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Esters of thiosulfoacids demonstrate a wide range of biological activity. One of their effects is the influence on the metabolism of
proteins and lipids in the body. Therefore, the purpose of our experiment was to study the impact of synthesized thiosulfonates on the
total content of proteins and phospholipids, as well as their spectrum in the blood, liver, and kidney of rats. For the experiment, allyl,
ethyl, and methyl esters of thiosulfoacid were used. The protein profile of rat tissues was investigated by electrophoresis, and the ratio of
different fractions of phospholipids — by thin-layer chromatography. Our results have shown that short-term administration of
thiosulfonates in a dose of 300 mg/kg of body weight did not cause significant changes in the content of total protein and its fractions in
liver tissue, whereas the effect of allyl and ethyl esters of thiosulfoacid was accompanied by an increase in the total protein and albumin
in the blood plasma. The decrease in total protein was found in the kidney tissue of rats injected with allyl- and methyl thiosulfonates.
The newly synthesized compounds did not lead to significant changes in the total content of phospholipids in blood plasma and tissues
of rats, except for methyl thiosulfonate, the effect of which was accompanied by an increase in the total phospholipids in the liver of rats.
These data may indicate an adaptive reaction of the rat’s organism. Tissue-specific features of the phospholipid spectrum were detected
in rats after short-term exposure to thiosulfonates. The most significant effect on the phospholipid profile in the blood was shown for
allyl- and ethyl esters of thiosulfoacid. Their action was accompanied by a decrease in the phosphatidylserine and phosphatidylinositol
fractions, while phosphatidylethanolamine and phosphatidylcholine increased, respectively. Esters of thiosulfoacid significantly
influenced the ratio of different fractions of phospholipids in the liver and kidney tissues. The phospholipid composition of the liver was
more influenced by the allyl and methyl esters of thiosulfoacid, whereas for the kidney tissue a greater effect was observed for ethyl and
methyl esters. Thus, the action of allyl ester of thiosulfoacid caused a decrease in the asymmetry coefficient of hepatocyte membranes,
indicating an elevation of the lipid bilayer saturation and the increase of membrane microviscosity. Similar changes were found in the
kidney of rats treated with allyl- and ethyl thiosulfonates.
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Introduction

Esters of thiosulfoacids are structural analogues of natural phytonci-
des of garlic, onion etc. These synthesized compounds demonstrate a wide
range of biological activity. They are effective against various microor-
ganisms, in particular bacteria and fungi (Lubenets et al., 2017; Oriabinska
et al., 2017; Reiter et al., 2017; Leontiev et al., 2018). These substances
are characterized by anti-inflammatory (Zenkov et al., 2007; Arreola et al.,
2015), antioxidant (Nepravishta et al., 2012; Chan et al., 2013; Bhuiyan
etal,, 2015), and cytotoxic (Smith et al., 2016; Saini et al., 2017; Siyo et al.,
2017) activities. Due to these properties, synthesized esters of thiosulfo-
acid may be considered as promising substances for the development of
effective therapeutic agents.

Literature data of recent years have shown that organic sulfur-con-
taining compounds, isolated from garlic manifest anti-carcinogenic effect
(Zou et al., 2016; Petrovic et al., 2018). Existing data indicate that oil-
soluble compounds, such as diallyl sulfide, diallyl disulfide, diallyl trisul-
fide, and ajoene more effectively inhibit the proliferation of different
types of cancer cells than their water-soluble compounds (Shintyapina
et al.,, 2017). The molecular mechanisms of their effects are associated
with the activation of enzymes detoxifying carcinogens, inhibition of
the formation of DNA adducts, antioxidant effects, cell cycle regulation,
induction of apoptosis, histone modification, and inhibition of angioge-

