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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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THE INHIBITING EFFECT OF FS-1 DRUG
ON THE ANTIOXIDANT PROTECTION SYSTEM
OF MYCOBACTERIA TUBERCULOSIS

Abstract. Results of inhibitory action of FS-1 drug on antioxidant system of pathogenic mycobacteria
tuberculosis, including resistant MDR strain, are presented. The study of the effect of FS-1 drug on the activity of the
antioxidant system was carried out on the reference strain Mycobacterium tuberculosis H37Rv and MDR
(rifampicin, isoniazid, streptomycin, ethambutol, ethionamide, kanamycin, cycloserine and pyrazinamide resistant)
strain Mycobacterium tuberculosis 320. FS-1 drug under experimental conditions in vitro showed a new mechanism
of action on mycobacteria tuberculosis - suppression of functional activity of the enzyme superoxide dismutase,
which protects the microorganism from oxidative stress. The loss of resistance to oxidative stress by a bacterial cell,
i.e. the ability to neutralize highly toxic oxygen radicals, leads to the destruction of cellular structures, metabolic and
energy processes, disruption of the respiratory system and, as a result, its death. Antioxidant activity of
Mycobacterium tuberculosis H37Rv after exposure with FS-1 preparation at concentrations of 4ug/ml is inhibited by
90.64 %, while at concentration of 2 pg/ml on bacterial culture of this strain - by 89.07 %. The obtained results show
significant suppression of functional activity of superoxide dismutase enzyme in bacterial culture of Mycobacterium
tuberculosis H37Rv under the influence of FS-1 in these concentrations, showing pronounced inhibitory effect.
Similar studies of the effect of iodine-containing FS-1 drug on the antioxidant system were carried out on the
bacterial culture of M. tuberculosis multidrug resistant strain 320. It was found that antioxidant activity of FS-1
preparation in concentration 4 pg/ml is inhibited by 99 %, while in concentrations 2 pg/ml FS-1preparation
suppresses antioxidant activity of strain 320 by 98 %.

Thus, the studies showed that the FS-1 preparation at the test concentrations of 4 pg/ml and 2 pg/ml has a
mechanism for pronounced inhibition of the functional activity of the enzyme superoxide dismutase in
Mpycobacterium tuberculosis of both the reference sensitive strain H37Rv and the multidrug resistant strain 320. This
leads to disruption of the redox transformations of various chemical compounds that form the respiratory process in
the bacterial culture, providing the energy demand of the microorganism.

Key Words. lodine-containing FS-1 drug, mycobacterium tuberculosis, enzymes of the antioxidant system of
bacterial cells, superoxide dismutase (SOD), UV spectrometry.

Introduction. Tuberculosis is one of the most common infectious diseases that occurs in all countries
of the world. The causative agent of tuberculosis is the bacterium of a closely related complex (MTBC)
Mycobacterium tuberculosis, which most often affects the lungs and is prone to genetic changes with the
development of new forms. One of the reasons for the decrease in the effectiveness of treatment is the
increased level of spread of the multidrug-resistant (MDR) infectious agent to anti-tuberculosis drugs.

Currently, an important role in the spread of tuberculosis is played not only by the pathogen drug
resistance, but also by defense mechanisms factors of both immune system of macroorganism and of the
bacterial cell itself [1-3]. Over recent years, according to the literature, the search for intracellular targets
has expanded to create new anti-infective drugs [4-8]. Thus, there is evidence that antibiotics can cause an
increase in the production of ROS (reactive oxygen species), which leads to oxidative stress. In the works
of Kohanski M.A. et. al.; Kohanski M. A., Dwyer et. al.; Belenky, P. et al. [5,6,9] oxidative stress in the
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bacterial cell itself, as exemplified in E. coli, is considered to be one of the components of the
antimicrobial activity of antibiotics leading to their death. Oxidative stress is a condition of cells
characterized by an excess content of free oxygen radicals. Kurbanov A.l., Zenkov N.K. et al. [7,8] in
their works state that the course of disease and the nature of treatment of many infections are influenced
by free radical oxidation processes. Free radicals are produced as a result of respiratory function and the
use of oxygen received by cells for energy production. Molecular oxygen is the main source of free
radicals in the body. Oxygen is not an essential component of metabolic processes in the body.

Superoxide is the active form of oxygen is. Its change is catalyzed by the antioxidant enzyme
superoxide dismutase (SOD), which is produced during aerobic respiration, a chemical reaction, and
transfers energy to cells. SOD catalyzes dismutation of O, - radicals and prevents transformation of the
superoxide radical anion into the OH hydroxyl radical, which is highly toxic. Hence, SOD is a key enzyme
that directly ensures termination of free radical reactions chains in the cells of aerobic organisms [10-12].
This enzyme accelerates biochemical process in the cell from constantly generated highly toxic oxygen
radicals and always "works" in tandem with catalase, which quickly and efficiently breaks down hydrogen
peroxide into neutral compounds.

