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EDITORIAL

The most significant achievements in the field of natural sciences are reached in joint collaboration, where 
important roles are taken by biology and chemistry. Therefore publication of a Journal, displaying results of 
current studies in the field of biology and chemistry, facilitates highlighting of theoretical and practical issues 
and distribution of scientific discoveries.

One of the basic goals of the Journal is to promote the extensive exchange of information between the sci-
entists from all over the world. We welcome publishing original papers and materials of biological and chemi-
cal conferences, held in different countries (after the process of their subsequent selection).

Creation of special International Journal of Biology and Chemistry is of great importance, because a great 
amount of scientists might publish their articles and it will help to widen the geography of future collaboration. 
We will be glad to publish also the papers of the scientists from the other continents.

The Journal aims to publish the results of the experimental and theoretical studies in the field of biology, 
biotechnology, chemistry and chemical technology. Among the emphasized subjects are: modern issues of 
technologies for organic synthesis; scientific basis of the production of physiologically active preparations; 
modern issues of technologies for processing of raw materials, production of new materials and technologies; 
study on chemical and physical properties and structure of oil and coal; theoretical and practical issues in pro-
cessing of hydrocarbons; modern achievements in the field of nanotechnology; results of studies in the fields 
of biology, biotechnology, genetics, nanotechnology, etc.

We hope to receive papers from a number of scientific centers, which are involved in the application of the 
scientific principles of biology, biotechnology, chemistry and chemical technology on practice and carrying out 
research on the subject, whether it relates to the production of new materials, technology and ecological issues.
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Diversity, morphology and karyotypes of species from genus  
Neogobius (Perciformes; Gobiidae) at coastal zone of the Caspian Sea  

(Aktau city)

Abstract:  The paper presents the results on the diversity, morphology and karyotypes of species from the 
genus Neogobius collected during the summer seasons 2012-2016 in the shallow coastal zone of the Caspian 
Sea (Aktau city).  A total of 6 species of goby fish belonging to two genera were found: Neogobius Iljin, 1927 
and Ponticola Ilijn, 1927.  Most species are widespread in the Northeast and Middle Caspian.  The results 
of the morphological analysis did not reveal any significant differences between the populations of goby 
fish of the Northern and Middle Caspian, and also in comparison with the literature data.  Chromosome kits 
and karyotypes detected in the observed gobies N. fluviatilis pallasi, N. melanostomus affinis, N. caspius,  P. 
gorlap and P. syrman eurystomus are represented in the diploid set mainly by 46 acrocentric chromosomes, 
and in one species previously identified by us as N.sp (P.iljini) 2n = 40 chromosomes with a number of 
chromosome arms (NF) 46.
Key words: diversity, morphology, karyotypes, goby fish, Caspian.

Introduction

The biological diversity of animals in the Caspian 
Sea basin is characterized by the greatest number of 
endemics of a diverse taxonomic rank – from subspe-
cies to families [1]. A significant number of endemics 
from all taxa were found in the Middle Caspian. Ac-
cording to Kazancheev E.N., the number of endemics 
at the genus level is 8.2%, species – 43.6%, subspe-
cies – 100% [2].

The fauna of the fish of the Caspian Sea and ad-
jacent areas of deltas and freshened bays and lagoons 
(continuously occurring species, migrating or oc-
casionally setting) include 119 species and subspe-
cies (including controversial status) belongin Qg to 
52 genera from 15 families, of which 35 are from 12 
genera belong to the family Gobiidae order Perci-
formes (Perciformes) [1; 2].

The fish of the Gobiidae family are one of the 
most complex in the taxonomic group of the Ponto-
Caspian region [3]. Representatives of this family 
are not fully studied, and the status of some species 
is subject to discuss. This is mainly due to the large 
variability and in some cases to the difficulty of ana-
lyzing the external morphological features used in 
the taxonomy of gobies. The greatest difficulties are 

usually encountered in determining the species, some 
groups and genera contain many closely related and 
hardly distinguishable forms [4].

According to the literature, at present the fam-
ily of gobies in the Caspian Sea includes the fol-
lowing genera: Anatirostrum Iljin, 1930, Babka Il-
jin, 1927, Asra Iljin, 1941, Benthophilus Eichwald, 
1831, Caspiosoma Iljin, 1927, Chasar Vasilieva, 
1996, Hyrsanogobius Iljin, 1928, Knipowitschia 
Iljin, 1927, Mesogobius Bleeker, 1874, Neogobius 
Iljin, 1927, Ponticola Iljin, 1927, Proterorhinus 
Smitt, 1899 [1]. The largest discussions about the 
taxonomic composition arose around the genus 
Neogobius. For the genus the Black Sea-Caspian 
gobies (Neogobius Iljin, 1927) are the senior syn-
onym for the simultaneously published names of the 
generic group (Neogobius and Apollonia), Neogobi-
us chosen by Berg L.S. [5]. The genus Neogobius 
now includes four species, three of which live in the 
Caspian Sea: N.caspius (Eichwald, 1831) – caspian 
goby, N.melanostomus affinis (Eichwald, 1831) – 
caspian round goby, N.pallasi (Berg, 1916) – cas-
pian monkey goby. In the genus Ponticola Ilijn, in 
1927 there are at least 10 species, in the Caspian Sea 
there are three: P. goebelii (Kessler, 1874) – caspian 
ratan goby, P.gorlap (Iljin, 1949) – caspian big-head 
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goby, P.syrman eurystomus (Kessler, 1877) – cas-
pian shirman goby [6; 7; 8].

The ichthyofauna of the coastal zone of the Ka-
zakhstan part of the Middle Caspian is poorly under-
stood. This applies to almost all taxa of fish fauna. 
However, several publications have recently ap-
peared on the distribution, morphology, biology and 
karyology of the gobies of the coastal zone of Aktau 
[8, 9, 10]. In the present work, in addition to these 
studies, the results are presented for the species di-
versity of the gobies, as well as morpho-biological 
and karyological characteristics for 4 species.

Materials and methods 

The material was collected in summer seasons 
of 2012-2016, in the coastal zone of the Caspian 
Sea near the city of Aktau (Mangistau region of the 
Caspian Sea), on Figure 1 the collection points are 
marked with the sign (▲). 

Figure 1 – Collection points within Aktau city.

During the period of research, 200 specimens of 
goby fish of various species were collected, of which 
30% had a bridal detail. In determining the fish of the 
genus Neogobius and Ponticola, standard sources, 
descriptions and determinants were used [1; 2; 11; 
12].

Fish catching was done with a net (mesh 8 mm, 
width 55 cm). The captured material was fixed in a 
4% formalin solution. Methods of morphological 
and cytogenetic analysis of fish were applied. In the 
collection and analysis of the material, the methods 
commonly used in ichthyological studies were used 
[13]. The analysis included 4 biological indexes, 4 
meristic and 22 plastic signs. Statistical processing 

of primary data was carried out according to standard 
methods of variation statistics and included: max – 
maximum, min – minimum, calculation of mean 
values   of the indicator for each indicator (M), their 
error (m) [14]. Chromosome preparations were pre-
pared from fixed pieces of tissue according to Kliger-
man A., Bloom S. [15]. Chromosomes were classified 
according to the Levan system, distinguishing four 
main types of chromosomes [16]. The analysis of the 
preparations was carried out with the help of the Mi-
croscope MicroOptix MX 300 T, metaphase photo-
graphs were taken with a digital camera MicroOptix 
C600. The search for metaphase plates was carried 
out at low magnification; the best metaphases were 
photographed at 100x under the immersion oil. The 
layout of karyotypes was made using the Adobe Pho-
toshop 12.0.3 program.

Results and their discussion 

During the research period near the city of Ak-
tau, we found 6 species of goby fish: caspian monkey 
goby, caspian round goby, caspian goby, caspian big-
head goby, caspian shirman goby and N.sp (P.Iljini). 
The most numerous for the whole period of observa-
tions were two species of gobies – eastern-caspian 
big-head goby and the caspian round goby. At the 
same time, their ratio over the years was the same 
(Table 1). The catches dominated the above species, 
which occur with a wider range of salinity than, for 
example, caspian monkey goby and caspian goby.

Morphological analysis of meristic and plastic 
signs revealed no significant differences between the 
genera Ponticola and Neogobius. Of the 22 plastic 
signs calculated for the length of the body, significant 
differences were noted only for 7. At the same time, 
of the 10 plastic signs of the head part, significant dif-
ferences were observed in 6 indices. The percentage 
of differences in meristic characters from the total 
number of indicators studied was 15%. This indicates 
that the external morphology of gobies belonging to 
different genera is sufficiently similar, the latter cir-
cumstance complicates their species identification.

Biological characteristics, morphological and 
karyological analysis were carried out on 4 species 
of gobies, of which 3 species belong to the genus 
Neogobius, and one, previously described by us as 
N.sp., is referred to the genus Ponticola Ilijn, 1927. 
Morphological and biological features and karyol-
ogy of gobies we described earlier [10]. It is shown 
that the caspian round goby is characterized by high 
morphological variability depending on the con-
ditions and habitat [17]. According to several au-
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thors [18; 19] in the populations of caspian round 
goby, males predominate. Analyzing the sex struc-
ture of goby fish in our catches, the ratio of males 
and females goby close to 1:0, juvenile specimens 
also was not found. This is due to the biology of 
breeding gobies, males in a bridal detail guard the 
oviposition with caviar, without leaving it even for 
nutrition, while females after oviposition leave for 
a longer distance.

There is no complete morphological and karyo-
logical data on the caspian goby, which is poorly 
studied in the Kazakhstan part of the sea. Probably, 

this is due to laborious and incorrect definition of a 
species or morphological similarity with a caspian 
round goby. 

For all the goby species of the Mangistau region 
of the Caspian Sea, we conducted cytogenetic analy-
sis for the first time, with the subsequent determina-
tion of karyotypes and formulas. The chromosome 
data on six species of goby fishes are presented, from 
which more than 300 metaphases have been studied 
and a “modal” number, i.e., the number of chromo-
somes most common for a given fish species was es-
teemed (Table 1).

Table 1 – Species diversity of goby fish (Gobiidae) in different years near Aktau, the number of chromosomes and the fundamental 
number of arms

Species, subspecies 
Frequency of occurrence by years

2n NF
2012 2013 2014 2015 2016

P. Iljini + + + + + 38-40 46
N. fluviatilis pallasi - - - - + 46 46
N. melanostomus affinis + + + + + 46 46
N. caspius - - + + + 46 46
P. gorlap + + - - - 46 46
P. syrman eurystomus + - - - -

38 46
Total 16 30 42 31 81

Note: 2n is a diploid set of chromosomes; NF is the fundamental number of chromosomal arms

A karyotype of 46 acrocentric chromosomes is 
considered to be generic or basic for many gobies, 
including the genus Neogobius [4]. According to the 
results of conducted studies on goby fish of some au-
thors, including ours, the chromosome set of the cas-
pian round goby consists of 46 acrocentric chromo-
somes, with a fundamental number of chromosomal 
arms 46 [4; 9; 10; 20; 21].

Our research has shown that in the studied go-
bies karyotype is represented mainly by 2n = 46 ac-
rocentric chromosomes, with the exception of N.sp. 
(P.iljini) in which the karyotype is represented by 38-
40 chromosomes, at the same time NF = 46 (Fig. 2).

Previously obtained long-term data also allows us 
to separate the goby which was originally identified 
as the caspian big-head goby or N. kessleri gorlap 
because of similar morphological features, however, 
cytogenetic analysis showed that it has characteris-
tic differences in the chromosome set. So, according 
to the literary sources N. kessleri gorlap in the dip-
loid set has from 43 to 46 with NF = 46 [9]. In the 
population of N.sp. from the coastal zone of Aktau 

we found three cariomorphs with 2n = 38, 2n = 39; 
2n = 40; with the number of arms NF = 46. Thus, in 
all the studied cariomorphs, from 1 to 4 large meta-
centric and submetacentric chromosomes are present. 
The discrepancy in the number and morphology of 
the chromosomes is explained by the large number 
of Robertsonian translocations that significantly re-
duced the number of chromosomes in its karyotype. 
Thus, the goby N.sp. has in the diploid set no more 
than 40 chromosomes, which significantly differs 
from the caspian big-head goby, which implies its 
species independence [22]. 

According to molecular genetic studies con-
ducted abroad, the data obtained make it possible to 
classify Black Sea-Caspian gobies on a fundamen-
tally new and higher taxonomic level and contribute 
to the solution of some issues at the level of genera. 
Thus, a certain morphological similarity between the 
species of the modern genera Gobius, Neogobius, 
Babka, Ponticola and Proterorhinus caused them to 
be considered within the same genus Gobius, i.e. to 
unite representatives of two different subfamilies into 
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one genus [23]. However, many authors [24; 25] re-
turned to the scheme of Ilyin B.S. [26], which singled 
out subgenera in the genus Neogobius in 1927. At the 
same time, molecular data made it possible to impart 
a phylogenetic context to Ilyin’s classification and 
substantiated the genus status of the subgenus Pon-
ticola.

of gobies of the genus Ponticola Ilijn, 1927 of the 10 
existing species.

The existence of the ecosystem of the sea sec-
tions under study is explained by the vast area of   
well-warmed habitats of representatives of the goby 
family. There are still many new species and subspe-
cies waiting to be described.

The endemism of species and intraspecies forms 
of the family of goby species attests to a particularly 
energetic process of speciation [1; 27; 28].
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Study of the effect of cadmium, lead, zinc salts on the rat blood cells

Abstract. Changes were detected in the blood of rats caused by heavy metal compounds. The results show 
that the salts of heavy metals poisoning demonstrates in damage in the blood cells in the animal body 
and making weaker their immunity. As a result, various changes occur in animals. In addition, material 
was collected on immune depressive exposure to heavy metals in the body of rats 25, 50, 75, 100 times 
more compounds of zinc ions, lead and cadmium. Animal disorders were observed in the nervous system, 
including tearing, inflammation conjunctive sac and certain groups even with bleeding. Leukogram, which 
was made by the blood of rats, showed that the poisoning caused by the impact of three types of heavy 
salts, has led to significant changes in the health and behavior of the animals. When increasing by 100 times 
more poisoning three compound salts in animal organisms have been found strong signs of poisoning, 
finally, all experimental rats died within 5-6 days. It is important to note, animals poisoned by 75-100 
times the maximum permissible concentration of heavy metal salts of the three compound salts have 
died. Leukogram of experimental rats showed that, in the blood of rats, poisoned by three salts, during 
neutrophilia and lymphopenia, leukopenia was found. Neutrophils are characterized by granulated toxicity 
and gipersigmatich core.
Key words: Rats, blood, neytrofil, heavy metals, leykogramma.

Introduction

Today the decrease and destruction of immune 
system of an organism are considered as important 
problems of modern physiology. In scientific-tech-
nical and industrial century, the increase of man-
made and heavy metals exposure has an influence on 
psychological health of human. The response of an 
organism to environment’s adverse factors is its in-
creased defensive reaction and as a result changes of 
blood immunological indexes can be seen in physi-
ological tendency of an organism [1; 2]. In a time 
of stress blood’s leukogram and leukocytal index 
changes at one definite range that depends on organ-
ism’s immunological demands [3; 4]. 

When affected by heavy metals human and animal 
organisms’ adaptive abilities are decreased and organ-
ism’s protective system is exhausted and weakened by 
exerting pressure on and disturbing organism’s vital 
functional systems. To restore the individual and cu-
mulative impacts of negative factors of metals such as 
zinc, lead and cadmium, the search for new biological-
ly active compounds that determine the cellular mech-
anisms of immune-boosting properties and effects on 
the body is the basis for the research work. Industrial 

development of economy and agricultural chemistry 
led to a sharp increase in the number of transport ve-
hicles in big cities in recent years and which overall 
leads to environmental pollution. Not only the produc-
tion of chemical substances harm human body, but  
everyday use of household chemicals increase the risk 
of harm to human health [5]. 

In many countries, including Kazakhstan, the in-
creased industrial development neglects the respon-
sibility to nature protection and wastes like toxins, 
heavy metals, pesticides and other harmful sub-
stances lead to the environmental pollution. Adverse 
climatic factors interact with chemicals and further 
enhance the strength of their insalubrities [6; 7]. 

Many chronic diseases are considered to be the 
result of the negative influence of environmental fac-
tors on the human body. The occurrence of disease 
is due to decreased activity of immune system [8; 9]. 

If allowed concentration is increased, it may pro-
duce toxic effects in human and animal body. In all 
cases, when heavy metals enter the body of an or-
ganism it leads to development of various patholo-
gies, gives rise to a distortion of defensive system, 
which leads to a decrease of organism’s functional 
structures [10]. 
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The Republic of Kazakhstan is paying careful at-
tention to water pollution. Research results show that 
rivers Irtysh and Ural are polluted [11]. In Semipala-
tinsk region groundwater pollution can cause an eco-
logical disaster to the area of military airport. Three 
largest cities of Kazakhstan – Oskemen, Pavlodar, 
Semipalatinsk, where there are 900 water users, non-
ferrous metallurgical and chemical industries, engi-
neering and oil-gas factories, food and water agri-
cultures are provided with water from the artery of 
the country – river Irtysh. This river has always been 
polluted by copper, zinc and other metals, and water 
volume required for the population is 4.82 km3 which 
is 20% of all water in the country. In Oskemen city 
the main sources of groundwater pollution are: lead, 
zinc, manganese, fluoride, cadmium. In addition, for 
the past time there is a lot of concern about Caspian 
Sea. For the flora and fauna of the water reservoir it 
is a universal geocenosis [12; 13]. 

The industrial metal ions apart from gas pro-
duced by vehicles are considered as separate wastes 
to the environment. It is known how heavy metal 
ions of the elements that are thrown into the environ-
ment are gradually collected and how they enter hu-
man body from the water and atmosphere. Then they 
accumulate in gastrointestinal tract for a long time 
which cause major changes in the activity of a single 
individual organs or body [14].

At the moment, there is a large amount of heavy 
metals in the environment. Every day human body 
is being exposed to heavy metals, the immunologi-
cal and physiological influence of which is the main 
focus of the research works. But the cases of excess 
amount of metal ions in the immune system of ani-
mals and humans have not been studied. In this re-
gard, in the course of poisoning by heavy metals the 
relevance and importance of the work will be sub-
stantiated. 

During the experiment changes in blood cells of 
rats caused by excess amount of heavy metals will 
be determined. Tasks: to study the changes in rat 
blood’s leukogram after 10-days exposure to 25, 50, 
75, 100 times admissible concentration limit (ACL) 
of zinc, lead, cadmium salts; to study and observe 
general changes in rat’s leukogram for 60 days fol-
lowing 20-days exposure to 50 times admissible con-
centration limit (ACL).

Materials and methods

In order to achieve goals and objectives faculty of 
Biology and Biotechnology in the Al-Farabi Kazakh 
National University provided in vivarium grown 

laboratory rats. Weight range was 220-250 g, rats 
were fed with standard food, adult rats were about 
5-6 months, different sex, and in total of 50 rats. To 
determine the effect of salts of heavy metals toxic 
to laboratory rats were divided into 5 experimental 
groups. Each group of 10 rats.

Water with 25 times ACL of salts of heavy met-
als (mixture of zinc sulfate, lead acetate and cadmium 
chloride with concentrations of 125, 0.75, 0.025 mg/l 
respectively) was given to the animals in group 1.

Dose of 50 times ACL of salts of heavy metals 
(mixture of zinc sulfate, lead acetate and cadmium 
chloride with concentrations of 0.05, 1.5, 250 mg/l 
respectively) was given to the animals in group 2.

Dose of 75 times ACL of salts of heavy metals 
(mixture of zinc sulfate, lead acetate and cadmium 
chloride with concentrations of 0.075, 2.25, 375 mg/l 
respectively) was given to the animals in group 3.

Dose of 100 times ACL of salts of heavy metals 
(mixture of zinc sulfate, lead acetate and cadmium 
chloride with concentrations of 0.1, 3.0, 500 mg/l re-
spectively) was given to the animals in group 4. After 
10 days of poisoning the blood of rats was studied.

0.38 ml of 3% of acetic acid was poured into clean 
test tube and mixed with 0.02 ml of blood. White cell 
count techniques: counting chamber was filled with 
that solution. Then the biggest indicator is replaced 
[15]. The number of identified cells is calculated by 
using this formula:

Х = 4000 20
400

B ⋅ ⋅

X – number of leukocytes in 1mm3 of blood; 
1/4000 –volume of small square; dilution ratio is 20; 
The number of small squares is 400; B-25 number 
white blood cells on a large square. Mathematical 
data was analyzed using the program Excel Micro-
soft Office. All the statistical work and comparison 
of p≤0.05 *, ** p≤0.01, and *** p≤0.001 were done 
using Student (t) program. ANOVA was used to de-
termine the accuracy of the method.

Results and discussion

Rats that were given salts of heavy metals with 
25 times ACL did not show any immunological or 
physiological change that is physiological parame-
ters like size, weight, appetite, skin and basic animal 
instincts are kept within normal index. 

Groups of rats poisoned with a mixture of salts 
showed 3 times lower leukocyte indexes. It must be 
noticed that these groups of animals has sharp in-
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crease in the number of segment and core neutrophils 
and there was a release of immature neutrophils into 
peripheral blood. Absolutely no eosinophilia was 
found. The number of basophils was for 5-6 times 
higher and the number of lymphocytes was also in-
creased. 