nesis (Yi & Su, 2013; Li et al., 2017; Puccinelli et al., 2017). On the other
hand, water-soluble salts of thiosulfoacids are the most effective antioxi-
dants and anti-inflammatory agents among a series of alkyl thiosulfonate
compounds. They not only inhibit peroxidation processes in cells but
also induce expression of genes that encode antioxidant enzymes. Thus,
3-(3'-tert-butyl-4'-hydroxyphenyl)propyl thiosulfonate sodium-induced
three times greater expression of the GSTP 1 gene in human hepatocytes
HepG2 than the synthetic antioxidant such as tert-butyl hydroquinone
(Zenkov et al., 2007; Shintyapina et al., 2014). Experiments in vivo have
shown that, in response to the action of new compounds of the thiosul-
fanilate structure, in the liver of mice, an expression not only of the genes
encoding glutathione-S-transferase increased, but also of NADPH: quinone
oxidoreductase through the activation of the Nif2 pathway (Vavilin et al.,, 2014).

The important feature of the compounds of the thiosulfonate struc-
ture is their ability to lower lipid levels in the blood (Kumari & Augusti,
2007; Ried et al., 2013). Thus, in contrast to classical statins that inhibit
the activity of 3-hydroxy-3-methylglutaryl-coenzyme-A-reductase, allicin
and its derivatives can depress cholesterol biosynthesis by inhibiting such
enzymes as squalene monooxygenase (Gupta et al., 2001) and acetyl
CoA synthetase (Focke et al., 1990). Taking into account the fact that
coenzyme A contains a thiol group, it can be assumed that allicin will
interact directly with coenzyme A, making it unavailable for biosynthetic
processes, including sterols (Borlinghaus et al., 2014).
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We have shown previously that the administration of S-alkyl esters
of thiosulfoacid did not significantly affect the total lipid content in their
blood, liver and kidney tissues of rats, but led to the redistribution of
their classes (Pylypets et al., 2017).

Literary data reported that allicin and its derivatives freely penetrate
through cell membranes and easily interact with SH- and NH,-groups
of protein, realizing their biological effects. However, there is no infor-
mation about the influence of these compounds on the protein content
and phospholipid spectrum in various tissues of the body. Therefore, the
purpose of our work was to study the effect of short-term exposure of
S-esters of thiosulfoacids to the protein and phospholipid profile of
blood, liver, and kidney of rats.

Materials and methods

Synthesis of thiosulfanilates. Methyl-, ethyl- and allyl thiosulfona-
tes were used in the experiment. The chemical formulae of the synthesized
bioactive substances are shown in Figures 1-3. Synthesis, physical and
chemical properties of ethyl thiosulfonate are described in detail in the
article (Lubenets, 2013).

NH,

s2°_cn
0', \S’ 3

Fig. 1. Chemical structure of methyl-4-aminobenzenethiosulfonate (M),
molecular weight 203.27
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Fig. 2. Chemical structure of ethyl-4-aminobenzenethiosulfonate (E),
molecular weight 217.30
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Fig. 3. Chemical structure of allyl-4-aminobenzenethiosulfonate (A),
molecular weight 229.31

Methyl- and allyl thiosulfonates are synthesized by analogous me-
thods. The scheme of these reactions is given below (Fig. 4).

Animals. Wistar male rats with body weight of 190-210 g were
used in this study and each group included five animals. The rats were
housed under standard laboratory conditions of the animal house (Insti-
tute of Animal Biology of the National Academy of Agrarian Sciences
of Ukraine) with free access to food (normal pellet diet) and water.

The animals were treated in accordance with the requirements of
European Convention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes (Strasbourg, 1986) and
the national General Ethical Principles of Experiments on Animals

(Ukraine, 2001).

NHCOCH, NH, NI,
@ NaOH © AlkBr ©
SO,SNa SO,SNa SO,SAlk
3 4 Sa-c

Fig. 4. Scheme of obtaining methyl- and allyl thiosulfonates

Experimental design. The animals were randomly divided into four
groups, each consisting of five animals: control K and three experimen-
tal — A, E, M. For the administration to animals, thiosulfonates were
dissolved in sterile oil (trademark “Oleyna”, DSTU ISO 14024, Ukraine).
The solution was freshly prepared and administered intraperitoneally at
a dose 300 mg/kg of body weight once a day: group A — allyl thiosulfo-
nate, group E — ethyl thiosulfonate, group M — methyl thiosulfonate.
Animals of the control group were injected an appropriate dose of
sterile oil. After three days of the experiment, the rats were decapitated
under ether anesthesia. Samples of blood, liver, and kidney were collec-
ted. All procedures on tissues were carried out at 4 °C.