Thus, enzyme superoxide dismutase, which is considered to be a universal mechanism of
pathogenesis in infections, plays an important part in the antioxidase defense system of the microbe
organism against oxidative stress. This prompted us to study the effect of FS-1 drug developed at our
Scientific Center for Anti-Infectious Drugs JSC [13,18] on the activity of SOD in mycobacterium
tuberculosis.

Initial research carried out by us in experiments on M. smegmatis saprophyte culture selected a
method for measuring SOD activity and established the ability of FS-1 drug to suppress SOD activity [14].
This work presents the results of studying the effect of FS-1 drug on the activity of antioxidant system of
mycobacterium tuberculosis as a reference sensitive strain and a highly pathogenic multidrug-resistant
strain of this pathogen type.

Materials and Methods. The study of the effect of the FS-1 drug on the activity of antioxidant
system was carried out on the reference strain Mycobacterium tuberculosis Hy;Rv, as well as MDR strain
Mycobacterium tuberculosis 320, resistant to rifampicin, isoniazid, streptomycin, ethambutol and
pyrazinamide [15].

The investigated concentrations of the FS-1 drug of 2 ug/ml and 4 pg/ml proceeded from the MBC of
the taken mycobacterium tuberculosis cultures. The suspension of the studied M. tuberculosis cultures was
prepared at a concentration of 1.5x108 CFU/ml in sterile saline. Tests of samples of different
mycobacterium tuberculosis strains were carried out simultaneously on the same day under the same
settings.

Determination of the effect of the test substance on the antioxidant system of bacteria was carried out
by adrenaline autooxidation method in vitro [16]. We used 0,1% solution of adrenaline hydrochloride;
0.2 M bicarbonate buffer solution (pH = 10.65).

For the research, 2 ml of bicarbonate buffer was poured into test tubes, a 2 ml suspension of the test
culture of Mycobacterium tuberculosis at a concentration of 1.5x108 CFU/ml prepared in physiological
saline was added, the investigated concentrations of the FS-1 drug were also added, then 0.2 ml 0, 1%
solution of adrenaline hydrochloride. The test tubes were incubated for 15 min at room temperature, then
the supernatant was separated by centrifugal settling at 5000 rpm for 5 min.

The control was a sample without the addition of test substances, i.e. containing 2 ml of bicarbonate
buffer, 2 ml of saline and 0.2 ml of 0.1% adrenaline hydrochloride solution.

The optical density of the test samples of the supernatant was measured every minute for 30 min
(30 cycles) in the spectral range from 200 to 500nm on a Lambda 35 double-beam spectrophotometer
(Perkin-Elmer, USA). The operation principle of this device is based on measuring the ratio of two light
fluxes that had passed through the reference channel (blank - 2ml bicarbotate buffer, 2ml saline solution)
and the sample channel in the cell holder, which allows cutting off baseline values.

The degree of impact of the test substance on the antioxidant system of bacteria was calculated using
the formula described in the method [16]:

inhibition % (units) = [1 - (ODcontro/ODexperiment)] X 100% (1) where ODconwor 1s the mean value
(n = 30) of control sample optical density; ODexperiment 1 the mean value (n = 30) of the optical density of
the test sample.
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The results of measuring the kinetics of adrenaline autooxidation process in an alkaline medium and
in the presence of the investigated concentrations of the FS-1 drug are presented as mean values (n=30)
from 2 independent experiments.

According to the method, values above 30% were taken as a significant suppression of activity of the
bacterial antioxidant system exposed to the test substance.

Processing and visualization of experimental data was carried out using the Origin package. URSS
[17].

Obtained Results. The effect of iodine-containing FS-1 drug on the antioxidant system of
M. tuberculosis bacterial cell of the H;;Rv reference strain and multidrug resistant strain 320 was studied
by adrenaline autooxidation method in vitro. Figure 1 shows the results of a spectral study of a control
sample (0.1% adrenaline solution) in the range from 200 to 500 nm. Three absorption maxima were found
at 242,292, and 347 nm.
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Figure 1 - UV absorption spectrum of the control sample

It should be noted that when measuring an aqueous adrenaline solution with pH=7.0, its maximum
absorption at a wavelength of 280 nm was established. When measuring the kinetics of the autooxidation
of adrenaline in a bicarbonate buffer pH=10.65, the maximum absorption in the UV region was
determined at a wavelength of 292 nm. Observation of the entire spectrum at a length of 347 nm for
30 min showed the dynamics of spectral changes increasing in direct proportion to the measurement time.
The increase in the optical density of the primary adrenaline oxidation product accumulation was 0.52 op.
units/min. When measured immediately, optical density was 0.139A, and after 30 minutes, optical density
was 0.658A. However, the optical density in the spectrum typical of adrenaline in an alkaline medium -
292 nm decreased only by 0.01A within 30 minutes (from 1.03A to 1.02A).

