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Thiosulfonates are characterized by a wide spectrum of biological activity and have effective antimi-
crobial, antithrombotic, antitumor and antiparasitic effects. However, the use of synthetic sulfur-containing
compounds for therapeutic and preventive purposes requires the study of their effect on the protective mecha-
nisms of maintaining homeostasis, the antioxidant status of the body in particular. The aim of the study was
to estimate lipid peroxidation process and the state of the antioxidant system in the kidneys, spleen, brain,
and muscles of rats under the influence of newly synthesized sulfur-containing compounds of S-alkyl esters
of thiosulfonic acids S-ethyl-4-aminobenzenethiosulfonate (ETS), S-allyl-4-aminobenzenethiosulfonate (ATS)
and S-allyl-4-acetylaminobenzenethiosulfonate (AATS). Male Wistar rats kept on a standard diet were divided
into four groups of 5 animals each: I (control), II, III, IV (experimental). The animals of the control group
received additional 0.5 ml of oil and the animals of the experimental groups 0.5 ml of 0il solution of thiosul-
fonate esters once a day. The animals of 11, Il and 1V groups were given ETS, ATS, AATS at the rate of 100 mg
per kg of body weight. The lipid hydroperoxides (LPH), TBA-active products, GSH content and activity of
SOD, catalase, glutathione peroxidase, glutathione reductase in tissue homogenates were determined. The
multidirectional changes of the studied indicators after consumption of S-alkyl esters of thiosulfonic acids for
21 days have been identified and characterized indicating on different degree of inhibition or activation of
LPO processes depending on the type of tissue and the structure of thiosulfonate ester.

Keywords: S-ethyl-4-aminobenzenethiosulfonate, S-allyl-4-aminobenzenethiosulfonate, S-allyl-4-acety-

laminobenzenethiosulfonate, rat tissues, antioxidant system.

T he health, productivity, and reproductive
capacity of animals largely depend on the
quality and balance of their feed. Storing
feed with minimal losses for a long time depends
on humidity, temperature, and chemical composi-
tion [1]. During long-term feed storage, complex
biochemical processes can occur, resulting in their
quality changes significantly. Fat is often destroyed
due to oxidative processes, while the final products
of oxidation (aldehydes, ketones, low-molecular fatty
acids) can be toxic to animals. Antioxidants, both
natural (tocopherols (vitamin E), ascorbic acid (vita-
min C), flavones, etc.) and synthetic (butyloxytolue-
ne (BOT) - ionoal, santonin , diludin, dibut, pheno-
zankislota, etc.) can be added to feeds to increase
the stability of biologically active substances [2-4].
One can find functional sulfur-containing groups in
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many pharmaceuticals and natural products. Sulfur-
containing compounds are natural antioxidants con-
tained in garlic and onion extracts, including allicin,
alliin, and others. They show antioxidant activi-
ty in in vitro [5-7] and in vivo [8-10] experiments.
Researchers observed a positive effect after adding
onion (Allium cepa), and garlic (Allium sativum) ex-
tracts to the diet of cows [11, 14], chickens [12], and
pigs [13].

Compounds with -S-S-bonds (disulfide), which
are widely used in many industries, deserve special
attention. An example of this type of connection is
disulfide bridges formed by cysteine residues during
the modification of proteins in vivo, which play a sig-
nificant role in forming and stabilizing the tertiary
structure of proteins with peptides. Thiol-disulfide
balance is maintained in the human body, thanks to
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which the activity of hormones, enzymes, membrane
permeability, and the blood coagulation process can
be regulated [15].

Thiosulfinates (S-esters of thiosulfinic acids)
and thiosulfonates (sulfonothioates or S-esters of
thiosulfonic acids) are essential classes of disulfides.
These are separate groups of disulfides in which one
of the sulfur atoms is bonded to an oxygen atom. The
sulfur atom in thiosulfinates is in an intermediate
oxidation state (+4), and they are less stable biologi-
cally active compounds. An example is allicin, one
of the main active substances of garlic phytoncides
[16].