Protein study. The total protein content in the blood and tissue
homogenates was determined by the Lowry method (Lowry et al., 1951).
The fractional composition of blood plasma proteins and soluble proteins
of liver and kidney tissues was investigated by the electrophoresis me-
thod in 7.5% polyacrylamide gel (Laemmli, 1970). After electrophore-
sis, electropherograms were fixed in 10% trichloroacetic acid solution,
washed with distilled water and stained with Coomassie G-250 solution
(Serva, Sweden). After staining, the electropherograms were washed
with 6% acetic acid solution and scanned on a scanner HP Scanjet
(2710 (China). Fractions of soluble protein were identified compared
with the mobility of blood plasma proteins (Vlizlo et al., 2012). The pro-
tein content was determined using TotalLab TL120 (Nonlinear Dyna-
mics Limited, UK) and expressed as a percentage of the total pool.

Lipids study. Blood plasma and homogenates of tissues were ext-
racted with chloroform-methanol mixture (2 : 1, V/V) by the Folch me-
thod (Folch et al., 1957). A solution of KCI (0.74 M) was added to each
sample of the lipid extract. After 24 hours, upper phase containing hyd-
rophobic peptides was removed by a water pump and lower phase,
which contained the lipids, was filtered. The lipid extracts were evapo-
rated to dryness and then weighed on an analytical balance.
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The phospholipid content was determined by the amount of inorga-
nic phosphorus in the lipid extract, as described by (Vaskovsky et al.,
1975). The separation of phospholipids into subclasses was performed
using thin-layer chromatography on silica gel plates (silica gel L 5/40p,
LSL 5/40p, Chemapol, Czech Republic). A mixture of chloroform-me-
thanol-water (65 : 25 : 4, V/V/V) was used as an eluent system (Kates,
1986). Classes of phospholipids were revealed in vapours of crystalline
iodine. Identification of individual phospholipids was carried out with
Rf-values. Quantitative analysis of the phospholipid subclasses was per-
formed using the TotalLab TL120 software (Nonlinear Dynamics Limi-
ted, UK) and expressed as a percentage of the total pool.

Statistical analysis. Statistical evaluation of the results was con-
ducted using the arithmetic mean + standard error (x + SE). The results
on the figures are expressed as x + SD. The data were processed
statistically by ANOVA. Bonferroni pairwise test was carried out after
ANOVA for the determination of significant differences (P < 0.05)
between the means of the values obtained for each groups.

Results

Existing data indicate that the protein content in the blood and its
fractional composition may change in response to the action of various
factors. Our results showed that intraperitoneal administration of esters
of thiosulfoacid had no effect on the total protein content in the blood
plasma of rats except for animals administered by allyl thiosulfonate
(Table 1). We also found the tendency to increase its level in animals of
experimental groups treated by ethyl- and methyl thiosulfonates. It is
important that this indicator in animals of both the experimental and
control groups was within the physiological range. Electrophoretic analysis
of blood plasma proteins showed some changes in the protein spectrum
of blood plasma. Thus, the increase in albumin was observed in the
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groups of animals administered by allyl- and ethyl thiosulfonates, at the
same time, B-globulins decreased compared to the control group in the
animals treated with ethyl- and methy1 thiosulfonates. As can be seen from
the results of Table 2, all esters of thiosulfoacid did not significantly affect
the protein synthesis in the liver, but there was a tendency to increase in
the total protein content in animals injected by ethyl- and methyl
thiosulfonates. A fraction of pre-albumin was found in the soluble protein
spectrum of the liver, but its content did not exceed 2 %.

