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INTRODUCTION 
 

Liver is involved in the regulation of protein, carbohydrate 
and lipid metabolism, provides digestion and functions of 
almost all organism systems [1].  Moreover, xenobiotics 
and endotoxic compounds constantly forming in the 
organism are metabolized in the liver. Impaired 
detoxification function inevitably affect other systems of 
the organism [1,2]. It should be noted that with long
chronic disorders of detoxification functions in the liver an 
inflammatory process is developed, which 
process can lead to liver cirrhosis. It should be noted,that 
it is an irreversible dangerous condition [3, 4].
 

According to medical statistics, about 6% of the world's 
population suffers from various liver pathologies [4]. 
Viruses, toxic compounds, and even some foods, 
including alcohol [5-7], can induce liver hepatitis and 
cirrhosis. Alcoholic beverages are the largest share among 
inducers of liver function pathology. The part of alcoholic 
liver damage accounts for up to 13.6% of all typ
pathologies [8]. About 2 million people die from liver 
diseases due to alcohol in the advanced Western countries 
each year [9, 10]. 
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The effect of Heteroside – 321 on the ethanol sleep model as an analeptic and 
its effect on liver detoxification function in mature rats of 
investigated. The duration of ethanol sleep, the frequency of respiration during 
sleep, the activity of alcohol dehydrogenase, alanine aminotransferase and 
aspartate aminotransferase, the content of aldehyde, serum creatinine and liver 
lipid peroxide were determined. Sulfocamphocain was used as a classic 
analeptic. It was shown that the synthesized in our laboratory Heteroside 
at a dose of 2 mg / 100 g of body weight had a pronounced analeptic activity, 
increased the function of liver detoxification and did not have negative side 
effects on liver function. The ethanol narcosis model can be used in the 
development and evaluation of new analeptics. 
 
 
 
 
 
 
 

      

Liver is involved in the regulation of protein, carbohydrate 
and lipid metabolism, provides digestion and functions of 
almost all organism systems [1].  Moreover, xenobiotics 
and endotoxic compounds constantly forming in the 

metabolized in the liver. Impaired 
detoxification function inevitably affect other systems of 
the organism [1,2]. It should be noted that with long-term 
chronic disorders of detoxification functions in the liver an 
inflammatory process is developed, which is fibrosis. This 
process can lead to liver cirrhosis. It should be noted,that 
it is an irreversible dangerous condition [3, 4]. 

According to medical statistics, about 6% of the world's 
population suffers from various liver pathologies [4]. 

compounds, and even some foods, 
7], can induce liver hepatitis and 

cirrhosis. Alcoholic beverages are the largest share among 
inducers of liver function pathology. The part of alcoholic 
liver damage accounts for up to 13.6% of all types of liver 
pathologies [8]. About 2 million people die from liver 
diseases due to alcohol in the advanced Western countries 

In this regard, searchingof biologically active compounds 
and drugs regulating the detoxification function of th
liver is a relevant and reasonable task.
 

It was previously shown that Heterosides synthesized in 
our laboratory have a pronounced hepatoprotective and 
hepatoreparative effect [11]. In addition, they can 
stimulate cell proliferation of bone marrow cells 
vitro system [12]. In particular, they stimulate processes of 
liver repair against the background of hepatitis. 
Preliminary investigations have shown that Heterosides 
can also regulate detoxification functions [11
 

It is known that the administration of 20% ethyl alcohol to 
rats at a dose of 4.5 mL/kg transfer them in the state of 
anesthetic sleep [13]. It was shown that the duration of 
alcoholsleep was 94 ± 8.8 min at this dose [11]. It is 
proved that 95% of the alcohol administered is 
metabolized in the liver, and there is a direct correlation 
between the duration of sleep and the rate of alcohol 
metabolism in the liver [14]. Consequently, the duration of 
ethanol anesthetic sleep can allow determining the rate of 
the liver detoxification function, and the administration of 
Heteroside – 321 on the background of anesthesia will 
allow evaluating the effect of the latter on the activity of 
the liver enzyme systems [11].
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The duration of alcoholsleep will also depend on the 
intensity of blood circulation and respiration. However, 
this will increase the rate of xenobiotics metabolism. As it 
is known, analeptics have a stimulating effect on the 
respiratory and vasomotor centers of the medulla 
oblongata [15]. 
 