The first reports on thiosulfonates appeared as
early as 1840, and publications on the comparison of
the antimicrobial activity of thiosulfinates with thio-
sulfonates appeared in 1949. They are of particular
interest as biologically active substances in phar-
maceutical and agrochemistry, as well as reagents
in organic synthesis [17]. It is known that synthetic
esters of thiosulfonic acids exhibit a wide range of
biological activity [18-23]. In particular, their anti-
microbial activity often exceeds the effectiveness of
their natural counterparts [18].

Thiosulfonates are highly reactive compounds
that interact with nucleophiles, electrophiles, and
radicals. Nucleophilic substitution reactions occur
with the breaking of the -S-S- bond due to the redis-
tribution of electron density in the thiosulfo group,
which determines the direction of the nucleophilic
attack [24-26].

Among the derivatives of thiosulfonic acids,
which have a pronounced antimicrobial activity
with relatively low toxicity, S-alkyl esters of 4-ami-
no- and 4-acetylaminobenzenethiosulfonic acids are
distinguished (LD50 = 2000 - 2500 mg/kg). Their
high antimicrobial activity can be explained by the
ability of these thiosulfonates not only to block SH-
and NH- groups of enzymes and proteins, but also,
similarly to sulfonamide drugs, they can exhibit an-
tagonistic properties of n-aminobenzoic acid [26].

There is an assumption that the mechanism of
antifungal activity of thiosulfonic acid esters may
be associated with disruption of the cytoplasmic
membrane, which leads to significant defects in the
delivery of nutritional components to cells and the
removal of vital metabolites from them. [6]. The in-
teraction of S-ethyl-4-aminobenzenethiosulfonate
(ETS) with the surface structures cell of the Candida
tropicalis initiates deep structural rearrangements
of the membranes, which leads to increased perme-

ability and, possibly, suppression of its physiological
functions [18].

The activation of LPO processes causes signifi-
cant changes in the cell’s metabolic processes and
the structural and functional integrity of cell mem-
branes. It is also accompanied by an imbalance of
enzymatic and non-enzymatic components of the
antioxidant defense system, the release of lysosomal
enzymes, and changes in the transport of Ca?" ions
[27]. Oxidative stress can lead to the inactivation of
membrane receptors, as well as enzymes such as
glucose-6-phosphatases and Na/K-ATPases, which
take a direct part in maintaining ion homeostasis of
the cell. As a result of free radical reactions in mito-
chondria, both matrix enzymes and components of
the respiratory chain can be damaged. Consequently,
membranes damaged by LPO processes lose their
energy potential, electroexcitatory function, con-
trol over ion flows, and mediator systems. There are
pathological (inflammatory, neurodegenerative, ma-
lignant) changes in tissues, ultimately leading to cell
death. [28].

However, esters of thiosulfonic acids, exhibi-
ting antimicrobial [19], antiparasitic [23] and antitu-
mor [22] effects, can also affect normal cells. When
using antioxidants in feed, it is necessary to know
whether they react with free radicals and neutralize
them and what effect they have on the antioxidant
system in various animal organs. The possible use
of synthetic esters of thiosulfonic acids (thiosul-
fonates) for preventive or therapeutic purposes re-
quires a thorough preliminary study of their effects
on the animal body. One of the main criteria for as-
sessing the possible use of new effective drugs to
protect feed from oxidative processes, and damage
by bacterial and fungal infections, is the study of
their effect on the pro-oxidant-antioxidant profile
in various tissues of healthy animals. Therefore,
our research aimed to determine the effect of newly
synthesized sulfur-containing compounds: S-ethyl-
4-aminobenzenethiosulfonate (ETS), S-allyl-4-ami-
nobenzenethiosulfonate (ATS), S-allyl-4-acetylam-
inobenzenethiosulfonate (AATS) introduced by the
per os diet method on the condition pro/antioxidant
system in tissues of healthy rats.

