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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.

KasakcmaH Pecrniybriukacbl Ynmmbik fbinibiM  akademusicel "KP ¥FA Xabapnapbl. Xumusi XoHe
mexHorsoausi cepusicbl” fblnbiMU XypHanbiHbiH Web of Science-miH xaHanaHfaH Hyckacel Emerging
Sources Citation Index-me uHOekcmeryee KabblndaHraHbiH xabapralobl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH opi the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday moaceneciH
kapacmbipyOda. Webof Science 3epmmeyuwinep, asmopnap, bacnawnbinap MeH MeKkeMmeriepee KOHmMeHm
mepeHOdiai MeH canacbiH ycbiHalbl. KP ¥FA Xabapnapbi. Xumusi XeHe mexHonoaus cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoFamOacmbIK YWiH eH 63eKmi xoHe 6edendi XUuMusinbIK FblribiMOap
6olbiHWa KoHmMeHmke adarndbifbiMbI30bl 6irndipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «Mseecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6blin
npuHsm Ons uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uUHOeKcupoeaHUU Haxodumcs 8 cmaduu paccmompeHusi komnaHuel Clarivate
Analytics dnss danbHeliwezo npuHamus xypHasa e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kayecmeo u
enybuHy koHmeHma 0r1s1 uccriedosamernel, asmopos, usdamerned u y4ypexdeHuli. BknoyeHue Vseecmusi
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly rpusepxeHHocmb K Hauboree
akmyarnbHOMY U 8/USIMesIbHOMY KOHMEeHMY o XUMU4YecKUM Haykam 011 Hauleeo coobwecmaa.
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STUDY ON THE EFFECT OF THE DRUG FS-1
ON ACTIVITY OF BACTERIAL ANTIOXIDANT SYSTEM

Abstract. The effect of iodine-containing complex FS-1 on the antioxidant system in M. smegmatis is
described. It is shown that FS-1 under in vitro experimental conditions at doses of 2 pg/ml and
4 pg/ml inhibits the functional activity of bacterial superoxide dismutase enzyme on the example of atypical
mycobacteria M. smegmatis, i.e. resistance to oxidative stress.

Keywords: lodine-containing complex FS-1, antioxidant system, oxidative stress.

Introduction. The widespread introduction of anti-infectious drugs in medical and veterinary practice
has resulted in the emergence of various resistance mechanisms in microorganisms that neutralize or
reduce their effect [1-3]. Currently, this problem has acquired a global scale and led to a decrease in the
drug treatment effectiveness or its complete loss [4-6].

The reason for the spread of infection is not only the resistance of the causative agent to the drugs
used, but also the acquisition of resistance and adaptation to the effects of the defense mechanisms of the
immune system in the macroorganism [7-9]. It has been established that the course of the disease and
nature of the treatment for a number of infectious diseases are influenced by free radical oxidation
processes [10, 13]. The protective role of the immune system in the macroorganism and, first of all,
phagocytosis with an oxygen-dependent mechanism of action on bacteria is known [11]. In this case,
phagocytes kill the absorbed microbes by various superoxide radicals through the action of the antioxidant
enzyme system in microorganisms. The antioxidant enzyme system in microorganisms is composed of
catalase, peroxidase, antioxidant superoxide dismutase (SOD), etc., involved in the neutralization of free
radicals. Catalase and SOD protect microorganisms from exogenous and endogenous oxidative stresses by
neutralizing superoxide radicals. The superoxide toxic radical formed in the cells as a result of metabolic
processes by means of the SOD and catalase enzymes is converted into hydrogen peroxide, followed by its
decomposition into harmless molecular oxygen and water. Microorganisms, in turn, acquire resistance and
adaptation to oxidative stress, as a result of which they survive in the nidus of inflammation, frequently
inside phagocytes [12-15].

The cells of microorganisms in their structure and functions are a full-fledged unicellular organism
responsible for physiological regulation and self-reproduction [16]. The mechanism of action of modern
chemotherapeutic drugs on the microbial cell is complex and multiform. It is associated with their effects
on the microbial enzyme system, respiratory rate, metabolism, on the processes of reproduction and vital
activity of bacteria. Therefore, the need to study the effect of chemotherapeutic drugs on the microbial
cells, their morphological features, emerging endogenous and exogenous oxidative stresses during both
metabolic and infectious processes, seems relevant.

