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INVESTIGATION OF EFFECT OF SODIUM 2-(TETRAZOL[1,5-CJQUINAZOLIN-5-
ILTIO)ACETATE (COMPOUND KB-28) ON THE METABOLIC PROCESSES IN ORGAN-
ISM DURING INTENSIVE EXERCISE

© O. Toziuk

Buxonanus inmencusnux izuuHUX HABAHMANCEHL CYNPOBOONCYEMBCS PSIOOM MEMAOONIUHUX 3MIH Y OP2AHIZMI.
OOnuMU 3 HUX € AKMUBAYISA CUCMEMU BLIbHOPAOUKAILHO20 OKUCHEHHS MA 3HUNCEHHS AHMUOKCUOAHMHO20 3aXU-
cmy, mobmo 8UHUKHEHHs OKCUOAmusHo2o cmpecy. 3a0/ia niOMPUMKYU 8UCOKO20 PIBHs NPpaye30amHoCmi ma ymu-
J3ayii nobIYHUX NPOOYKMie 0OMIHY OOYLIbHO BUKOPUCIOBYEAMU (APMAKOIOIUHI 3AC00U 3 2pynu akmonpome-
Kmopis.

Memoro oanoi pobomu 6yn0 docrioumu enaué nampiio 2-(mempasonofl,5-c]xinasonin-5-irmio)ayemamy (cno-
ayku KB-28) Ha npookcudanmuo-aHmuoKcuoanmuuii Oaianc 8 OpeaHizmi wypie 3a yMo8 iHmeHCUusHUX QizutuHux
HABAHMANCEHD.

Mamepianu ma memoou. /[ eusuents MemadoIivHux npoyecie y neuinyi wypie 3a ymMos iHmeHCusHux Qisuu-
HUX HABAHMAICeHb 6y10 06pano modens bicy 6 mpedbani. I[lpomseom 14 0i6 wypie mpenysanu y mpedbani npu
weuokocmi pyxy cmpiuxu 28+1,0 m/xé ma xymi naxuny 10°. Ha 15-my 006y excnepumenmy meapuH HA8aHma-
arcyeanu 6icom (weudkicme pyxy oopisicku 42 m/xe, kym naxuny 10°) npomsieom 10 xe i 3abupanu dionoeiunutl
mamepian 015 6ioXiMiuHO20 00CHiOMHCenHs. Bniue peyosun na akmusHicms npoOKCUOAHMHO-AHMUOKCUOAHIMHOL
cucmemu BUHAYANU 3a BMICTNIOM Y 2OMO2EHAMI NeYiHKU 8IOHOGIEH020 2lYMAMIOHY ma npooyKmis, ujo peacy-
oms 3 miobapOimypo8or KUCI0morw.

Pesynomamu. LlJooenne 6sedenns 8 opearnizm wypie cnoayku KB-28 6 ymosax inmeHCUsHUX QizuuHux Haeam-
MAdHCeHb CNPUAILO 3HUNCEHHIO Y 20MO2eHami NediHKy eMicmy npooyKmis, uo peazyroms 3 miobapoimyposoio Ku-
cromoro, na 23,0 % ma niosuwennio piena gionosnenozo enymamiotny na 60,0 % gionocrno konmpomo. Lle exa-
3y€ Ha cnpomodicHicms cnonyku KB-28 nopmanizysamu npooxcudanmuo-anmuoKCuOaHmuuil 6ananc, nopyuiet-
H5L SIKO20 € OOHUM i3 (DaKmopis, wjo Jimimyomo QizuyuHy npaye30amuicme.