Groups of animals that were poisoned with the 
mixture of salts of heavy metals also showed low 
level of leukocytes. In particular the number of poly-
nuclear cells: medullocells – up to 7% (p <0.05), 
metamedullocells- up to 6% (p <0.05). The number 
of segment core neutrophils increased and stick-core 
neutrophils increased by 5-6 times. No granulocyte 
white blood cells were found, but the number of 
agranulocyte white blood cells was up to 9% that is 
decreased by 4-5 times. 

Leukogram of rat blood that were poisoned with 
all three salts heavily showed significant changes 
in blood. Because after poisoning the development 
of blood cells in the bone marrow has significantly 
changed. During lymphopenia and leucopenia, neu-
trophylesis was registered. Neutrophils were charac-
terized as toxic and hyper segmented. 

Leukogram of peripheral blood showed increased 
number of medullocells by 16% and metamedullo-
cells by 4%. Stick-core neutrophils were 16% and 
segment core neutrophils were 62% but the number 
of lymphocytes has reduced comparing with normal 
level of leukocytes. However, monocytes and baso-
philes were lost (Table 1). 

The result of poisoning animals by 50 times ACL 
showed no change in physiology and physical activ-
ity of the rats. Animal’s appetite is normal, skin cov-
ering is smooth, conjunctiva is clean and all the basic 
instincts are reserved. 

Poisoning groups of animals with all three salts 
of heavy metals resulted in reduced number of leuko-
cytes. In particular the number of polynuclear cells: 
medullocells – up to 7% (p <0.05), metamedullo-
cells- up to 6% (p <0.05). The number of segment 
core neutrophils increased and stick-core neutrophils 
increased by 5-6 times. No granulocyte white blood 
cells were found, but the number of agranulocyte 
white blood cells was up to 9% that is decreased by 
4-5 times. 

The number of leukocytes significantly reduced 
(Table 1). The leukogram of rat blood registered neu-
trophylesis along with lymphopenia and leucopenia. 
Neutrophils were characterized as toxic and hyper 
segmented. 

The effects of poisoning animals by 75 times 
ACL were decreased appetite, disturbance of psycho-
motor response, lowered physical activity and other 

physiological changes. Also there were registered 
serious physiological changes. Rats were not pay-
ing any attention to the food, skin coverings are very 
dirty, and at some places there was no hair on the 
body, not clean conjunctive, red gums and swelling 
of the chin, swelled abdomen (Table 1).

Interestingly, lymphocytes were up to that is in-
creased by 2-2.5 times. Moreover, there was a sharp 
decline in the total number of leukocytes, by 5-6 
times. Lymphocytes and eosinophils count 2.0 ± 0.01 
(p <0.05), monocytes and basophiles were largely ab-
sent. Neutrophils were characterized as toxic and hy-
per segmented. In comparison to other groups the re-
sult of poisoning animals by 100 times ACL showed 
much more significant complications. 

Animals poisoned with the mixture of salts after 
5-6 trials began to die. The body of an animal was 
exposed to severe stress, no hair on some parts of 
the skin, tearing eyes, not clean conjunctiva and red 
swelled area around teeth some of them were bleed-
ing, swelling of the chin. Total number of leukocyte 
decreased for 3-4 times compared to normal, whereas 
numbers of stick core and segment core neutrophils 
increased, immature granulocytes are decreased. The 
nuclei of neutrophils are hyper segmented. Also, in 
all poisoned groups of animals the red blood cells 
granulated with basophils. All animals with poison-
ing concentration of 75-100 times ACL died.

Poisoning with a mixture of heavy metals result-
ed in 1.5-fold increased neutrophil cells compared 
with the control (Table 1). 

Three groups of animals poisoned with salts of 
heavy metals were observed: neutrophils number fell 
for 3.8 times. 

Moreover, in blood of rats poisoned with heavy 
metals along with neutrophylesis and lymphopenia, 
leucopenia was registered. Neutrophils were charac-
terized as toxic and hyper segmented. 

Lymphocytes increased for 2.46 times, the size 
of immature lymphocytes increased for 1.5 times. 
Animals that were poisoned with concentration of 
100 times ACL compared to control group showed a 
number of signs of heavy poisoning and which even-
tually died on 5th and 6th day. The study showed that 
significant changes in white blood cells and leuko-
grams of poisoned animals were observed, and de-
crease of the immune system of animals was also 
noticed. As a result, there are different varieties of 
changes in animal body. The body of an animal was 
exposed to severe stress, no hair on some parts of 
the skin, tearing eyes, not clean conjunctiva and red 
swelled area around teeth, some of them were bleed-
ing, swelling of the chin.
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Leukograms of rats before and after poisoning 
with zinc, lead, cadmium salts were compared with 
each other, where at the beginning number medullo-
cells was 0.5% but after it is increased up to 15% (p 
<0.001) (Fig. 1, 2), the same with core segment neu-
trophils, which before poisoning were 23.5% and af-
ter increased up to 30% (p <0.01), no immature neu-
trophils in peripheral blood were observed (Fig. 2).

Figure 1 – Lymphocytes before poisoning

Figure 2 – Medullocells after poisoning with zinc,  
lead, and cadmium salts

Figure 3 – Core segment neutrophils and monocytes  
after poisoning with zinc, lead, and cadmium salts

Therefore, cadmium salt decreases the number of 
lymphocytes, increases the number of immature lym-
phocytes and reduces activity of the immune system. 

To conclude, zinc, lead and cadmium ions con-
centrations of 25, 50, 75, 100 times ACL hugely im-
pact on immune system of rats which have an immu-
nosuppressive effect on animals. 
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Protective and damaging role  
of electromagnetic influences on biomembranes

Abstract. The paper presents the results of studies of the effect of an alternating low-power electromagnetic 
field and light irradiation with monochromatic light from a laser source on the state of biological membranes. 
It was shown that the effect of these factors on the erythrocyte membrane causes a different effect and 
affects its resistance differently, which is reflected in the change in the erythrogram of acid hemolysis 
in the experiment. It has been established that the action of an ultrahigh-frequency electromagnetic field 
leads to a decrease in the resistance of erythrocytes and an increase in the rate of lysis of red cells. Laser 
irradiation with a low-power helium-neon laser at low exposure increases the resistance of red blood cells 
to acid hemolysis. Increasing exposure reduces the effect noted. With simultaneous processing of blood 
samples by UHF (ultra high frequency electromagnetic fields) source and laser light, a significant decrease 
in the negative effect of the UHF field on the resistance of biomembranes is noted. Possible mechanisms of 
marked biological effects are discussed.
Key words: laser, electromagnetic fields, blood, erytrocytes, biomembrane.

The functional state of a living cell is mainly de-
termined by the structure and associated work of cell 
membranes. This dependence becomes clear when 
one considers that the structure of a cell is a set of 
membranes that form all intracellular structures of 
the organism interacting with each other in the vol-
ume of the cytosol.

Factors of the external environment affecting the 
body change functional characteristics of the func-
tion of various systems and organs, which ensures the 
adaptation of the organism to these factors. At the 
heart of all the adaptive, physiological and pathologi-
cal reactions of the body is always the changes oc-
curring at the cellular subcellular level. Therefore, it 
is the change in the characteristics of cell membranes 
that is one of the defining moments in the develop-
ment of physiological and biochemical abnormalities 
in the body.

Among the factors influencing the organism, the 
study of the action of alternating electromagnetic 
fields has recently taken on great importance. This is 
due to the fact that in the last century the influence of 
electromagnetic fields of artificial origin on the na-
ture of our planet has increased manyfold [1-3].

Electromagnetic fields are created by numerous 
electric motors, transformers, computer systems, and 
communication devices, electrical devices. All that 

makes modern life comfortable and without which 
we do not represent our normal existence [1; 2]. 

The study of the effect of electromagnetic fields on 
biological objects began almost simultaneously with 
the introduction of electricity in technology and life.

For a long time it was believed that electromag-
netic fields do not have any significant effect on liv-
ing structures. However, a deeper understanding of 
the structure of the tissues, the development of bio-
physical studies and the facts noted by specialists 
from various clinical disciplines made it necessary to 
look at the problem differently [5-7].

It turned out that the electromagnetic fields have 
a pronounced effect on virtually all living organisms. 
However, the effect value depends on many chartes 
characterizing this factor. These characteristics in-
clude wavelength, radiation intensity, frequency 
response, radiation mode (intermittent, impulsive), 
area of irradiated surface and exposure. Specific and 
individual differences influe on observed effects.

The reason for the influence of variable electro-
magnetic fields is that biological fluids that fill the 
intracellular space have the properties of electrolytes. 
Under the action of a periodically changing field 
voltage, the charged particles advance and the po-
larization characteristic of the subcellular structures 
changes [3; 4].
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The reason for the effect of variable electromag-
netic fields is that biological fluids that fill the in-
tracellular space have the properties of electrolytes. 
Under the effect of a changing field, the polarization 
characteristic of the subcellular structures changes 
[1; 3; 4].

Depending on the parameters of the current field 
and the characteristics of the irradiated biological ob-
ject, both the stimulation of the systems and organs 
of the animal organism and the suppression of their 
functional characteristics can occur. It turned out 
that at the cellular and tissue levels, a variety of and 
sometimes an opposite reaction is possible. 

Under certain irradiation regimes, the regenera-
tion process can increase, while changing the pa-
rameters of the effect can lead to changes in the ge-
netic apparatus of the nucleus and change the nature 
of the cellular metabolism, leading to cell death and 
the development of degenerative changes at the tis-
sue level.

So we have sad before, the intensity of the im-
pact on the human body of various variable electro-
magnetic fields with a varied power and frequency 
response has increased tens of times [1; 4].

Actually, the influence of variable fields on liv-
ing organisms is a natural component of our natural 
environment. Living beings for a million years have 
adapted to the effects of electromagnetic fields, as a 
natural component of the environment.

However, the anthropogenic electromagnetic 
pollution of the environment occurring in recent de-
cades is one of the factors whose consequences can 
not currently be predicted.

The most widespread and least studied is the ef-
fect of low-power high-frequency electromagnetic 
fields.

This problem on the one hand attracts great atten-
tion from both scientists and the public. This is due to 
the widespread use of cellular telephony. At present 
it is difficult to meet a person who does not use this 
system of communication.

However, as it is not paradoxical, there is still no 
consensus on the nature of the effect of such irradia-
tion on biological structures [7].

We decided to analyze the effect of UV radiation 
on the structure of biomembranes. As a test system, 
erythrocyte membranes were used, and as an analysis 
method, an analysis of the kinetics of acid hemolysis 
was used.

This choice is due to the fact that the structure of 
the erythrocyte membrane is largely identical to the 
structure of other cell membranes of the body and 

for this reason is used as an integral indicator of the 
influence of various factors on biomembranes.

Irradiation was carried out by a source of elec-
tromagnetic oscillations with a frequency of 47 
MHz for 15 seconds and 60 seconds for distances 
of 5 cm.

Studies were performed on blood samples taken 
from nonlinear rats in the morning before feeding 
from the tip of the tail.

20 µl of blood was mixed with 20 ml of saline, 
thus obtaining a suspension of erythrocytes in a dilu-
tion of 1:1000.

Sampling and work with them was carried out at 
room temperature.

The measurement of the optical density of the 
test sample of the erythrocyte suspension was carried 
out on CKK-2 at a wavelength of 670 nm.

To determine the rate of acid hemolysis, 2 ml 
of erythrocyte sediment were placed in a cuvette of 
working width of 10 mm and 2 ml of a solution of 
HCl in a concentration of 0.004 N.

After placing the cuvette in the cuvette holder, 
measurements were taken every 30 seconds.

The change in extinction caused by a decrease 
in the number of blood elements due to developing 
hemolysis was recorded as a difference between the 
initial (E0) and the next result. Measurements were 
carried out until two identical values were obtained, 
i.e. until the end of hemolysis (En). 

The resulting series of decreasing extinctions 
characterizes the degree of hemolysis at the time of 
measurement. The difference E0 – En was taken as 
100%. 

On the basis of the data obtained, erythrograms 
of acid hemolysis and graphs of kinetics of erythro-
cyte destruction have been compiled.

To construct the erythrogram, the percentage of 
erythrocytes subjected to hemolysis was calculated 
by the formula

E = (D0-Dn) / ΔDi * 100%, 

where:
E – the number of erythrocytes subjected to he-

molysis, %
ΔDi – difference of the two following values of 

optical density
ΔDi = Di – Di + 1, where:
D0 is the initial value of the optical density,
Dn is the final value of the optical density
The results of the experiments are shown on Fig-

ure 1.
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Figure 1 – Acid erythrograms upon irradiation  
of the same duration

As can be seen from the presented graphs, blood 
irradiation with the selected field parameters lead to 
a shift of the erythrogram to the left. This shift is not 
very pronounced with short-term irradiation (within 
15 seconds) and is much more pronounced when ir-
radiated within the first minute. The changes noted 
indicate a decrease in the resistance of the cell mem-
brane under the influence of the UHF field. 

Another widespread factor of influence on the 
body is the coherent monochromatic measurement 
of laser sources. Lasers are widely used in industry, 
household appliances, and their distribution in medi-
cine has turned them into a widely used medical tech-
nology.

Despite their large amount of research in this 
field, there is no single concept of the mechanism of 
the effect of laser measurement on biological objects. 
It is known that the biological effect depends on the 
intensity of radiation, exposure, the wavelength of 
the light flux, power density, energy density [8.9].

The result of the action of irradiation with the use 
of low-power sources can be manifested in the form 
of stimulation of regeneration processes, an increase 
in the immune status, and in suppression of immune 
reactions, suppression of the inflammatory process. 
Earlier in our works, the effect of helium-neon la-
ser irradiation on the processes of carbohydrate me-
tabolism, cellular respiration, and immune status was 
shown.

Taking into account the earlier expressed thesis 
that any changes at the organ or tissue level have a 
cellular and subcellular basis, including changes in 
light biomembranes, it was of some interest to ana-
lyze the effect of laser radiation on the course of acid 
hemolysis.

The results of studies are shown on Figure 2.
As can be seen from the presented graph, the in-

tensity of hemolysis after irradiation with a helium-
neon laser with a radiation wavelength of 752 nm and 
a power of 20 mW decreases. 

In this case, short-term irradiation promotes a 
marked increase in the resistance of the cell mem-

brane, while a longer exposure gives a much less pro-
nounced effect. 
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Figure 2 – Acid erythrogram at irradiation  
with helium-neon laser with various exposure

Taking into account the obtained results, it was 
of interest to analyze the simultaneous effect on the 
biomembranes of UHF fields and laser irradiation. 

For the experts of this series, the same sources of 
radiation were used, as before, the duration of pro-
cessing by the UHF field emitter was 60 seconds, and 
the helium-neon laser with a laser was 15 seconds.
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Figure 3 – Acid erythrograms in the complex effect  
of laser and UHF radiation

From this graph it can be seen that with the com-
bined action of UHF radiation and laser irradiation, 
the hemolysis course slows down somewhat com-
pared to the action of one UHF radiation. Moreover, 
the erythrogram graph is shifted to the right even in 
comparison with the control curve.

The reasons for the observed experimental results 
are related to the participation of two mechanisms of 
the action of the electromagnetic field. First, with the 
transition of electromagnetic energy into thermal en-
ergy. Such a transition is associated with the excita-
tion of the molecule’s rotations due to the absorption 
of quantum energies. The energy of quanta is much 
lower than the kinetic energy of the molecules, and 
therefore such a result of this absorption is funda-
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mental. Secondly, the electromagnetic field can cause 
a reorientation of molecules, which is possible only 
in the constant, or its power should be sufficiently 
[10-12].

The manifestation of the thermal effect is re-
lated to the output power of the source and the flux 
density (the intensity of the electromagnetic field). 
The degree of heating is related to the frequency of 
the field. This to some extent explains the observed 
effect of reducing the resistance of membranes 
shown in the experiment. This decrease may be 
due to an increase in the activity of oxidizing pro-
cesses and the movement of the concentration of 
peroxides.

At the same time, to explain protective laser irra-
diation, we need to recall the features of the organiza-
tion of biomembranes. The liquid crystal structure of 
biomembranes is formed by separate clusters (mem-
brane “rafts”). 

It should be emphasized that water, which is the 
main component of intracellular content and forms 
extracellular space, also has a cluster organizing 
structure [8].

Among the hypotheses for explaining the bio-
logical effect of low-intensity laser radiation, two 
are distinguished. One of them is the stimulation 
of biological processes through a photoregulatory 
system, that is, a quantum-mechanical approach 
[9-12].

Another suggests that laser radiation realizes the 
process of biostimulation by absorbing the energy of 
laser radiation (Inyushin V.M. – energy-information 
approach) [12; 13].

In our opinion, an increase in the resistance of 
biomembranes when irradiated with laser light is 
associated with the ordering of the cluster structure 
of biomembranes involving water molecules when 
light-quantum energy is absorbed.

This conclusion is supported by the results of ex-
periments with irradiation of water which introduced 
a suspension of erythrocytes. In this case irradiation 
of the aqueous medium, rather than cells, increased 
the resistance of erythrocytes in hypotonic hemolysis 
[14-16].

The role of the water component in maintain-
ing the stability of membranes was also confirmed 
in experiments with the determination of the optical 
characteristics of biomembranes in connection with 
the change in their functional characteristics [17; 18].
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Abstract. Integration of the national higher education system of Kazakhstan into the international education 
puts forward increased requirements for the training of specialists whose quality is determined by the level 
of physical health of students. In the conditions of modernization, today’s student’s educational activity 
characterized by saturation, intensity, high level of psychoemotional tension and complexity which is 
carried out against a background of decreased motor activity and physical health [1, 2, 3, 4]. Therefore, 
today in the system of higher education of our Republic there is a contradiction between the need to improve 
the quality of education and the lack of physical health of future specialists. The universities face a problem 
when a future specialist with insufficient physical health is not quite ready for the tough demands of the 
modern labor market. The preparation of highly qualified and competitive new generation specialists who is 
capable of adapting to rapidly changing social and economic conditions is impossible without good health.
There we find out that the one of the most important conditions for the disclosure of student labor potential 
is the strengthening and preservation of their health [5]. One of the main factors determining the level of 
physical health of student is the functional state of a vital cardiorespiratory system that combines external 
breath, heart and hemodynamics.
This article presents the results of a study of the functional readiness of the cardiovascular and respiratory 
systems of students of the KazNU named al-Farabi, who studies in the academic lessons of physical 
education in the main educational department.
Key words: functional state, cardiorespiratory system.

Introduction

The physical health of a person is determined by 
a complex of interrelated factors, where the function-
al state of external respiration and the cardiovascular 
system plays an important role. They are the main 
systems of the oxygen transportation system, which 
provide the body with oxygen [6].

The cardiovascular system is a system of organs 
that together provide circulation of blood in the hu-
man body and provide its homeostasis [7; 8].

The functions of the cardiovascular system are 
very global and are important for the human body 
as a whole: it is fully responsible for the process of 
blood circulation in the body and for the enrichment 
of all cells of the body with the necessary minerals, 
vitamins, and oxygen (O2). Reserve of CO2 (carbon 
dioxide), organic and inorganic substances worked 
out by the body, is also carried out with the help of 
the cardiovascular system.

The lymphatic system, being an auxiliary mecha-
nism of the cardiovascular system, supplements the 
movement of fluid (lymph) in the human body.

The human respiratory system is a set of organs 
that provide the human body with oxygen (an impor-
tant chemical element involved in oxidation-reduc-
tion processes) [9; 10]. 

Normal and full-fledged functioning of all organs 
and systems of the human body can be achieved only if 
the energy balance is quickly and timely restored. The 
organism is supplied with energy due to oxidation of the 
basic organic substrates – carbohydrates, fats, proteins.

Thus, it can be stated that the activity of all body 
structures, beginning with the cell and ending with 
the system of organs, is coordinated and subordinated 
to a single whole. Each structural unit contributes to 
the functioning of the body.

The functional state of the cardiorespiratory sys-
tem is one of the main factors that have the greatest 
impact on a person’s physical health.
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At the same time, the functional readiness of 
the studying system of human, reflecting the level 
of functioning of the cardiovascular and respiratory 
system comes as a result of physical training, which 
is carried out in the process of exercising.

Materials and methods

To study the function of external respiration of stu-
dents (21 men and 27 girls) of Al-Farabi KazNU, we used 
the method of spirography using the spirograph “BTL-08 
SpiroPro” which measures and records on paper the fol-
lowing basic parameters of respiration [11-13]:

• ERV and IRV (ml);
• VC (ml);
• LI (life index);
• FVC (ml);
• FEV1 (ml);
• FEV1 / FVC (%);
• PEF (l/s);
• FEF25, FEF50, FEFC75 (l/s);
• MVV (l/min).
Complex evaluation of the cardiovascular system 

of the surveyed contingent was carried out according 
to indicators:

• heart rate (HR), systolic (SBP) and diastolic 
blood pressure (DBP) in a state of relative dormancy 
with the calculation of Kvass indices, cost-effective-
ness factors and self-regulation of blood circulation 
[14; 15];

• reactions of cardiovascular system for standard 
physical activity – a functional test of Martine-Kush-
elovsky [16; 17].

To prove objectivity and reliability, the results 
were processed in the computer program “Excel” 
with the calculation of the following statistical char-
acteristics: arithmetic mean, average squared differ-
ence and coefficient of variation [18; 19].

Results and discussion

Assessment of the external respiration state of 
the surveyed contingent was carried out using the 
methodology of RF. Clement [20], based on age and 
height. The average age-growth indicators of our sur-
veyed students are: 18.5 years and 172.1 cm in boys; 
17.5 years and 161.7 cm in girls.

The results of the study of the state of external 
respiration of students (boys and girls) are shown in 
tables 1, 2.