Figure 2 shows the results of UV spectroscopy of an experimental sample of M. tuberculosis H3;Rv
supernatant after exposure to FS-1 at a concentration of 2 ug/ml. Three absorption maxima were found at
the spectra of 242 nm, 292 nm, and 347 nm.
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Figure 2 - UV absorption spectrum of a test specimen
of M. tuberculosis Hy;Rv supernatanta after exposure to FS-1 at a concentration of 2 pug/ml
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The increase in the optical density of the adrenaline autooxidation primary product accumulation at a
spectrum of 292 nm exposed to FS-1 drug at a concentration of 2 pg/ml on M. tuberculosis H;;Rv culture
was 0.28 op.u/min. In immediate measurement, the optical density was 1.24A, and after 30 minutes it was
1.52A.

In immediate measurement in the spectrum of 347 nm, the optical density of the test sample after
exposure to FS-1 drug on the cell culture of M. fuberculosis H3;Rv was 1.03A, and after 30 minutes it
increased by 0.16A and amounted to 1.19A.
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Figure 3 - UV absorption spectrum of a test specimen of M. tuberculosis H3,Rv
supernatanta after exposure to FS-1 in concentration of 4 pug/ml

Figure 3 shows the UV absorption spectrum of a test sample of M. tuberculosis H3;Rv supernatant
after exposure to FS-1 at a concentration of 4 pg/ml.

Increase in the optical density of adrenaline autooxidation primary product accumulation at a
spectrum of 292 nm when exposed to FS-1 drug at a concentration of 4 pg/ml on M. tuberculosis H3;Rv
cell culture averaged 0.46 op.u/min. When measured immediately, the optical density was 1.74A, and after
30 minutes it was 2.20A.

The optical density of the test sample after exposure to FS-1 drug at a concentration of 4 pg/ml on
M. tuberculosis H3;Rv cell culture with immediate measurement in the spectrum of 347 nm was 1.18A,
and after 30 minutes it increased by 0.28 A and amounted to 1.46A.

1,2
@ @
| - A
1,04 A
] S
~ 08 [ Control
< 08
2 & @® FS-14 mcg/ml
8 |~ A FS-12 mcg/ml|
5 0,6
[0}
Qo
&
< 04+
0.2 I
= = "
O»O‘F T T i T ¥ T i T
0 1 2 3 4

time (min)

Figure 4 - Dynamics of changes in the optical density of the control and experimental samples supernatanta
of M. tuberculosis H3;Rv at a wavelength of 347 nm
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Figure 4 shows the summary data of UV spectroscopy with the dynamics of changes in the optical
density of the supernatant of experimental samples of M. tuberculosis H;;Rv after exposure to FS-1 at
concentrations of 2 ug/ml and 4 pg/ml at a wavelength of 347 nm for 30 minutes versus control sample
without adding the test substance. Observation of the entire spectrum at a length of 347 nm for 30 min
showed spectral changes dynamics in the optical density of the culture liquid of M. tuberculosis H3;Rv
exposed to FS-1 drug in the tested doses. Figure 4 shows a graph constructed using the OriginPro software
(17). As can be seen from Figure 4, the addition of FS-1 drug to the test samples at concentrations of
4 and 2 pg/ml with M. tuberculosis H3;Rv culture versus control sample (without the FS-1 drug)
10.7 (p<0.0001) and 9.1 (p<0.0001) times, increase accumulation of the toxic product of adrenaline
autooxidation in the supernatant.

The degree of impact of FS-1 drug at concentrations of 2 pug/ml and 4 ug/ml on the antioxidant system
of bacteria, calculated according to the selected research methodology, showed an inhibitory antioxidant
activity of the effect on pathogenic mycobacterium tuberculosis. It was found that the antioxidant activity
of mycobacterium tuberculosis H3;Rv strain after exposure to FS-1 at a concentration of 4 pg/ml is
inhibited by 90.64%. This indicates a significant suppression of the functional activity of the superoxide
dismutase enzyme in the Mycobacterium tuberculosis bacterial culture exposed to FS-1 drug at a given
concentration. The degree of impact of FS-1 drug at a concentration of 2 pug/ml on the bacterial culture of
this strain was also determined. It was found that the drug inhibits antioxidant activity by 89.07%. The
obtained results indicate a significant suppression of the functional activity of the superoxide dismutase
enzyme in the bacterial culture of Mycobacterium tuberculosis H3;Rv strain exposed to FS-1 at these
concentrations, demonstrating a pronounced inhibitory effect.