Materials and Methods

The object of the study was S-ethyl-4-ami-
nobenzothiosulfonate (ETS), S-allyl-4-aminoben-
zothiosulfonate (ATS), and S-allyl-4-acetylami-
nobenzothiosulfonate (AATS). All compounds were
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synthesized at the Department of Technology of
Biologically Active Substances, Pharmacy and Bio-
technology, Lviv Polytechnic National University, as
per the protocol described in detail in [19, 29]. These
thiosulfonates demonstrated the highest antioxidant
activity in experiments in vitro [4]. These com-
pounds may be potential substances to protect fodder
from pathogens during its production and storage,
so they were used for in vivo studies in the form of
oil solutions added to animal fodder. Taking into ac-
count the results of our previous studies [4, 24] and
literature data on the use of natural sulfur-containing
compounds in experiments in vivo [8, 9], the daily
dose of thiosulfonates was chosen 100 mg/kg body
weight of rats for feeding animals with per os diet
during the 21 days.

The research was conducted on male Wistar
white laboratory rats, weighing 190-200 g, in
compliance with the General Ethical Principles of
Animal Experiments adopted by the First National
Congress on Bioethics, used for research and other
scientific purposes and consistent with the provi-
sions of the European Convention for the Protection
of Vertebrate Animals used for Experimental and
other Scientific Purposes (Strasbourg, 1986). The
animals were housed in a vivarium under the ap-
propriate lighting conditions, temperature regime,
and standard diet, which was balanced in proteins
(not less than 8% crude protein), fats (not less than
2% crude fat), carbohydrates (hot more than 30%
crude fiber), vitamins, minerals. Rats were divided
into four groups of 5 animals each: I (control), 11, 111,
IV (experimental). All rats were clinically healthy.
Control and experimental groups of animals were
fed standard granulated food for laboratory rats.
The animals of the control group were additionally
given 0.5 ml of oil once a day. The animals of the
experimental groups were given 0.5 ml of oil solu-
tion of thiosulfonate esters, at the rate of 100 mg per
kg of body weight. In particular, the Il group had
ETS in their food (20.0 mg ETS/day per rat in the
daily amount of feed, the average weight of rats in
the group - 200 g); 11 — ATS (19.5 mg ATS/day per
rat in the daily amount of feed, the average weight of
animals in the group — 195.4 g); IV — AATS (19.3 mg
AATS/day per rat in the daily amount of feed, the
average weight of animals in the group — 193 g).
For the preparation of oil solutions of synthesized
compounds, oil of the “Oleina” brand was used (tra-
ditionally refined, deodorized, frozen; producer of
PrJSC from II “DOEZ”; certified according to the
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DSTU 4492:2017 standard and according to the re-
quirements of 1SO 14024). Twice a day, the amount
of food consumed was monitored in order to get the
appropriate dose of thiosulfonates. Once every three
days, the rats were weighed and the diet was adjusted
to their weight (which increased as they grew).

The experiment lasted 21 days. During this
time, thiosulfonate esters can affect the body of ani-
mals and cause certain changes that we can see and
record, but not cause adaptation or addiction. At the
end of the experiment, animals of all groups were
decapitated under thiopental anesthesia. All proce-
dures were performed at 4°C. The research materials
were brain, kidney, spleen and skeletal muscle ho-
mogenates of rats, which were prepared on 0.05 M
Tris HCI buffer with pH 7.4 at the ratio of 1 g tissue
and 9 ml buffer (1:9, weight/volume) and then centri-
fuged for 15 min at 1000 g.

The lipid hydroperoxides (LHP) content in tis-
sue homogenates was determined by the method
based on protein precipitation with a solution of
trichloroacetic acid and extraction of lipids with
ethanol, followed by the interaction of the studied
extracts with ammonium thiocyanate. The absorp-
tion value was measured after adding 0.2 ml of 20%
ammonium thiocyanate solution at A 480 nm. The
content of lipid hydroperoxides was determined by
the difference between the experimental sample and
the control, but instead of the homogenate, 0.2 ml of
bidistilled water was added, expressed in conditional
units per 1 g of tissue [30].