It has been suggested that heterosides with a hepatotropic 
effect may also have analeptic effects and, as a result, 
affect liver function. 
 

In this regard, we investigated the possible relationships 
between the function of liver detoxification and the 
analeptic properties of Heteroside – 321 in the present 
investigation. 
 

One of the major liver enzymes is alcohol dehydrogenase 
(ADH) [EC 1.1.1.1] [16]. This enzyme provides alcohol 
oxidation and aldehyde reduction in the presence of NAD 
and NADH [17]. Moreover, it turned out that this enzyme 
performs a large number of other functions [18]. ADH is 
involved in the catabolism of the number of retinols, 
neurotransmitters, steroid hormones, etc. [18, 19]. The 
determination of ADH activity may indicate not only the 
rate of ethanol metabolism in liver cells, but also the 
overall functional activity of this organ. 
 

In this regard, investigation  of ADH activity in animals 
after administration of ethyl alcohol and Heteroside – 321 
will allow to evaluate the role of Heteroside – 321 in the 
function of liver detoxification in particular, and the 
general metabolism of this organ. The most important task 
in the development of new drugs is not only an assessment 
of their specific activity, but also an assessment of their 
biological safety. 
 

From the above, we determined Heteroside – 321 
influence on the time of onset of anesthesia and duration 
of ethanol, respiratory rate (analeptic effect), alcohol 
dehydrogenase activity, the acetaldehyde content, 
creatinine, and lipids hydroperoxides in the present study. 
Aspartate and alanine activity are indicators of the 
functional liver activity and possible side effects of 
Heteroside – 321 
 

MATERIALS AND METHODS 
 

The evaluation of the detoxifying effect of Heteroside-321 
was carried out on a model of alcohol anesthesia [13]. 
Experiments were performed using 2, 5 – 3 months old, 
male Wistar (weight 150 – 200 g). A comparative drug 
was a classic analeptic of the combined action of 
sulfocamphocain (SCC). This drug stimulates the 
respiratory and vasomotor centers of the medulla 
oblongata [14]. 
 

The animals were kept in accordance with sanitary and 
hygienic standards (temperature 20 - 24 ° C, humidity not 
more than 50%, natural day-night light mode), on a 
standard diet with free access to water [20]. 
 

The animals were divided into three groups of 6-8 rats 
each.All animals received intraperitoneally a 20% ethanol 
solution at a dose of 0.25 mL/per 100 g of body weight 
(Fig. 1). The dose and concentration of the ethanol solution 
was selected experimentally to achieve the optimum depth 
and duration of ethanol sleep. The first group was a control 

and received only an ethanol solution intraperitoneally. The 
second group received Heteroside – 321 at a dose of 2 mg / 
kg of body weight in the 30th minutes of ethanol sleep after 
taking a lateral position.  The third group received 20 mg / 
kg of the SCC solution (Fig. 1) [13, 14]. 
 

Fig. 1. Experimental scheme of the investigation. The 
animals were divided into 3 groups, which received 
respectively: NaCl, Heteroside – 321 and SCC against 
sleep (30 minutes after the administration of ethanol). 
After awakening, the animals were decapitated, blood was 
collected and the liver was removed, followed by 
fractionation and determination of the investigated 
parameters. 
 

The duration of sleep was defined as the difference between 
the time of awakening of the animal and the time tookingthe 
lateral position (the moment when the animals stopped 
responding to any stimuli and lost the inversion reflex). 
Thus, the period of rats in a lateral position reflects the 
duration of  alcohol sleep [11, 12-14]. 
 

