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Thiosulfonates are synthetic analogs of organic sulfur-containing compounds isolated from plants. 
Recent studies have shown that these substances lowering cholesterol content in the body, are effective against 
hyperlipidemia. Therefore, the aim of our investigation was to study the effect of synthesized thiosulfonates 
on the content of lipids and their spectrum in rats blood, liver and kidney. The amount of total lipids and their 
fractional profile was determined by thin-layer chromatography. The administration of methyl-, ethyl-, and 
allylthiosulfonates at a dose of 300 mg/kg of body weight did not cause significant changes in the content of 
total lipids and phospholipids, but led to the redistribution of their classes in the examined tissues. The content 
of triacylglycerols in the blood plasma under the action of ethyl- and allylthiosulfonates was decreased by 
29.14 and 23.19% (P < 0.05-0.01), respectively, whereas the injection with methyl- and ethylthiosulfonates was 
accompanied by a significant decrease in mono-, di-, triglycerides and free fatty acids in the liver compared 
to control. The most significant changes in the lipid profile of kidney tissue were detected under the action of 
methylthiosulfonate.

K e y  w o r d s: thiosulfonates, blood, liver, kidney, total lipids, phospholipids, fractional composition.

N owadays the urgent problem of the modern 
pharmaceutical chemistry is the search 
for biologically active substances with a 

wide range of biological effects, which can become 
the basis for the development of new biocides and 
medicines. These substances include organic sulfur 
compounds, isolated from the garlic, onions, cau-
liflower, broccoli etc. [1] and their structural ana-
logs – synthetic thiosulfonates [2]. The advantages 
of synthetic thiosulfonates over natural compounds 
are their stability, as well as low toxicity for animals 
[2]. Synthetic thiosulfonates are characterized by a 
wide range of antibacterial and antifungal activities 
[3, 4]. Propyl-propane thiosulfonate, isolated from 
garlic, affects enteropathogens, such as subspecies 
Salmonella, Campylobacter jejuni, Clostridium per-
frigens and Escherichia coli. Dietary supplementa-
tion of propyl-propane thiosulfonate could modulate 
the composition of the broiler’s intestinal microbiota 
and increase feed digestibility [5]. It is believed that 

the antimicrobial activity of thiosulfonates is closely 
related to their ability to block the normal metabo-
lism of microorganisms through sulfenylation of 
thiol groups of their enzymes [6]. 

Propyl-propane thiosulfonate is effective 
against coccidia [7], it can be added to animal feed 
as an alternative to growth promoters [8], as well as 
reduces methane emissions in ruminants [9]. 

It has been shown that sodium salts of S-alkyl 
thiosulfonates and S-alkyl sulfonates can reduce in-
flammation of the paws in rats caused by carragee
nan. The most effective anti-inflammatory properties 
were detected for partially screened phenol with the 
thiosulfonate group (TS-13). The authors suggest 
that such anti-inflammatory effects of these synthetic 
compounds are associated with their effect on redox-
sensitive transcription factors and the expression of 
appropriate proinflammatory genes [10].

Existing data indicate that organic sulfur com-
pounds manifest cytotoxic effects on cancer cells, in-
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hibiting their growth through the arrest of the G2/M 
cell cycle and inducing apoptosis both in vitro and in 
vivo [11]. Moreover, these compounds can induce the 
formation of active forms of oxygen caused by a cas-
cade of cytotoxic effects in promyeloleukemic [12], 
glioblastoma [13] neuroblastoma [14], lymphoma, 
breast cancer and esophagus cell lines [15, 16]. 

Our previous studies have shown that the syn-
thesized esters of 4-amino- and 4-acylbenzenethio-
sulfoacids have a powerful antimicrobial effect, 
which is closely related not only to their ability to 
block the SH- and NH2-groups of proteins but also to 
manifest properties, similar to sulfonamides [4, 17].

Thus, nowadays there is enough information 
about the antimicrobial, antifungal and cytotoxic 
properties of thiosulfonates, but little is known 
about the effects of these compounds on metabolic 
processes in the animal organism. Taking into ac-
count that organic sulfur compounds may affect lipid 
metabolism, the aim of current study was to ana-
lyze the effect of the administration of synthesized 
thiosulfonates on the lipid profile of blood, liver and 
kidney tissues in rats.