The content of TBARS (thiobarbituric acid re-
active substances) in tissue homogenates was studied
using the color reaction of malondialdehyde (MDA)
with thiobarbituric acid (TBA) as described by Ko-
robeinikova. The optical density was measured at
A 535 nm and A 580 nm to exclude the absorption of
stained complexes of TBA substances of a non-lipid
nature, the values were expressed as nmol of MDA
per 1 g of tissue [31].

The activity of superoxide dismutase (SOD,
EC 1.15.1.1.) was determined by the method, the
principle of which is the reduction of nitrotetrazo-
lium by superoxide radicals and was expressed in
conventional units per 1 mg of protein [32]. The ex-
tinction was measured at a wavelength of A 540 nm
against water in a cuvette with an optical path length
of 1 cm. In the control sample, distilled water was
added instead of the supernatant. The activity of
the enzyme was determined by the percentage of
blocking the formation of hydrazine tetrazolium.
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Catalase activity (CAT, EC 1.11.16) was deter-
mined using the ability of hydrogen peroxide to form
a stable colored complex with molybdenum salts
[33]. The amount of the colored complex formed in
blank and test samples was determined at a wave-
length of A 410 nm. The intensity of the color of
molybdenum peroxide compounds depends on the
amount of H,O, in the solution, i. e., on the activity
of catalase in the sample, the values were expressed
in mmol/minxmg of protein.

The rate of GSH oxidation determined the ac-
tivity of glutathione peroxidase (GP, EC 1.11.1.9)
before and after incubation with tertiary butyl
hydroperoxide. The concentration of reduced glu-
tathione was determined by the formation of a
colored product - thionitrophenyl anion, the amount
of which is directly proportionate to the number
of SH-groups that reacted with 5,5"-dithiobis-2-ni-
trobenzoic acid. The absorbance was measured at
A 412 nm. Enzyme activity was expressed in nmol
GSH/minxmg of protein [34].

The activity of glutathione reductase (GR,
EC 1.6.4.2) was determined in a reaction environ-
ment containing 2.5 ml of 0.15 M phosphate buffer
(pH 7.4), 0.2 ml of oxidized glutathione (7.5 mM),
0.1 ml tissue homogenate, 0.1 ml NADPH (1.2 mM).
Enzyme activity was determined by the decrease in
NADPH content at 37°C for 1 min on a spectropho-
tometer at A 340 nm. GR activity was expressed in
umole of oxidized NADPH/minxmg protein [31].

The content of reduced glutathione (GSH) was
determined by the level of thionitrophenyl anion
formation due to the interaction of SH-groups of
glutathione with 5,5'-dithiobis-2-nitrobenzoic acid
(DTNBA). The absorption was measured spectro-
photometrically at A 412 nm. The content of GSH
was expressed in mmol of GSH per gram of tissue
[35].

Protein concentration was determined by
the generally accepted Lowry method [36]. The
absorbance values were measured on a spectropho-
tometer “Unico”1205 (USA).

The obtained digital data were processed sta-
tistically with Microsoft EXCEL program, using
one-way analysis of variance (ANOVA). For each of
the parameters, the reliability level was determined
using three gradations of reliability levels: *P < 0.05;
**P < 0.01; ***P < 0.001. The differences were con-
sidered significant if P < 0.05.

Results and Discussion

Biological oxidation processes are at the center
of cell metabolism. Under normal physiological con-
ditions, LPO is at a low level. It is maintained thanks
to the balance of pro- and antioxidants, which, in
turn, are important components of the body’s ho-
meostasis [23]. LPO is normally a vital link in the
regulation of many membrane-dependent processes:
the regulation of the permeability and transport of
substances through the membrane, the regulation
of membrane-associated enzymes and the lipid
composition of membranes, the synthesis of pros-
taglandins, leukotrienes, thromboxanes, steroid
hormones, cholesterol, and catecholamine metabo-
lism [37]. However, increased synthesis of reactive
oxygen species (ROS) and the free radical processes
initiated by them lead to the occurrence of oxidative
stress and disruption of the pro/antioxidant system in
the body [28, 38].