The frequency of respiratory movements (FRM) was 
determined immediately after the rats took the lateral 
position within 60 seconds. Then the FRM was measured 
every 10 minutes until the animal was fully awakened. 
After the awakening of each animal, decapitation was 
carried out and blood was collected, the liver was removed 
for further investigations (Fig. 1). 
 

Analytical Method. The determination of the activity of 
ALAT and ASAT in the serum was carried out according 
to the King method [21]. 
 

Determination of the activity of alcohol dehydrogenase. 
 

 The activity of alcohol dehydrogenase and acetaldehyde 
was determined in the liver homogenate. The liver was 
homogenized in 10 mL of Tris-HCl buffer, pH 7.4 
containing 0.25 M sucrose in a ratio of 9 mL of buffer per 
1 g of liver. The resulting homogenate was diluted 5 times 
with buffer and taken at 0.1 mL to determine the activity 
of the enzyme. 2.6 mL of 0.1 M glycine-NaOH buffer pH 
9.0 and 0.1 mL + 0.04 M NAD, 0.1 mL of 0.75 ethyl 
alcohol was added to the reaction mixture. The amount of 
reduced pyridine nucleotides was determined at a 
wavelength of 340 nm using a Shimadzu UV-2700 
spectrophotometer (Japan) during 1 min. The activity of 
alcohol dehydrogenase was expressed in nmol NADN / 
min per mg of protein of the sample according to the 
formula: 
 

E x V           V 
6.22 x 10-3 x Т1 x A 
 

whereТ1 is the time of  the sample incubation, it is 1min, A 
is - the amount of protein in the sample (determined by the 
method of Lowry), V is thefinal sample volume in a 
cuvette 3.0 mL, 6.22*10-3is the nanomolecular extinction 
coefficient of the reduced form of pyridine nucleotides at 
a 340 nm wavelength, Еis the change in optical density of 
the sample for 1 minute[22]. 
 
Determination of acetaldehyde. Acetaldehyde (AA) was 
determined by the method, which is based on the 
derivatization of acetaldehyde, followed by HPLC 
analysis of 2,4dinitrophenylhydrazone acetaldehyde. 
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A microcolonial liquid chromatograph HR 1050/1100 was 
used for chromatography in the reverse phase version 
using a metal column of 8 cm x 2 mm with a nonpolar 
sorbent, Diasorb C16, 5-7 μm. 
 

A mixture of organic solvents in isocratic mode carried 
out elution of the test substance. As a mobile phase, a 
mixture of purified and freshly distilled organic solvents 
was used - acetonitrile - distilled water (60:40) with the 
addition of 2.5% acetic acid and 1% diethylamine 
(volumetric %). The mobile phase was filter
Schott funnel (pore 16) and degassed with bubbling with 
helium for 5 minutes at a speed of 50-60 cm
 

The rate of the eluent in the column was 100 mm
Introduction volume was 4.0 mm3. Analysis of the 
substance after leaving the column was carried out using 
an UV detector at a wavelength of 358 ± 2 nm (accuracy 
of measurement of wavelength was 0.5 nm).
 

Determination of creatinine. Creatinine content was 
determined spectrophotometrically standard reagents as 
described ininvestigation [23]. 1 mL of distilled water and 
0.1 mL of trichloroacetic acid at a concentration of 1.2 
mol/L were added to 0.1 mL of blood serum. The samples 
were incubated for 10 min at 25 ° C and then they were 
centrifuged at 1000 g. Picric acid (35 mmol/L), sodi
hydroxide (0.75 mol/L) were added to 1 mL of the 
supernatant and a creatinizer calibrator (177 
added to the reference samples. Experimental samples and 
reference samples were incubated for 20 min at 25 ° 
their optical density was determined on the 
spectrophotometer Shimadzu. Calculation of the 
concentration of creatinine was made according to the 
formula C = A / Akal * 177 (μmol/L), where A is the 
optical density of theinvestigated sample, Akal is the
optical density of the calibration sample, 177 is the 
conversion factor. 
 