Bucnosku. Cmabinizayis npookcu0anmuo-anmuoKcuoanmmoz2o oarancy na mii oii cnoayku KB-28 moowce bymu
OOHUM 3 MeXaHizmie peanizayii ii akmonpomexmopHoi ma cmpecnpomexmusHoi oii

Knrouosi cnosa: akmonpomexmopu, iHmeHcueHi QizuiHi HABAHMAaXNCeHHs, Hampito 2-(mempasono[l1,5-c]xinazonin-5-
inmio)ayemam, 2-emunrmio6eH3imMioasony 2iopoopomio, RPOOKCUOAHMHO-AHMUOKCUOAHMHUL OANAHC

Implementation of intense exercise is accompanied by a number of metabolic changes in organism. One of them
is the activation of free radical oxidation and reduction of antioxidant protection that is oxidative stress occur-
rence. To maintain high level of efficiency and utilization of by-products of metabolism, the use of actoprotectors
is appropriate.

The aim of the given research was to investigate the effect of Sodium 2-(tetrazol[1,5-c]quinazolin-5-iltio)acetate
(compound KB-28) in the prooxidant-antioxidant processes in rats under conditions of intense exercise.
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Materials and methods. To study metabolic processes in the liver of rats under conditions of intense exercise,
the model of running in a treadmill was chosen. During 14 days, the rats were trained in the treadmill at tape
speed 28+1,0 m/min and angle 10°. On the 15th day of the experiment the animals were loaded by running (tape
speed 42 m/min, the angle 10°) for 10 minutes and the biological material for biochemical research was taken.
The influence of substances on the activity of prooxidant-antioxidant system was determined by the content in
homogenate of liver glutathione and products that react with thiobarbituric acid.

Results. Daily injection of compound KB-28 in rats organism under conditions of intense exercise helped to re-
duce by 23,0 % in liver homogenate the content of products that react with thiobarbituric acid, and increase the
level of glutathione by 60,0 %, compared to control. This indicates the ability of the compound KB-28 to normal-
ize prooxidant-antioxidant processes, which is one of the factors limiting physical capacity.

Conclusion. Stabilization of the prooxidant-antioxidant processes under the compound KB-28 action may be one
of the mechanisms for implementation of its actoprotective and stress-protective action

Keywords: actoprotector, intense exercise, Sodium 2-(tetrazol[1,5-c]quinazolin-5-ylthio)acetate, 2-Ethylthio-

benzimidazol hydrobromide, prooxidant-antioxidant processes

1. Introduction

Stress is a nonspecific reaction of human organ-
ism to the influence of any external factors [1]. Physical
exercises are one of the strongest adaptive factors that
inherently accompany human’s life. In response to
stressors, mobilization of structural, energy and infor-
mation resources occurs in human organism, which even-
tually leads to structural trace formation of and increases
organism’s resistance.

2. Formulation of the problem in a general
way, the relevance of the theme and its connection
with important scientific and practical issues

Implementation of intense exercise under normal
and complicated conditions leads to free radical oxida-
tion activation and reduction of antioxidant protection in
human organism, which is oxidative stress occurrence
[2-6]. In turn, this is accompanied by physical ability
decrease or total disability, as well as it may cause the
adaptive mechanisms disruption. According to the litera-
ture data [1, 7], it was found, that the process of long
term adaptation is one of the main ways to optimize
working capacity both under normal and complicated
conditions. Despite more than half-century history of
stress influences and adaptation research, this question
remains problematic, due to it concerns the whole planet
population regardless of racial and territorial belonging.

3. Analysis of recent studies and publications in
which a solution of the problem and which draws on
the author

Sufficient amount of energy, oxygen provision
and rapid by-products of metabolism utilization are nec-
essary to maintain high level of working capacity [7].
Pharmacological products are advisable to use for this
purpose. Actoprotectors are special remedies, able to
maintain high physical activity under extreme conditions
and increase working capacity, and promising for physi-
cal efficiency correction [8, 9]. The group of these reme-
dies is rather small and is represented practically by one
2-Ethylthiobenzimidazol hydrobromide (2-ETBI), which
also is not registered in Ukraine. The actoprotective ef-
fect of 2-ETBI is realized mainly by the ability to nor-
malize violated metabolic processes during physical
work [9]. That is why nowadays the active search of new
high-effective substances for the national actoprotector
creation is carried out.