The results of our research indicate that the
content of the products of the intermediate stage
of lipid peroxidation or LHP under the influence of
various thiosulfonates probably decreased in the kid-
neys of rats of groups II, 111 and 1V by 30, 33 and
35%, respectively. In addition, a tendency towards a
decrease in their content was observed in the brain
of animals of group Il and the muscles of animals of
group 1V, as compared to the control (Fig. 1), which
may have been caused by a decrease in the forma-
tion of LPO products or their breakdown due to the
activation of the antioxidant system.

However, a probable increase in the content of
LHP was observed in the spleen of animals of group
I11 by 59%, in the brain of animals of groups 111 and
IV by 300 and 155%, and by 13% in the muscles of
rats of group II, under the influence of various thio-
sulfonate esters. Such an increase in the level of LHP
indicates the activation of peroxidation of lipids in
these tissues under the action of sulfonic acid esters.

The content of TBARS under the action of ATS
and AATS in rats of I11 and 1V groups probably de-
creased in the spleen - by 30 and 77% and in skeletal
muscles - by 13 and 24%, respectively, which in-
dicates inhibition of the final link of LPO (Fig. 2).
At the same time, under the influence of ETS, the
content of TBARS practically did not differ from
the level of the control group in all the investigated
tissues.
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The analysis of the obtained results shows sig-
nificant organ tissue differences in the degree of in-
hibition and activation of LPO processes under the
influence of thiosulfonates. Thus, in the kidneys, a
decrease in the content of LHP was observed, with
unchanged amount of TBARS. In the spleen, brain
and muscles there was an increase in the content of
LHP due to the effects of ETS, ATS and AATS, with
a decrease in the level of TBARS.

Peroxide damage to cell structures is prevented
by the antioxidant system, which regulates lipid per-
oxidation reactions in membranes and controls the
content of active forms of oxygen, free radicals, and
end products of metabolism. In our previous studies,
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it has been proven that some S-alkyl esters of thio-
sulfonic acids possess antioxidant properties in in
vitro and in vivo experiments [4, 39].

As a result of our research, it was established
that, under the influence of thiosulfonates in the
kidneys of rats, superoxide dismutase activity de-
creased, and in groups Ill and 1V, a probable de-
crease of 16 and 27% was observed, respectively,
while in the skeletal muscles of rats of group I, an
increase in SOD activity by 12% was observed. No
probable changes in the activity of this enzyme were
detected in the spleen and brain (Fig. 3).

Superoxide dismutase activity is related to the
intensity of LPO and depends on the number of in-
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Fig. 1. The content of LHP in tissues of rats under the influence of thiosulfonates, M = m, n = 5; *P < 0.05;

**P <0.01; ***P <0.001 (difference from control)

4.5
4.0
3.5

TBARS, nmol/g tissue

Kidney Spleen

li- %
3.0 =
2.5 i
AATS
2.0
*
1.5 | o
&%k % i
1.0 I i | :
0.5 ot H
0 J e |

m Control
W ETS

[ ATS

Brain Muscles
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Fig. 3. Activity of superoxide dismutase in tissues of rats under the influence of thiosulfonates, M + m, n = 5;
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termediates accumulated in the tissue. This confirms
the results obtained by us of a decrease in SOD ac-
tivity alongside a decrease in the content of LHP in
the kidneys of rats of all experimental groups and an
increase in enzyme activity in the muscles of ani-
mals of group 11 together with an increase in LHP.