We have also simultaneously carried out similar studies of the effect of iodine-containing FS-1 drug
on the antioxidant system of M. tuberculosis bacterial cell of multidrug-resistant strain 320 by adrenaline
autooxidation method in vitro.

Figures 5-7 show the spectral studies data of the supernatant of the test samples after exposure to FS-1
drug on MDR M. tuberculosis strain No. 320 in the range from 200 to 500 nm. There is also a shift in
wavelength observed from 242 nm to 292 nm and up to 347 nm.

In the studied ranges, the time-dependent dynamics of spectral changes are also shown. Figure 5
shows the data of spectral absorption of the experimental sample of the supernatant of M. tuberculosis
strain No. 320 after exposure to FS-1 drug at a concentration of 4 pg/ml. Three absorption maxima were
revealed at the spectra of 242 nm, 292 nm, and 347 nm.

184

30 400 50

Figure 5 — UV absorption spectrum of a test specimen of supernatant
of M. tuberculosis strain 320 after exposure to FS-1 in concentration of 4 pg/ml

The increase in the optical density of adrenaline autooxidation primary product accumulation
(292 nm) under the impact of FS-1 drug at a concentration of 4 pg/ml in the culture of MDR
M. tuberculosis strain 320 was 0.11 op.u/min, with immediate measurement the optical density was 1,70A
and after 30 minutes it amounted to 1.81A. The optical density of the supernatant of the test sample after
exposure to FS-1 drug with immediate measurement in the spectrum of 347 nm was 0.84A, and after
30 minutes - 1.02A increased by 0.18A.
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Figure 6 shows the data of spectral absorption of the experimental sample supernatant of the test
culture of MDR Mycobacterium tuberculosis strain 320 after exposure to FS-1 drug at a concentration of
2 ug/ml. Three absorption maxima were revealed at the spectra of 242 nm, 292 nm, and 347 nm.

- —
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Figure 6 — UV absorption spectrum of a test specimen of supernatant of the MIDR
M. tuberculosis after exposure to FS-1 in concentration of 2 pg/ml

The increase in optical density with the accumulation of the primary adrenaline autooxidation product
in the spectrum of 292 nm when exposed to FS-1 drug at a concentration of 2 pg/ml in the MDR
M. tuberculosis strain 320 of was 0.21 op.u/min, with immediate measurement the optical density was
0.97A, and after 30 minutes it amounted to 1.18A. The optical density of the supernatant after exposure
with immediate measurement in the spectrum of 347 nm was 0.94A, and after 30 minutes - 1.11A, which
shows an increase of 0.17A.

Figure 7 shows the summary data of UV spectroscopy with the dynamics of changes in the optical
density of the control and experimental samples of the supernatant of the MDR of strain 320 of
M. tuberculosis after exposure to FS-1 on bacterial cells at concentrations of 4 pg/ml and 2 pg/ml at a
wavelength of 347 nm within 30 minutes.

As can be seen from Figure 7, the addition of FS-1 drug at concentrations of 4 and 2 pg/ml into
experimental samples of the culture liquid of the MDR of strain 320 M. tuberculosis in comparison with
the control sample without the drug, by 9.3 times (p<0.0001) and 8.5 times (p<0.0001), respectively,
increases accumulation of the adrenaline autooxidation toxic product in the studied culture liquid.
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Figure 7 - Dynamics of changes in the optical density of the control and Experimental samples supernatanta
of the MDR M. tuberculosis at a wavelength of 347 nm

— 139=——



News of the Academy of sciences of the Republic of Kazakhstan

The degree of impact of FS-1 drug on the antioxidant system of bacteria in the studied concentrations
was calculated using formula (1) according to the procedure. It was found that the antioxidant activity of
FS-1 at a concentration of 4 pg/ml is inhibited by 99%. This indicates a significant suppression of the
functional activity of the superoxide dismutase enzyme in the bacterial culture of mycobacterium
tuberculosis MDR strain 320 when exposed to FS-1 drug at a given concentration.

FS-1 drug at a concentration of 2 ug/ml inhibits antioxidant activity of the bacterial culture of strain
320 by 98%.