4. Allocation of unsolved parts of the general
problem, which is dedicated to the article

Our attention was drawn to the new 5-R-thio-
tetrazole[1,5-c] quinazoline derivatives, synthesized in
Organic and bioorganic chemistry department of Zapo-
rozhye state medical university under the guidance of
prof. S.l.Kovalenko. In screening studies of the men-
tioned substances, the leader compound Sodium 2-
(tetrazol[1,5-c]quinazolin-5-iltio)acetate (compound KB-
28), which clearly increased the physical endurance in
rats under normal and complicated conditions of the
experiment, was found [10]. Besides, the presence of
stress-protective action of KB-28 was determined, that
can be considered as one of the links in the adaptation
process [11].

The important goal of any experiment is the estab-
lishment of mechanisms of action of the studied sub-
stances. That provides an opportunity to evaluate better
their pharmacological activity and to predict new poten-
tial effects. When studying possible mechanisms of So-
dium 2-(tetrazol[1,5-c]quinazolin-5-iltio)acetate (KB-28)
actoprotective action, it became necessary to determine
its influence on metabolism in organism during intensive
physical exercises, including lipid peroxidation and anti-
oxidant protection processes.

5. Formulation of goals (tasks) of Article

The aim of the given research was to investigate
the effect of Sodium 2-(tetrazol[1,5-c]quinazolin-5-
iltio)acetate (compound KB-28) in the prooxidant-
antioxidant processes in rats under conditions of intense
exercise.

6. Statement of the basic material of the study
(methods and objects) with the justification of the
results

To study metabolic processes in the liver of rats
under conditions of intense exercise, the model of run-
ning in a treadmill was chosen. The study was carried out
in nonlinear rats weighing 180-210 g in accordance to
the “General ethical principles of experiments in ani-
mals” (Ukraine, 2001), harmonized with the “European
convention for the protection of vertebrate animals used
for experimental and other scientific purposes” (Stras-
bourg, 1986). Laboratory animals were kept under stand-
ard diet of water and meal and with free access to food
and water and under natural changes of day and night.
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The rats were randomly divided into 4 groups:

1 — intact rats;

2 — rats after exercises without correction (control
group);

3 — rats treated with compound KB-28
(1,7 mg/kg) on the background of exercises;

4 — rats treated with 2-ETBI (32,0 mg/kg) on the
background of exercises.

KB-28 and 2-ETBI compounds were used in the
doses corresponding to their ED50 according the swim-
ming test. Both the studied substance and the reference
compound were dissolved in isotonic Sodium chloride
solution and administered intraperitoneally (i/p) every
day 60 minutes before training in a treadmill. The control
group of rats had an equal amount of pure solvent i/p.

The rats of the 2-4 groups were trained daily in a
treadmill during 5 minutes within 14 days at tape speed
28+1,0 m/min and angle 10° [12]. On the 15th day of the
experiment the animals were loaded by running at tape
speed 42 m/min, the angle 10° for 10 minutes; in 3-5 mi-

nutes after the loading they were taken out of the experi-
ment under thiopental anesthesia, and the biological mate-
rial for biochemical research was taken. The influence of
the compounds on the prooxidant-antioxidant system
activity was determined by the content of products, react-
ing with thiobarbituric acid (TBA-AP) [13], and reduced
glutathione (RG) in liver homogenate.

The data processing of the given research was car-
ried out by variation statistics method using IBM SPSS
Statistic 22 software; arithmetic mean value M, the
arithmetic mean error m, t- Student test in the normal
distribution, nonparametric White criterion W — in case
of its absence, Wilcoxon signed-rank test T — were calcu-
lated to establish changes in the dynamics inside the
group. The indexes changes at p<0,05 were considered as
reliable [14, 15].