O, formed because of the functioning of mi-
crosomal monooxygenases (cytochrome P-450 sys-
tem), and xanthine oxidase is subject to dismutation
under the action of SOD to hydrogen peroxide and
molecular oxygen [40]. In turn, hydrogen peroxide
degrades to molecular oxygen and water with the
help of the heme-containing enzyme catalase [41].
However, the accumulation of hydrogen peroxide
can lead to the reverse inhibition of SOD activity.
This may cause a decrease in SOD activity in the
kidneys while catalase activity remains unchanged.

A decrease in the overall dynamics of cata-
lase activity in almost all experimental groups of
rat tissues may be associated with a reduction in the
generation of active forms of oxygen, particularly
hydrogen peroxide, under the action of thiosulfonic
acid esters (Fig. 4). Moreover, a probable decrease
in catalase activity in the spleen and muscles of ani-
mals in groups 111 and 1V correlates with a decrease
in TBARS.

The formed O, and H,0, induce peroxidation
processes in tissue cells the main role in detoxifica-
tion of which is played by glutathione peroxidase.
The importance of this Se-containing enzyme lies
in ensuring the inactivation of hydrogen peroxide

and lipid hydroperoxides with the participation of
reduced glutathione, for which the enzyme shows
high specificity. Glutathione peroxidase protects
tissue cells from the destructive effects of ROS.
As a result of the conducted research, we can see
that, under the influence of thiosulfonates, a probab-
le decrease in the activity of GP was observed in
the kidneys of groups 11, 111, and 1V (by 23, 30, and
27%, respectively) and muscles of groups Il and 1V
(by 23 and 25%, respectively), which may indicate
inhibition of the activity of the glutathione link of
antioxidant protection in these tissues under the in-
fluence of the studied substances (Fig. 5). Since glu-
tathione peroxidase reduces organic hydroperoxides,
a decrease in their content in the kidneys of rats of
all experimental groups, as well as in the muscles of
animals of group 1V, is correlated with a decrease in
GP activity. The results obtained may indicate a cer-
tain inhibition of the detoxification function of the
kidneys under the action of thiosulfonates, since the
glutathione system is known to take an active part in
the processes of xenobiotic detoxification [42].

Since glutathione peroxidase reduces organic
hydroperoxides, a decrease in their content in the
kidneys of rats of all experimental groups and in the
muscles of animals of group IV is correlated with a
reduction of GP activity.

At the same time, an increase in the activity
of GP in the brain and muscles of rats of group Il
(by 90 and 17%, respectively) under the influence of
ETS, and in the spleen of rats of group 1V (by 48%)
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under the influence of AATS, was established, com-
pared to the activity of the enzyme in the tissues of
animals of the control group (Fig. 5). GP activation
is possible only under the condition of maintaining a
sufficiently high level of intracellular GSH, which is
not only a substrate for reactions, but also plays the
role of a factor necessary for the constant restoration
of selenol groups located in the catalytic center of
the enzyme, which are oxidized in the process of the
glutathione peroxidase reaction [42].

Reduced glutathione is the most important
component of the antioxidant system, which is
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rapidly mobilized in case of increased peroxide con-
tent and reduces it in a reaction accompanied by the
formation of oxidized glutathione, which is toxic to
cells [43]. In our research, we observed an increase
in the content of reduced glutathione in the kidneys
of rats in experimental groups I, 111, IV (by 19, 44,
and 19%, respectively), compared to its content in
the tissues of rats of the control group (Fig. 6).

The high content of GSH in the kidney tis-
sue, as well as the increase in its level in the ex-
perimental groups compared to the control, can
probably be associated with the intensification of
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its synthesis and the formation of an excess due
to the reduced activity of GP. In general, the in-
crease in GSH content in the kidneys depends on
processes like de novo synthesis with the partici-
pation of y-glutamylcysteinesynthetase and ex-
cretion into the extracellular space, as well as
regeneration due to the reduction of oxidized glu-
tathione and consumption to neutralize H,0, and
secondary peroxidation products. It should be
noted that 80-90% of glutathione is taken up by
the kidneys due to the extremely high activity of
y-glutamylcysteinesynthetase in them, while in other
tissues the turnover of glutathione occurs at a low
rate [43].