Table 1 – Results of the study of the state of external respiration of young men of the basic educational department of KazNU named 
al-Farabi

Indicators Actual average (x̅ ± σ)
Factor of variation of 

actual indicators
(V, %)

Due average
(by Clement)

(x̅ ± σ)

Deviation of actual 
averages from due 

average in %

IRV (ml) 2320 ± 350 10.5 2634.5± 350 - 11.9

ERV (ml) 1560 ± 120 10.8 1676.0± 120 - 6.9

VC (ml) 4790± 490 10.2 4670 ± 297 + 2.5

LI 77.2 ± 5.5 7.1 67.5 ± 2.5 + 14.4

FVC (ml) 4790 ± 518 10.4 4530 ± 297 + 5.7

FEV1 (ml) 4470 ± 717 16.0 3960 ± 221 + 12.9

FEV1 / FVC (%)
Gensler’s Index 83.58 ± 7.0 8.4 87.5 ± 2.5 - 4.5

PEF (l/s) 9.66 ± 1.63 17.0 8.46 ± 0.6 + 14.2

FEF25 (l/s) 3.10 ±1.21 39.2 2.67 ± 0.1 + 16.1

FEF50 (l/s) 5.96 ± 2.0 33.7 5.55 ± 0.4 + 7.4

FEF75 (l/s) 8.64 ± 2.08 24.2 8.28 ± 0.8 + 4.3

MVV (l/min) 107.0 ± 22.2 20.7 106.5± 8.1 + 0.5
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Analyzing the average statistics of external respi-
ration according to Table 1, we can say the following:

– IRV reduced by 11.9%, and ERV by 6.9%; LI 
and VC exceed the required norms by 14.4% and 
2.5%, respectively;

– FVC is higher than the required regulatory re-
quirements by 5.7%;

– FEV1 is above the standards by 12.9%; 
the Gensler’s index is only slightly reduced by  
4.5%;

– PEF is more than normal by 14.2%; FEF25, 
FEF50 and FEF75 increased by 16.1, 7.4 and 4.3 per-
cent respectively;

– MVV is slightly higher than due norms (0.5%).

Table 2 – Results of the study of the state of external respiration of girls in the main educational department of KazNU named al-Farabi

Indicators Actual average (x̅ ± σ)
Factor of variation of 

actual indicators
(V, %)

Due average (by 
Clement)

(x̅ ± σ)

Deviation of actual 
averages from due 

average in %

IRV (ml) 1760.8 ± 284.6 24.5 1931.3 ± 101.1 - 8.8

ERV (ml) 868.9 ± 257.5 45.3 965.7 ± 50.5 - 10.0

VC (ml) 3836.8 ± 447.2 18.4 3511.5 ± 183.7 + 8.5

LI 54.5 ± 6.4 14.4 57.5 ± 2.5 - 5,2

FVC (ml) 3717.7 ± 555.6 26.2 3441.2 ± 170.5 + 8.0

FEV1 (ml) 3139.4 ± 393.0 20.2 3057.3 ± 129.5 + 2.7

FEV1 / FVC (%)
Gensler’s Index 81.1 ± 19.6 24.1 90.0 ± 5 - 9.8

PEF (l/s) 7.6 ± 0.9 24.1 6.7 ± 0.2 + 13.4

FEF25 (l/s) 6.4± 0.9 25.1 6.1 ± 0.2 + 4.9

FEF50 (l/s) 4.7 ± 1.0 36.4 4.6 ± 0.2 + 2.2

FEF75 (l/s) 2.7 ± 0.8 40.9 2.4 ± 0.1 + 12.5

MVV (l/min) 59.2 ± 12.0 20.2 82.5 ± 4.0 - 28.2

Analyzing table 2, we can state that the average 
statistical indicators for girls are as follows:

– IRV is reduced by 8.8%, and ERV by 10.0%; LI 
is reduced from the due norms by 5.2%, while the VC 
is higher than the standards by 8.5%;

– FVC is higher than the corresponding regula-
tory requirements by 8.0%;

– FEV1 is also above the norm by 2.7%; the 
Gensler’s index is only reduced by 9.8%;

– PEF is higher than the established rate by 
13.4%; FEF25, FEF50 and FEF75 also exceed them by 
4.9; 2.2 and 12.5 percent respectively;

– MVV is below the due standards (28.2%).
The parameters of the functional state of the car-

diovascular system at rest of the surveyed contingent 
are presented in Table 3.

Analyzing the functional parameters of the car-
diovascular system in the students of the main educa-
tional department at rest, it can be noted that:

– HR, SBP, DBP and PP parameters correspond 
to the due norms of sex and age, both in girls and 
boys, but the pulse and its pressure are at the upper 
limit of the norm;

– TSBC equal to 93.6 in girls and 94.7 in boys, 
is characterized as a cardiovascular type, also within 
the proper norms;

– CEBC, exceeding the upper limit of the norm, 
indicates the initial stage of the state of fatigue;

– EF according to the Kvass formula, above the 
due norms, which indicates the weakening of the car-
diovascular system and the reduction of the aerobic 
mechanism of energy supply of the body.
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Table 3 – Average statistical indicators of the functional state of the cardiovascular system at rest in students of the main educational 
department of KazNU named al-Farabi

Indicators
Girls Boys Estimated rate

M ± σ M ± σ Lower 
bound

Upper 
bound

Systolic blood pressure (SBP),  mmHg 117.0 ± 9.9 119.1 ± 9.4 110 126

Diastolic blood pressure (DBP), mmHg 76.5 ± 6.8 73.9 ± 6.4 60 80

Pulse pressure (PP), mmHg 40.5 ± 10.1 37.4 ± 12.6 35 40

Heart rate (HR), beats / min 79.8 ± 13.1 78.6 ± 7.8 60 80

Type of self-regulation of blood circulation (TSBC) 93.6 ± 19.1 94.7 ± 13.5 90 110

The coefficient of efficiency of blood circulation (CEBC) 3104.9 ± 1095.2 3390.4 ± 1077.0 2500 3000

Endurance factor (EF) 21.0 ± 6.1 19.6 ± 7.5 16

Thus, by systematizing the obtained average 
statistical results of the cardiorespiratory system re-
search in a state of relative rest in the surveyed con-
tingent, it can be concluded that:

• all indicators of young male correspond to the 
age-sex physiological norms, exception: endurance 
factor, blood circulation economy index (CEBC), 
reserve volumes of breath in and out (IRV, ERV), 
which indicates a weakening of the heart and char-
acterizes unreadiness of their respiratory system for 
physical exertion;

• almost all major girls indicators of external 
respiration also within the proper standards, excep-
tion inspiratory and expiratory reserve volumes (IRV, 
ERV), the life index (LI), the index of Gensler and 

maximum ventilation indicators of lungs (MVV), 
which doesn’t correspond to standards and shows the 
weakness of their breathing apparatus for physical 
activity. The research of the cardiovascular system 
shows that in a state of relative rest the functional 
state of students fit properly in age-sexual norms, ex-
cept of profitability ratios circulation (PRC) and en-
durance factor (EF).

Due to the fact that the above mentioned results 
indicate the insufficient readiness of the cardiorespi-
ratory system of young people for physical activity, 
we evaluated its response to the standard physical 
load in the form of a Martine-Kushelovsky functional 
test (20 sit-ups in 30 seconds), the results of which 
are shown in Table 4.

Table 4 – Average rates of cardiovascular system reaction of students of KazNU named after Al-Farabi for the Martine-Kushelovsky 
trial

At rest
Recovery period

1 minute 2 minutes 3 minutes

HR AP HR AP HR AP HR AP

Girls 75 117/77 136 126/77 109 122/75 90 116/72

Boys 72,3 112/74 135 122/63 109 120/64 98 115/64

Based on the analysis of cardiovascular system 
reaction of the students right after the exercise (the 
first minute of recovery) in comparison with the 
baseline, we can say:

– the systolic pressure rises weakly, which is 3-4 
times lower than the norm; it reflects the weakening 
of the systole force – the contraction of the left heart 
of the heart;
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– the diastolic pressure of the girls remains un-
changed, indicating a decrease in the tone of the ar-
terioles, which ensures better access of oxygen to 
the periphery, while in young men, having a ten-
dency to a sharp decrease, contributes significantly 
higher than the required standards to a rise in pulse 
pressure;

– a significant increase in heart rate, indicates that 
the increase in blood circulation, even with a low-in-
tensity load, is achieved by increasing the heart rate, 
and not increasing the stroke volume of the heart, 
which is irrational for the heart.

– The AP on the third minute of rest is restored to 
the initial value, and the period of recovery of heart 
rate is delayed.

Acknowledgements

Thus, on the basis of a generalization of the re-
sults of our study, we can briefly summarize:

– in rest the functional state of the cardiovascular 
system of practically healthy students corresponds to 
the proper age and sex standards;

– for standard physical activity, the cardiovascu-
lar system in both boys and girls reacts with a sig-
nificant increase in heart rate, a slight increase in 
systolic and unchanged diastolic pressure in girls but 
decrease DP in boys, an increase in the recovery time 
of heart rate, which can be characterized as unfavor-
able – asthenic (hypotonic) type of reaction.

All this testifies to the physical detraining of the 
body of students and justifies the actual need for the 
development, scientific and methodological substan-
tiation and introduction of the most rational methods 
and means of physical training that have the greatest 
health and training effect into the practice of physical 
education.
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Characteristics of miRNA binding sites in mRNAS  
of human and mouse titin gene

Abstract: We have studied characteristics of miRNA (microRNAs) binding sites in mRNAs (matrix RNAs) 
of human, primate and mouse titin gene. miRNAs are small non-coding RNAs with the length about 21-22 
nucleotides binding with mRNAs of genes and blocking or disturbing their translation. Titin is the largest 
protein of heart muscle tissue that is a base of myofibril. Defects of titin synthesis lead to malfunction of 
muscle tissue, for example, to the heart failure which is one of the widest reasons of the death in the world. 
We have found differences and similarities of characteristics of miRNA binding sites in human and mouse 
titin gene mRNAs. The differences are the following: different number of binding sites, different values 
of binding energy and different nucleotide sequences of orthologous human and mouse miRNAs. The 
similarities are concluded in that all of these sites are located in protein-coding part of mRNA and they all 
have particular complementarity. But changing some nucleotides can help to get artificial miRNAs with 
ideal complementarity and maximal effect on expression. We have noticed that characteristics of miRNA 
binding sites in mRNAs of titin gene between different species of primates are more similar than between 
human and mouse. It can be explained by different evolutionary distance between these species. So the 
model of miRNA regulation of mouse titin synthesis is not completely adequate for human titin gene, but 
weakness of miRNA interaction with mRNA of mouse titin gene can be compensated by increasing of 
miRNA concentration in relation to mRNA. 
Key words: miRNA, mRNA, binding, sites, titin, gene, human, primates, mouse.

 

Introduction

Titin is a protein of muscle tissue. It is the largest 
protein in the nature and plays enormous role in pro-
viding elasticity and structural integrity of sarcomers 
[1]. For example, the longest transcript variant of hu-
man titin gene encodes 35991 amino acids and in-
cludes all 363 exons of this gene. Disturbance of titin 
synthesis causes the development of serious cardio-
vascular diseases, such as dilated cardiomyopathy, 
heart failure, ischemic heart disease, myocardial in-
farction and etc. Different titin isoforms are synthe-
sized in various types of muscle tissue (heart, smooth 
and skeletal striated muscle tissue) and are encoded 
by different combinations of exons [2]. 

Recently miRNA binding with mRNAs of differ-
ent genes, participating in the development of cardio-
vascular diseases, was studied [3-4]. For example, it 
was proved, that high level of miR-208b expression 
leads to cardiac hypertrophy in titin-based dilated 
cardiomyopathy [5]. But characteristics of miRNA 
interactions with mRNAs of titin gene were not 

studied. So it was important to establish what kind 
of miRNAs bind with mRNAs of titin gene? Since 
miRNA binding sites in mRNAs of orthologous 
genes can differ it is necessary to study characteris-
tics of miRNA binding with mRNAs of orthologous 
genes, especially with mRNAs of human and mouse 
titin gene because mouse is used in experimental re-
search. So it was important to compare characteristics 
of miRNA binding sites in mRNAs of titin gene. It is 
possible that differences can be observed in miRNA 
binding with mRNAs of different titin isoforms. 

Materials and methods 

Materials of research are titin mRNA nucleotide 
sequences of Homo sapiens, Pan troglodytes, Pon-
go abelii, Macaca fascicularis, Papio anubis, Pan 
paniscus, Colobus angolensis, Chlorocebus sabaeus, 
Rhinopithecus roxellana, Callithrix jacchus, Ao-
tus nancymaae, Saimiri boliviensis, Gorilla gorilla, 
Nomascus leucogenys and Mus musculus. These se-
quences were taken from the Genbank (https://www.
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ncbi.nlm.nih.gov/genbank/). Nucleotide sequences of 
2568 miRNAs were taken from the miRBase (www.
mirbase.org/) and 3707 other miRNAs were discov-
ered in 2015 by Eric Londina and other scientists [6]. 
Human miRNAs have abbreviation “hsa” (Homo 
sapiens) in the beginning of their names. Mouse 
miRNAs have abbreviation “mmu” (Mus musculus). 
Free energy of miRNA-mRNA binding (ΔG), ΔG/
ΔGm ratio (%), positions and schemes of potential 
miRNA binding sites were calculated by the program 
MirTarget [7-8]. ΔGm (maximal ΔG) is free energy 
of miRNA binding with nucleotide sequence that is 
absolute complementary to this miRNA. ΔG/ΔGm 
ratio was used as comparative criterion of miRNA-
mRNA interaction. ΔG/ΔGm ratio should be equal 
or more than 85% because 15% of ΔGm correspond 
to three nucleotides of miRNA sequence which can 
encode one amino acid. Binding site with value of 
ΔG/ΔGm ratio, that is less than 85%, is counted as 
unreliable because it has low specifity and can bind 
different miRNAs. Diagrams of evolutionary conser-
vation of olygopeptides encoding by miRNA binding 
sites were created by the program WebLogo (https://
www.weblogo.berkeley.edu/). The information 
about microRNA expression was taken from Human 
miRNA tissue atlas (https://ccb-web.cs.uni-saarland.
de/tissueatlas) and TiGER: Tissue-specific Gene Ex-
pression and Regulation (bioinfo.wilmer.jhu.edu/
tiger/). Positions of miRNA binding sites were com-
pared with single nucleotide polymorphisms (SNPs) 
of human titin gene (https://www.ncbi.nlm.nih.gov/
snp/?term=TTN). 

Results and their discussion

We have studied binding of 6271 human miRNAs 
with mRNA of human titin gene. There were found 
23 binding sites of 18 miRNAs with value of ΔG/
ΔGm that is more than 85% (Table «a»). These sites 
have “bubble” in the structure of miRNA-mRNA 
duplex with the exception of hsa-miR-11-28905-3p 
and hsa-miR-14-24215-3p. The density of miRNA 
binding sites in mRNA sequence of human titin is ap-
proximately equal to one site for five thousands nu-
cleotides. hsa-miR-6861-5p, hsa-miR-494-5p, hsa-
miR-374b-3p, hsa-miR-374с-3p, hsa-miR-34a-3p 
and hsa-miR-4495 are synthesized by intergenic re-
gions. hsa-miR-578, hsa-miR-3714, hsa-miR-1278, 
hsa-miR-544b, hsa-miR-4738-3p, hsa-miR-136-3p 
and hsa-miR-4693-5p are synthesized by host genes 
(CPE, PLCL2, CDKN1A, CDK4, CDK6, CDC73, 
UMPS, UNK, RTL1 and RP11, respectively) [9-
11]. hsa-miR-19-36945-3p, hsa-miR-1-1585-3p, 

hsa-miR-11-28905-3p, hsa-miR-14-24215-3p and 
hsa-miR-12-32366-3p are novel human miRNAs 
and absent in the miRBase [12]. hsa-miR-6861-5p 
and hsa-miR-14-24215-3p have three binding sites 
each. These sites are located from 177th exon to 
197th exon inclusively and contain so called PEVK-
repeats. The rest miRNAs have only one binding site 
each. Only hsa-miR-374b-3p, hsa-miR-374с-3p, hsa-
miR-3714, hsa-miR-4738-3p, hsa-miR-136-3p and 
hsa-miR-4495 have relatively high level of expres-
sion in heart and muscle tissues in comparison with 
other tissues [13-16]. In this way, no one binding site 
of these miRNAs doesn’t coincide of known patho-
logical mutations of human titin gene. 

Four mouse miRNAs (mmu-miR-34a-3p, mmu-
miR-136-3p, mmu-miR-374c-3p and mmu-miR-
494-5p) are orthologous to corresponding human 
miRNAs (Table «b»). Differences of mouse miRNA 
nucleotide sequences and corresponding human se-
quences are one-three nucleotides. For example, the 
sequence of hsa-miR-34a-3p has a cytosine (C) in 
the beginning that is absent in the sequence of mmu-
miR-34a-3p. So the length of hsa-miR-34a-3p is 22 
nucleotides while the length of mmu-miR-34a-3p 
is 21 nucleotides. The sequence of hsa-miR-136-3p 
has nucleotide C in the beginning that is absent in 
the sequence of mmu-miR-136-3p. But it hasn’t an 
uracil (U) that is present in the sequence of mmu-
miR-136-3p. So the length of these miRNAs is the 
same. hsa-miR-374c-3p is three nucleotides longer 
(22 nucleotides) than mmu-miR-374c-3p (19 nucleo-
tides) because hsa-miR-374c-3p has nucleotide C in 
the beginning and nucleotides A (adenine) and U at 
the end that are absent in the sequence of mmu-miR-
374c-3p. hsa-miR-494-5p has nucleotide U at the end 
of sequence that makes it longer than mmu-miR-494-
5p. The length of hsa-miR-494-5p is 23 nucleotides 
and the length of mmu-miR-494-5p is 22 nucleotides. 

We have calculated interaction between mmu-
miR-34a-3p, mmu-miR-136-3p, mmu-miR-374c-3p, 
mmu-miR-494-5p and mRNA of human titin gene. 
Only mmu-miR-494-5p bound with mRNA of this 
gene with value of ΔG/ΔGm that is not lower than 90 
%. It has ΔG/ΔGm that is equal 93 % (Table «a»).

Than we have calculated binding of 18 human 
miRNAs and mmu-miR-34a-3p, mmu-miR-136-
3p, mmu-miR-374c-3p, mmu-miR-494-5p with 
mRNA of mouse titin gene. Only eight miRNAs 
bind with mRNA of mouse titin gene with values of 
ΔG/ΔGm equal 85 % and more (hsa-miR-19-36945-
3p, hsa-miR-11-28905-3p, mmu-miR-34a-3p, hsa-
miR-1278, hsa-miR-544b, hsa-miR-34a-3p, hsa-
miR-4693-5p and hsa-miR-4495) (Table «с»). 
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These miRNAs have nine binding sites. Only 
hsa-miR-19-36945-3p bind with mRNA of mouse 
titin gene with value of ΔG/ΔGm equal to 90%. hsa-
miR-4693-5p has the lowest value of ΔG/ΔGm ratio 
that is equal to 85%. It has binding site in the 282nd 
exon of mouse titin gene. hsa-miR-19-36945-3p, 
hsa-miR-11-28905-3p, hsa-miR-544b and hsa-miR-
34a-3p have values of miRNA-mRNA interaction 
energy equal to -100 kJ/mole and lower. Other miR-
NAs have higher values of binding energy than these 
miRNAs. hsa-miR-11-28905-3p has two binding 
sites in the 58th exon with the lowest level of interac-
tion energy (-113 kJ/mole) and ΔG/ΔGm ratio that 
is equal 86%. hsa-miR-4495 has the highest level of 
miRNA-mRNA interaction energy that is equal -91 
kJ/mole. Binding site of this miRNA is located in 
the 295th exon of mouse titin gene. The single mouse 
miRNA binding site in mRNA of mouse titin gene 
is binding site of mmu-miR-34a-3p that is located in 
the 66th exon. It has value of ΔG/ΔGm that is equal 86 
%. Binding site of hsa-miR-34a-3p is located very far 
from binding site of mmu-miR-34a-3p in the mRNA 
of mouse titin, in the 93rd exon, and has value of ΔG/
ΔGm that is equal 87 %. hsa-miR-1278 has binding 
site in the 83rd exon of mouse titin gene and value of 
ΔG/ΔGm that is equal 88 %. hsa-miR-544b has bind-
ing site in the 87th exon of mouse titin gene and value 
of ΔG/ΔGm that is equal 89 %. 