Table 1
Protein spectrum in blood plasma of rats,
treated with esters of thiosulfoacid (x = SE, n=5)

Table 3
Soluble protein spectrum in the kidney of rats,
treated with esters of thiosulfoacid (x = SE, n=5)

Groups

Indicators ol allyl ethyl methyl
con thiosulfonate  thiosulfonate  thiosulfonate

Total protein, gkg 305.80+247 287.07+538 315.04+9.00 28561+555"

Pre-albumin, % 578+1.62  783+129  8.10+157 9.19+381
Albumin, % 797166 1152+£231  980+206 1144%5.12
a-globulin, % 2462+140 1772+158" 19.19+1.70° 19.65+3.81%
B-globulin, % 2731110 2611+247 2646+285 2645+4.15
y-globulin, % 34424240 3682+253  3645+181 3327+327

Groups
Indicators control allyl ethyl methyl

thiosulfonate  thiosulfonate  thiosulfonate
Total protein, g/l 63.70£696  7987+1024" 7000+865 6930+437
Albumin, % 3690+667 4355+243° 4931+243" 3728+539
o-globulin, % 20974241  1893+488 1872+1.60 2367+183
B-globulin, % 3067+510 2571+154 2332+1.89% 25.00+£092%
y-globulin, % 1146+4.13 1181+130  8.65+097 1407+145

Note: " — the differences are statistically significant between control animals
and animals treated with allyl thiosulfonate (P < 0.05); * — the differences are
statistically significant between control animals and animals treated with
ethyl thiosulfonate (P < 0.05);  — the differences are statistically significant
between control animals and animals treated with methyl thiosulfonate (P < 0.05).

Table 2
Soluble protein spectrum in the liver of rats,
treated with esters of thiosulfoacid (x + SE, n=5)

Groups
Indicators control allyl ethyl methyl

thiosulfonate  thiosulfonate  thiosulfonate
Total protein, gkg  3054+120 3035+11.7 3189+99  321.6+149
Pre-albumin, % 136+076  1.83+0.18 149+0.16  1.16+£049
Albumin, % 1873+1.69 17.71£123 1851+£264 1747+1.07
a-globulin, % 1596190 1691+127 17.60+186 17.19+3.04
B-globulin, % 32.18+338 30.10+£236 3263+134 31.80+3.00
y-globulin, % 31.78+275 3345+4.06 29.76+3.64 3238+4.04

Note: statistically significant differences between all experimental groups
and control group by ANOVA test were not detected.

Table 3 shows that the action of thiosulfonates is accompanied by
the decrease in the protein content in the kidney tissue in animals admi-
nistered by allyl- and methyl thiosulfonates. Thus, the total protein con-
tent was lower by more than 6% (P < 0.05) in the kidney of rats admini-
stered allyl- and methyl thiosulfonate. At the same time, only the dyna-
mics to increase in the total protein content in the kidney was observed
in the rats treated with ethyl thiosulfonate. It should be noted no signifi-
cant changes in the soluble protein composition of the kidney, except
for the decrease by 28%, 22%, and 20% (P < 0.05) in protein fraction
whose electrophoretic characteristics correspond to a-globulins of blood
plasma, in rats of all experimental groups. As can be seen from the
results of the Table 3, the content of the pre-albumin fraction in the
kidney tissue varies within 6-9% and is significantly higher compared
to the pre-albumin fraction in protein spectrum of liver tissue.

The results of our studies showed that intraperitoneal administration
of the synthesized thiosulfonates did not lead to significant changes in
the phospholipids content in the blood plasma and tissues of rats (Fig. 5-7).
It is worth noting only the increase in the total phospholipids of liver tissue
in rats injected with methyl thiosulfonate. These data may indicate an
adaptive reaction of the rat’s organism under the action of this substance.