A probable decrease in the content of GSH was
established in the spleen of rats of all experimen-
tal groups (by 46, 54 and 54%, respectively), in the
brain of experimental group 11 (by 29%) and in the
muscles of animals of experimental group 1V (by
27%). A decrease in the content of GSH can be asso-
ciated with both the intensification of LPO processes
in tissues and its increased use, as well as the accele-
ration of glutathione catabolism [43]. It is of interest
that the decrease in the level of intracellular GSH
in the spleen under the influence of thiosulfonic
acids occurs against the background of a decrease
in HP activity in groups Il and I11, but an increase in
group 1V. Obviously, this is due to depletion of the
GSH pool, to intensive use by glutathione peroxi-
dase, and possibly glutathione transferase, while in
the muscles of animals of group 1V, the low content
of GSH leads to lower activity of GP.

Glutathione reductase maintains physiologi-
cal levels of reduced glutathione in cells. The de-
crease in GR activity in the kidneys (by 28 and
30%) and spleen (by 26%) of animals of group I,
as well as the brain of group 1V (by 32%) compared
to the control (Fig. 7), can be explained by the de-
pletion of the enzyme in the reactions of the reduc-
tion of the disulfide bond of oxidized glutathione
GSSG to its sulfhydryl form GSH. It is known that
glutathione reductase is a NADPH-dependent en-
zyme, the activity of which is inhibited in case of
accumulation of the oxidized form of the nucleotide
(NADP). Therefore, the reason for the decrease in
glutathione reductase activity may be a decrease in
the content of NADH and NADPH, caused by a vio-
lation of the functioning of mitochondria. Since the
catalytic activity of GR is determined by the presen-
ce of NADPH, the obtained results may indicate the
unequal influence of ETS, ATS, AATS on the inten-
sity of the formation of reducing equivalents in the
tissues of rats of the experimental groups.

To sum up, the research results indicate that
the newly synthesized disulfide compounds S-ethyl-
4-aminobenzenethiosulfonate, S-allyl-4-aminoben-
zenethiosulfonate and S-allyl-4-acetylaminoben-
zenethiosulfonate have different effects on the state
of the pro/antioxidant system in the studied tissues of
the rats. It was found that all the studied compounds
reduced the content of ROS products in the kidneys
and spleen. In particular, a decrease in the content of
hydroperoxides in the kidneys was accompanied by
a decrease in the activity of SOD, GP and GR, but
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Fig. 7. Glutathione reductase activity in tissues of rats fed with thiosulfonic acid esters at a concentration of
100 mg/kg of body weight, M+ m, n = 5; *P < 0.05; **P < 0.01; ***P < (0.001 (difference from control)