One of the evidences of miRNA binding site ex-
istence is presence of it in mRNAs of orthologous 
genes. We have studied binding of 6271 human miR-
NAs with mRNAs of titin gene of 14 species of pri-
mates (Homo sapiens, Pan troglodytes, Pongo abelii, 
Macaca fascicularis, Papio anubis, Pan paniscus, 
Colobus angolensis, Chlorocebus sabaeus, Rhino-
pithecus roxellana, Callithrix jacchus, Aotus nancy-
maae, Saimiri boliviensis, Gorilla gorilla, Nomascus 
leucogenys). It was found that only hsa-miR-494-5p 
and hsa-miR-578 bind with mRNAs of primate titin 
gene with values of ΔG/ΔGm equal to 90% and more. 
Although orthologous miRNAs of various primate 
species are different, primates have conservative 
genes of miRNA synthesis and conservative miRNA 
binding sites. For example, Figure1: binding sites of 
hsa-miR-494-5p in titin mRNAs of primates encode 
conservative heptapeptide RETTLTT, in which the 
last aminoacid changed (threonin is changed to alanin 
or serin). Figure2: binding sites of hsa-miR-578 in 
titin mRNAs of primates encode conservative hepta-
peptide TVPGAQE. As we can see, flanking amino 
acid sequences are even more conservative than these 
olygopeptides themselves. Conservation of olygo-
peptides, encoding by miRNA binding sites, proves 

conservation of these mRNA regions. Characteristics 
of miRNA binding sites in mRNAs of primate titin 
gene are more similar than in mRNAs of human and 
mouse gene because of different evolutionary dis-
tance between these species. 

miRNAs can’t effectively block translation of ti-
tin because they are not absolutely complementary 
to their sites. But artificial miRNAs, that would be 
absolutely complementary to these sites and have 
ΔG/ΔGm ratio equal 100 %, could effectively bind 
with mRNAs of titin genes and block their transla-
tion (Table «d»). There are 25 miRNA binding sites 
in this table that have ΔG/ΔGm ratio equal 90% and 
more. Nucleotides of miRNAs, decreasing energy of 
miRNA-mRNA interaction, are signed by red color. 
For example, we need to change three nucleotides in 
the sequence of hsa-miR-374b-3p binding site that is 
located in the position 17241 of human titin gene to 
synthesize absolutely complementary artificial miR-
NA to this site. In other case, we need to change only 
one nucleotide in the sequence of mmu-miR-494-5p 
binding site located in position 1302 to get ideal arti-
ficial miRNA. In the case of hsa-miR-494-5p binding 
site, located in position 1301 of human titin gene, two 
nucleotides are needed for synthesis of complemen-
tary sequence for this site. In relation to mouse titin 
gene mRNA, it is needed to change two nucleotides 
in the sequence of hsa-miR-19-36945-3p located in 
position 30584 to get artificial miRNA.

Conclusions

We have found differences and similarities of 
characteristics of miRNA binding sites in mRNAs of 
human and mouse titin gene. Differences are the fol-
lowing:

1. Human titin mRNA has 23 miRNA binding 
sites whereas mouse titin mRNA has only nine sites. 

2. 19 miRNAs (18 human miRNAs and one 
mouse miRNA) interact with mRNA of human titin 
but only eight miRNAs from this number bind with 
mRNA of mouse titin gene. 

3. ΔG/ΔGm ratio of miRNA binding sites in the 
mRNA of human titin gene varies from 89% to 94% 
but in the mRNA of mouse titin gene it varies from 
85% to 90%.

4. Orthologous human and mouse miRNAs have 
different nucleotides in their sequences.

Similarities of characteristics of miRNA binding 
sites in human and mouse titin mRNA are the following:

1. Positions of miRNA binding sites in the mRNA 
of mouse titin gene are very close to such positions in 
the mRNA of human titin. 
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2. All miRNA binding sites are located in pro-
tein-coding part of these mRNAs.

Thus characteristics of miRNA binding sites in 
mRNAs of human and mouse titin gene are differ-
ent and it should be taken into account. So the mod-
el of mouse titin synthesis regulation by miRNAs 
is not completely adequate for human titin gene. 
Nevertheless, increasing of miRNA concentrations 
in relation to mRNA of mouse titin gene can cause 
the same effect on expression of this gene as in 
human. In something’s totality, obtained results 
permit to suppose that expression of titin gene is 
weekly regulated by miRNAs in human and mouse 
organisms.
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Ecological assessment of the territory of the projected  
State Nature Reserve ‘Bokeyorda’ in West Kazakhstan region

Abstract. Presented paper deals with the environmental protection problems on the example of the 
project of the State Natural Reserve ‘Bokeyorda’ in West Kazakhstan region. During the development and 
implementation of the project the main goal was to assess the impact of natural and anthropogenic factors 
on the unique natural ecosystems and their biological diversity. The natural conditions were investigated 
and the key plant and animal species were identified, their current status and the human impact were 
evaluated as well as recommendations for the conservation of species and their habitats were made. Based 
on the ecosystem analysis and GIS technology the most important areas for biodiversity conservation were 
revealed, the Reserve boundaries were defined, zoning of functional areas were performed and maps were 
prepared.
Key words: ecological assessment, ecosystem, protected areas, state natural reserve, steppe, flora and 
fauna.

Introduction

The territory of Kazakhstan has a unique variety 
of landscapes – from deserts to high mountains and 
marine ecosystems. As tempo of the natural resourc-
es use is rapidly increasing in such economically de-
veloping country as Kazakhstan, the more urgent is 
the question of further improving of the system of 
the Nature protection areas, effective for biodiversity 
conservation.

A large part of the world natural steppe areas, 
more than 120 million ha, is located in Kazakhstan, 
which steppe ecosystems are the habitat of the unique 
steppe vegetation and the globally endangered spe-
cies of steppe fauna. Kazakhstan steppe ecosystems 
are the most significant for the more than 2000 plant 
species, including about 30 endemics. 

Steppes are the least protected ecosystems in Ka-
zakhstan, and highly under-represented in the system 
of strictly protected areas (SPA). This is due to low 
volume of humus horizon of soils and scarcity of bio-
logical productivity of vegetation.

Currently, the system of SPA in the West Ka-
zakhstan region is represented by three protected ar-
eas of national significance and seven protected areas 
of regional significance. The total area is of 188.7 
thousands ha, or 1% of the total area of the region. 
No protected areas with a strict regime of protection 

and with the status of a legal entity are present in this 
region (1-25).

One of the reasons of creation of strictly pro-
tected area at West Kazakhstan Region is that it is 
the habitat of the Ural population of saiga antelope 
(Saiga tatarica). Not so long ago, the mass death 
of this animal from pasteurellos is has occurred. 12 
thousand individuals deceased in May 2010, and 
more than 400 individuals – in May 2011. As a result, 
the number of the Ural population of saiga antelope 
has declined from 39 thousand to 27 thousand indi-
viduals (27). 

The purpose of this study was to evaluate the 
ecological state of ecosystems in the area between 
the rivers Volga and Ural, to provide the scientific 
justification for the creation of the State Natural re-
serve ‘Bokeyorda’ of West Kazakhstan region, that 
is necessary for the conservation of habitats of rare 
plant and animal endemic species, including the Ural 
saiga antelope population Saiga tatarica, as well as 
the conservation of the whole region biodiversity.

Materials and Methods

Geobotanical, soil, floral, faunistic and ecosys-
tem researches in the project area were performed 
with the use of commonly accepted methods (4, 6, 
8, 11, 12, 14, 15, 21, 23, 24, 28-31). The monitoring 
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areas were distinguished to fix the data in the system 
of GPS. We mapped areas of distribution of plant and 
animal key species and evaluated the impact of nega-
tive factors on biological diversity (10).

Distinguishing the valuable sites for SPA, we 
used the ecosystem approach, based on a complex 
assessment of the ecological state of the natural com-
ponents, dominating biogeocoenoses and zoocenoses 
of steppe environment, using remote sensing data 
and GIS technology. It will allow to assess the qual-
ity potential of biodiversity, based on the existing 
correlation between the ecotope (type of habitat), the 
type of vegetation and animal population. Ecologi-
cal potential of habitats and the potential diversity 
of biota were determined on the base of gradation of 
ecosystem components (relief, soil, vegetation and 
associated animal population) (7).

Results and Discussion

The project area has a complex composition of 
land users. According to preliminary data of ‘Sci-
entific-Production Centre of Land Cadastre’, the 74 
land users are located on the total area of 78 796.2 ha. 
Based on the need of preserving the unique natural 
complexes and taking into consideration the interests 
of the local population as well as the perspectives of 
the agriculture development in this region, it has been 
proposed to include in the reserve only the southern 
part of the project area, with lake Aralsor and adja-
cent territory (Fig. 1). This is due to the fact that the 
northern and north-eastern parts of the project area 
within the boundaries of Borsy and Zhaksybay rural 
districts, and Koshankol and Karaoba rural districts, 
were previously seen as a promising area for the de-
velopment of animal husbandry.

The project area is located in the northwestern 
part of the Caspian lowland in the West Kazakhstan 
region within the territory of Zhanibek, Bokeyorda, 
Kaztalovka raion districts. The total area of the stud-
ied region is 690.929 thousand ha, or about 4.5% 
of the region area (Fig. 1). The nature of its relief is 
almost a hollow, flat and slightly rolling plain with 
slight slope to the south. This plain is represented by 
places of depressions, clayish salt marshes and an-
cient channels of temporary streams.

The hydrographic network on the territory of the 
nature reserve is very weakly developed. The river 
Aschyozek flows on the east of the project area, with 
several tributaries – the largest of them are the right-
bank tributaries Sherembetsay, Tatkensay, Zhaman-
say, Astausalgan arroyo, Bersharal, and the left-bank 
tributaries Koldybaysay and Tereksay, flowing into 

the large lake Aralsor. Due to the frequent alternation 
of soil conditions, soils are inhomogenic and have 
different structure. However, within the individual 
parts of the territory of the future nature reserve in 
the watershed areas, the zonal types of soils prevail – 
kastanozems, light-kastanozems and brown earth (5).

The flora of the project area is very diverse and 
poorly investigated. We have identified 537 species 
of vascular plants from 66 families and 265 genus. 
However, this is not complete species composition. 
In the overall flora of the West Kazakhstan region it 
constitutes 42.7% of total number of species (537), 
54.4% (265) of total number of genera and 56.4% 
(66) of total number of families. The representatives 
of 3 families are the most numerous in the studied 
area – Asteraceae, Poaceae and Chenopodiaceae. 
Asteraceae is represented by 95 (17.3%) species, Po-
aceae – by 54 species (9.8%) and Chenopodiaceae 
– by 42 species (7.6% ) (9, 16).

The project area ‘Bokeyorda’ belong to two natu-
ral zones – the steppe zone (subzone of Gemifructis-
gramen-рoaceae desertified steppes on light-kastano-
zems) and the semi-desert zone (northern subzone 
of Artemisia and long-term Salsola semideserts on 
brown earth). According to the system of phyto-geo-
graphical zoning, the project area is represented by 
the Eurasian steppe and the Afro-Asian desert areas. 
Steppe is represented by its most arid subzone – Za-
volzhye-Kazakhstan Gemifructis-gramen-рoaceae 
desertified steppes, which includes the northern part 
of territories. Desert is represented by the least arid 
north-western outskirt of the Caspian province – the 
North Turan steppefied desert, which include the 
large part of the Caspian depression (17-18). 7 types 
of vegetation are well represented in the project area: 
steppe, desert, forest, shrub, meadow, swamp, sub-
merged-water (20).

Figure 1 – Map of the projected State Natural Reserve 
‘Bokeyorda’ in West Kazakhstan region



37Salikhov Т. et al.

International Journal of Biology and Chemistry 10, № 1, 35 (2017)

Animals of the project area are represented by 
steppe and desert zone species. Among rodents are 
little souslik Spermophilus pygmaeus, several spe-
cies of hamsters (Cricetidae), dipodids (Dipodidae), 
gerbils (Gerbillidae), voles (Microtidae), mice (Mu-
ridae). Carnivores are represented by wolf Canis 
lupus, red fox Vulpes vulpes, korsak Vulpes corsac, 
steppe polecat Mustela eversmanni, stoat Mustela 
erminea, badger Meles meles, common weasel Mus-
tela nivalis, and others. Among even-toed ungulates 
are two species: saiga antelope S. tatarica and wild 
boar Sus scrofa. The very characteristic for the stud-
ied territory are such birds as larks (Melanocorypha), 
swallows (Hirundinidae), little bustard Tetrax tet-
rax, demoiselle crane Anthropoides virgo, and oth-
ers. Among the small birds of prey are kestrel Falco 
tinnunculus and red-footed falcon Falco vespertinus, 
and among the large ones are common buzzard Buteo 
buteo, hen harrier Circus cyaneus and steppe eagle 
Aquila nipalensis, which is rarely observed. The wa-
terbodies are very rich in various waterfowl species. 
Among reptiles, steppe-runner Eremias arguta, sand 
lizard Lacerta agilis and steppe viper Vipera ursinii 
are ordinary to the desert.

We identified 57 individual ecosystems within 
the planned State Nature Reserve ‘Bokeyorda’, which 
were arranged in a hierarchical classification by their 
typological groups, structural and genetic classifica-
tion. This classification was the basis of the legend 
displayed on the map (Fig. 2). This map shows clas-
sification of ecosystem ranks (Legend in Fig. 2).

Figure 2 – Map of ecosystems of the projected 
State Natural Reserve ‘Bokeyorda’ in the 

West Kazakhstan region

LEGEND OF MAP FOR ECOSYSTEMS IN PROJECT-
ED STATE NATURAL RESERVE  

«BOKEYORDA» IN THE WEST KAZAKHSTAN REGION

GROUND
AUTOMORPHIC

Desert-steppe ecosystems on light-kastanozems soils
Gramen-poaceae of flat plains

 – With the predominance of Poaceae-filipéndula, 
Artemisia-roaceae-festuca, Tanacétum-festuca associations

 – With the predominance Variherbetum-poaceae-
agropýron associations

 – With the predominance of Poaceae-festuca, Ar-
temisia-festuca assosiations in combination with Variherbetum- 
gramen-poaceae in depressions

Gramen-poaceae of sloping plains dissected by erosion

 – With the predominance of Poaceae-filipéndula, 
Artemisia-roaceae-festuca, Tanacétum- festuca assosiations

 – With the prevalence of Artemisia-poaceae-stipa 
assosiations with a predominance of Filipéndula

 – With the prevalence of Artemisia-poaceae-festuca 
assosiations with a predominance of Filipéndula in conjunction 
with the cultivated lands

 – With the prevalence of Artemisia-poaceae-stipa 
dominated communities Filipéndula in conjunction with Sálsola-
artemisia pauciflora, and cultivated lands

 – With the predominance of Poaceae-festuca with 
in conjunction with Sálsola-artemisia pauciflora

 – With the prevalence of Artemisia -poaceae-festu-
ca dominated communities Filipéndula in conjunction with the 
Sálsola

Artemisia of flat complicated by suffusion slides plains
 – With the prevalence of Poa praténsis-artemisia 

pauciflora sometimes with Poaceae and Sálsola together with 
representatives of the Sálsola-artemisia pauciflora

 – With the prevalence of Gramen-poaceae-artemis-
ia pauciflora, sometimes with Poaceae and Sálsola together with 
representatives of the Sálsola-artemisia pauciflora

 – With the prevalence of Artemisia-roaceae-festuca 
dominated communities Filipéndula in conjunction with the cul-
tivated lands

Artemisia of sloping plains dissected by erosion

 – With the prevalence of Gramen-poaceae-artemis-
ia pauciflora in combination with the black Sálsola-artemisia 
pauciflora

Desert-steppe ecosystems on brown earth soils 
Artemisia of sloping plains dissected by erosion

 – With the prevalence of Artemisia lerchiana and 
bluegrass during Poa praténsis-artemisia lerchiana community

Sálsola in depressions and depressions
 – With the predominance of Variherbetum-poace-

ae-euphórbia communities with a predominance of Artemisia 
and Filipéndula

 – With the prevalence of Artemisia pauciflora-li-
monium, Poaceae-artemisia lerchiana and Artemisia-ruccinelli 
communities
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Halophytes-artemisia ecosystems on solonetz
Artemisia of flat complicated by suffusion slides plains

 – With the predominance of Sálsola-artemisia pauci-
flora complex with Festuca-roaceae-artemisia communities 
with a predominance of Filipéndula

Artemisia of sloping plains dissected by erosion
 – With the predominance of Artemisia pauciflora, 

Sálsola in complex with Artemisia-roaceae-agropýron commu-
nities

 – With the predominance of Sálsola-artemisia 
pauciflora in the complex, Ephemerae-proaceae-artemisia ler-
chiana communities

 – With the predominance of Sálsola-artemisia pauci-
flora in conjunction festuca-roaceae-artemisia communities with 
a predominance of Filipéndula

Sálsola of flat complicated by suffusion slides plains
 – With the predominance Petrosimonia sibirica 

(Pall) Bge Ahab Rev in a complex of Sálsola-artemisia pauci-
flora and Proaceae-filipéndula communities

Sálsola of gently rolling plains dissected by erosion
 – With the predominance of Artemisia-sálsola-limo-

nium communities
SEMIHYDROMORPHIC
Meadow-desert ecosystems on meadow-light kastanozems 

soils 
Poaceae of sloping plains dissected by erosion

 – With the prevalence of Leymus poaceae communi-
ties

Gramen-poaceae of flat complicated by suffusion slides 
Plains

 – With the prevalence of Gramen-poaceae-artemisia-
variherbetum communities

Meadow-desert ecosystems in the meadow solonetz
Artemisia in depressions

 – With the predominance of Sálsola-artemisia pauci-
flora communities in a complex Artemisia pauciflora-suaeda and 
Artemisia-roaceae

Sálsola in depressions
 – With the prevalence of Puccinelli-halimione-arte-

misia communities
HYDROMORPHOUS
Meadow-desert ecosystems in the meadow soils
Variherbetum-poaceae in depressions

 – with a predominance of Variherbetum-poaceae 
communities sometimes with Carex

The hyper halophytic ecosystems of depression
Sors in depressions and in the saline depressions 

 – Sors, salt marshes with sparse Sálsola vegetation
GROUND ANTHROPOGENICALLY DISTURBED 

ECOSYSTEMS AGRO-ECOSYSTEMS
Anthropogenically transformed ecosystems on light-kas-

tanozems soils 
Parturition of arable and cultivated land

 – Arable land and cultivated land on the site of 
Tanacetum-festuca-stipa communities

 – Arable land and cultivated land on the site of 
Variherbetum-stipa communities

Anthropogenically transformed ecosystems on brown earth 
soils 

Parturition of arable and cultivated land

 – Arable land and cultivated land on the site of Fes-
tuca-artemisia pauciflora, Festuca-linosyris communities

Anthropogenically transformed ecosystems on solonetz
Parturition of arable and cultivated land

 – Arable land and cultivated land on the site of 
Tanacetum-festuca-stipa communities

Anthropogenically transformed ecosystems on meadow 
light-kastanozems soils 

Parturition of arable and cultivated land
 – Arable land and cultivated land on the site of 

Tanacetum- festuca-stipa communities
DEGRADED
Anthropogenically disturbed ecosystem on eroded light-

kastanozems soils 
Parturition of pasture failures around residential housing

 – Ephemera-ceratocarpus overgrazing or anthropo-
genic disturbances

 – Artemisia lerchiana-ephemeral
 – Artemisia procera. Ruderal thickets

Anthropogenically disturbed ecosystem on eroded solo-
netzes

Parturition of pasture failures around residential housing
 – Ephemerae-egetorugit
 –Artemisia pauciflora-sálsola thickets

Note: 1. The first number has specified number of a type of 
an ecosystem according to the table of a legend

2. The second number (in brackets) has specified serial num-
ber of an ecosystem according to the table of a legend

The project area includes the habitat of the Ural 
population of the saiga antelope S. tatarica. Saiga an-
telope of the Azgir-Urda grouping usually lives here 
in the spring and autumn periods. In the winter they 
leave the territory of Atyrau region. The main areas 
of its habitat are neighborhood of the Sors Khaki, 
river Aschyozek, lake Aralsor. In some years it rises 
to the north to the settlements Kaztalovka and Borsy 
(13, 20).

Areas of the main habitat of the saiga antelope, 
including wintering, summering and mass calving, 
currently occupy the neighbourhood of the north-
western part of the Volga-Ural interfluve. Basically, 
these territories are less affected by economic activ-
ity and are remote from major population centers. 
Obviously, the saiga antelope prefer to feed here. 
In the Volga-Ural interfluve, the most part of saiga 
antelope population is concentrated now in Aralsor 
solonchak- lake structural basin, where a desert-sol-
onchak complex of vegetation is predominant, with 
the most preferred by saiga antelope (S. tatarica) 
plant of the families Asteraceae, Chenopodioideae, 
Cruciferae and Rosaceae (1-3). These are not only 
such plant species as Chenopodium album, Kochia 



39Salikhov Т. et al.

International Journal of Biology and Chemistry 10, № 1, 35 (2017)

prostrata, Potentilla sp., Crinitaria tatarica, Polygo-
num patulum and others, that are usually preferable 
by herbivorous mammals, but also many weeds and 
poisonous plants, such as Lactuca serriola, L. tatari-
ca, Artemisia austriaca, Thlaspi arwense and others, 
which other ungulates do not eat by S. tatarica (19).

The Volga-Ural interfluve is now a place for 
mass saiga antelope calving. Now, it is located more 
to the north than in the past: to the east and north of 
the lake Aralsor and even in the village Borsy – the 
most north-western part of the interfluve. The change 
of the range of mass calving, occurring in recent 
years, is, no doubt, due to the increase of anthropo-
genic load on the previous areas of calving. The ter-
ritories located to the south now include agricultural 
land, covering an area of 12 785.000 ha, of which 
arable land – 769,8 ha (6.0%), hayfields – 1.010 mln 
ha (7.9%) and pastures – 10.106 mln ha (79.0%). The 
main economic activities in the region of the planned 
reserve are the sheep farming, cattle husbandry and 
herd horse breeding. This factor should be taken into 
account in the development of this project.

Local authorities planned to provide to large 
farmers the agricultural areas of land for the needs 
of pasture animal husbandry. With this in mind, it 
has been recommended to create two types of SPA 
on the project area – the State Nature Reserve and 
the State Natural Zakaznik (the complex one). Pos-
sible boundaries of these SPA are shown on the map 
of the Reserve ‘Bokeyorda’ (Fig. 1.) The area of the 
Reserve is 239 242 ha, and its protected area is 81 
513 ha, Zakaznik – 299 218 ha.