Determination of lipid peroxidation products
investigation of lipid peroxidation products is based on the 
determination of MDA (malonic dialdehyde), which isone 
of the intermediate peroxidation products, in the reaction 
with thiobarbituric acid (TBA). 
 

3 mL of a 1% phosphoric acid solution, 1 mL of a 0.6% 
solution of TBA and 0.1 mL of an iron sulfate solution 
were added to 0.2 mL of blood serum to a final 
concentration of 1 μmol in the sample. Samples were kept 
in a boiling water bath for 1 hour. Then they were cooled 
and 4 mL of butyl alcohol were added. Intensively mixed 
and centrifuged for 10 min at 1000g. The optical density 
of the upper butanol phase was measuredon the 
spectrophotometer Shimadzu at a wavelength of 515 and 
532 nm against butanol. The calculation of the products 
content reacting with TBA was carried out taking into 
account the MDA molar extinction coefficient of 1.56 • 
105 mol 1cm-1: 

, 

 

whereАis MDA content (µmol / L); 106isconversion factor 
(nmol); 4 is volume of butanol phase 6 mL;1,56 
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Significant differences between groups were determined 
by a nonparametric Students test.
were performed using Statistica 10.0 program [24]. 
Differences between control and experimental groups 
were considered significant at p
 

RESULTS AND DISCUSSION
 

The effect of Heteroside-321 on the respiratory center 
and detoxification function. 
 

The administration of 20% ethanol solution in a dose of 
0.25 mL/kg to young intact animals accompanied by 
ethanol sleep , which occurred 2 minutes and 50 seconds 
after the administration  of ethanol solution and lasted 132 
minutes and 58 seconds (Table 1).
 
If Heteroside – 321 was administered at a dose of 2 mg/kg 
to animals in alcohol sleep, this reduced the sleep duration 
by 48.5% compared with the control animals, and the 
onset of sleep was observed after 3.5 minutes (Table 1). 
animals were administrated with a known analeptic 
sulfocamphocain (SCC) at a dose of 20 mg / kg of body 
weight, the duration of sleep was reduced only by 23.2% 
compared with the control group of animals (Table 1). At 
the same time, the onset of alcohol 
Table 1 
 

The duration of anesthesia in the groups after the 
administration of 20% ethanol solution at a dose of 0.25 
mL/kg, Heteroside – 321 at a dose of 2 mg/kg and SCC at 
a dose of 20 mg/kg 
 

Criteria 

Experiment

20% 
ethanol

n=6 

Sleep time, min 2, 5 
Duration of 

anesthesia, min 
132, 6

 
 

* - compared with the control animals by the Student's test, p 
 

Therefore, Heteroside – 321 had a pronounced 
effect. Analeptics are known to affect the respiratory and 
vasomotor centers of the brain [15]. In this regard,the 
effect of Heteroside – 321 on the respiration rate in the 
next series of experimentswas determined.Heteroside 
321 is involved in the regulation of the respiratory center 
and it has a pronounced analeptic effect (Fig. 2).
 

Administration of a 20% ethanol solution to the control 
group of animals was accompanied by a decrease in the 
respiration rate. It reached its minimum in 30
after the onset of ethanolsleep (Fig. 2). Respiratory rate in 
the control group of animals remained lowered to 135
minutes. After 140 minutes of sleep, the FRM increased 
and exceeded the initial level by 160 minutes and, later, by 
200 minutes it reached the initial level (Fig. 2).
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MDA molar extinction coefficient;n is sample volume 

Significant differences between groups were determined 
by a nonparametric Students test. All statistical analyses 
were performed using Statistica 10.0 program [24]. 
Differences between control and experimental groups 
were considered significant at p≤0.05. 

RESULTS AND DISCUSSION 

321 on the respiratory center 

The administration of 20% ethanol solution in a dose of 
0.25 mL/kg to young intact animals accompanied by 
ethanol sleep , which occurred 2 minutes and 50 seconds 
after the administration  of ethanol solution and lasted 132 

and 58 seconds (Table 1). 