As can be seen from the results presented in Table 4, the main frac-
tions of phospholipids in the blood are phosphatidylcholine and phos-
phatidylethanolamine, the content of which accounts for more than 50%
of their total content. The main impact on the phospholipid spectrum of
blood is found for allyl and ethyl esters of thiosulfoacid. Thus, the con-
tent of phosphatidylserine and phosphatidylinositol decreased by 47%
and 23% respectively, while the amount of phosphatidylethanolamine
increased by 14% (P < 0.05), lysophosphatidylcholine — by 41% (P < 0.05)
and phosphatidic acid — by 37% (P < 0.05) in the blood plasma of rat
administered allyl thiosulfonate.

Regul. Mech. Biosyst., 9(4)

Note: see Table 1.

Phospholipids, g/L

T T T T T T 1
Control Allylthiosulfanilate  Ethylthiosulfanilate Methylthiosulfanilate

Fig. 5. Effect of thiosulfonates on the total phospholipids in the blood
plasma of rats: statistically significant differences between all
experimental groups and control group by ANOVA test
were not detected; x + SD,n=15

Phospholipids, mg/g

H

T T T T T T 1
Control Allylthiosulfanilate ~ Ethylthiosulfanilate ~Methylthiosulfanilate

Fig. 6. Effect of thiosulfonates on the total phospholipids in the liver of
rats: * —the difference is statistically significant between control animals
and animals treated with methyl thiosulfonate (P <0.05); x = SD,n=5

The administration of ethyl thiosulfonate to animals was accompa-
nied by a decrease in the content of phosphatidic acid by 29% (P <
0.05), phosphatidylinositol by 21% (P < 0.05) and phosphatidylserine
by 51% (P < 0.05) in comparison with the control group, and phospha-
tidylethanolamine and phosphatidylcholine, on the contrary, increased
significantly. A decrease in the content of phosphatidylserine by 46%
(P <0.05) was observed in the blood plasma of rats treated with methyl
thiosulfonate too.

It is important that the administration of all esters of thiosulfoacid
led to the increase in the lysophosphatidylcholine fraction.

Our results presented in Table 5 showed that the dominant fraction
of phospholipids in the liver is phosphatidylcholine, whose content vari-
ed within 42-45%. As can be seen from the data there was a decrease in
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the fractions of phosphatidylethanolamine by 11% (P < 0.05) in the liver
of animals injected with allyl thiosulfonate, compared to the control.
Atthe same time, an increase in phosphatidylinositol (47%, P < 0.05)
and sphingomyelin (46%, P <0.05) was observed in these animals.

22

] |

Phospholipids, mg/g

T T T
Control Allylthiosulfanilate  Ethylthiosulfanilate Methylthiosulfanilate

Fig. 7. Effect of thiosulfonates on the total phospholipids in the kidney of
rats: statistically significant differences between all experimental groups
and control group by ANOVA test were not detected; x +SD,n=>5

Table 4
Fractional composition of phospholipids
in blood plasma (%, x £ SE, n=5)

phosphatidylethanolamine content by 15% (P < 0.05) and 25% (P < 0.05),
respectively, was found in rats injected with ethyl- and methyl thiosulfo-
nates. At the same time, the level of phosphatidylinositol was signify-
cantly higher in animals treated with allyl- and ethylthiosulfonates.

Table 6
Fractional composition of phospholipids in the kidney (%, x + SE, n=5)
Groups
Class of lipids allyl ethyl methyl

control thiosulfonate thiosulfonate thiosulfonate

Phosphatidic acid 957+059 10.10+066 929+036 1057025~

Phosphatidylethanolamine  1687+066 1698074 1941+0.79% 2110169

Phosphatidylinositol 9.17+026 1251+063" 7.78+024" 1258032

Phosphatidylcholine 3965+230 3267+165 3050+146" 3597042

Phosphatidylserine 938+059 922+079 1251+1.18% 727+025™

Sphingomyelin 646042 9524023 983+044* 661+072

Lysophosphatidylcholine  890+0.79  900+059  10.59+090" 590+020™

Groups
Class of lipids control allyl ethyl methyl
thiosulfonate thiosulfonate thiosulfonate
Phosphatidic acid 1277077 17.52+0.12° 9.10£040" 12.07+0.13

Phosphatidylethanolamine 21.16+0.86 24.12+0.71" 23.16+0.81" 21.57+0.55

Phosphatidylinositol 1044+£054 799+057" 830+0.71% 10.68+0.55
Phosphatidylcholine 29.08+0.63 28.67+081 3486+0.63" 28.13+0.77
Phosphatidylserine 1356+051 721+021" 661+037" 726+004"
Sphingomyelin 696036 592+037" 686+0.78 742+043
Lysophosphatidylcholine 604026 858+0.04" 11.10+0.64" 12.89+045"

Note: see Table 1.