During the development of the project, it was 
necessary to take into account the recommendations 
for the conservation of biological diversity of the re-
gion. Rare and endangered species with important 
economic, scientific and aesthetic value were includ-
ed in The Red Book of Kazakhstan (26, 32).

Our investigation of plant communities showed 
that the flora of the project area ‘Bokeyorda’ con-
sists of 104 species of fodder plants. We noted the 
presence of at least 4 unique and significant plant 
communities, which represent a kind of original 
botanical-geographic phenomenon and have an im-
portant environmental, water regulation, water pro-
tection, soil protection, and other roles. Despite of 
widespread plowing, the small natural sites of zonal 
steppe complexes were fragmentary preserved. 
These are the Sherembetsay tract, Tegisshyl com-
plex steppe, steppe Aralsor steppe, Karaoba Festuca 
steppe.

In the studied area of the planned reserve we also 
found 21 rare, endemic and relict, species of plants, 

which occur with various level of abundance and 
play different roles in the vegetation. They constitute 
5.1% of the total flora. Following species are listed 
in the Red Book: Calophaca wolgarica, Adonis ver-
nalis, Centaurea talievii, Tulipa schrenkii, Tulipa 
biebersteiniana, Tulipa biflora, Ornithogalum fisch-
erianum. 

The studied territory is also important for the 
conservation of habitats of steppe animal species. 
We revealed 37 species of mammals, 71 species of 
birds and 7 species of reptiles. 5 species are listed in 
the Red Book – demoiselle crane Anthropoides vir-
go, little bustard Tetrax tetrax, eagle-owl Bubo bubo, 
golden eagle Aquila chrysaetos and steppe eagle Aq-
uila nipalensis.

Conclusions

The territory of the future State Nature Reserve 
‘Bokeyorda’ has the highest potential as the habi-
tat of Saiga antelope and S. tatarica. This is due to 
preserved special conditions with rich biodiversity, 
necessary for large endemic mammals of steppe and 
semi-desert areas.

The studied territory is a refuge for many endan-
gered plant and animal species and is very important 
for migratory species. Here, the significant natural 
fodder plant resources preserved, they dominate in 
the pastures and hayfields and are very diverse in its 
stern properties and seasonal use. Fodder plant com-
munities are the source of highly nutrient food for 
animals throughout the year.

On the basis of created cartographic materials 
we tried to define the significance of ecosystems 
for biodiversity conservation. For that purpose, we 
revealed key plant and animal species for each eco-
system. Furthermore, for the assessment of environ-
mental significance of the project area we used the 
richness of species. We also revealed the degree of 
disturbance of ecosystems in the studied area in con-
nection with anthropogenic load and its impact on 
natural systems.

The existing natural potential, and, in particular, 
ecological conditions, allow to particular representa-
tives of flora and fauna to pass all the stages of the 
biological cycle in the territory of Reserve, including 
the breeding stage. However, the impact of external 
factors, both natural and antropogenic, to the repre-
sentatives of wildlife fauna, continues to grow due 
to the intensity of the economic development of the 
territory. Now, it is necessary to take additional and 
more effective activities for the conservation of spe-
cies and their habitats.
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No strictly protected area is created in the West 
Kazakhstan region at the present time. Organisation 
of a new environmental institutions not only will ful-
ly ensure the preservation and restoration of steppe 
biodiversity of the region, but also will improve the 
socio-economic conditions, the development of eco-
tourism, etc. Analysis of ecological state of the proj-
ect area, as well as the study of the habitat of Saiga 
antelope S. tatarica, will contribute to the creation of 
the large State Natural Reserve ‘Bokeyorda’ in the 
west of the West Kazakhstan region.

Acknowledgements

Research was carried out in the framework of 
the project of the Government of Kazakhstan and the 
Global Environment Facility, United Nations Devel-
opment Programme (UNDP) ‘Conservation and sus-
tainable management of steppe ecosystems’, aimed at 
increasing the steppe ecosystems. Contract No 62761

References 

1. Abaturov B.D., Petrishchev B.I., Kolesnikov 
M.L., Subbotin A.E. (1998) Seasonal dynamics of 
fodder resources and nutrition of saiga on natural 
pasture in the semi-desert. //Advances in modern bi-
ology. – vol. 118. – Issue. 5. – рр, 524-583.

2. Abaturov B.D. (2005) Forage Resources, Food 
Supply and the Viability of Populations of Herbivo-
rous Mammals. //Zoological Journal. – vol. 84, no 
10. – рр. 1251.

3. Abaturov B.D. (2007) The Saiga Population in 
Russia and Problems of Its Conservation. //Bulletin 
of the Russian Academy of Sciences. – vol. 77. – no 
9. – рр, 785-793.

4. Alekhin V.V. Methods of Field Study of Veg-
etation and Flora. – Moscow, 1983. – 203 p.

5. Andryushchenko O.N. Natural and Historical 
Areas of the Caspian depression (Volga-Urals inter-
fluve). Proceedings of Geographical Faculty of Be-
larusian University, Minsk, 1958 – рр. 137-219. 

6. Ashikhmina T.Ya. Environmental Monitoring. 
– Moscow: Academic Project, 2006. – 416 p.

7. Atasoy E. (2014) Milestones in Environmental 
Education for Sustainable Development. //Oxidation 
Communications – vol. 37, no 4, рр. 1111-1124 

8. Darbayeva T.E. Abstract of Flora of Chalk 
Hills of the North-Western Kazakhstan. – Uralsk, 
2002. – 131 p.

9. Darbayeva T.E., Utaubayeva A.U., Tsyganko-
va T.A. The Flora of the West Kazakhstan Region. 
– Uralsk, 2003. – 92 p.

10. Galay E., Atasoy E., Jakupov A., Mazbaev O. 
(2014) National Parks of the Republic of Belarus. //
Oxidation Communications – vol. 37, no 2, рр. 619-
648.

11. Gedymin A.V., Grunberg G.Y., Malykh M.I. 
Workshop on Cartography with Basics of Topogra-
phy. – Moscow, 1981. – 143 p.

12. Charles A. Flink, Daniel Mourek (2010) Sus-
tainable Greenways Tourism A Comparison of the 
East Coast Greenway (United States) and the Prague 
to Vien na Greenway (Czech Republic) //Proceed-
ings of Fabos Conference on Landscape and Creen-
way Planning, Badapest, July 8-11. – 526 p.

13. Grachev Y.A., Bekenov A.B. (2007) Status 
of populations and prospects for saiga conservation in 
Kazakhstan. //Steppe Bulletin. – no 21-22, рр. 45-48 

14. Grishina L.A., Koptsik G.N., Morgun L.V. 
Organization and Carrying Out of Soil Investigations 
for Environmental Monitoring. – Moscow: Moscow 
State University, 1991. – 82 p.

15. Guidelines for the Management of Nature in 
the Annals of Specially Protected Natural Territories 
with the Status of Legal Entity. Approved Forestry 
and Hunting Committee of the Ministry of Agricul-
ture of the Republic of Kazakhstan dated April 18, 
2007 No 156.

16. Ivanov V.V. The Steppes of Western Ka-
zakhstan in Connection with the Dynamics of Their 
Cover. Publ. – Moscow-Leningrad: House of the 
USSR Academy of Sciences, 1958. – 288 p.

17. Ivanov V.V. A Brief Description of Natu-
ral Fodder Grasslands of the Ural Region. –Lenin-
grad: Proceedings of the Flora and Vegetation of the 
Northern Caspian, 1964. – рр. 147-148.

18. Lavrenko E.M. Steppes of the Eurasian 
Steppe Region, Geography, History and Dynamics. 
//Problems of Botany. Publ. – Moscow-Leningrad: 
House of the USSR Academy of Sciences, 1954. – 
vol. 1. – рр. 155-191.

19. Lebedeva L.S. (1960) Materials for the Study 
of Spring Forage and Pastures of Saiga of the Right 
Bank of the Volga. //Zoological Journal. – vol. 39. – 
Issue. 9. – рр, 1438-1442.

20. Levina F.Ya. The Vegetation of the Northern 
Caspian Semi-desert and Its Forage Value. Publ. – 
Moscow: House of the USSR Academy of Sciences, 
1964. – 336 p.

21. Lurie I.K. Basics of Geoinformatics and GIS 
Creation. Remote Sensing and Geographic Informa-
tion Systems. – Moscow: Publ. House INEX-92 Ltd, 
2002. – 140 p.

22. Meldebekov A.M., Bekenov A.B., Bekenova 
N.A. Problems of Preservation and Reproduction 



41Salikhov Т. et al.

International Journal of Biology and Chemistry 10, № 1, 35 (2017)

of Populations of a Saiga in Kazakhstan. //Modern 
Problems of Hunting Economy of Kazakhstan and 
the Adjacent Countries. – Almaty, 2014. – рр. 5-8.

23. Mendybayev E.H., Atayeva G., Berdenov Z., 
Atasoy E. (2015) Geochemical Researches of Region 
Soil with Technogenic Influence in Terms of Borlin-
skiy Region West Kazakhstan. //Oxidation Commu-
nications. – vol. 38, no 4, рр. 1933-1941 

24. Methods of Accounting Major of Game and 
Rare Species of Animals of Kazakhstan. – Almaty, 
2003. – 203 p.

25. Petrenko A.Z., Fartushina M.M., Zhubanov 
А.А. and others. Natural Resource Potential and 
Planned Facilities Reserve Fund of the West Kazakh-
stan Region. – Uralsk, 1998. – 176 p.

26. Petrenko A.Z., Dzhubanov A.A., Fartushina 
M.M. and others. The Green Book of the West Ka-
zakhstan Region. Cadastre of natural heritage sites. 
– Uralsk: West Kazakhstan State University, 2001. 
– 194 p.

27. Report on the Theme: a Retrospective Analy-
sis of the Causes of Disease and Mortality of Sai-

gas in 2010-2011 in West Kazakhstan. – Astana,  
2011.

28. Salikhov T.K. Geography-ecological assess-
ment of the status of the state nature reserve “Bokey-
orda”: monograph. – Almaty: Evero, 2016. – 232 p.

29. Salikhov Т.К., Salikhova T.S., Khalel G.K. 
(2017) The Geoecological characteristics and Rec-
reational potential on the territory of the projected 
State Natural Reserve “Bokeyorda” West Kazakh-
stan region //News of the Academy of Sciences of 
the Republic of Kazakhstan: Series of Geology and 
Technical Sciences. – № 2. – рр. 113-119

30. Shein E.V. Field and Laboratory Methods for 
Studying the Physical Properties and Soil Conditions.– 
Moscow: Moscow University Press, 2001. – 198 p.

31. Sklyarenko S.L., Lukanovsky O.Ya., Telk-
araeva A.K. Guidelines for the Management of 
Steppe Ecosystem Monitoring of the Pilot Area ‘Ir-
giz-Turgai-Zhylanshyk’. – Astana: BCAK, 2012. – 
106 p.

32. The Red Book of Kazakhstan: Animals. – Al-
maty, 2010. – 324 p.



© 2017 al-Farabi Kazakh National University                                  Printed in Kazakhstan

International Journal of Biology and Chemistry 10, № 1, 42 (2017)

UDC 612.1

1*Baidaulet T. , 1Tuleuhanov S.T., 1Ablaikhanova N.T.,  
1Ydyrys A., 2Baishanbo A.

1Department of Biophysics and Biomedicine, Faculty of Biology and Biotechnology,  
Al-Farabi Kazakh National University, Almaty, Kazakhstan  

2Pharmacy College of Xinjiang Medical University, Urumqi, China  
*e-mail: baydaulet.tilek@gmail.com

Effects of Almaty city ecological factors on students blood indices at 
Al-Farabi Kazakh National University

Abstract: Environment pollution is a wide-researching problem and it is likely to influence the health of 
human populations is great. And environmental health is that aspects of public health that is concerned with 
those forms of life substances, forces and conditions in the surroundings of man that may exert an influence 
on man’s health and well-being. A number of natural and anthropogenic activities and may cause adverse 
effects on human health and the environment. Increased combustion of fossil fuels in the last century 
is responsible for the progressive change in the atmospheric composition. Air pollution has both acute 
and chronic effects on human health, affecting a number of different systems and organs. It ranges from 
minor upper respiratory irritation to chronic effects on human disease, lung cancer, and acute respiratory 
infections in children and chronic bronchitis in adults. The effects of environmental factors on student’s 
health and its mechanisms are briefly discussed.
The climatic – geographic conditions of the environmental living habitat is one of the most influential 
reasons that has always affected and produced physiological changes in our body. Because of this, it gives 
a chance to determine the change in organisms in time, and give us enough time to organize the appropriate 
prophylactic events in advance.
In our work, the data which had been measured during laboratory research was statistical analyzed the 
methods were used in our study, and assessment of the value of the measured data, we paid much more 
attention to assess correctly the changes because of various climatic – geographical reasons effects to 
students body. In order to determine the functional status of the students’ organisms, we used special 
pilot tested, and got the effective positive comment on its using. In this study we put significant effort 
to determine the physiological variations (disorders) to the students’ which from the different regions of 
the republic of Kazakhstan and their adaptation process in immune system because of various climatic – 
geographical changes in their life.
Key words: environment factors, blood indices, cardiovascular system, blood cell count.

Introduction

The environment affects our health in a variety 
of ways. The interactions between human health and 
the environment has been extensively studied and en-
vironmental risks have been proven to significantly 
impact human health, either directly by exposing 
people to harmful agents, or indirectly, by disrupt-
ing life-sustaining ecosystems [1]. Climate change 
is also posing risks to human population health and 
well-being and thus is emerging as a serious concern 
worldwide [2-5].

Although a number of physical activities (vol-
canoes, fire, etc.) may release different pollutions 

in the environment, anthropogenic activities are 
the major cause of environmental air pollution. Air 
pollutants, such as carbon monoxide (CO), sulfur 
dioxide (SO2), nitrogen oxides (NOX), volatile or-
ganic compounds (VOCS), ozone (O3), heavy met-
als, and respirable particulate matter (PM2.5 and 
PM10), differ in their chemical composition, re-
action properties, emission, time of disintegration 
and ability to diffuse in long or short distances. 
Hazardous chemicals can escape to the environ-
ment by accident, but a number of air pollutants 
are released from industrial facilities and other ac-
tivities and may cause adverse effects on human 
health and the environment. As far as humans are 
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concerned an air pollutant may cause or contrib-
ute to an increase in mortality or serious illness 
or may pose a present or potential hazard to hu-
man health. The determination of whether or not 
a substance poses a health risk to humans is based 
on clinical, epidemiological, and/or animal studies 
which demonstrate that exposure to a substance is 
associated with health effects. Contact with unsafe 
drinking or bathing water can impose serious risks 
(both acute and delayed) to human health [6; 7].

The main change in the atmospheric composition 
is primarily due to the combustion of fossil fuels, 
used for the generation of energy and transportation. 
Variant air pollutants have been reported, differing 
in their chemical composition, reaction properties, 
emission, persistence in the environment, ability to 
be transported in long or short distances and their 
eventual impacts on human and/or animal health. 
However, they share some similarities and they can 
be grouped to four categories: 1. Gaseous pollutants 
(e.g. SO2, NOX, CO, ozone, Volatile Organic Com-
pounds). 2. Persistent organic pollutants (e.g. diox-
ins). 3. Heavy metals (e.g. lead mercury). 4. Particu-
late Matter [8-11].

Sporadic air pollution events, like the historic 
London fog in 1952 and a number of short and 
long term epidemiological studies investigated the 
effects of air quality changes on human health. A 
constant finding is that air pollutants contribute to 
increased mortality and hospital admissions [12]. 
The different composition of air pollutants, the dose 
and time of exposure and the fact that humans are 
usually exposed to pollutant mixtures than to single 
substances, can lead to diverse impacts on human 
health. Human health effects can range from nausea 
and difficulty in breathing or skin irritation, to can-
cer. They also include birth defects, serious devel-
opmental delays in children, and reduced activity of 
the immune system, leading to a number of diseases. 
Moreover, there exist several susceptibility factors 
such as age, nutritional status and predisposing con-
ditions. Health effects can be distinguished to acute, 
chronic not including cancer and cancerous. Epi-
demiological and animal model data indicate that 
primarily affected systems are the cardiovascular 
and the respiratory system. However, the function 
of several other organs can be also influenced [13-
16]. Environmental degradation poses a significant 
threat to human health worldwide. Harmful conse-
quences of this degradation to human health are al-
ready being felt and could grow significantly worse 
over the next 50 years [17].

 Materials and methods

Objects of study: the objects of study were de-
termined by the methods which we had accepted. Ac-
cording to decision, 35 young students (female) who 
not had pathological abnormalities were examined. 
They divided into three groups; first group the local 
students who live in Almaty city, and this group was 
consists of 13 girls who were 18 – 21 years old, 49 – 
65 kg in weight, 149 – 168 cm tall. Second group the 
students who are from the south part of the republic 
of the Kazakhstan, and consists of 10 girls who were 
18 – 20 years old, 51 – 66 kg in weight, 161 – 169 cm 
tall. And the third group the students who are from 
the west part of the republic of Kazakhstan, and con-
sists of 12 girls who were 18 – 22 years old, 55 – 70 
kg in weight, 162 – 170 cm tall. Overall 35 students 
and all of them were girls. The height of the objects 
of this research was ranges from 149 to 170 cm; the 
age was ranges from 18 to 22 years old; the weight 
was between 49 and 70 kg. The object of study was 
examined before and after the physical workload, be-
tween 14:00 and 17:00, in autumn (October to No-
vember). They were estimated to make a prediction 
to their cardiovascular system status.

Methods of study: the objects of study were uni-
versity students in Almaty, and they were kept nor-
mal mode of labor and rest. The research was carried 
out at Keremet Medical Center in Al-Farabi Kazakh 
National University; indoor temperature was 22 -25 
C° and it was 20 – 29 C° in the environment (out-
side of room) of the Almaty city. Possible reserve of 
human blood indices which were dependent on time 
of year before and after the physical workload was 
added to their own research work.

The complex study of students started with reg-
ister their health status, general self-feelings, ages 
and weights. Anthropometric indices were measured 
with medical scale and height meter, height (H, cm): 
students stand on the platform with your back against 
the wall and your feet together. Stand up as straight 
as possible with your heels, back, shoulders, and 
head all touching the wall. Tuck in your chin and 
look straight ahead. Body weight (M, kg): students 
stand in the middle of the scale, error is ±50 g. blood 
pressure was measured with Korotkoff method using 
stethoscope and tonometer, systolic blood pressure 
is the pressure on the arteries as the heart contracts 
and pumps blood, the diastolic blood pressure is the 
pressure on the arteries when the heart is at rest be-
tween each heartbeats. The cardio respiratory system 
function was carried out with the help of the elec-
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trocardiographic device which name was “Merguette 
Hellige”. Physical workload was given by bicycle 
ergo meter (Proteus Cycle Pec 3000, 2000) and the 
physical work load was Watts every 5 min, the speed 
was 12 km/h, distance was 1.1 km. research was car-
ries out in two different stages according to research 
method. That is, at normal circumstance (before 
physical workload) and at special circumstance (after 
the physical workload).

The blood indices analysis was also carried out 
before and after the physical workload. Therefore, 
we did 1170 times research among the students. He-
matological research included the erythrocytes count 
in peripheral blood vessel, leukocytes count in pe-
ripheral blood vessel and absolute number of lym-
phocytes was carried out based on N. M. Mykolayiv 
method. In addition, the shape of leukocytes was de-
termined by the paint method of Popringler – Kryu-
kov. Determining of phagocytic activity of neutro-
phil leukocytes was carried out and calculated by the 
Hamburger’s phagocytic index.

The students had been used various tests to an-
alyze the functional conditions of the students; the 
amount of leukocytes and lymphocytes, the reaction 
of blocking the leukocytes migration, phagocytic ac-
tivity of neutrophil leukocytes tests were have been 
studied.

Data were analyzed using the software Microsoft 
office excel 2010. Significant differences are indicat-
ed by asterisks (P* < 0.05; P** < 0.01) for comparisons 
between before and after the physical workload.

Results and discussion

This situation shows the immune system of the 
students from the southern Kazakhstan wasn’t totally 
adapted to the local climatic – geographical changes. 
But the average amount of lymphocytes in the pe-
ripheral blood vessels of the third group was known 
that between 26.00 and 27.36.

This means that the adaptation ability of immune 
system (P > 0.05) in the students of third group was 
weaker than the students of the first group that live in 
the Almaty city for their entire life.

So it was shown that there were carried out much 
more obvious changes in the students immune sys-
tem to adapted to the new Almaty cities climatic – 
geographical conditions from the foreign climatic – 
geographical condition.

Therefore, the defense system of the students 
were endure incredibly pressure (P < 0.05) when 

the students who were come from the atmospheric 
air temperature was comparable lower and more hu-
midity region, and we had been discovered that their 
defense system had been undertaken complex adap-
tation reaction.

It has a magnificent importance to check out the 
neutrophil leukocytes phagocytic activeness in the 
peripheral blood vessels of the students that came to 
Almaty from the other parts of the republic of Ka-
zakhstan for biological adaptation.

So, the materials that we took from our study 
shows that there was a huge differences in the abso-
lute number of leukocytes and the absolute number 
of the lymphocytes, the leukocytes migration inhibi-
tion factor and Phagocytic activity of neutrophil leu-
kocytes in the Almaty city’s local residence and non 
– residence of the initial condition and after the phys-
ical workloads. These changes were depended on the 
adaptation process of cardio respiratory outputs be-
came lower in the students who came to Almaty city 
from the other parts of the republic of Kazakhstan.