Thus, the conducted studies have shown that FS-1 drug in the studied concentrations has a mechanism
for suppressing functional activity of the superoxide dismutase enzyme in bacterial cultures of
Mycobacterium tuberculosis, both the reference sensitive strain and the multidrug-resistant strain 320.

b.®.Kepumxanosa, A.b. [lxymarazuesa, H.b. Axmarty/uinna,
K.A. UckakobaeBa, E.H. Caxunosn

«MHdexuunsra Kapchl penaparrap FhlIbIMUA OpTaNBIF AK

@C- 1 J19PLIIK 3ATBI MUKOBAKTEPUSI TYBEPKYJIE3IHIH
AHTHOKCUIATTBI KOPFAHBIC )KYUECIHE MTHTUBUPJIEYIII 9CEPI

AnHorauusi. @C-1 mopimik 3aTBIHBIH TYOEpKyJe3MiH MAaTOTCHIl MHKOOAKTEePHUIApbIHBIH AHTHOKCHIAHTTHI
JKylieciHe, OHBIH IIIiHAE KONTEreH PEe3UCTCHTTI IOpiHIH TO3IMAUIIK IITaMblHA TEXKEYIIl OCepiHIH HOTIDKENepi
ycoHbUTFaH. Mycobacterium tuberculosis H3;Rv 3TanmoHpIk mraMeiHga sxxoHe Mycobacterium tuberculosis 320 mira-
MbIHAA(praMIUIHTe, W30HHWA3UIKE, CTPENTOMHIMHIE, 3TaMOyTOoJdFa, mupasuHaMmuiake, stnoHamuiake, [TACK,
KaHAMHIIMHTE YKOHE IUKIIOCEPUHIE) JKYPIi3iIeTiH aHTHOKCUIAHTTHI XKYHeHiH oencenainirine @C-1 nopiiik 3aThIHBIH
eHy xomimapeH 3eprrey. @C-1 mopimik 3aTel in Vitro SKCIIEPUMEHTTIK >KaFJalbIHIa TyOepKylie3 MHUKOOaKTepHs-
JIapbIHA 9CEp ETYAIH jKaHa MEXaHU3MIH, SIFHM MUKPOAF3aHbl TOTBIFY KYW3€TiCIHEH KOPFAHThIH CYyNEpOKCHANCMYTa3a
(depMeHTiHIH (QYHKIMOHAIIBIK OelCeHATiriH Oacyapl KepceTTi. BakTepusiblK >KacylmIaHBIH TOTBIFY CTpeciHe
TO3IMIUITIH JKOFAITYBl, SIFHH JKOFapbl YBITTHI OTTErl PpaJWKAIBIH OeHTapanTaHAblpy KaOlleTi »KacylIajbIK
KYPBUIBIMIBI, METAaOOJNUKAJBIK J>KOHE OSHEPreTHKAIbIK MpPOLECTep MEH TBIHBIC iy >KyHeciH Oy3albl JKoHE
HOTHXKeciHae oiiM Tyasipansl. PC-1 mpenaparsiMer 4 MKI/MJI KOHUEHTPALMACBIH/A dcep eTKeHHeH keliH Hi;Rv
mITaMbl TyOepKylle3 MHKOOAKTepHSUIApPBIHBIH aHTHOKCHAAHTTH Oencenainiri 90,64%-ra, am OCBI IITaMHBIH
0aKTepusUIbIK KYJIbTYpachlHa 2 MKI/MJ KOHIEHTpauusichiHna 89,07%-ra TexkeneTiHi aHBIKTaJIbl. AJBIHFaH
HOTIDKENIep alKbIH MHTHOUTOPIBIK dcepiH OaiKarteim, koHIeHTpanusga @C-1 ocepinern Hz;Rv mramer TyOepkymes
MHUKOOAKTEpHUsUIApbIHBIH OaKTepHSUIBIK KYyJIbTYPAChIHIAFbl CYNEpOKCUANUCMYTa3a (GepMEeHTIHIH (QYHKIMOHAIIBIK
OenceHaLNiriHiH aWTapiblkTaii OaceurFaHblH  kepcereni. Kypameinga wuoael 6ap @©C-1  mopinmik  3aThIHBIH
aHTHOKCHUJIAHTTHI XYHere ocepin ykcac 3eprreynep M.tuberculosis xken nopire Te3iMiai mramm 320 GaKTEPHSUIBIK
KyJbTypachlHa JKyprisinmi. byn perre 4 mMxr/mn konuentpaumusgarsl @C-1 mpenapaTblHBIH aHTHOKCHIAHTTHIK
6encenainiri 99%-ra TexeseTiHI aHBIKTANbI, all 2 MKI/MiI KoHUeHTparumschinna O@C-1 npenaparst 320 mTaMbIHbIH
AHTHOKCHIAHTTHIK Oesrcenainiria 98%.-ra 0acenaeremi.

