuticals and Medical Devices. Woodhead Publishing,.

25. Shelema N. (2015) Ensuring the quality of medicines. M. 4 c.

26. State Pharmacopoeia of the Republic of Belarus (2012) Vol. 1. 400 P.

27. United States Pharmacopeia (USP 43-NF 38). Microbiological Tests <61>, <62>. Rockville: USP, 2020.

28. Vyalov S.S., Stepchenko A.A., Dronova T.A., Vinnitskaya E.V. (2012) Selection of a drug for medicinal therapy taking
into account the characteristics of the substance. Rational pharmacotherapy. vol.6(4), pp. 34-38.

29. Walsh C. (2000) Molecular mechanisms of antibacterial resistance. Chem Rev. vol.100, pp.145-177.

30. Zhakipbekov K.S., Tulemisov S.K., Dathaev U.M., Sakipova Z.B., Gladukh E.V., Nemchenko A.S. (2014) Prospects for
the development of the pharmaceutical market of Respublika Kazakhstan. SyberLeninka.vol.38, pp.11-15

31. Zverev V.V,, Boychenko M.N. (2014) Microbiology: textbook. M.: GEOTAR-Media, 608 P.

32. Xab6puenaP.V.(2005) PykoBoacTBO MO 3KCIIEpUMEHTATEHOMY (IOKITHHAYECKOMY ) U3yYEHUIO HOBBIX (DapMaKOIOTHYECKUX
emiects // M: OAO «M3narensctBo « Menuuuaany». 832c¢.

155



Study of the antimicrobial activity of captopril pharmaceutical products produced in Kazakhstan

33. HOprems H.B., Mnanenuesa A.JL., Bypneitn A.B., I'enbman M.A., Mammna A.A., Kocenko B.B (2007) PykoBozxctBo
Ul TpefnpusATHi (apMalneBTHYECKOH MPOMBIIUIEHHOCTH METOJMYECKHe PEKOMEHAAMH MO0 BalWJAlMd METOJUK aHaln3a
JIESKApCTBEHHBIX CPEJICTB Mo pepakiueii /M.: MznatenbetBo «CriopT 1 KyasTypa-2000», C. 10.

Information about authors:

Kudryakova Anna Viadimirovna — Head of Quality Control Department — Testing Laboratory of VIVA PHARM LLC (Almaty,
Kazakhstan, e-mail: anna.kudryakova@yvivapharm.kz).

Mukhataeva Karlygash Akparovna — PhD, Senior Lecturer, Department of Biotechnology, Al-Farabi Kazakh National Univer-
sity (Almaty, Kazakhstan, e-mail: muhataeva-71@mail.ru).

Imanalina Sabina Amirlanovna — Head of the Microbiological Laboratory LLP “Pharmaceutical Company Medservice Plus”
(Almaty, Kazakhstan, e-mail: Sabina.smile@mail.ru).

Ynmanbexosa ['yanop [loynembail xvizel — 6.2.k., on-@apabu amwvinoaevr KazYV oOuomexnonozus xageopacvinviy az2a
oxbimywvicol (Aimamol k., Kazaxeman, e-mail: ultanbekova77@mail.ru).

Cucemani Kyanvuu Paiieimbexynor — Maeucmp, 6uomexnonoeus xageopacul, On-Papabu amwvinoaser Kasax yaimmoix
yuusepcumemi (Animamul, Kazakcman, e-mail: kuanishsissemali@gmail.com).

Aemopnap mypanvl monimem:

Kyopsaxosa Anna Bnaoumuposna — Cananvl daxvinay oeniminiy 6acmoieel — « VIVA PHARM» scayankepwiniei uwiekmeyni
cepikmecmieiniy colHax 3epmxanacwl (Aimamol, Kazaxcman, e-mail: anna.kudryakova@vivapharm.kz)

Myxamaesa Kapnvieaw Axknapkwizvl — 0.2.0., aza oxvimyutsl, On-Papadbu ameindazvl Kasax yimmulx yHusepcumemi (Animamol,
Kazaxcman, e-mail: muhataeva-71@mail.ru)

HUmananuna Cabuna Amupnanosna — «KOK «Medcepsuc Ilnocy IKIIC mMuxpobuonocuanvly 3epmxaHacuiibly, MeHeepyuici
(Anmamul ., Kazaxcman, e-mail: Sabina.smile@mail.r

Vamanbexosa I'ynonap /aynemoéaesna — x.6.n., Cm.npenooagamens, kagheopa buomexunonoeuu, Kazaxckuil HayuOHa bHbll
yHusepcumem umenu Ano-Dapabu (Armamul, Kazaxcman, e-mail: ultanbekova77@mail.ru)

Sissemali Kuanysh Raiymbekuly — Master, Department of Biotechnology, Al-Farabi Kazakh National University (Almaty, Ka-
zakhstan, e-mail: kuanishsissemali@gmail.com)

Ceedenusn 06 agmopax:

Kyopsaxosea Auna Braoumupogna — pykogooumens omoena KOHmpoJia kavecmea ucnvimamensvroti rabopamopuu OO0 «VIVA
PHARM» (Anmamul, Kazaxcman, e-mail: anna.kudryakova@vivapharm.kz).

Myxamaeea Kapnvieaw Axnaposna — k. 0. H., cm. npenodagamens, Kagedpa dbuomexnonozuu, Kazaxckuil HAYUOHATbHLI
yHusepcumem umenu arv-Dapabu (Anmamol, Kazaxcman, e-mail: muhataeva-71@mail.ru).

HUmananuna Cabuna Amupnanosna — 3agedyiowas muxkpoouonoeuveckou aabopamopuu TOO «KDPK «Meocepsuc [lnocy
(Anmamul, Kasaxcman, e-mail: Sabina.smile@mail.ru).

Vamanbexosa I'vinap Jlaynembaesna — PhD, cm. npenodasamens, kaghedpa duomexnonocuu, Kazaxckuil HayuoHanoHwiil
yHugepcumem umenu anv-Dapabu (Anmamol, Kazaxcman, e-mail: ultanbekova77@mail.ru).

Cucemanu Kyanvuu Paiieimbexynvl — mazucmp, kageopa buomexunonrocuu, Kazaxckuil HayuoHanvHulil yHueepcumem umenu
anv-@apabu (Anmamvl, Kazaxcman, e-mail: kuanishsissemali@gmail.com).

Received June 15, 2025
Accepted November 20, 2025

156