Materials and Methods

Synthesis of thiosulfonates. In current work, 
we used allyl-4-aminobenzenethiosulfonate (ATC), 
ethyl-4-aminobenzenethiosulfonate (ETS) and me-
thyl-4-aminobenzenethiosulfonate (MTS). All com-
pounds were synthesized in Department of technolo
gy of biologically active compounds, pharmacy and 
biotechnology (Lviv Polytechnic National Univer-
sity), in accordance with the protocol described in 
detail in [2, 4].

Animals. For experiments, male rats with 
body weight 190-210 g were used. All experimen-
tal procedures were performed in accordance with 
the requirements of European convention for the 
protection of vertebrate animals used for experi-
mental and other scientific purposes (Strasbourg, 
1986) and the National general ethical principles of 
experiments on animals (Ukraine, 2001). Animals 
were housed under controlled laboratory conditions. 
The rats were fed a standard pellet feed and filtered 
drinking water ad libitum.

Wistar rats were randomly divided into 
4 groups (control K and three experimental: A, E, 
M) each containing 5 animals.

For the administration to animals, thiosul-
fonates were dissolved in sterile oil (trademark 
“Oleyna”, DSTU ISO 14024, Ukraine). The solution 

was freshly prepared and administered intraperito-
neally at a dose of 300 mg/kg of body weight once a 
day: group A – allylthiosulfonate (ATS), group E – 
ethylthiosulfonate (ETC), group M – methylthiosul-
fonate (MTS). Animals of the control group were 
injected an appropriate dose of sterile oil.

After three days of the experiment, rats were 
sacrificed under ether anesthesia. The samples of 
blood, liver and kidney were collected. All proce-
dures on tissues were carried out at 4 °C. 

Extraction of lipids. Blood plasma and tissue 
homogenates were extracted with chloroform-metha
nol mixture (2:1, v/v) by the Folch method [18]. A so-
lution of KCl (0.74 M) was added to each sample of 
the lipid extract. After 24 h the upper phase contai
ning hydrophobic peptides was removed by a water 
pump, and a lower phase, which contained the lipids, 
was filtered. The lipid extracts were evaporated to 
dryness and then weighed on an analytical balance. 

Separation of total lipids. The separation of 
lipids into classes was performed using thin-layer 
chromatography on silica gel plates (silica gel 
L 5/40μ, LSL 5/40μ, Chemapol, Czech Republic). 
Hexane-diethyl ether-acetic acid (70:30:1, v/v/v) 
was used as an eluent system [19]. Classes of lipids 
were revealed in vapors of crystalline iodine. Iden-
tification of individual lipids was carried out with 
Rf-values. Quantitative analysis of the lipid classes 
was performed using the TotalLab TL120 software 
(Nonlinear Dynamics Limited, UK) and expressed 
as a percentage of the total pool.

Statistical analysis. Statistical evaluation of the 
results was conducted using the arithmetic mean and 
standard error (M ± m) and the adequate interval for 
assessing the degree of probability (P) using Stu-
dent’s criterion (t). Differences were statistically sig-
nificant at P < 0.05. All calculations were performed 
using Microsoft Excel software.

Results and Discussion

It is well known that organic sulfur-contain-
ing compounds of garlic, onions, etc., are effective 
against hyperlipidemia, lowering the lipid content in 
blood [20]. Our results showed that administration 
of thiosulfonates had no effect on the total lipids in 
blood plasma of rats (Fig.). We also found the ten-
dency to decrease its level in animals of experimen-
tal group A, which were injected with allylthiosul-
fonate.

Similar changes of total lipid content were 
observed in the liver of rats. It has been revealed 
that the content of total lipids decreased by 19.3% 

A. Z. Pylypets, R. Ya. Iskra, V. V. Havryliak et al.



58

ISSN 2409-4943. Ukr. Biochem. J., 2017, Vol. 89, N 6

(P  < 0.01) in rats injected with allylthiosulfonate. 
This is explained an adaptive reorganization of 
metabolic processes in the animal organism [21]. At 
the same time, no significant differences were ob-
served between total lipids content in the kidney of 
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The content of total lipids in: a – blood plasma; b – 
liver; c – kidney. K – control, A – allylthiosulfonate 
(ATS), group E  – ethylthiosulfonate (ETC), group 
M – methylthiosulfonate (MTS). *, **, *** – the dif-
ferences are statistically significant compared to the 
control group (P < 0.05-0.001)

all experimental groups, compared with the control 
animals.