Results of the study of influence of Sodium 2-
(tetrazol[1,5-c]quinazolin-5-iltio)acetate (compound KB-
28) and 2-ETBI under intense exercise on the prooxi-
dant-antioxidant balance are given in Table 1.

Table 1

The influence of KB-28 and 2-ETBI on the prooxidant-antioxidant balance under intense exercise (M+m, n=7)

Indexes Intact group

Control group

Loading tKB-28 Loading+2-ETBI

TBA-AP (mmol/g tissue) 84,4+5,6

128,3+7,2*

98,8+5,3*# 107,6+8,8*

RG (mmol/g tissue) 7,4240,36

4,26+0,37*

6,82+0,51# 6,3120,38%#

Notes: probable value concerning: * — intact group, p<0,05; # — control group, p<0,05; n — number of animals in group

It was found, that sub maximal intensity work
without correction (the control group) causes significant
prooxidant-antioxidant balance changes. A sign of this
was a significant TBA-AP increase in liver by 52 % with
simultaneous increase the level of RG by 42,6 %, com-
pared to the intact animals (see the Table). The men-
tioned TBA-AP and RG changes are consistent with the
literature data about oxidative stress occurrence after
intense exercise [2-6].

After the influence of compound KB-28, under
the mentioned experimental conditions, reduce by 23,0
% in liver homogenate the content of TBA-AP, and
increase the level of reduced glutathione by 60,0 %,
compared to control was observed. At daily admin-
istration of 2-ETBI in rats organism under intense
exercise conditions, a certain decrease of TBA-AP
level by 16,1 % compared to control was observed.
Nevertheless, the given index did not reach the proba-
ble values (p>0,05). At the same, a significant increase
of RG content by 48,1 % compared to control in liver
homogenate was observed. It should be noted that the
action of compound KB-28, unlike 2-ETBI, was more
effective, because decrease of TBA-AP level after its
administration was statistically probable compared to
control, and the content of RG was on the level of
intact animals.

The specified dynamics of TBA-AP and RG
levels under KB-28 and reference compound influence
points to their ability to normalize prooxidant-antio-
xidant balance, which violation is one of limiting work
capacity factors. The ability of KB-28, as well as 2-
ETBI, to provide antioxidant protection and inhibit
lipid peroxidation processes in organism under inten-
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sive exercises can become one of adaptive mecha-
nisms improving endurance.

It should be also mentioned, that according to the
given research results, Sodium 2-(tetrazol[1,5-c]quina-
zolin-5-iltio)acetate in the dose of 1,7 mg/kg was more
effective than 2-ETBI (32,0 mg/kg), because the reduce
of TBA-AP as the final product of lipid peroxidation
after its administration was statistically probable com-
pared to control, and RG content reached the intact group
level. The mentioned dynamics of TBA-AP and RG
concentrations on the background of KB-28 effect can
become one of mechanisms of its actoprotective and
stress protective action, which was found before.

7. Findings from the research and prospects of
further development of this area

1. According to the carried out research it was
found that regular intense exercises in rats in a treadmill
during 15 days lead to prooxidant-antioxidant processes
imbalance.

2. Durable  administration of  Sodium  2-
(tetrazol[1,5-c]quinazolin-5-iltio)acetate (compound KB-
28) and 2-ETBI under the mentioned experimental condi-
tions promotes metabolism optimization in rats organism
through antioxidant system activity increasing, which
provides forehanded neutralization of oxidation by-
products.

3. Sodium 2-(tetrazol[1,5-c]quinazolin-5-iltio)ace-
tate in the dose of 1,7 mg/kg, unlike 2-ETBI (32,0
mg/kg), was more effective, because the reduce of TBA-
AP level after its administration was statistically proba-
ble compared to control, and RG content reached the
intact group level.
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4. Normalization of prooxidant-antioxidant bal-
ance after compound KB-28 administration can become
one of mechanisms of its actoprotective and stress pro-
tective action.
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