A significant increase in phosphatidylethanolamine and phosphate-
dylserine fractions was recorded in methyl thiosulfonate-treated rats
whereas the amount of lysophosphatidylcholine and phosphatidic acid
was significantly reduced. Similar changes of lysophosphatidylcholine
and phosphatidylserine were also found in ethyl thiosulfonate- treated
rats. Therefore, this redistribution of phospholipid fractions in the liver
may be apparently associated with changes in the activity of the con-
cemed enzymes.

Table 5
Fractional composition of phospholipids in the liver (%,x £ SE, n=5)

Groups
Class of lipids control allyl ethyl methyl
thiosulfonate thiosulfonate thiosulfonate
Phosphatidic acid 791+£027 732+0.17 707031 424+090

Phosphatidylethanolamine 22.95+0.57 2043+£041" 22.77+142 2582+0.70"

Phosphatidylinositol 572+029 840+028° 507+040 578+0.18
Phosphatidylcholine 4250+£049 4233+£399 4435+460 44.56+3.93
Phosphatidylserine 707+£020 6.56+0.13 7.88+036" 8.12+0.64™
Sphingomyelin 536044 7.82+040° 6.77+097" 561021
Lysophosphatidylcholine ~ 849+0.08 7.14=069" 6.09+0.70" 587+0.90"

Note: see Table 1.

In the present study, the administration of all synthesized thiosulfo-
nates had a significant effect on the phospholipid spectrum in the kidney
(Table 6). Thus, a significant reduction in the content of one of the most
important phospholipids of cell membranes — phosphatidylcholine was
observed in animals of all experimental groups.

It is obvious that such changes could occur due to an increase in the
fraction of sphingomyelin in these animals. In addition, an increase in
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Discussion

Computerized predictive analysis of the toxicity of synthesized esters
of thiosulfoacid using the GUSAR program has shown that all of these
compounds belong to Class IV of toxicity (Lagunin et al., 2011). Syn-
thetic thiosulfonates are also more stable than natural organic sulfur
compounds of garlic, onions etc. Literature data report the different bio-
logical effect of these substances due to their participation in various
biochemical processes (Iciek, 2009; Kaschula et al., 2016).

The genotoxicity of propyl thiosulfinate oxide in rats after oral ad-
ministration in doses 5.5, 17.4, and 55.0 mg/kg was assessed by authors
(Mellado-Garcia et al., 2016). This compound exhibited no in vivo
genotoxicity, and the histopathological analysis revealed only slight modi-
fications, such as increased glycogen storage in the liver and a degenera-
tive process in the stomach, with vacuolization of cell membranes, only
at the highest dose.

In the present study, the effect of synthesized methyl-, ethyl- and
allyl esters of thiosulfoacid on the protein and phospholipid profile in
blood plasma, liver, and kidney tissues of rats was determined.

It is well known that albumin and globulins are functional proteins in
blood plasma. Albumin is a homogeneous fraction, the main function of
which is to maintain oncotic blood pressure, as well as the transport of
various substances in tissues. Instead, the globulins are a group of proteins
with different level of dispersity and molecular weight. Many studies have
suggested that protein fractions with different electrophoretic mobility may be
markers of various compensatory and adaptive reactions, and pathological
processes in the organism (Tkachenko et al., 2014; Koropec'ka et al., 2015).