Ocpuraiima >Kypri3iireH 3eprreyiiep 4 MKI/MI JkoHE 2 MKI/MJI 3epTTelieTiH KoHUeHTparmsgarsl OC-1
npenapareiHblH, H371v pedepeHTTIK ce3iMTal IUTaMbIHBIH 1a, KeIl xopire te3iMai 320 mrambIHBIH Ja TyOepKylie3
MHUKOOAKTEPHUSCHIH/A CYNIEPOKCUAIMCMYTa3a (PePMEHTIHIH (YHKIIMOHANIBIK OSJICEHIIITIH allKbIH TeXey TETIriHe ne
eKEeHIIITH KepceTTi. byl MUKpPOOpPraHW3MHIH OJHEPTreTUKANBIK KAKETTUIMH KaMTaMachl3 €TeTiH OaKTepHsUIBIK
KyJIbTYypa/ia THIHBIC ally IPOLECIH KYPaWThIH TYPJIi XUMHSIIBIK KOCBUIBICTAP/ABIH TOTBIFY-TOTBIKCBI3IaHy ©3repicTepiH
Oy3asl.

Tyiiin ce3aep: kypambiaga ox 6ap ®C-1 mpenapatsl, TyOepKyJie3 MUKOOAKTEpUsUIAphl, OaKTepus >Kacyla-
CBHIHBIH aHTHOKCH/IAHTTHI XYHe pepmeHTTepi, cynepokcuaaucmyrasza (COMl), YK-criekrpomerpus

— 40—



ISSN 2224-5286 Series chemistry and technology. 6. 2020

Bb.®.Kepum:kanosa, A.Bb. Ixxymarasuesa, H.B. AxmaTynnna,
K.A. UckakbaeBa, E.H. Caxunosn

AO «Hayunslil neHTp TPOTHBOMH()EKIIMOHHBIX TIPETIAPATOBY

NHI'MBUPYIOILIEE IlEfICTBI/IE JEKAPCTBEHHOTI'O CPEJICTBA ®C-1 HA CACTEMY
AHTHOKCHUJAHTHOU 3AIIUTHI MUKOBAKTEPUU TYBEPKYJIE3A

Annoranus. [IpencrasieHsl pe3yibTaThl MHIMOMPYIOIETro [eHCTBHS JekapcTBeHHoro cpexactBa ®C-1 Ha
AQHTHOKCH/IAHTHYIO CHUCTEMY IIaTOT€HHBIX MMKOOakTepuil TyOepkyies3a, B T.4. pesucteHTHoro MJIY- mramma.
N3yyenne BnusHuUs nekapctBeHHOro cpencrBa @C-1 Ha aKTMBHOCTh aHTHOKCHJAHTHOM CHCTEMBI NPOBENCHBI Ha
pedepentaom mwtamme Mycobacterium tuberculosis Hy;Rv u MJTY (x pudamnununy, n30HHa3U Iy, CTPENTOMULMHY,
3TaMOyTONy, mNUpasuHamMuny, dSTuoHamunmy, [IACK, kaHaMumumHy W UUKIOCepuHY) Iutamme Mycobacterium
tuberculosis 320. JlekapctBenHoe cpenctBo @C-1 B 3IKCHEPUMEHTANBHBIX YCIOBUAX [N Vitro TOKa3al HOBBII
MEXaHW3M JEHCTBUS Ha MHKOOaKTepHH TyOepKyie3a — TMojaBlicHHe (DYHKIIMOHAIBHON aKTHBHOCTH (epMeHTa
CYNEPOKCUAINCMYTA3bl, 3alUIIAONIET0 MHKPOOPTaHU3M OT OKHCIMTENBHOTo crpecca. lloTepst OakTepuanbHOMN
KJIETKOM YCTOHYMBOCTH K OKHCIHTEIBHOMY CTpecCy, T.6. CHOCOOHOCTH HEHTPanu30BaTh BBICOKOTOKCHYHBIE
KHCJIOPOZHBIE paJUKabl BEIET K Pa3pyIICHUIO KIETOYHBIX CTPYKTYP, METa0OJIMYECKMX M OSHEPreTUUECKHX
MPOLIECCOB, HApPYUICHHIO JIbIXaTEJIbHOW CHCTEMBI M , KaK CJEJCTBHE, K ee TIuOenu. YCTaHOBJIEHO, YTO
aHTHOKCH/IaHTHAsI aKTUBHOCTh MUKOOaKkTepuil TyOepkyinesa mramma Hi;Rv nocne Bo3neiicteust npenaparom ®C-1 B
KOHLEHTpauusix 4 MKr/min uHruompyercst Ha 90,64 %, Toraa Kak B KOHIIEHTpanWHM 2 MKI/MJI Ha OakTepHAIbHYIO
KynbTypy nAaHHoro mTamMa — Ha 89,07 %. IlomyueHHblE pe3ynbTaTbl CBUAETENBCTBYIOT O CYIIECTBEHHOM
NOJAaBICHNN (YHKIMOHAIBHOW aKTUBHOCTH ()epMEHTa CYNEpOKCHAIMCMYTa3bl y OaKTepHallbHOM KyJBTYpBI
MukoOakTepuii TyOepkyine3a mramma Hji;Rv mom BosmeiictBuem ®C-1 B maHHBIX KOHIICHTPALHUSAX, MPOSBISL
BBIPKEHHOE MHTUOUpyoliee eiicTBIE. AHAIIOTHYHbBIE UCCIICAOBAHMUS BIMSHHUS HOACOACPIKAIIETO JIEKAPCTBEHHOTO
cpenctBa @C-1 Ha aHTHOKCHIAHTHYIO CHCTEMY TIPOBEICHBI Ha OaKTepHaNbHYIO KyIbTypy M.tuberculosis
MHOXKECTBEHHO JICKapCTBEHHO Yycroiumoro mramma 320. IIpu 3TOM yCTaHOBIEHO, YTO AHTHOKCHAAHTHAS
akTiBHOCTH mpernapara ®C-1 B xoHueHTpauuu 4 MKr/mi uHruoupyercs Ha 99 %, Torna kak B KOHLIEHTPALUIX
2 mkr/mu npenapar @C-1 noxapiseT aHTHOKCUIAHTHYIO aKTUBHOCTD IitamMa 320 Ha 98%.