321 was administered at a dose of 2 mg/kg 
to animals in alcohol sleep, this reduced the sleep duration 
by 48.5% compared with the control animals, and the 
onset of sleep was observed after 3.5 minutes (Table 1). If 
animals were administrated with a known analeptic 
sulfocamphocain (SCC) at a dose of 20 mg / kg of body 
weight, the duration of sleep was reduced only by 23.2% 
compared with the control group of animals (Table 1). At 
the same time, the onset of alcohol sleep was 4, 1 min. 

The duration of anesthesia in the groups after the 
administration of 20% ethanol solution at a dose of 0.25 

321 at a dose of 2 mg/kg and SCC at 

ExperimentalGroups 

20% 
ethanol 

 

ethanol+ 
Heteroside 

– 321 
n=8 

ethanol+ 
SCC 
n=8 

 3, 5 4,1 
132, 6 68, 3* 

 
102, 1* 

 

compared with the control animals by the Student's test, p ≤0, 05 

321 had a pronounced arousing 
effect. Analeptics are known to affect the respiratory and 
vasomotor centers of the brain [15]. In this regard,the 

321 on the respiration rate in the 
next series of experimentswas determined.Heteroside – 

he regulation of the respiratory center 
and it has a pronounced analeptic effect (Fig. 2). 

Administration of a 20% ethanol solution to the control 
group of animals was accompanied by a decrease in the 
respiration rate. It reached its minimum in 30–40 minutes 
after the onset of ethanolsleep (Fig. 2). Respiratory rate in 
the control group of animals remained lowered to 135-140 
minutes. After 140 minutes of sleep, the FRM increased 
and exceeded the initial level by 160 minutes and, later, by 

t reached the initial level (Fig. 2). 
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Fig  2 Change in respiration rate after administration of a 20% ethanol 
solution at a dose of 0.25 mL/kg, Heteroside – 321 at a dose of 2 mg/kg 

and SCC at a dose of 20 mg/kg against ethanol anesthesia. 
 

* – compared with the control animals by the Student's test, p ≤0, 05 
 

In the case that animals who were in anesthesia the SCC 
wasintroduced on the 30th minute, the frequency of 
respiratory movements increased 30 minutes after the 
administration of the drug, i.e. on the 60th minute after 
sleep. Moreover, it significantly exceeded the initial level 
(Fig. 2). Later, after awakening of animals, it slowly 
decreased to control level (Fig. 2). 
 
If the animals on the 30th minute of ethanolsleep were 
administrated with Heterozide-321, then already 10 
minutes after the administration, their respiratory rate 
increased and at that time, it exceeded both the control and 
the group that received SCC (Fig. 2). Further, the 
respiratory rate in animals treated with Heteroside – 321 
and SCC did not differ between themselves (Fig. 2). 
 

Consequently, Heteroside – 321 had a regulatory effect on 
the respiratory center of the brain. Moreover, its effect 
was more pronounced than in the case of the SCC. Such 
analeptic effect of Heteroside – 321 can be caused both by 
a direct effect on the brain and indirectly by accelerating 
the metabolism of ethyl alcohol in the liver. 
 

One of the major liver enzymes is alcohol dehydrogenase 
(ADH), which provides for the metabolism of ethyl 
alcohol. [17-19]. 
 

It should be noted, the administration of Heteroside – 321 
to experimental animals was accompanied by a38,2% 
increase in the activity of ADH compared with the control 
Administration of the SCC animals increased only by 28, 
3% compared to the control (Table 2). 
 

Table 2 ADH activity in the liver homogenate and serum 
acetaldehyde content after administration of a 20% ethanol 

solution at a dose of 0.25 mL/kg, Heteroside – 321 at a dose of 2 
mg/kg and SCC at a dose of 20 mg/kg against ethanol. 