 The adverse condition of Almaty city’s environ-
ment affects to human body, the cardio immune sys-
tem shows a significantly reducing of the object of 
study (second, third groups).

It might have had close contact with the high 
temperature of the environment and the ecological 
adverse factors. it should pay more attention to that 
the absolute number of leukocytes in the peripheral 
blood vessels of the students who are from the south 
and west parts of the republic of Kazakhstan were 
more than the absolute number of leukocytes in the 
peripheral blood vessels of local students. This im-
plied that the students’ bodies that were from south 
and west parts of Kazakhstan have sensitivity to Al-
maty cities environmental factors.

So, according to the data above, to adapt to the 
conditions of Almaty city in the three years, the stu-
dents who are from the south and west parts of repub-
lic of Kazakhstan, there were dynamic changing in 
their describing indices of peripheral blood.

It was known as the former data, the absolute 
amount of lymphocytes in the peripheral blood ves-
sels of the local students in Almaty, or the students 
who are from the other parts of the republic of Ka-
zakhstan was declining in the past three years, how-
ever, the other blood indices were increasing. The 
differences of leukocytes migration inhibition index 
might depend on the climatic – geographical condi-
tions and ecological adverse conditions which people 
lived in.
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Figure 1 – Leukocytes counts in the peripheral blood vessels of the students that before  
and after the physical workload (1μl, in blood)

Figure 2 – Lymphocyte counts in the peripheral blood vessels of the students that before  
and after the physical workload (1μl in blood)

Figure 3 – Research results of the leukocytes migration inhibition factor (1 μl, in blood)
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Figure 4 – Phagocytic activity of neutrophil leukocytes in peripheral blood vessel (1 μl, in blood)

Table 1 – the absolute amount of leukocytes in the peripheral blood vessels of the local students in Almaty city (control group) in the 
past three years and was analyzed before and after the physical workload

Experiment 
condition

First year Second year Third year
2013 – 2014 2014 – 2015 Р1 2015 – 2016 Р2

Before the physical 
workload 5413.6 ± 102.4 5428.7 ± 102.5 >0.05 5399.3 ± 100.2 >0.05

After the physical 
workload 6292.4 ± 109.8 6157.3 ± 106.9 >0.05 5987.2 ± 90.7 >0.05

Table 2 – the absolute amount of leukocytes in the peripheral blood vessels of the students who are from the south part of republic of 
Kazakhstan during the past three years and were analyzed before and after the physical workloads

Experiment 
condition

First year Second year Third year
2013 – 2014 2014 – 2015 Р1 2015 – 2016 Р2

Before the physical 
workload 5709.1 ± 106.4 5648.9 ± 107.1 >0.05 5488.5 ± 108.5 >0.05

After the physical 
workload 7042.7 ± 114.3 6891.5 ± 115.5 >0.05 6489.6 ± 121.6 >0.05

Table 3 – the absolute amount of leukocytes in the peripheral blood vessels of the students who are from the west part of republic of 
Kazakhstan during the past three years and were analyzed before and after the physical workloads

Experiment 
condition

First year Second year Third year
2013 – 2014 2014 – 2015 Р1 2015 – 2016 Р2

Before the physical 
workload 5958.8 ± 103.7 5837.9 ± 118.2 >0.01 5585.6 ± 114.2 >0.01

After the physical 
workload 6908.3 ± 82.6 6860.7 ± 126.4 >0.05 6759.4 ± 122.2 >0.05
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Figure 5 – the absolute amount of lymphocytes in the peripheral blood vessels of the local students  
in Almaty city (control group) in the past three years and was analyzed before and after the physical workload

Figure 6 – the absolute amount of leukocytes in the peripheral blood vessels of the students who are from the south parts 
of republic of Kazakhstan in the past three years and were analyzed before and after the physical workloads  

Figure 7 – the absolute amount of lymphocytes in the peripheral blood vessels of the students who are from the west 
parts of republic of Kazakhstan in the past three years and were analyzed before and after the physical workloads
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Table 4 – the phagocytic activity of neutrophil leukocytes in the peripheral blood vessels of the local students in Almaty city (control 
group) in the past three years that was analyzed before and after the physical workload

Experiment 
condition

First year Second year Third year
2013 – 2014 2014 – 2015 Р1 2015 – 2016 Р2

Before the physical 
workload 21.80 ± 1.16 20.40 ± 0.12 >0,05 21.50 ± 0.96 <0,02

After the physical 
workload 26.70 ± 1.62 24.20 ± 1.52 >0,05 26.10 ± 1.50 <0,01

Table 5 – the phagocytic activity of neutrophil leukocytes in the peripheral blood vessels of the students who are from the south parts 
of republic of Kazakhstan in the past three years and were analyzed before and after the physical workloads

Experiment 
condition

First year Second year Third year
2013 – 2014 2014 – 2015 Р1 2015 – 2016 Р2

Before the physical 
workload 23.00 ± 1.34 22.30 ± 1.19 >0,05 21.90 ± 0.90 >0,05

After the physical 
workload 30.20 ± 2.40 28.30 ± 1.90 >0,05 26.00 ± 1.66 >0,05

Table 6 – the phagocytic activity of neutrophil leukocytes in the peripheral blood vessels of the students who are from the west parts 
of republic of Kazakhstan in the past three years and were analyzed before and after the physical workloads

Experiment 
condition

First year Second year Third year
2013 – 2014 2014 – 2015 Р1 2015 – 2016 Р2

Before the physical 
workload 24.70 ± 1.72 23.30 ± 1.44 >0,05 22.10 ± 1.20 >0,05

After the physical 
workload 31.70 ± 2.30 29.50 ± 1.83 >0,05 26.80 ± 1.81 >0,05

At the same time, the phagocytic activity of neu-
trophil leukocytes in the peripheral blood vessels of 
the students who are from the south and west parts of 
the republic of Kazakhstan after the physical work-
loads are more changeable than the phagocytic activ-
ity of neutrophil leukocytes in the peripheral blood 
vessels of the students who usually live in Almaty 
city.

This is considered as the obvious functional pos-
sibility when the body’s adaptation to the new ex-
treme factors of environment.

We can notice that the phagocytic activity of 
neutrophil leukocytes of the students who have been 
living in the Almaty city for three years, that is, the 
index is decreased to the initial level and it is the sat-
isfactory response of the cardiovascular system ad-
aptation.

In contrast with the results of local students who 
live in the Almaty city, the results of the students 

who are from the other parts of the republic of the 
Kazakhstan were magnificently affected by the ad-
verse ecological and climatic factors.

Conclusion

As a result of a complex study to the ecological 
– physiological, statistical and dynamical. The cardio 
system and blood’s regional and constitutional fea-
tures of the local students who live in Almaty city 
and the students who are from the other parts of the 
republic of the Kazakhstan were identified. Accord-
ing to the results above we have made the following 
statements:

1. The blood and cardio system’s indices of the 
students who are from the south and west parts of the 
republic of the Kazakhstan weremore sensitive than 
the indices of the local students who live in Almaty 
city, so their organisms faced to adapt.
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2. The results show that the physiological indices 
of the students who were from the other parts of the 
republic of Kazakhstan functional condition have a 
close connect of the initial year, but in the local stu-
dents there was no any change.

3. Three years’ time do not enough to totally adapt 
the new climatic – geographical environment and ad-
verse ecological factors, three years’ time do not enough.

4. The complex study of cardio system and hema-
tology show that the physiological function activity 
of the students who are from the other parts of the 
republic of Kazakhstan are not as stable as the local 
students physiological function activity.

5. The physical tolerance indices of the local stu-
dents who live in Almaty city are much higher than 
the students who are from the other parts of the re-
public of Kazakhstan. Especially indices of the stu-
dents who are from the south and west parts of the 
republic of Kazakhstan increased after the physical 
workloads.

6. It is shown that the adverse ecological factors 
of environment have harmful effect to the human car-
dio and blood indices. The characters and extent of 
the effect was depending on the ecological condition. 
In contrast with the local students, the foreign stu-
dents who are from the other parts of the republic of 
the Kazakhstan affected more.
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Study on the effect of the Kazakh Traditional Medicine Kezimuk granules  
to the immunologic function of cyclophosphamide  

induced immunosuppressed mice

Abstract: The paper reports the study of the effect of the Kazakh mmedicine Kezimuk granules on himoral 
immunity, cell-medicated immunity and immunological function of cyclophosphamide immunosupressed 
mice. 60 SPF Kunming mice, half male and half female, were randomly divided into 6 groups. Each 
group contains 10 mice: Respectively the normal group (saline solution) comparing to the control group 
(Yupingfeng granules) and the model group (saline solution) comparing to high, medium and low dose 
Kezimuk granule groups. The high, medium and low dose ,2.72g/kg, 1.36g/kg, and 0.68g/kg, of Kezimuk 
were equivalent to 4, 9, and 18 times of it and the recommended dose was calculated through the basis of 
relative surface of mice, referring to humans. Doses were daily intaken by intragastric administration for 
2 weeks. After drug administration from the seventh day to ninth day ,for 3 days, each group, except the 
normal control group, received intra-peritoneal injections,pyrophosphate,at a dose of 50mg/kg to induce 
the immunocompromise. The thymus index, spleen index, serum IL-2 content and the body weight of the 
mice, were measured to observe the effect of each dose of Kezimuk granules on pyrophosphate to induce 
immunosuppression of the cellular immunity and humoral immunity in the mice. Comparing to the model 
group Kezimuk granules significantly increase the thymus index and spleen coefficient and remarkably 
increase the index of B Lymphocyte proliferation, T Lymphocyte proliferation and the serum IL-2 content 
as well as body weight of immunocompromised mice (P<0.05); the results for the middle and high dose of 
Kezimuk granule groups were significantly higher than the model group (P<0.05). Kezimuk granule might 
have a protective effect on immunocompromised mice and improve immunologic function. 
Key words: Kezimuk granules, pyrophosphate, cellular immunity; humoral immunity.

Introduction

Kezimuk granule is a kind of Kazakh traditional 
medicine. The formula consists of common bilberry 
or blue whortleberry (Vaccinium myrtillus L.), he-
lichrysum arenarium, equisetum and other herbs. It 
recorded and clinically confirmed that Kezimuk gran-
ule has therapeutical effects on urinary tract infec-
tions, cystitis, pyelonephritis, nephrotic syndrome, 
hypertrophy of the prostate and impeded urination. It 
can also be used as a general tonic. Preliminarily re-
searches proveed that this prescription plays positive 
roles on anti-inflammatory effect, as well as on in-
creasing urine volume (1). This fundamental research 
is to further the study to the effects of the medicine 
on immunologic function.

 Chinese herbal medicine includes many various 
components to effect immune system, such as poly-
saccharides, saponins, alkaloids, volatile substances 
and organic acid to improved immunity, to intensify 
macrophage activity and to enhance liver detoxifica-
tion function (2; 3). Also it makes immune cells re-
sist bacteria, fungi and viruses to help human body 
get against infection as well as to eradicate invasive 
bacteria and viruses (4; 5). Increased number of im-
mune cells correspondingly induce resistance and ac-
tivate of macrophages, NK cells and other immune 
effector cells and secrete various cytokines and other 
important media. This Kazakh traditional medicine     
markedly has been effective in enhancing the im-
mune effect of the body, accelerating macrophage 
proliferation, increasing peritoneal macrophages, 
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boosting phagocytosis, as well as improving the kill-
ing activity of NK cells and also has been evidently 
helpful to achieve the objective of inhibiting and get 
rid of pathogenic microorganisms.

Materials and methods

Test medicine Kezimuk granule is formulated 
from 3 medicinal herbs: Vaccinium myrtillus L, 115g, 
Helichrysum arenarium, 384g, and Equisetum hye-
male L. 192g. The prescription materials in the for-
mula were provided by the Autonomous Region Ka-
zakh Medicine Institute. Kezimuk granules are dark 
brown course particles prepared at Xinjiang Jiasite 
Pharmaceutical Co. Ltd., in strict accordance with 
the preparation process formulated in the preliminary 
study; batch number: 20130308. When used it was 
prepared according to the requirements of the experi-
ment using double distilled water.

Animals: 60 Kunming mice, 8-12 weeks of age, 
18-22 g body weight, half male and half female, pur-
chased from the experimental animal center of Xin-
jiang Medical University. Experimental animal pro-
duction license number: SYXK(新) 2011-0001.

Reagents: injectable pyrophosphate (CAT. No. 
C8650); DMSO (MP Biomedicals, LLC); Yup-
ingfeng granules (Guangdong Global Pharmaceu-
tical Co. Ltd., Product batch number: 130735); 

Mouse serum IL-2 Kit (Joyee Biotechnics Co., Ltd); 
RPMI1640 culture solution (Thermo Fisher Bio-
chemical Products (Beijing) Co., Ltd.); MTT (MP 
Biomedicals, LLC); saline solution (Xi’an Jingxi 
Shuanghe Pharmaceutical Co. Ltd.); serum (Gibco 
Brand LOT 41G5532K); Concanavalin A (MP Bio-
medicals, LLC); PBS buffer (Thermo Fisher Bio-
chemical Products (Beijing) Co., Ltd.) (6-12).

Instruments: precision electronic balance (Sar-
torius scientific instruments (Beijing) Co., Ltd.); 
Multiskan Spectrum (Benchmark Plus); Syringe (Ji-
angsu Shenli Medical Products Co., Ltd.); Petri dish 
(Corning Incorporated ); 96 well plates (Corning In-
corporated ); Centrifuge; Clean bench; CO2 incubator 
(RevcoUSA); Microscope (Olympus Corporation, 
Japan); UV VIS spectrophotometer (Shanghai Leng-
guang Technology Co., Ltd.).

Methods of research: Establishing the immuno-
compromised mice model: 60 SPF Kunming mice, 
half male and half female, were randomly divided 
into 6 groups. Each group contains 10 mice Respec-
tively the normal group (saline solution) comparing 
to the control group (Yupingfeng granules) and the 
model group (saline solution) comparing to high, 
medium and low dose Kezimuk granule groups. The 

high, medium and low dosage of 2.72g/kg, 1.36g/kg 
and 0.68g/kg of Kezimuk was equivalent to 4, 9 and 
18 times of it and the recommended dosage of animal 
model was calculated through the basis of its relative 
surface, according to the corresponding dosage (13). 
Doses were daily intaken by intragastric administra-
tion for 2 weeks. After drug administration from the 
seventh day to ninth day, for 3 consecutive days, each 
group, except the normal control group, received in-
tra-peritoneal injections,pyrophosphate,at a dose of 
50mg/kg to induce the immunocompromise.

Test indexes: Determination of the immune or-
gan weight and the body weight of the mice: the day 
after the last administration of the medicine, the body 
weights of the mice were accurately weighed with an 
electronic balance, and after blood was taken by the 
eye removal technique, the weight of the thymus and 
spleen were measured under aseptic conditions and 
the spleen and thymus index calculated according to 
the formula:

Spleen index = spleen weight (mg)/body  
weight (g) × 100%

Thymus index = thymus weight (mg)/body  
weight (g) × 100%

Thymus and spleen lymphocyte proliferation: on 
the 14th day of treatment, the mice were put to death. 
The thymus and spleen were removed under sterile 
conditions and placed in a Petri dish containing PBS 
buffer with the fat and connective tissue removed. 
RPMI1640 culture medium was added and the inner 
core of the thymus and spleen were gently crushed 
using a sterile syringe. The single cells went through 
a nylon mesh (200 mesh) into the centrifuge tube, the 
cells were rinsed with RPMI1640 culture medium, 
then the separation medium containing lymphocytes 
was transfered to 15ml centrifuge tubes, centrifuged 
at 1000rpm for 5 min and the supernatant removed. 
After mixture of red cell lysate (200ul) and a constant 
volume of RPMI1640 culture medium, they were 
centrifuged and its supernatant must be removed. 
Then add (1ml) PBS buffer and centrifuged them 
twice with removing its supernatant. Then (1ml) 
10%RPMI1640 was added, it was divided into two 
groups of (500ul) and centrifuged also remove its 
supernatant. 10% RPMI1640 culture medium (2ml) 
was added to one group and ConA solution (2ml) was 
added to the other group. Then they were incubated at 
370C and 5% CO2 for 24h in an incubation box in 96 
well plates. 4 hours before the end of the incubation 
period they were taken out and 20ul MTT[14](5mg/



52 Study on the effect of the Kazakh Traditional Medicine Kezimuk granules ...

International Journal of Biology and Chemistry 10, № 1, 50 (2017)

ml) was added per well and incubation was continued 
for 4 hours. After this 4 hours the supernatant was 
sucked out and discarded, 150ul of DMSO was added 
per well. They were mixed at low speed vibration in 
an oscillator, and then the optical density value was 
determined in a Microplate Reader at a wavelength 
of 490nm. The value of optical density was calcu-
lated according to the following formula: 

The optical density (ABS) difference = optical 
density for wells with ConA – optical density for 
wells without ConA.

The determination of serum IL – 2 content in the 
mice: after treatment for each group of mice having 
finished, blood was taken via eye removal technique 
and the serum was obtained after centrifugation. 
Analysis was carried out according to the ELISA 
kit user guide. Standard diluent (1ml) was added 
to the ELISA kit standard product and left to stand 
for 10~15 minutes during which time suction was 
applied several times to ensure it was completely 
dissolved. In this way a concentration gradient of 
(1000pg/ul, 500pg/ul, 250pg/ul, 125pg/ul, 62.5pg/ul, 
31.25pg/ul,0) was achieved. A 96 well plate prepara-
tion was used with 100ul/ well of the standard prod-
uct in the replicate wells; serum samples (50ul/ well) 
and sample analysis buffer (50ul/ well). After incuba-

tion at room temperature for 120min, the plates were 
washed 5 times and on the final wash were placed on 
thick absorbent paper and patted dry.

Biotinylated antibody working fluid (100ul/well) 
was added, and then after incubation at room temper-
ature for 1hr, the plates were washed 5 times and on 
the final wash were placed on thick absorbent paper 
and patted dry. HRP enzyme conjugate working fluid 
(100ul/well) was added, and then after incubation at 
room temperature protected from light for 20min, 
the plates were washed 5 times and on the final wash 
were placed on thick absorbent paper and patted dry. 
Chromogenic reagent TMB (100ul/well) was added, 
and then incubated at room temperature protected 
from light for 20min. Finally the suspension liquid 
was added (50ul/ well) and the OD450 values mea-
sured immediately after mixing, to detect the content 
of IL-2 in serum of each group.

Results and discussion

The effect of different doses of Kezimuk gran-
ules on the body weight was measured by electronic 
balance. This table below shows the difference be-
tween the initial weight and the final weight of the 
mice. See Table 1.

Table 1 – The effect of Kezimuk granules at different doses on the bodyweight of immunocompromised mice

Group Dose, g/kg Animal No. Body Weight Gain

Normal group NS 10 16.74 ± 5.08

Model group NS 10 11.11 ± 5.07▲*

Yupingfeng granules 2.25 10 10.65 ± 4.64▲

Kezimuk granule low dose group 0.68 10 15.06 ± 3.61

Kezimuk granule med dose group 1.35 10 18.45 ± 3.57▲

Kezimuk granule high dose group 2.70 10 15.07 ± 4.24▲

Note: compared with the model group, ▲P<0.05; compared with the normal group, *P<0.05.

Analysis: Table 1 shows that the Kezimuk 
granule high and medium dose groups along 
with the Yupingfeng granule group were signifi-
cantly different (▲P<0.05) from the model group. 
The Kezimuk granule low dose group along with 
the model group were significantly different (* 

P<0.05) from the normal group. This shows that 

Kezimuk granules have a significant effect on the 
weight gain of mice. 

The effect of different doses of Kezimuk gran-
ules on the spleen index of immunocompromised 
mice was determined by weighing its spleens under 
aseptic conditions and by calculating the spleen in-
dex according to the formula. See Table 2.



53Nuerbaheti Houwati et al.

International Journal of Biology and Chemistry 10, № 1, 50 (2017)

 Table 2 – The effect of Kezimuk granules at different doses on the spleen/body weight ratio of immunocompromised mice.

Group Dose, g/kg Animal No. Spleen Index, mg/g

Normal group NS 10 0.009 ± 0.001

Model group NS 10 0.005 ± 0.003*▲

Yupingfeng granules 2.25 10 0.007± 0.002

low dose group 0.68 10 0.013 ± 0.002

med dose group 1.35 10 0.012 ± 0.004▲

high dose group 2.70 10 0.013 ± 0.003▲

Note: compared with the model group, ▲P<0.05; compared with the normal group, *P<0.05.

Analysis: Table 2 shows that all three Kezimuk 
granule dosage groups along with the Yupingfeng 
granule group were significantly different (▲P<0.05) 
from the model group. The model group was signifi-
cantly different (*P<0.05) from the normal group. The 
spleen index of the model group was lower than that 
of the normal group. Compared with model group the 
Yupingfeng group and Kezimuk groups indicated im-

proved spleen index for immunocompromised mice.
The effect of different doses of Kezimuk gran-

ules on the spleen lymphocyte (B) proliferation abil-
ity of immunocompromised mice. The preparation 
of the spleen lymphocyte suspension was conducted 
according to the steps in 2.2.2, and the absorbance of 
each well was determined in a microplate reader at a 
wavelength of 490n. See Table 3.
 