This paper presents the results of a study on the effect of the new iodine-containing drug FS-1 (Patent
of the Republic of Kazakhstan No. 28746, 2014) developed at JSC Scientific Center for Anti-Infectious
Drugs on the activity of the bacterial antioxidant system in mycobacteria.
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Materials and Methods. As a model microorganism, a fast-growing atypical culture Mycobacterium
smegmatis ATCC 607, obtained from the American Type Culture Collection, was used. The examined
concentrations of the drug FS-1 were chosen based on MBC against this test culture, and amounted to 2
and 4 pg/ml. 0.1% solution of adrenaline hydrochloride (FSUE Moscow Endocrine Plant, Russia), 0.2 M
bicarbonate buffer (pH 10.65) were used in this study.

The effect of the substance under study on the antioxidant system in bacteria was determined by in
vitro autooxidation of adrenaline [17]. During the autooxidation of adrenaline in alkaline medium at room
temperature, an adrenaline oxidation product was formed, which absorbed at a wavelength of 347 nm. The
formation of this product was inhibited by bacterial superoxide dismutase. It was found that the emergence
of the adrenaline oxidation product significantly outpaced the formation of adrenochrome (480 nm). It was
therefore proposed to use the determination of this substance to measure the antioxidant activity of various
compounds.

To this end, 2 ml of bicarbonate buffer (pH 10.65) were poured into test tubes, 2 ml of a suspension of
M. smegmatis ATCC 607 at a concentration of 1.5x10® CFU/ml prepared in physiological saline (pH 7.2)
were added, followed by the introduction of the examined concentrations of FS-1 and 0.1 % solution of
adrenaline hydrochloride. The experimental tubes were incubated for 15 min at room temperature and
further centrifuged at 5,000 rpm for 5 min. A sample without adding the substance under study, i.e.
containing 2 ml of bicarbonate buffer, 2 ml of physiological saline, and 0.2 ml of 0.1% adrenaline
hydrochloride solution, served as a control.

The optical density of the supernatant was measured every 30 seconds for 10 min (20 cycles) in the
spectral range from 200 to 500 nm using the Perkin — ElImer Lambda 35 double-beam spectrophotometer
(USA). The operating principle for this device is based on measuring the ratio of two light fluxes that
passed through the comparison channel (blank - 2 ml of bicarbonate buffer, 2 ml of saline solution) and
the sample channel in the cuvette compartment, which allows the background values to be cut off.

The degree of impact of the substance under study on the antioxidant system in bacteria was
calculated according to the following formula [17]:

Percentage of inhibition (activity units = [1 — (ODcontrol / ODexp)] x 100 % (1),

where ODcontrol 1S the average value (n=20) of the optical density of the control sample ; ODey, iS the
average value (n=20) of the optical density of the experimental sample.

The values above 30% were considered as a significant suppression of the activity of the bacterial
antioxidant system under the effect of the substance under study.

The results of measuring the kinetics of the process for autooxidation of adrenaline in alkaline
medium and in the presence of the examined concentrations of the drug FS-1 were presented as mean
values from 2 independent experiments. In a statistical analysis of the control and experimental samples
with GraphPad Prism version 6.00 for Windows (GraphPad Software, La Jolla California USA), the
obtained data were checked for normal distribution using the Shapiro-Wilk test. When confirming the null
hypothesis, the further data processing was carried out by the parametric method (One-way ANOVA). The
results were considered significant at p<0.05.

Results and Discussion

The effect of the drug FS-1 on the antioxidant system in M. smegmatis by in vitro autooxidation of
adrenaline was studied. Spectral studies of the control sample in the range 200 to 500 nm revealed 3
absorption maxima at 242 nm, 292 nm, and 347 nm (Fig. 1). An agqueous solution of adrenaline gives a
maximum absorption at 279 nm, while in alkaline medium (bicarbonate buffer, pH 10.65) there is a slight
shift in the absorption maximum in the UV region to 292 nm [17]. As shown in Figure 1, by measuring the
entire spectrum for 10 min, it was possible to detect the dynamics of spectral changes at 347 nm, which
increased in direct proportion to the measurement time. An increment in the optical density of
accumulation of the primary adrenaline oxidation product was 0.01-0.02 OU (optical density)/min; when
measuring immediately, the optical density at 347 nm was equal to 0.18 A, after 10 minutes it was 0.35 A.
Moreover, the optical density in the spectrum characteristic of adrenaline in alkaline medium (292 nm)
decreased only by 0.01 A (from 1.41 A to 1.40 A) for 10 min.
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nm
Figure 1 - UV

Spectral studies of the experimental samples in the range of 200 to 500 nm revealed that the
introduction of the drug FS-1 in the examined concentrations resulted in a slight shift in the wavelength
from 242 nm to 240 nm, 292 nm to 295 nm, and 347 nm to 333 nm (Fig. 2, 3).