 

Criteria 

ExperimentalGroups 

20% ethanol 
n=6 

ethanol+ 
Heteroside-321 

n=8 

ethanol+ SCC 
n=8 

ADH activity, 
μg/mL 

1.49 ± 0.27 2.06 ± 0.73* 1.92 ± 0.43* 

Acetaldehyde 
(ACAD)content, 

µg/mL 
10,5 ± 0,9 7,5 ± 0,7* 6,3 ±0,7* 

 

* – compared with the control animals by the Student's test, p ≤0, 05 
 

The results showed a good correlation between the activity 
of ADH and the duration of sleep in experimental animals 
(Fig. 3). 
 

 
 

Fig 3 The decrease in the duration of ethanol narcosis in animals treated 
with Heteroside-321 and SCC in percentage relative to the control, which 

is taken as 100%, against the increase activity of ADH in the liver in 
these animals. 

 

The content of ethanol-acetaldehyde oxidation products 
decreased by 40% in the case of SCC and 28, 6% after 
administration of Heteroside – 321 (Table 2). The results 
suggest that Heteroside – 321 affects the functions of liver 
detoxification, activating the enzyme systems in this 
organ, and in particular alcohol dehydrogenase. 
 

In this connection, the question of the possible side effects 
of the influence of heterosides on liver function is 
important. 
 

About the Possible side Effects of Heteroside-321 
 

As it is known, liver dysfunction is most often argue by 
the activity of alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) in blood serum [25]. 
It was found that Heteroside – 321 and SCC do not affect 
either the activity of ALT or AST; they did not differ from 
the indicators of the control group of animals (Table 3). 
 

Table 3 The activity of ALT, AST and creatinine content (conditional 
units/mL) in serum and the content of hydroperoxides lipids in the 

cytosol of the liver after the introduction of a 20% solution of ethanol at 
a dose of 0.25 mL/kg, Heteroside at a dose of 2 mg/kg and SCC in a dose 

of 20 mg/kg on the background of ethanol anesthesia. 
 

Criteria 

ExperimentalGroups 

20% ethanol 
n=6 

ethanol+ 
Heteroside-321 

n=8 

ethanol+ SCC 
n=8 

ALT activity, 
µg/mL 

0.22 ± 0.015 0.24 ± 0.02 0.22± 0.03 

AST activity, 
µg/mL 

0.16 ± 0.06 0.14 ± 0.03 0.15± 0.04 

MDA, 
µmol/L 

0.268 ± 0.01 0.193* ± 0.03 0.232 ± 0.02 

Creatinine content 0,58 ± 0,29 0,53 ± 0,22 0,52 ± 0,31 
 

* – compared with the control animals by the Student's test, p ≤0, 05 
 

One of the fastest and most common reactions to a variety 
of stress and functional changes in the liver is the 
formation of free-radical reaction products [26]. In 
determining the products of free-radical reactions, the 
content of lipid hydroperoxides is most often measured. 
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The determination of lipid hydroperoxides in serum 
showed that their content did not significantly change in 
animals treated with SCC (Table 3). 
 

At the same time, the administration of the Heteroside – 
321 to animals in ethanol sleepwas accompanied by a 
significant decrease in the content of lipid hydroperoxides 
by 28% compared with the control group of animals 
(Table 3). The main site of free radical formation is 
mitochondria and the endoplasmic reticulum of liver cells 
[27]. This effect of Heteroside – 321 on the content of 
lipid hydroperoxides may indicate the effect of Heteroside 
– 321 on the functional activity of the liver, which is 
consistent with previously obtained data [11]. 
 

Consequently, the test substances did not adversely affect 
liver function. However, these data do not exclude the 
possibility of Heteroside – 321 influence on other 
organism systems.One of them is the kidneys excretory 
system, the load on the excretory system increases after 
the administration of xenobiotics (ethyl alcohol, 
heterosides and SCC) to animals. Increase in the 
creatinine content in the blood can be an indicator of the 
action of toxic substances on kidney function, endocrine 
disorders and active degradation of muscle tissue caused 
by toxicants [28]. 
 

It was found that the administration of Heterosides, as the 
SCC, did not affect the creatinine content in the blood 
serum of experimental animals (Table 3). 
 