Table 3 – The effect of different doses of Kezimuk granules on the spleen lymphocyte proliferation ability in immunocompromised 
mice 

Group Dose, g/kg Animal No. Spleen lymphocyte 
proliferation ability,A

Normal group NS  10 2.45 ± 0.12

Model group NS 10 1.44 ± 0.12▲*

Yupingfeng granules 2.25 10 2.20 ± 0.41

low dose group 0.68 10 2.16 ± 0.24▲

med dose group 1.35 10 2.20 ± 0.15

high dose group 2.70 10 2.30 ± 0.40▲

Note: compared with the model group, ▲P<0.05; compared with the normal group, *P<0.05.

Analysis: Table 3 shows that all three Kezimuk 
dosage groups and the Yupingfeng granule group 
were significantly different (▲P<0.05) from the 
model group. The model group was significantly dif-
ferent (*P<0.05) from the normal group. The spleen 
lymphocyte proliferation in the model group was sig-
nificantly lower than in the normal group (P<0.05). 
Compared with the model group, Kezimuk granules 
showed a significant improvement in the spleen lym-
phocyte proliferation ability in immunosuppressed 

mice, and Yupingfeng particles also showed a sig-
nificant improvement in spleen lymphocyte prolif-
eration ability (P<0.05).

The effect of different doses of Kezimuk gran-
ules on the thymus cell (T) proliferation ability of im-
munocompromised mice. The preparation of the thy-
mus cell suspension was conducted according to the 
steps in 2.2.2, and the absorbance of each well was 
determined in a microplate reader at a wavelength of 
490n. See Table 4.
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 Table 4 – The effect of different doses of Kezimuk granules on the thymus cell proliferation ability in immunocompromised mice 

Group Dose, g/kg Animal No. Thymus cell proliferation 
ability, A

Normal group NS 10 2.47 ± 0.26
Model group NS 10 1.32 ± 0.16▲*

Yupingfeng granules 2.25 10 2.72 ± 0.27
low dose group 0.68 10 2.22 ± 0.41
med dose group 1.35 10 2.01 ± 0.40▲

high dose group 2.70 10 2.30 ± 0.31▲

Note: compared with the model group, ▲P<0.05; compared with the normal group, *P<0.05.

Analysis: Table 4 shows that all three Kezimuk 
dosage groups and the Yupingfeng granule group 
were significantly different (▲P<0.05) from the mod-
el group. The Model group and the Yupingfeng gran-
ule group were significantly different (*P<0.05) from 
the normal group. The thymus cell proliferation in 
the model group was significantly lower than in the 
normal group (P<0.05). Compared with the model 
group, Kezimuk granules showed a significant im-
provement in the thymus cell proliferation ability of 

immunosuppressed mice, and Yupingfeng particles 
also showed a significant improvement in thymus 
cell proliferation ability (P <0.05).

The effect of different doses of Kezimuk gran-
ules on the Serum IL-2 in immunocompromised 
mice. Serum was acquired by taking blood from the 
eye, which was then stood for 30 minutes and centri-
fuged according to the steps in 2.2.3, and the optical 
density was determined in a microplate reader at a 
wavelength of 450nm. 
 

Table 5 – The effect of different doses of Kezimuk granules on serum IL – 2 in immunocompromised mice

Group Dose, g/kg Animal No. Serum IL-2

Normal group NS 10   4.17 ± 0.69
Model group NS 10 2.94 ± 0.21▲*

Yupingfeng granules 2.25 10 3.81 ± 0.27
low dose group 0.68 10 3.98 ± 0.18
med dose group 1.35 10 4.00 ± 0.13▲

high dose group 2.70 10 3.72 ± 0.13▲

Note: compared with the model group, ▲P<0.05; compared with the normal group, *P<0.05.

Analysis: Table 5 showed that all three Kezimuk 
dosage groups and the Yupingfeng granule group 
were significantly different (▲P<0.05) from the mod-
el group. The model group was significantly different 
(*P<0.05) from the normal group. Compared with the 
model group, Kezimuk granules showed a significant 
improvement in the serum IL – 2 proliferation ability 
in immunosuppressed mice, and Yupingfeng parti-
cles also showed a significant improvement in serum 
IL – 2 proliferation ability (P <0.05).

Discussion

This study showed that Chinese medicine plays 
an important role in regulating body’s immune sys-
tem by rectifying immune suppression, and because 
of its unique asset, people accept and use it gen-
erally.[15] The functions of disease prevention and 
health care of traditional Chinese Medicine is most-
ly achieved through immunoregulation. This special 
effect of compound traditional Chinese medicine in 
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improving immunity system is mainly reflected in 
promoting the development of immune organs, in-
creasing the weight of immune organs, enhancing 
immune response, and increasing the concentration 
of immune cells, thereby improving the ability of 
resistance to disease. T lymphocytes are important 
components of cellular immunity as they, along 
with other cells and cytokines, interact together to 
achieve immune functions such as recognition, ac-
tivation and killing. Yupingfeng powder is a well 
known part in the “Fuzheng Gubiao” treatment prin-
ciple in traditional Chinese medicine, originating 
from the ancient medical medical works; “Shi Yi 
De Xiao Fang”. It’s comprised of 3 medicinal herbs: 
milkvetch root (Astragalus membranaceus (Fisch.) 
Bunge.), Atractylodes macrocephala Koidz., and 
divaricate saposhniovia root, (Saposhnikovia divar-
icata (Trucz.) Schischk.). Of these milkvetch root 
and Atractylodes macrocephala combine to fill im-
portant roles in traditional Chinese medicine treat-
ment principles.

Cyclophosphamide is commonly used alkylating 
agent for the treatment of malignant tumors. With 
broad-spectrum anti-cancer effect, and being one of 
the drugs which has been commonly used for chemo-
therapy, surgery, radiotherapy and adjuvant chemo-
therapy, and its main side effect is immunosuppres-
sion. Because it takes longer to the working period 
of healthy foods and needs larger doses which would 
lead to excessive animal immune suppression beyond 
the regulating ability of the healthy foods concealing 
its effectiveness. In this research our team took low 
various doses to establish a more stable immune sup-
pression model. Compared to the control group, the 
pyrophosphate group showed significant differences 
indicating the success of the model. 

The thymus and the spleen are vital central as 
well as peripheral immune organs. The spleen gen-
erates lymphocytes, and also the place where set-
tles and the proliferates lymphocytes, which makes 
spleen a the basic organ for producing specific im-
munity. The thymus can produce a large number of 
thymus cells, and is a backup and supplement of T 
lymphocytes. Increasing weight of immune organs to 
a certain extent can reflect the body’s immune abil-
ity. The T lymphocytes, which carry out a cellular 
immune function, develop and mature in the thymus, 
reside in the spleen, and proliferate during an im-
mune response. The spleen and thymus index level is 
a response to the T lymphocyte proliferation ability 
and the cell numbers[16-18] and is one of the param-
eters that directly reflects the immune function level. 
The thymus and spleen are, respectively, the central 

as well as the peripheral immune organs; the thymus 
makes T cells mature, and the spleen is where the 
lymphocytes mature and B cells reside. The thymus 
coefficient and spleen coefficient can directly reflect 
the function of the immune (19; 20). 

In this study Kezimuk granules significantly im-
proved the control model`s spleen index. The con-
canavalin A (ConA) induced lymphocyte transfor-
mation in the experiment carried out by the MTT 
method and the results of the mice serum IL-2 values 
show that the increase in immune organs of normal 
mice is related to the spleen and thymus weight. This 
is due to response of immune organs, in turn to en-
hance immune function in the mice expressed in the 
enhanced lymphocyte transformation and elevated 
values of serum IL-2 value. The immune regulation 
network is very complex, and it still needs further re-
search in order to explain the mechanism and func-
tion of Kezimuk granules in improving the body’s 
immunity, and to provide reference for more scien-
tific use of this distinctive resource of Xinjiang tradi-
tional medicine.
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Synthesis of New, Potentially Biologically Active Derivatives  
of 1,3,4-Oxadiazole-2-yl carbothioates

Abstract. It is well known that the derivatives of nitrogenous heterocycles have a wide range of 
biological activity (antituberculosis, antimicrobial, antitumor, antimalarial, anti-inflammatory, etc.), and 
oxadiazole derivatives also play same important role. In the current work, in order to synthesize the initial 
synthons we were carried out the esterification of benzoic (1) and isonicotinic (2) acids were obtained the 
corresponding ethers (3, 4). Further, interaction with hydrazine hydrate, the corresponding acid hydrazides 
were synthesized (5, 6). As a result of the cyclization reaction with carbon disulfide were obtained substituted 
1,3,4-oxadiazole-2-thiols (7, 8). Finally compounds 7, 8 undergo the alkylation reaction lead to yield two 
new compounds S-5-phenyl-1,3,4-oxadiazol-2-yl O-propyl carbonothioate (9) and S-5- (pyridin-4-yl) 
-1,3,4-oxadiazol-2-yl carbonothioate (10). The structures of synthesized compounds were confirmed by 
NMR spectra. The physico-chemical characteristic data of synthesized compounds were in full agreement 
with corresponded compounds in reference. The synthesized new compounds have an interest for further 
investigation of biological activities.
Key words: biologicaly active derivatives, oxadiazole derivatives, esterification of benzoic and isonicotinic 
acids.

Introduction 

Chemistry of nitrogen heterocycles belongs to 
a broad section of organic chemistry. Nitrogen het-
erocycles – pyridine, oxadiazole, triazole, thiadia-
zole and their derivatives – are highly reactive and 
biologically active at relatively low toxicity, and can 
functionally transformed to obtain analogs of bioac-
tive compounds. 

At present, the search for chemical compounds 
possessing biological activity, conduct according 
to certain scientific principles and quantitative ap-
proaches that allow predicting the structure of com-
pounds, essentially lead and their purposeful syn-
thesis. There are several trends in the development 
of scientific research in this field, one of them is the 
introduction of pharmacophore fragments into the 
molecule, increase the activity of the preparation, for 
example: the addition of phenyl, pyridine and dichlo-
rophenyl radicals increases the water solubility, and 
the introduction of the alkyl group increases the lipo-
philicity, the complex and ether groups increase the 
pharmacological activity and the sulfur atom reduces 
toxicity. 

In organic chemistry, the synthesis of cyclic oxy-
gen-containing compounds attach great importance in 
view of their valuable biological properties. Oxadia-
zoles and their derivatives are an integral part of many 
natural biologically active compounds, which have a 
wide spectrum of biological activity [1-5]. Continu-
ing research on the synthesis of target bioactive com-
pounds including nitrogen heterocycles, we carried 
out synthesis of two new oxadiazole derivatives.

 Experimental 

General experimental procedures: Thin layer 
chromatography of the synthesized compounds were 
carried out on Silufol UV-254 plates, were exhibited 
by a UV lamp. The melting points of the new syn-
thesized compounds were tested on a Buchi Melting 
Point B-540, Germany. 

The NMR spectra of the new synthesized com-
pounds were recorded on a Bruker WM 250 spec-
trometer and a Bruker DRX 500 spectrometer operat-
ing at 250.500 MHz in a DMSO solution.

The general procedure for the synthesis of ethyl 
esters of cyclic carboxylic acids (3, 4): A mixture 
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(0.1 mol) of cyclic carboxylic acid, 54.6 g of absolute 
ethanol, 7.36 g of conc. H2SO4 with stirring is heated 
for 3 hours at a temperature of 80-850C. At the end 
of the reaction, ethanol is distilled off. Extracted with 
diethyl ether, the final product accelerated in an oil 
pump vacuum.

Ethyl benzoate (3) was obtained in 12 g (80%) 
yield, and isonicotinic acid ethyl ester (4) was ob-
tained with 13.7 g (90.7%). All physico-chemical 
parameters were corresponded to the reference data.

The general procedure for the synthesis of hy-
drazides (5, 6): A mixture of (0.15 mol) cyclic car-
boxylic acid ethyl ester and (0.2 mol) hydrazine hy-
drate heated in a water bath for 6 hours. The resulting 
crystals washed with cold ethanol. 

Benzoic acid hydrazide (5) was obtained in a 
yield of 17.2 g (84.3%).The isonicotinic acid hydra-
zide (6) was obtained in 10.9 g (86.5%) yield. All the 
physical and chemical parameters are also consistent 
with the reference data.

The general procedure for the synthesis of sub-
stituted 1,3,4-oxadiazol-2-thiol (7, 8): To hydrazide 
(0.01 mol) in ethanol at 0oC is added 0.76 g of carbon 
disulphide and 0.46 g of potassium hydroxide, the 
reaction mixture is heated until the evolution of the 
carbon disulfide ceased (about 12 hours).

Excess ethanol is distilled off, and the residue is 
dissolved with water and acidified with HCl (10%) 
till pH = 5. The precipitate is filtered off, dried and 
recrystallized from C2H5OH. 5-Phenyl-1,3,4-oxadia-
zole-2-thiol (7) was obtained in 1.53 g (85.4%) yield, 
and 5-(pyridin-4-yl) -1,3,4-oxadiazol-2-thiol (8) was 
obtained in a yield of 1.47 g (82.1%).

While identifying the synthesized compounds, 
the physico-chemical data fully corresponded to the 

reference data. A fairly high yield of compounds al-
lowed further modification of the compounds.

The general procedure for the synthesis of sub-
stituted 1,3,4-oxadiazol-2-yl O-propyl carbonothio-
ates (9, 10): To a solution (2 mmol) of substituted 
1,3,4-oxadiazole-2-thiol and (2 mmol) NaOH in 50 
ml of acetonitrile is added dropwise (2 mmol) of 
propyl carbonobromidate. The mixture is heated, the 
reaction is monitored by TLC. After completion of 
the reaction, the acetonitrile is distilled off under vac-
uum. The resulting crystals are recrystallized from a 
suitable solvent.

S-5-phenyl-1,3,4-oxadiazol-2-yl O-propyl carbono-
thioate (9) was obtained with T = 87-88 ° C (recrystal-
lized from ethyl acetate), and yielded 0.47 g (90%).

O-propyl S-5- (pyridin-4-yl) -1, 3, 4-oxadiazol-
2-yl carbonothioate (10) was obtained with Tmel. = 
287-288 ° C (recrystallized from acetonitrile), and 
yielded 0.46 g (87% ).

Results and discussion

Based on biological activities of oxadiazole de-
rivatives as well as continuation of purposeful syn-
thesis, the structure of the synthesized compounds 
have been introduced various pharmacophore groups 
[6, 7]. The synthesized two new compounds S-5-phe-
nyl-1,3,4-oxadiazol-2-yl O-propyl carbonothioate 
(9) and O-propyl S-5- (pyridin-4-yl) -1,3,4-oxadia-
zol-2-yl carbonothioate (10) have not been reported 
before. Intermediate compounds in the synthesis of 
the final compounds are esters of cyclic carboxylic 
acids (3, 4) their hydrazide (5, 6) and substituted oxa-
diazoline (7, 8), and the reaction procedure please see 
the Scheme 1.

X

COOH

X

COOC2H5

X

CONHNH2

a b c

(1, 2) (3, 4) (5, 6)

X
O

NN

SH

(7, 8)

X
O

NN

S

(9, 10)

COOC3H7
d

X=CH2 (1, 3, 5, 7, 9);  X=N (2, 4, 6, 8,10)

Scheme 1 – Synthesis of compounds (9) and (10). Reagents and solvents:  
(a) C2H5OH, H2SO4, 80-850C, 3 hours; (b) N2H4*H2O, 900C, 6 hours; (c) CS2, KOH, C2H5OH, 900C,  

12 hours; (d) BrCOOC3H7, NaOH, MeCN, 80-850C, 8-12 hours.
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The starting synthons in the synthesis of poten-
tially biologically active compounds are the ethyl 
esters of benzoic acid (3) and isonicotinic acid (4). 
These esters were synthesized by esterification of 
benzoic and isonicotinic acid by the interaction with 
ethanol in sulfuric acid.

From the research there is evidence that the reac-
tions, obtaining the hydrazides are extremely numerous. 
One of the main ways of obtaining hydrazides is the in-
teraction of esters of carboxylic acids with hydrazine 
hydrate. Hydrazide is nucleophilic agents with good 
reactivity, which can easily interact with electrophile.

R C OR1

O
N2H4 R C OR1

O

NH2NH2

-H+
R C OR1

O

NHNH2

R C

O

NHNH3 + OR1

Thus, in the reaction of ethyl ester of benzoic acid 
(3) and ethyl ester of isonicotinic acid (4) with aqueous 
hydrazine hydrate synthesized benzohydrazide (5) and 
hydrazide of isonicotinic acid (6), respectively. Physi-
cochemical constants of the synthesized compounds 
were in complete agreement with the reference data, 
and the reaction with high yield of compounds can be 
used as a synthon in further syntheses study.

At next step, we carried out the reaction of cy-
clization of hydrazides (5, 6) with carbon disulfide 
in presence of alkali. The reaction of cyclization 
were obtained 5-phenyl-1,3,4-oxadiazole-2-thiol (7) 
and 5- (pyridine-4-yl) – 1,3,4-oxadiazole-2-thiol (8). 
The intermediate compound can be potassium salt of 
3-aroyldithiocarbazate. Below shown a diagram of 
cyclization:

CR NHNH2

O
CS2

KOH
CR

O

NHNHCS2K
toC

NN

O
R SH

  and   

NHN

O
R S

                                                                                 А                                                B 
 

As a result of the cyclization process, it is possi-
ble to form two isomeric products, namely 1,3,4-oxa-
diazole-2-thiol (A) and 2-mercapto-1,3,4-oxadiazole 
(B) derivatives or in a thionic form, respectively. In 
the alkaline medium, there is predominantly a thiol 
form (A), and in acidic and neutral media, the thi-
onic form (B). The physico-chemical parameters of 
the thions obtained and fully confirmed the structure 
of the compounds, which allow us to make further 
modification to them.

With the aim of producing compounds contain-
ing a large number of pharmacophore groups, we 
synthesized S-5-phenyl-1,3,4-oxadiazol-2-yl O-pro-
pyl carbonothioate (9) and O-propyl S-5- (pyridin-

4-yl)-1,3,4-oxadiazol-2-yl carbonothioate (10) by 
reacting substituted 1,3,4-oxadiazol-2-thiols (7, 8) 
with propyl carbonobromidate in acetonitrile under 
heating during the 8-12 hour. The course of the reac-
tion controlled by thin layer chromatography. 

In this study, we were synthesized two new com-
pounds, the derivatives of 1,3,4-oxadiazol-2-yl O-
propyl carbonothioate (9, 10) that previously not been 
described in the literature. Structures of S-5-phenyl-
1,3,4-oxadiazol-2-yl O-propyl carbonothioate (9) 
and O-propyl S-5- (pyridin-4-yl) -1,3,4-oxadiazol-
2-yl carbonothioate (10) were exactly proved by the 
basis of the spectra of 1H and 13C NMR. The NMR 
data are shown in Table 1.
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Table 1 – 1H and 13C NMR data of new substituted oxadiazole carbonothioates
 (9, 10)

O

NN

S
COOC3H7

2

5

2'

4'

6'  (9)
1Н NMR (400 MHz, DMSO) 13С NMR (101 MHz, DMSO)

 Protons δH J, Hz Carbon δC

2H, Н = 2`, 6`
1H, H = 4`

2H, H = 3`, 5`
2H, H = OCH2
2H, H = CH2
3H, H = CH3

7.93(d)
7.70(t)

7.62(dd)
4.38 (t)

1.81- 1.71(m)
1.00(t)

7.8
7.3

13.6, 6.8
6.5

7.4

1С, -COO
2С, oxad
6С, Ph

1С, -O-CH2
Alk. CH2, CH3

174.2
157.6, 147.4

133.1, 129.5, 129.4, 
126.7, 126.1, 121.6

70.3
21.4,
10.1

N
O

NN

S
COOC3H7

2

5

2'

4'

6'  (10)
1Н NMR (400 MHz, DMSO) 13С NMR (101 MHz, DMSO)

Protons δH J, Hz Carbon δC

2H, H = 2`, 6`
2H, H = 3`, 5`

8.81(d)
7.81(d)

5.8
6.0

1С, -COO
2С, oxad

178.17
159.23

2H, H = OCH2
2H, H = CH2
3H, H = CH3

4.20-4.15 (t)
1.80 (dt)

1.01

14.2, 6.8
7.4

5С, Ph

1С, -O-CH2
Alk. СH2, CH3

151.26
130.21,
 120.43,
 120.05
75.41
22.82, 
13.01

Conclusion

In summary, we have synthesized 10 compounds 
by using different reactions methods and in which 
two compounds (S-5-phenyl-1,3,4-oxadiazol-2-yl 
O-propyl carbonothioate (9) and S-5-(pyridin-4-yl)-
1,3,4-oxadiazol-2-yl carbonothioate (10) are novel 
compounds. Meanwhile, they are potentially biologi-
cally active compounds. The research work is contin-
ued and biological activities of two new compounds 
(9, 10) are being tested.
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The obtaining of composite materials based  
on carboxymethylcellulose and polyvinyl alcohol

Abstract. In this work, hydrogels based on carboxymethylcellulose (CMC) and polyvinyl alcohol (PVA) 
by the method of radiation crosslinking were obtained. The presence of absorption bands of hydroxyl, 
simple ether and carbonyl groups in the hydrogel compositions by FTIR spectroscopy method was revealed. 
Also, the presence of both components CMC and PVA in hydrogel composits was proved. The kinetics of 
swelling of composite materials based on CMC/PVA with different volumetric ratios was studied. The 
influence of absorbed dose on the degree of swelling and gel contents was determined. Also, in this work the 
morphology of hydrogels by scanning electron microscopy (SEM) were studied. Also, optimum conditions 
the рossibility of use as a drug carrier have been defined. Technological scheme of the obtained composite 
materials based on CMC/PVA was development.
Key words: carboxymethylcellulose, polyvinyl alcohol, hydrogel, radiation crosslinking, composite 
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Introduction 

Currently, polymeric materials based on the natu-
ral polysaccharides and synthetic polymers find more 
and more broad application in the most various ar-
eas of the industry, such as pharmaceutical industry, 
medicine, agriculture. In this regard, the increasing 
value is gained by development of new composite 
materials on the basis of natural polysaccharides and 
synthetic polymers.