Figure 2 shows the results of UV spectroscopy of the experimental sample containing 2 ug/ml of FS-1
where a time-dependent dynamics of spectral changes at 347 nm is clearly visible. An increment in the
optical density of accumulation of the primary product of adrenaline autooxidation under the effect of the
drug FS-1 at a concentration of 2 pg/ml was on average 0.05 OU/min. The optical density of the
experimental sample containing 2 pg/ml of FS-1 with immediate measurement at 347 nm was equal to
0.54 A, after 10 minutes it was 1.05 A.
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Figure 2 - UV absorption spectrum of the experimental sample containing
2 pg/ml of FS-1

Spectral measurements of the experimental sample containing 4 pg/ml of FS-1 at 347 nm for 10
minutes showed a time-dependent increasing dynamics of spectral changes (Fig. 3). An increment in the
optical density of accumulation of the primary adrenaline oxidation product under the effect of the drug
FS-1 at a concentration of 4 pg/ml was on average 0.035 OU/min; when measuring immediately, the
optical density at 347 nm was equal to 0.83 A, after 10 minutes it was 1.18 A.
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Figure 3 - UV absorption spectrum of the experimental sample containing
4 pg/ml of FS-1

Figure 4 presents summary data showing the dynamics of changes in the optical density of the control
and experimental samples at a wavelength of 347 nm for 10 minutes.
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Figure 4 -Dynamics of changes in optical density of the control and
experimental samples at a wavelength of 347 nm

As can be seen in Figure 4, the introduction of the drug FS-1 into the experimental samples at
concentrations of 2 and 4 pg/ml compared with the control sample enhanced 2.5 (p <0.0001) and 1.8 (p
<0.0001) times, respectively, the accumulation of the adrenaline autooxidation product in the supernatant,
which is toxic to M. smegmatis.

The degree of impact of the drug FS-1 at a concentration of 2 pg/ml on the antioxidant system in
bacteria calculated by the formula (1) was 80%, which indicated a significant inhibition of the functional
activity of the bacterial superoxide dismutase enzyme under the effect of the examined substance.

The concentration of the drug FS-1 of 4 pg/ml also inhibited the functional activity of superoxide
dismutase in M. smegmatis ATCC 607; the degree of impact of the examined substance on the antioxidant
system in the test culture was 85%.
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Bacteriological control of the supernatant after exposure to FS-1 at doses of 2 and 4 ug/ml on the
bacterial antioxidant system showed a lack of growth on the Levenshtein-Jensen egg-based culture
medium.

The studies thereby found that the drug FS-1 under in vitro experimental conditions at doses of 2 and
4 pg/ml exhibited a pronounced inhibitory activity on the antioxidant enzyme system in atypical
mycobacteria M. smegmatis. This led to a loss of resistance to oxidative stress in bacterial cells and their
death.
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BAKTEPUAJIJIBI AHTUOKCUJIAHTTHI )KYWECIHIH BEJICEHILIITTHE ®C-1 JIDPLIIK
3ATBIHBIH OCEP ETYIH 3EPTTEY

Annortanms. byn xymeicta M.smegmatis GakTepHsCHIHBIH aHTHOKCHIAHTTHI XYHeciHe KypaMblHOa Hon Gap
@®C-1 keleHiHIH dCep €Ty HOTHKENEPi YChIHBUIIBL. DKCIEPUMEHTTIK IN Vitro skarmaiina ®C-1 gopinik 3ater 2 xoHe 4
MKI/MII I03achlHIA acep eTKeH ke3xe M.smegmatis — atunTi MUKOOaKTepHsIap MBICATBIHAA CYNEPOKCHAINCMYTa3a
OakTeprsUIbIK (hepMEHTIHIH (YHKIIMOHAIABIK OCJICeHIUIITiH, SFHU TOTBHIFY KYH3eJiCiHe TYpaKTHUIBIFBIH TOMEHICTE-
TiHI KOpCEeTIII.
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