Takum 00pazoM, NpoBeJEHHBIE HCCIIEI0BaHUs TT0Ka3any, 4yTo npernapatr OC-1 B uccineayeMbIx KOHIEHTPALHIX
4 MKr/Ma M 2 MKIr/mi o0jlalaeT MEXaHHW3MOM BBIPQKEHHOTO WHIMOMPOBaHMS (YHKIMOHAIBHOW aKTUBHOCTH
(epMeHTa CYNEpOKCHUIANCMYTa3bl Y MUKOOAKTEepUi TyOepKyne3a Kak pe)epeHTHOr0 YyBCTBHTEIBHOIO IITaMMa
H;;Rv, Tak 1 MHOXECTBEHHO JIEKapCTBEHHO ycToWuuBoro mramma 320. DTO HPUBOAUT K HAPYLIEHUIO OKUCIH-
TEJIbHO-BOCCTAHOBHUTEJIFHBIX TPEOOPAa30BaHUil PAa3IMYHBIX XUMUYECKUX COCTMHEHHH, 00pa3yromIuX IbIXaTeIbHBINA
npouecc y 6akTepruaIbHON KyJIbTyphl, 00€CIIEUNBAIONINX SHEPTETHYECKYIO OTPEOHOCTh MUKPOOPTaHU3MA.

KuaroueBsie cioBa: monconep:kammii npemapatr @C-1, mukobakrepun TyOepkyie3a, (pepMEHTH aHTHOKCH-
JTAHTHOM CHUCTEMBI OaKTepHaIbHOH KIIETKH, cynepokcuanucmyTaza (COM), Y O-criekTpomeTpus.

Information about the authors:

Kerimzhanova B. F., JSC " Scientific Centre for Anti-infectious Drugs", Deputy head of the laboratory, Doctor of Biology
Sciences, Professor, kbf19@mail.ru, https://orcid.org/0000-0002-6860-3751;

Dzhumagazieva A.B., JSC "Scientific Centre for Anti-infectious Drugs", head of the Microbiology laboratory,
r_dawa@mail.ru, https://orcid.org/0000-0002-8610-7321;

Akhatullina N. B., JSC " Scientific Centre for Anti-infectious Drugs", Chief researcher, academician of the national
Academy of Sciences of Kazakhstan, Doktor of Biology Sciences, scaid@scaid.kz, https://orcid.org/0000-0003-2183-4680;

Iskakbayeva Zh. A., JSC "Scientific Centre for Anti-infectious Drugs", Deputy head of the laboratory,
zhanara_ 07 _74@mail.ru, https://orcid.org/0000-0001-7428-0074;

Sakhipov E. N., JSC " Scientific Centre for Anti-infectious Drugs", senior researcher at the physical and chemical research
testing laboratory, sakhipov108@mail.ru, https://orcid.org/0000-0002-3901-5563

REFERENCES

[1] Schnitzer R., Grunberg E. Drug Resistance of Microorganisms. Translated from English, Moscow: Foreign Literature,
1960, p. 466.

[2] Dorozhkova L.R., Zemskova Z.S. Latent infection. M., 1984, 224 p.

[3] Kerimzhanova B.F., Zemskova Z.S. L-transformation of bovine mycobacterium tuberculosis under the action of
isoniazid in a prophylactic dose in the body of guinea pigs//Collection of Scientific Papers. LVI/L. 1989. P.77-81.