Consequently, Heterosides do not affect the functional 
activity of the kidneys and do not show a toxic effect on 
the organism at a dose of 2 mg/100 g. However, they had 
pronounced detoxification and analeptic effects. 
 

The results showed that the Heteroside – 321 synthesized 
in our laboratory at a dose of 2 mg/100 g had a 
pronounced analeptic activity, enhanced the function of 
liver detoxification against the background of ethanol 
anesthesia and did not show negative side effects on liver 
function and kidneys. Heteroside – 321 exerted a 
“regulatory” effect on liver function in animals under 
alcohol anesthesia, as may be shown by a decrease in the 
content of lipid hydroperoxides by 28% and an increase in 
ALD activity and aldehyde content. 
 

The ethanol anesthesia model can be used not only in the 
development of new analeptic drugs, but also in the 
investigation of the fundamental mechanisms of the 
interrelation of various functional systems of the 
organism.In particular, it may be the intensity of respiration, 
blood circulation and detoxification function. 
 

In recent years, searching for natural sources of Heterosides 
and the investigation of the mechanisms of their action have 
been conducted [29]. Such interest is due to a wide range of 
their biological effects. Thus, Heterosides have been shown 
to have anticarcinogenic [30], hepatoprotective [11], 
immunomodulatory [31], and other biological effects. The 
main source of natural Heterosides is plant objects. It 
should be noted, that the isolation, purification and 
standardization of natural compounds are laborious and 
difficult tasks. In this regard, the synthesis of Heterosides is 
of great interest. 
 

It was shown that Heterosides synthesized in our laboratory 
have a broad spectrum of biological effects. For example, 
Heterosides in small concentrations (10–4 –10–5) after their 
administration into the culture of bone marrow cells were 
stimulated cells proliferation. However, they inhibited 
proliferative cell activity of the primary culture for 3-4 days 
[13]. The administration of Heterosides to experimental 
animals accelerated the rate of liver cells proliferation on 
the regenerating liver model and influenced the 
proliferation of spleen cells [11]. 
 

Consequently, earlier studies and the results of this 
investigation suggest that the sulfur and nitrogen 
containingsynthesized in our laboratory Heterosides have a 
broad spectrum of biological action and a complex dose-
dependent biological response. In this connection, a 
question may arise about the possible mechanism of 
polyfunctionality of Heterosides. 
 

We suggest that the administration ofa single substance 
(Heteroside – 321) of different responses can be explained 
by the fact that for Heterosides there is a large number of 
receptors on different targets. It can also be explained by 
following, Heterosides act on the basic (evolutionarily 
ancient) mechanisms of cells regulation and organisms in 
general which trigger a cascade of metabolic changes [32 - 
33]. The action of Heterosides by the third mechanism 
cannot be ruled out.This way can be named combined. 
 

One of the evolutionary ancient regulatory mechanisms 
presented in all living organisms, regardless of their level of 
organization, is the redox system of the cell or organism 
[32, 33]. The redox system is the basic level of regulation, 
which dynamically changes under the influence of a huge 
number of endogenous and exogenous factors. The 
reorganization of the redox system leads to coordinated 
changes in all organism systems. In particular, it isthe body 
bioenergy system. 
 

Previously it was shown that the Heterosides have a 
pronounced effect on the activity of antioxidant and energy-
producing enzymes under conditions of cryogenic damage 
[34]. It was shown that, against the background of alcohol 
anesthesia, the content of lipid hydroperoxides decreased by 
28%, which is consistent with previously obtained data 
Heterosides, as low-molecular compounds containing sulfur 
and nitrogen, can have an antioxidant effect and even in 
lower concentrations, as in cell culture [13] or in vitro 
system, or 2 mg/100 g versus 20 mg/100 g of SCC.  It can 
be assumed, that heterosides affect the redox system of the 
organism. These substances provide the functional activity 
of the respiratory center, the function of detoxification and 
other functional systems of the organism. 
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