Our data have shown that the protein spectrum of the liver did not
change under the short exposure to S-alkyl esters of thiosulfoacid, indi-
cating no influences of these biologically active compounds on protein
synthesis in the liver. It is worth noting that in the tissues of the liver and
kidney, on contrast to the blood plasm, most soluble proteins were
located in the zone of blood plasma f3- and y-globulins mobility, and the
smaller part — in the area of albumin and pre-albumin mobility. In our
experiment, the total protein content decreased in the tissues of kidney of
groups of animals administered intraperitoneally with methyl and allyl
thiosulfonates. The obtained results indicate that a high dose of these
esters of thiosulfoacid may have nephrotoxic effects, even after the short-
term exposure.

Taking into account the lipophilic nature of the synthesized thiosul-
fonates, it is obvious that these compounds can quickly penetrate through
the plasma membranes by passive diffusion (Miron et al., 2000). It is
well-known that phospholipids form stable double-layer membrane struc-
tures that regulate the flow of ions and substances inside the cell (Mar-
quardt et al., 2015). Thus, phospholipid composition of biomembranes
is an important structural and functional characteristic in all cells of the
body. The ratio of individual subclasses of phospholipids, the degree of
their saturation with fatty acids determine the viscosity of membrane lipid
bilayer, affects the ordering of lipid molecules, as well as the character
of lipid-lipid and protein-lipid interactions. These factors significantly
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influence the physicochemical properties, permeability, and lability of bio-
membranes (Gula & Margitych, 2009). Therefore, the special attention
was paid to the study of phospholipid composition in the blood, liver, and
kidney in response to the action of these biologically active compounds.

In the present study, we found that the administration of alkyl thio-
sulfonates causes certain changes in the ratio of phospholipids in blood
plasma. Phosphatidylethanolamine and phosphatidylserine characterize
the internal membrane monolayer (Yamaji-Hasegawa & Tsujimoto,
2006). Under the influence of allyl thiosulfonate, the amount of phos-
phatidylethanolamine in animals significantly increased, at the same time
phosphatidylserine decreased in the blood. Our results are consistent
with the literature data; since it is known that about 80% phosphatidyl-
ethanolamine is formed by decarboxylation of phosphatidylserine (Seme-
nova, 2006). The detected increase in phosphatidic acid in these animals
may be, on the one hand, due to the degradation of phospholipids, and
on the other hand, a disturbance of synthetic processes. It is important
that the administration of all esters of thiosulfoacid led to the increase in
the lysophosphatidylcholine fraction, which may indicate an increase in
phospholipase activity (Baba et al, 2014). On the other hand, the forma-
tion of large amounts of lysophosphatidylcholine, which is characterized
by a detergent function, reduces the viscosity and increases the fluidity of
the membrane. Consequently, such changes in the phospholipid blood
spectrum may be an adaptive-compensatory response to the short-term
effect of synthesized thiosulfonates.

Analysis of the phospholipid spectrum in the liver cells has shown
that the greatest effect on the ratio of different fractions of phospholipids
was detected for the allyl ester of thiosulfoacid. Thus, a decrease in
phosphatidylethanolamine and phosphatidylserine may indicate that
these fractions are rapidly oxidized with the enhancement of lipid pero-
xidation processes. Increasing phosphatidylinositol under these condi-
tions indicates its adaptive synthesis since this phospholipid is involved
in the effects of many hormones (Manna & Jain, 2015).

An important indicator that characterizes the lability of the lipid bila-
yer is the coefficient of membrane asymmetry, which is defined as
(phosphatidylethanolamine + phosphatidylserine) / phosphatidylcholine +
sphingomyelin. The ratio of the number of phospholipids with less satu-
rated fatty acids, which are mainly found in the inner monolayer of the
lipid membrane, to saturated phospholipids that are located in the outer
monolayer, gives an understanding of the propetties of the cell membrane
(Srubilin et al., 2016). Thus, the coefficient of asymmetry in hepatocyte
membranes after administration of allyl thiosulfonate is lower than in
the control by 14%. These changes lead to increasing of saturation of
lipid bilayer and its microviscosity. In contrast to allyl thiosulfonate, me-
thyl ester of thiosulfoacid has a positive effect on the structural and
functional characteristics of cell membranes, increasing their fluidity
(coefficients of asymmetry, respectively, 0.63 and 0.76 for control group
and methyl thiosulfonate-treated rats).