[4] M.A. Kohanski, et al. Mistranslation of membrane proteins and two-component system activation trigger
aminoglycoside-mediated oxidative stress and cell death / // Cell. 2008. V. 135(4). P. 679-690.

[S] M.A Kohanski, D.J. Dwyer, J.J. Collins. How antibiotics kill bacteria: from targets to networks // Nat. Rev. Microbiol.
2010. V. 8(6). P. 423-435.

— 4] =



News of the Academy of sciences of the Republic of Kazakhstan

[6] Kurbanov A.I. Antioxidant enzymes of microorganisms as potential pathogenicity factors /A.I. Kurbanov // International
Medical Journal (Kharkov). 2009. Volume 15. N 1. p. 136-139.

[7] Zenkov N.K., Chechushkov A.V., Kozhin P.M., Kolpakova T.A., Menshchikova E.B. Macrophage and mycobacterium:
war without beginning and end // Successes of modern biology. The Russian Academy of Sciences. M. ISSN: 0042-1324,
V. 135, Number: 6, 2015, p. 554-574.

[8] Belenky, P. Bactericidal antibiotics induce toxic metabolic perturbations that lead to cellular damage / P. Belenky [et al.]
// Cell Rep. 2015. V. 13(5). P. 968-980.

[9] Edited by M.I. Perelman Phthisiology. Scientific Guide, M., 2007, p. 584.

[10]Bhattacharyya A, Chattopadhyay R, Mitra S, Crowe SE. Oxidative stress: an essential factor in the pathogenesis of
gastrointestinal mucosal diseases. Physiol Rev. 2014;94(2):329-354. doi:10.1152/physrev.00040.2012

[11]Liao D1, Fan Q, Bao L. The role of superoxide dismutase in the survival of Mycobacterium tuberculosis in macrophages
// Jpn J Infect Dis. 2013;66(6):480-8.

[12]Edwards K.M., Cynamon M.H., Voladri R.K., Hager C.C., DeStefano M.S., Tham K.T., Lakey D.L., Bochan M.R.,
Kernodle D.S. (2001): Iron-cofactored superoxide dismutase inhibits host responses to Mycobacterium tuberculosis. Am. J. Resp.
Crit. Care Med., 164, 2213-2219.

[13] Ilyin A.L., Kulmanov M.E. An antibacterial agent for the treatment of infections of a bacterial nature and its preparation
method. RK patent No. 28746, 2014, bul. No.7.

[14]Kerimzhanova B., Kassymbekova S., Akhatullina N., Iskakbayeva Zh., Sakhipov E., A.llin. Study on the effect of the
Drug FS-1 on activity of bacterial antioxidant system. // News of the Nas. Rk. Series of chemistry and technology
https://doi.org/10.32014(2019).2518-1491.53.

[15]Kerimzhanova B.F., I.S. Korotetskii, A.B. Dzhumagazieva, Zh.A. Iskakbayeva, E. Sakhipov, A. Ilin et.al. Patent for
utility model of RK, No. 4796, 2019.

[16]Sirota T.V. A new approach to the study of adrenaline autooxidation process and its use to measure the activity of
superoxide dismutase // Questions of medical chemistry (ISSN 0042-8809), V. 45. -1999, edition: 3, pp. 263-272.

[17]Isakova O.P., Tarasevich Yu.Yu., Yuzyuk Yu.l. Processing and visualization of data from physical experiments using
the Origin package. URSS. 2009.136 p. ISBN 978-5-397-00183-0.

[18]Paretskaya N.A., Tamazyan R.A., Akhmatullina N.B., Amanzholkyzy A., Sabitov A.N., Berdibai S.B., Kerimzhanova B.F.,
Dzhumagazieva A.B., Korotetskii I.S., Ilin A.I. New Semiorganic lodine Complex, Itsstructure And Biological Activity // News
Of Nas Rk. Series of chemistry and technology https://doi.org/10.32014(2018), 2518-1491.

— 42—



News of the Academy of sciences of the Republic of Kazakhstan

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[TpaBuna opopmMiieHUs CTaThU TSl Ty OJIUKAIIH
B )KypHaJIe CMOTPETh Ha CaiTe:

www:nauka-nanrk.kz

http://chemistry-technology.kz/index.php/en/arhiv

ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

Penakropsr: M. C. Axmemosa, /]. C. Anenos, A. Axmemosa
Bepcrka Ha kommbroTepe A.M. Kynveunbaesoii

ITonamucano B rreuats 03.12. 2020.
®opmar 60x881/8. bymara odcernas. [Ieuars — puzorpad.
9,1 .o, Tupax 300. 3aka3 6.

Hayuonanvnas akademus nayx PK
050010, Armamu, ya. [llesuenxo, 28, m. 272-13-18, 272-13-19