As can be seen from the results of Table 1, the 
largest part of total lipids in blood plasma is the frac-
tion of phospholipids, but there was no detectable 
change of its content between the control and the 
experimental groups. A significant decrease of 
triglycerides to 23.19 and 29.14% (P < 0.05-0.01) 
from the control was detected in rats injected with 
allyl- and ethylthiosulfonates respectively. It should 
be noted that the literature data report that allicin 
and its derivatives can decrease the content of cho-
lesterol and triglycerides in blood serum, reduce 
platelet aggregation and the risk of atherosclerotic 
plaque formation [22].

In the present study, the same lipid components 
in rat’s liver of all groups (Table 2) were observed 
but the quantitative content of individual fractions 
was significantly different. It should be noted that 
fractions of mono-, diglycerides and free fatty acids 
decreased significantly in animals of all experimen-
tal groups. However, the most significant changes in 
the lipid profile of liver tissue were observed in the 
group of rats, injected with methyl- and ethylthiosul-
fonates. In these animals, the triglycerides content 
in the liver tissue reduced by 34.0% and 28.6%, re-
spectively. On the one hand, these data may indicate 
the mobilization of tissue lipids into circulation and 
on the other hand – on the inhibition of activities of 
enzymes involved in the synthesis of lipids [23].

The largest content of phospholipids was ob-
served in the liver of animals of the experimental 
group M. It is likely that a higher content of this 
fraction of lipids in the liver may indicate their use 
in adaptive rearrangements of the structural compo-
nents of hepatocytes [24]. 

Our results have shown that the lipid profile of 
kidney is characterized by the significant decrease in 
triglycerides in animals of the group E and M (Ta-
ble 3). 

The intraperitoneal administration of methyl-
thiosulfonate is also accompanied by an increase 
in free cholesterol and unesterified fatty acids. It is 
known that free cholesterol and phospholipids affect 
the functional activity of cell membranes. Therefore, 
the high level of free cholesterol can cause changes 
in membrane fluidity and its permeability [25].

The lowest content of esterified cholesterol was 
found in animals injected with allylthiosulfonate that 
may indicate the changes in the activity of enzymes 
involved in the cellular homeostasis of cholesterol. 
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T a b l e  1. Fractional composition of total lipids in blood plasma, %, M ± m, n = 5

T a b l e  2. Fractional composition of total lipids in liver, %, M ± m, n = 5

T a b l e  3. Fractional composition of total lipids in the kidney, %, M ± m, n = 5

Class of lipids Control group
Experimental group

А Е М
Phospholipids   47.15 ± 10.51 48.49 ± 1.30 47.58 ± 9.49 30.95 ± 4.79
Nonesterified cholesterol 14.99 ± 1.20 15.32 ± 2.93 11.81 ± 2.52 13.70 ± 2.25
Mono- and diglycerides 11.00 ± 3.30 11.19 ± 2.57 12.82 ± 3.38 14.03 ± 2.71
Free fatty acids  4.21 ± 0.70   5.85 ± 0.97 10.91 ± 3.31   7.61 ± 2.01
Triglycerides 13.28 ± 0.60     10.20 ± 0.14**     9.41 ± 1.30* 21.53 ± 4.52
Esterified cholesterol   9.38 ± 3.34   8.94 ± 2.77   7.47 ± 2.62 12.19 ± 1.93

Here and in Table 2-3: *, **, *** – the differences are statistically significant compared to the control group 
(P < 0.05-0.001)

Class of lipids Control group
Experimental group

А Е М
Phospholipids 22.89 ± 2.19 33.70 ± 8.31   43.27 ± 10.03 50.88 ± 3.66***
Nonesterified cholesterol 11.92 ± 2.29  9.85 ± 1.31 10.38 ± 1.70     6.13 ± 1.11
Mono- and diglycerides 15.90 ± 1.10  12.16 ± 0.53*   12.26 ± 0.44*   10.12 ± 1.61*
Free fatty acids 15.79 ± 1.21 10.60 ± 1.11*       7.96 ± 1.48**   6.92 ± 0.74***
Triglycerides 16.46 ± 1.26 14.89 ± 4.92    11.75 ± 1.23*   10.85 ± 0.78**
Esterified cholesterol 17.05 ± 0.90 18.80 ± 1.60 14.38 ± 3.55   15.11 ± 1.06