Thus, the observed redistribution of different fractions of phospho-
lipids in blood plasma and liver in response to the administration of all
thiosulfonates in rats can be closely related, first of all, to their involve-
ment in the energy metabolism, the regulation of the activity of various
transmembrane proteins, especially the activity of cytochrome Pysy by
modulating its structure during detoxification (Ghosh & Ray, 2014).

It is well-known that there is a close relationship between the lipid
metabolism in the liver and kidneys; therefore, the adaptive changes in
the phospholipid spectra of kidney cell in response to the influence of
the thiosulfonates largely depends on the characteristics of the lipid me-
tabolism in the liver. Thus, in the present study, the ratio of phospholipid
fractions in the kidneys changed due to the decrease in phosphatidyl-
choline of the outer membrane layer. At the same time, the decrease in
phosphatidylcholine compensated by increasing the content of sphingo-
myelin. Taking into account the high saturation of sphingomyelin, large
amounts of cholesterol can embed into clusters that form this phospho-
lipid in the membranes. As a result, the decrease in permeability of the
cell membrane, changes in the processes of active transport and trans-
port of substances were observed (Quinn, 2014). Literature data indicate
that the ratio of phosphatidylcholine to sphingomyelin may reflect chan-
ges in the structure of the membrane bilayer. Under the administration
of thiosulfonates, this ratio was 3.43, 3.11, 5.44 respectively for groups of
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animals treated with allyl-, ethyl-, and methyl thiosulfonates compared
to 6.14 in the control. The reduction of this coefficient by 44% and 49%
in animals, injected by allyl- and ethyl thiosulfonates may indicate a
decrease in fluid properties and an increase in the microviscosity of the
lipid phase of the nephrocyte membranes. However, the increase in
phosphatidylinositol in animals treated with allyl- and methyl thiosulfo-
nates indicates their involvement in signal transduction, since it is well-
known the role of this phospholipid in control of membrane-cytosolic
processes, regulation of cellular permeability and the provision of intra-
nuclear processes (Di Paolo & De Camilli, 2006).

Summing up our experimental results, we can assume that the di-
vergence of changes in the content of individual phospholipids explains
minor changes in their total amount under experimental conditions. These
data may indicate a different sensitivity of the metabolic pathways respon-
sible for the synthesis and degradation of individual phospholipids.

Conclusion

Intraperitoneal administration of methyl, ethyl and allyl esters of
thiosulfoacid to rats did not significantly affect the total protein and their
spectrum in the liver tissue but led to an increase in the total protein and
albumin in the blood of rats injected with allyl- and ethyl thiosulfonates.
The detected reduction in total protein in the kidney tissue of animals
after short-term exposures of methyl and allyl thiosulfonates may indi-
cate their potentially nephrotoxic effect.

The administration of synthesized thiosulfonates at a dose of
300 mg/kg of body weight did not cause significant changes in the total
phospholipids of blood plasma, liver and kidneys, but led to tissue-spe-
cific changes in the ratio of their fractions. The most significant changes
in the phospholipid spectrum of rats tissues, which accompanied by
changes in the structural and functional characteristics of cell membra-
nes, were observed for the allyl ester of thiosulfoacid, and to a lesser
extent — for methyl- and ethylthiosulfonates. Increase in the saturation of
lipid bilayer and the microviscosity of the liver and kidney cell membra-
nes in animals administered by allyl ester of thiosulfoacid may cause
alteration of membrane transport systems and the activity of membrane-
bound enzymes.

Redistribution of different fractions of phospholipids in blood plasma,
liver and kidney tissue in response to the administration of synthesized
biologically active compounds is the result of adaptive-compensatory
reactions of the body and associated with their participation in various
physiological processes.
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