an increase in the level of reduced glutathione. In
the spleen, a decrease in the content of TBA-active
products was accompanied by a decrease in catalase
activity and the content of GSH. In the muscles, un-
der the action of AATS, a decrease in the content
of ROS products occurred against the background
of a decrease in the activity of GSH and the content
of GSH, under the action of ETS, ATS - at the con-
trol level. In the brain, a decrease in the content of
ROS products was recorded only under the action
of ETS. At the same time, the action of ATS caused
an increase in the content of lipid hydroperoxides in
the spleen and brain. This may be due to both the
specificity and physiological characteristics of these
tissues and the biochemical features of the studied
compounds. Thiosulfonic acid esters at a concentra-
tion of 100 mg/kg can cause both inhibition of LPO
processes in tissues and their activation. Based on
the results obtained, it is impossible to clearly dis-
tinguish a group of esters with prooxidant or anti-
oxidant properties. It is advisable in the future to
conduct more extensive studies of these compounds
in other concentrations in order to identify their op-
timal effect on body tissues. The revealed biological
effects of the studied thiosulfonates can serve as a
basis for the creation of antioxidant, antimicrobial,
antifungal additives to feed.
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TiocynbdoHaTn XapakTepu3yOTHCS IUPOKUM
CIEKTPOM Oi0JIOT1YHOI aKTUBHOCTI, MalOThb eQeK-
TUBHY AaHTHMIKPOOHY, aHTHUTPOMOOTHYHY, IpO-
TUMYXJMHHY Ta MpOTUNapasuTapHy airo. OnHak
BUKOPUCTAHHSI CHHTETHYHUX CIPKOBMICHUX CIIONYK
13 JKyBaJbHO-IPO(IIAKTHYHOIO METOI0 MOTpedye
BUBYCHHS IX BIUIMBY Ha 3aXHCHI MEXaHI3MH
MiATPUMaHHs TOMEOCTa3y, 30KpeMa, Ha aHTHOKCH-
JaHTHHUH cTaTyc opraHizmy. Meroro poboTu Oyna
OIIIHKA MPOIIECIB MEPOKCHIHOTO OKUCIICHHS JIiITiIiB
Ta CTaHy AHTHOKCHAAHTHOI CHCTEMH B HHpPKax,
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ceNe3iHlli, TOJIOBHOMY MO3KYy Ta M’$3aX LIypiB 3a
Iii HOBHX, CHHTE30BaHHX CIPKOBMICHHX CIIOJIYK
S-ankinoBux ectepiB TIOCYIbPOKUCIOT: S-eTHII-
4-amino6enzentiocynsdponary (ETS), S-amin-4-
amiHoOensentiocynbdonary (ATS) Ta S-amin-
4-auetnnamMiHOOEH3EHTIOCYTB(OHATY (AATS).
[ypiB-camiiB iiHii Bicrap, ski yTpuMmyBanucs Ha
CTaHJAPTHOMY pallioHi, Oyll0 TOAINIEHO Ha YOTH-
pU Tpynu 1O 5 TBapuH y KOXHIi: | (KOHTpOIBbHA),
II, I, IV (mocmimui). TBapuHU KOHTPONBHOI TPY-
I OTPUMYBAJIH JoAaTKoBO 0,5 MJI 0JIii, a TBAPUHHU
TocIiaHuX Tpym — no 0,5 M omiHUX PO3YHHIB
TiocyIb(pOHATIB OOWH pa3 Ha mo0y. TBapunawm II, 111
ta [V rpyn 10 1000BOi KUTBKOCTI KOPMY TOJIaBAITH
ETS, ATS, AATS 3 po3paxynky 100 Mr/kr macu
Tija BiAMMOBigHO. Y TrOMOreHarax TKaHWH BH3HA4a-
JIK BMICT rigpornepokcuiB minifiB, TBK-akTuBHuX
POy KTIiB, BITHOBJICHOT'O [Ty TaTiOHY Ta aKTUBHOCTI
CO/l, xaranasu, TJyTaTIOHIIEPOKCUJA3H, TJIyTa-
TiOHpenyKTa3u. BusBieHO pi3HOCIPSMOBaHI 3MiHH
JOCHIIKYBaHUX TTOKA3HUKIB IIICHS CIIOKHWBAaHHS
S-ankinoBux ecTepiB TIOCYNb(YOKUCIOT MPOTS-
rom 21 no0w, 1m0 CBIAYMIIO MPO PI3HUH CTYIiHb
iHriOyBaHHs Ta akTuBalii npouecis [10J1, 3anexno
BiJI TUTTY TKAHWHU Ta CTPYKTYPH TioCynb(OHATY.

S-eTnn-4-
S-amin-4-amiHo-
S-anin-4-anetui-
TKaHUHU  IIYpIB,

Knogosi cioBa:
aMiHoOeH3eHTiocynb(oHar,
OeHszeHTiocynb(oHaT,
aMiHOOEH3eHTiocynb(oHar,
AHTHUOKCHJaHTHA CUCTEMaA.
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