Class of lipids Control group
Experimental group

А Е М
Phospholipids 40.52 ± 1.19 49.64 ± 8.41 47.40 ± 5.96 41.61 ± 6.31
Nonesterified cholesterol 8.66 ± 0.55 8.66 ± 1.14 8.56 ± 0.26 11.68 ± 1.03*
Mono- and diglycerides 11.71 ± 1.98 9.32 ± 3.26 9.40 ± 1.03 10.10 ± 3.71
Free fatty acids 6.55 ± 0.36 8.29 ± 1.61 8.63 ± 2.49 10.03 ± 0.97**
Triglycerides 16.76 ± 0.99 12.76 ± 4.2 11.57 ± 1.17* 12.37 ± 1.04*
Esterified cholesterol 15.80 ± 0.88 11.33 ± 1.20* 14.44 ± 3.06 14.23 ± 1.94

Thus, the observed redistribution of diffe
rent fractions of total lipids in blood plasma, liver, 
and kidney in response to the administration of all 
thiosulfonates in rats are closely related to their in-
volvement in the energy metabolism, in particular, 
the regulation of the activity of various enzymes in-
cluded in lipid metabolism.

Intraperitoneal administration of thiosulfo
nates at a dose of 300 mg/kg of body weight did not 

significantly affect the content of total lipids and 
phospholipids in blood plasma, liver and kidney of 
rats, but led to the redistribution of their fractions. 
Methyl- and ethylthiosulfonates have a greater ef-
fect on the lipid metabolism in the liver, which is 
reflected in the decrease of the content of mono-, di- 
and triglycerides and free fatty acids. Methyl- and 
ethylthiosulfonates also reduced the triglycerides 
content in the kidney.

A. Z. Pylypets, R. Ya. Iskra, V. V. Havryliak et al.



60

ISSN 2409-4943. Ukr. Biochem. J., 2017, Vol. 89, N 6
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Тіосульфонати – синтетичні аналоги 
органічних сульфурвмісних сполук, виділених 
із рослин. Недавні дослідження показали, що ці 
сполуки ефективні у разі гіперліпідемії і здатні 
знижувати вміст холестеролу в організмі. Мета 
наших досліджень полягала у вивченні впливу 
синтезованих тіосульфонатів на вміст ліпідів та 
їхній склад у крові, печінці, нирках щурів. Вміст 
загальних ліпідів та співвідношення їх класів 
визначали методом тонкошарової хроматографії. 
Встановлено, що введення метил-, етил- та 
алілтіосульфонатів (300 мг/кг) не спричиня-
ло істотних змін у вмісті загальних ліпідів та 
фосфоліпідів, проте призводило до перерозпо
ділу їх класів у досліджуваних тканинах. За дії 
етил- та алілтіосульфонатів спостерігали зни-
ження вмісту триацилгліцеролів у плазмі крові 
на 29,14 та 23,19% (Р < 0,05–0,01) відповідно, в той 
час як введення метил- та етилтіосульфонатів су-
проводжувалося вірогідним зменшенням моно-, 
ди-, триацилгліцеролів та вільних жирних кис-
лот у тканині печінки порівняно з контролем. 
Найістотніші зміни ліпідного спектра тканини 
нирок виявлені за дії метилтіосульфонату.

К л ю ч о в і  с л о в а: тіосульфонати, кров, 
печінка, нирки, загальні ліпіди, фосфоліпіди, 
фракційний склад.
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Тиосульфонаты – синтетические аналоги 
органических серосодержащих соединений, вы-
деленных из растений. Недавние исследования 
показали, что эти соединения эффективны при 
гиперлипидемии и способны снижать содержа-
ние холестерола в организме. Цель наших иссле-
дований заключалась в изучении влияния син-
тезированных тиосульфонатов на содержание 
липидов и их состав в крови, печени и почках 
крыс. Содержание общих липидов и соотноше-
ние их классов определяли методом тонкослой-
ной хроматографии. Установлено, что введение 
метил-, этил- и аллилтиосульфонатов (300 мг/кг) 
не вызывало существенных изменений в содер-
жании общих липидов и фосфолипидов, однако 
приводило к перераспределению их классов в 
исследуемых тканях. Под воздействием этил- и 
аллилтиосульфонатов содержание триацил-
глицеролов в плазме крови снижалось на 29,14 
и 23,19% (Р <  0,05–0,01) соответственно, в то 
время как введение метил- и этилтиосульфона-
тов сопровождалось достоверным уменьшени-
ем моно-, ди-, триацилглицеролов и свободных 
жирных кислот в ткани печени по сравнению с 
контролем. Существенные изменения липидно-
го состава ткани почек наблюдались под воздей-
ствием метилтиосульфоната.

К л ю ч е в ы е  с л о в а: тиосульфонаты, 
кровь, печень, почки, общие липиды, фосфоли-
пиды, фракционный состав.
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