Poly(vinyl alcohol) (PVA) has a wide com-
mercial application due to its unique chemical and 
physical properties. It is a nontoxic, highly crystal-
line, and water-soluble polymer and has good film 
forming and high hydrophilic properties. Poly(vinyl 
alcohol) could be considered as a good host mate-
rial due to good thermo-stability, chemical resistance 
and film forming ability. Due to their simple structure 
and unique properties , polymers based on PVA have 
found applications in different industries including 
textile, paper, adhesives, food, biomedical and phar-
maceutical in particular [1]. 

Carboxymethyl cellulose (CMC) is a biopolymer 
derived from cellulose. It is a copolymer of β -D-glu-
cose and β -D-glucopyranose 2-O-(carboxymethyl)-
monosodium salt which are connected via β -1,4-gly-
cosidic bonds. CMC is widely used in pharmaceutical, 
cosmetic, and food applications. It is a nontoxic, bio-
compatible polymer, which resistant to the surround-
ing environment [2].

Materials and methods 

Materials 
In our work, we used carboxymethylcellulose 

(CMC) powder, purchased from «Altey» (Russia) 
used without purification. PVA (number average mo-
lecular weight 70 ×104 g/mol) was purchased from 
Merck KGaA (Germany) used without purification.

Preparation of solutions
PVA solutions with concentration of 10 wt% 

were prepared by dissolving dry polymer in the de-
ionized water at 80°C with constant stirring for 5 h. 
Then these solutions were stirred at room tempera-
ture overnight. Aqueous CMC solutions (10wt%) 
was prepared by dissolving CMC powder in the de-
ionized water and mixed at 60°C and stirred to obtain 
clear solution for 6 h. 

Preparation of Radiation Crosslinked Carboxy-
ethylcellulose/Polyvinyl alcohol Hydrogels

To obtain hydrogels 10 wt % of polyvinyl al-
cohol and 10 wt % carboxymethylcellulose solu-
tions mixed in the following proportions φCMC:φPVA 
=70:30, 50:50, 30:70. Then 20 ml of each prepared 
CMC/PVA solutions was poured into a Petri dish. 
Afterward, all samples were irradiated by Electron 
beam (E-beam) irradiation at the semi-industrial 
electron accelerator ELV-4 (1,3 MeV) at the In-
stitute of Nuclear Physics (INP), (Almaty region, 
Alatau village).The absorption dose of radiation 
were 40, 80 and 120 kGy. 
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Swelling Degree and Gel fraction of Carboxyeth-
ylcellulose/Polyvinyl alcohol Hydrogels 

The swelling degree of СMC/PVA hydrogels 
was determined by gravimetric methods. Samples of 
composite materials (0,1 g.) was placed in 10 ml dis-
tilled water, then every 15 min was measured by the 
steady mass of the sample on an analytical weight. 
The degree of swelling was calculated using the fol-
lowing formula:

where, m0 – initial mass of sample, g; mt is the mass 
of the swollen sample in t time, g.

The gel fraction of hydrogels was measured by 
extraction in hot distilled water at 100°C for 48 h and 
dried at 70°C for 48 h until they reached constant 
weight. The gel content was defined by equation be-
low:

where, Wd is the dried gel weight after extraction, and 
W0 is the initial weight of polymer. 

The structure of the obtained composite materials 
was carried out by IR spectrometric analysis. FTIR 
spectroscopy of pure PVA, pure CMC and CMC/PVA 
hydrogels were recorded using Carry 660FTIR spec-
trophotometer (Agilent, USA). The samples were fi-
naly with potassium bromide (KBr) to make pellets 
under hydraulic pressure of 600kg/cm2 and scanned 
between 4000 and 400cm-1. 

The morphology of the freeze dried samples of 
the CMC/PVA hydrogels were examined with Table-
top Scanning Electron Microscope (Hitachi, Japan) 
at acceleration voltage of 10 kV. All samples were 
freeze dried (Thermo LL300) and the dried hydrogels 
were gold sputter coated before analyzed by SEM. 

The study of the kinetics of drug release from hy-
drogel.was estimated by UV sрectroрhotometry in-
strument «Shimadzu UV / VIS-2401 РC» (Jaрan). To 
study the kinetics of drug sorption by hydrogel 1g 
of sample were placed to 1 hour in Lidocaine solu-
tion. Every hour sorption of drug by measuring of 
changes of the optical density of lidocaine solution 
at a wavelength λ=266 nm determined. Measurement 
was performed on quartz cell with a 1 mm thick. 
The calibration curve was constructed for Lidocaine  
f (c) = D – dependence of the optical density of the 
solutions D concentration c (%).

To study the release of lidocaine hydrochloride 
from hydrogel adsorbed hydrogels for 24 hours were 
placed in а isotonic solution and measured the op-
tical density every hour. Concentration of absorbed 
and desorbed lidocaine by a calibration curve was 
determined.

The amount of drug released after time t was de-
termined by the calibration line according to the (3) 
formula:  

100%
C
CW

0
⋅=                              (3)

 where, W is the amount of released drug, C is an 
Lidocaine concentration in the surrounding solution 
at time t, C0 is a concentration of drug in the feed 
solution.

Results and Discussion

Swelling Behaviour of Polyvinyl alcohol/Car-
boxymethylcellulose Hydrogels

To learn the ability to swell and to prove that the 
carboxymethylcellulose and polyvinyl alcohol were 
crosslinked, at different doses of irradiation (40 kGy, 
80 kGy, 120 kGy) kinetics of swelling of hydrogels 
based on PVA-CMC was investigated. It can be seen 
that at lower doses of irradiation the degree of swell-
ing increases (Figure 1). The maximum equilibrium 
degree of swelling of φCMC:φPVA= 30:70 hydrogels 
at 40 kGy was 8,1 g/g and at 120 kGy was 2,6 g/g. 
Additionally, as can be seen from figure 1 swelling 
capabilities of hydrogel compositions are increased 
by increasing the PVA content. This proves that the 
hydrophilicity of PVA in comparison with cellulose 
ether is higher and can be explained by the fact, that 
increasing content of PVA in the hydrogel will result 
to enhancing the crosslinking by intramolecular hy-
drogen bonding between the PVA chains in the hy-
drogel network structure, which resulting to increase 
swelling.

Gel Fraction of Crosslinked PVA/CMC hydro-
gels

Gel fraction is defined as the amount of insoluble 
polymer in any solvent. Gel contents of PVA/СMC 
hydrogels at various absorption dose of radiation 
(kGy) is presented in figure 2. In this figure, it was 
clearly seen that the gel contents of the crosslinked 
СMC/PVA hydrogels with volume ratio φCMC:φPVA= 
30:70 increased with an increase of absorption dose 
of radiation. 
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а) b)

c)

φCMC:φPVA= 30:70 (а); φCMC:φPVA = 50:50(b); φCMC:φPVA = 70:30 (c)
absorption dose of E-beam irradiation = 40 (1); 80 (2); 120 (3) kGy.

Figure 1 – The kinetics of swelling of hydrogels based on CMC/PVA by radiation crosslinking

φCMC:φPVA= 30:70

Figure 2 – Gel fraction of crosslinked CMC/PVA hydrogels  
at various absorption dose of E-beam irradiation (kGy) .
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The high gel fraction of hydrogels; caused by en-
hanced irradiation dose as a result of higher degree 
of crosslinking onto polymer network which cause 
higher gel content. The gel fraction of PVA/СMC 
samples at radiation dose of 40 kGy was 78% and at 
radiation dose of 120 kGy was 87%. 

Fourier Transform Infrared Spectroscopy Studies
The IR spectra of pure PVA, CMC and cross-

linked CMC/PVA hydrogel are shown in Figure 3. 
The PVA spectra shows characteristic broad band at 
3284cm−1 corresponding to the O–H stretching vi-

bration of the hydroxyl group of the PVA. The sharp 
band at 1715cm−1 corresponds to the C= O stretching 
of the acetate group of PVA. 

The backbone aliphatic C–H stretching vibrations 
give sharp bands at 2942cm−1. The IR spectrum of 
CMC shows the absorption bands due to C–H stretch-
ing (2894cm−1) and that due to C–O stretching of the 
ether group of the carboxymethylation of cellulose or 
the ether linkage [1,4-β-d-glucoside] of cellulose at 
1051cm−1. The absorption bands in the spectrum cor-
respond with the data given in the [3] literature.
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SEM studies
In general, the scanning electron microscopy (SEM) 

shows microstructure morphologies of hydrogels. The 
pore morphology of hydrogels can be related to their 
water uptake capacity. The hydrogels with denser and 
tighter structure will have a smaller pore size. The sur-

face morphology of CMC/PVA hydrogels was detected 
by SEM. In the Figure 4 presents photomicrographs of 
hydrogels based on CMC/PVA. A homogenous struc-
ture with smooth surface can be observed in the PVA/
CMC hydrogel. This picture confirmed that the СMC/
PVA hydrogel has a porous structure 

Figure 4 – SEM micrographs of hydrogel based on CMC/PVA

Studies of interactions of hydrogels based on 
CMC-PVA with medical substance

Nowadays, at designing and modification of new 
and well-known drugs, the improvement of their ther-
apeutic effects is an important and actual problem. 
The immobilization of the drug into a biocompatible 
and biodegradable polymer matrix is the one way of 
solving this problem, because it has advantages over 
usual dosage forms, including reformed efficacy, 
diminished toxicity, cost effective therapeutic treat-
ment. Hydrogels can transport drugs in a controlled 
manner due to the open porous structure [4].

Polyvinyl alcohol and cellulose ethers are widely 
used in controlled release studies because of its hy-
drophilic and nontoxicity.

In this study the possibility of using the hydrogel 
based on carboxymethylcellulose and polyvinyl alco-
hol as a drug carrier was considered. For this purpose, 
the kinetics of absorption and release of drug from 
hydrogel were studied. As a drug the local anesthetic 
– lidocaine hydrochloride was used. The absorption 
of lidocaine to the hydrogel was investigated by UV 
spectroscopy at a wavelength of 266 nm. It can be 
seen that the rate of the drug absorption by hydrogel 
increases with enhanced PVA content. As a result, the 
hydrogel with volume ratio φCMC:φPVA= 30:70 showed 
a high absorption ability of the drug substance. It can 
be concluded that the composite material with vol-
ume ratio φCMC:φPVA= 30:70 shows good absorption 
ability.

Besides this, to provide the prolonged effect the 
release of drug from the hydrogel should be slow. 
Thus, the kinetics of drug release from the hydrogel 
to an isotonic solution (0.9% NaCl) was studied to 
determine the release time. It has been noticed that 
the drug release during the process is intensive due 
to the influence of low-molecular ions. As a result, 
it was found that from the hydrogel with the volume 
ratio φCMC:φPVA= 70:30 the drug release goes quickly, 
while at volume ratio φCMC:φPVA= 30:70 release of the 
drug is slow. 

φCMC:φPVA= 30:70 (1); φCMC:φPVA= 50:50(2); φCMC:φPVA= 70:30 (3) 

Figure 5 – The kinetics of sorption of Lidocaine by hydrogel 
based on CMC/PVA at 40 kGy
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As a conclusion, basing on the obtained results of 
adsorption-desorption process, the composite materi-
als at volume ratio φCMC:φPVA= 70:30 are perspective 
in use as the matrix of lidocaine carrier.

φCMC:φPVA= 30:70(1); φCMC:φPVA= 50:50(2); φCMC:φPVA= 70:30 (3).

Figure 6 – The kinetics of desorption of Lidocaine from  
hydrogel based on CMC/PVA at 40 kGy in isotonic solution

Technological part
To obtaining the hydrogel based on carboxy-

methylcellulose and polyvinyl alcohol technological 
schemes at figure 7 can be used. 

Process of hydrogel dressing receiving consists 
from the following stages: 

1. Preparation of initial polymer solutions (poly-
vinyl alcohol and carboxymethylcellulose);

2. Mixing
3. Radiation exposure
4. Impregnation of hydrogel by medicinal sub-

stance
5. Molding of hydrogel
6. Reception of finished products
For production of hydrogel 10 wt.% of carboxy-

methylcellulose and polyvinyl alcohol solution are 
used. Substances are used without preliminary clean-
ing.

According to this scheme solutions of PVA and 
solutions of CMC through dosing devices mixing 
in the reactor (4) until homogenous blend. Further, 
blends of CMC/PVA are supplied to the ELV-4 elec-
tron accelerator for radiation at absorption dose of 40 
kGy for obtaining hydrogels. After the completion 
of radiation hydrogel is supplied to the mixer (7) for 
mixing it with the drug flowing from storage bunker 
of drug (8). Then the hydrogel with the drug sub-
stance is delivered for cutting and packaging. 

For this method the smaller dose of radiation is 
used that promotes more economic production of hy-
drogel bandages. 

1 – bunker of PVA solution; 2 – bunker of CMC solution; 3 – dosing devices;  
4 – reactor for the mixing of initial components;5 – filter; 6 – electron accelerator 
ELV-4; 7 – mixer for introducing of the drug into the hydrogel; 8 – storage tank of 

drug; 9 – фильера; 10 – cutting; 11 – packaging.

Figure 7 – Principal technological scheme of obtaining hydrogel films based on 
carboxymethylcellulose  (CMC) and polyvinyl alcohol (PVA) containing drug
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Conclusion 

CMC/PVA solutions were irradiated by E -beam ir-
radiation in the following proportions φCMC:φPVA =70:30, 
50:50, 30:70 at various doses of 40, 80 and 120 kGy. 
Presence of absorption bands of hydroxyl, simple ether 
and carbonyl groups in the hydrogel compositions by 
IR spectroscopy method was revealed. The kinetics 
of swelling of composite materials based on CMC/
PVA with different volumetric ratios was studied. The 
gel fraction increases with increasing irradiation dose, 
while the swelling of CMC/PVA hydrogel increase with 
decreasing irradiation doses and increase with increas-
ing CMC content. The maximum degree of swelling 
hydrogel was 8,1 g/g at the sample φCMC:φPVA= 30:70 hy-
drogels. The morphology of the hydrogels has a porous 
structure by the method of scanning electron micros-
copy was determined. Basing on the obtained results of 
adsorption-desorption process, the composite materials 
at volume ratio φCMC:φPVA= 70:30 are perspective in use 
as the matrix of lidocaine carrier. Principal technologi-
cal scheme of obtaining of composite material based on 
CMC/PVA was developed.
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Development of hydrogel ointments based  
on carbopol with α-lipoic acid

Abstract: This article presents the results of hydrogel ointments development based on carbopol polymer 
with α-lipoic acid for their application as transdermal therapeutic delivery systems for antibacterial 
treatment of diabetic foot syndrome. Complex formation of bioavailable α-lipoic acid with hydroxypropyl-
β-cyclodextrin was studied using differential scanning calorimetry and scanning electron microscopy. 
Optimal rheological characteristics of obtained ointments have been estimated. Antimicrobial activity 
in relation to Staphylococcus aureus and Escherichia coli have been observed for ointments containing 
α-lipoic acid. Transdermal drug delivery properties of obtained hydrogel ointments were investigated using 
cellulose membrane as a model system and a pig skin.
Key words: hydrogel ointment, alpha-lipoic acid, carbopol, hydroxypropyl-β-cyclodextrin, diabetic foot 
syndrome.

Introduction

Modern pharmaceutical technology as one of the 
basic tasks considers the creation of dosage forms 
based on biopolymers with drugs, with high therapeu-
tic activity, providing controlled release of drugs and 
their specific delivery to the site of the pathological 
process. One of the most serious diseases at present is 
the diabetic foot syndrome [1]. This disease connects 
with leg problems due to elevated blood sugar levels. 
During this disease the sensitivity of nerves becomes 
broken – neuropathy, and the blood flow in the ves-
sels of the legs worsens [2]. As a result, the risk of 
wounds injury and infection increases. Most of anti-
bacterial ointments presented in pharmacies contain 
antibiotics that are not desirable to be used often, or 
are produced on fat bases (animal and vegetable fats, 
petrolatum, etc.), which create a film that does not 
allow air to enter the lesion focus. Also, to select the 
best antibiotic, it is desirable to do bacteriological 
research of tissues. Often patients with the diabetic 
foot syndrome have impaired renal function. During 
diabetic foot syndrome after destruction of the pro-
tective layer of the skin, deep tissues undergo bacte-
rial colonization. In such a situation, a standard thera-
peutic dose of antibiotics can harm a patient’s health 
[3]. Nowadays a method of complications treatment 
of type 1, 2 diabetes with α-lipoic acid (ALA) which 
is one of the most powerful antioxidants with anti-
microbial properties, is known. Therefore, studies on 

the development of hydrogel ointments with α-lipoic 
acid are an actual trend. 

ALA decomposes gradually at room temperature 
and easily polymerizes at temperatures higher than 
its melting point and insoluble in water [4-5]. Thus, 
the stabilization of ALA is of great interest for in-
dustrial applications. In order to stabilize ALA by 
complexation, the scientists used cyclodextrins (CD) 
[6-7]. These cyclic oligosaccharides consist of six (α-
CD), seven (β-CD) or eight (γ-CD) α-1,4-linked glu-
copyranose units, with a hydrophilic hydroxyl group 
on their outer surface and a hydrophobic cavity at the 
center [8]. CDs are able to form complexes with vari-
ous ionic and lipophilic substances, taking the whole 
molecule or part of it into its cavity. Such formation 
of a molecular complex affects many physicochemi-
cal properties of guest molecules, such as water solu-
bility, stability or bioavailability [9-10]. Thus, a com-
plex of inclusion of ALA and CD, which dissolves 
in water was obtained in this work. What makes it 
possible to use it for the preparation of hydrogel oint-
ments based on carbopol.

Carbopol is one of the most common thickeners 
for aqueous phases. Carbopol polymers are acrylic 
acid crosslinked with polyalkenyl ethers or divinyl 
glycol. Carbomer molecules are closely packed spiral 
molecules. After dispersing in water, the molecules 
begin to swell and partially “unwind”. The most com-
mon way for complete “unwinding” of molecules is 
to convert the acid carbopol to a salt. These polymers 
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are anionic polymers that need to be neutralized for 
gelling. Organic amines, such as triethylamine or al-
kali, can be used to neutralize these polymers in liq-
uids [11].

The advantages of using carbopol gels as a thera-
peutic transdermal agents : good rheological proper-
ties, good alternative to oily ointment preparations, 
anionic hydrogels with good buffering capacity, which 
helps to maintain the desired pH [12], high viscosity 
already at low concentrations, a wide range of concen-
trations and characteristic behavior of the flow, com-
patibility with many active ingredients, bioadhesive 
properties, good thermal stability, excellent organo-
leptic characteristics, good tolerability [13].

Materials and methods

Carbopol (Kadpol 980) was purchased from 
«Shree Chemicals» (India) and was used as 
received.α-lipoic acid was purchased from «AXXO 
GmbH» (Hamburg) and was used without purifica-
tion. Hydroxypropyl-β-cyclodextrin supplied by 
«AXXO GmbH» (Hamburg) and was used without 
purification. Polyethylene glycol (Мn=400) produced 
by «ChemMed» company (Moscow), was used with-
out purification. Glicerin produced by «ChemMed» 
company (Moscow) and was used as received. So-
dium hydroxide was purchased from «Skat» compa-
ny (Kazakhstan). Sodium Phosphate and Potassium 
Phosphate were purchased from «Skat» company 
(Kazakhstan) and were used without purification. 
Cellulose membrane (Mn=12-14000 Dalton) was 
purchased from the «Medicell International Ltd» 
(London). 

Hydrogel ointment preparation.
Hydroxypropyl-β-cyclodextrin was used to dis-

solve α-lipoic acid. The sample of ALA and HP-β-
CD in a molar ratio of 1: 1 was rubbed for 1.5 hours 
in a mortar. Thus, a water-soluble inclusion complex 
was obtained. Then, the necessary concentration of 
the ALA solution in water was prepared at a tempera-
ture of 380 C in a water bath for 1 hour, the resulting 
solution was filtered off. To this solution was added 
a sample of carbopol, made alkaline and thoroughly 
mixed. At the end, polyethylene glycol and glycerin 
were added as a humectant and texture improvement 
of the ointment.

Methods of analysis
Differential Scanning Calorimetry. 
The analysis was carried outon the NETZSCH 

STA 449F3 Jupiter (NETZSCH-Gerätebau GmbH, 
Germany) in a stream of nitrogen at a heating rate of 
10 0 C / min. 1.1-1.9 mg of the test substance (pure 

α-lipoic acid, hydroxypyr-β-cyclodextrin, ALK-GP-
β-CD complex) were placed in the aluminum crucible 
preliminarily suspended with the lid and pressed. The 
prepared crucible and the test crucible were placed 
in a measuring chamber. The thermograms were re-
ceived in the temperature range 30-100 0С.

Differential-thermal analysis. 
The analysis was carried out on the NETZSCH 

STA 449F3 Jupiter (NETZSCH-Gerätebau GmbH, 
Germany) in a stream of nitrogen at a heating rate of 
100C / min. It were used crucibles from Al2O3. The 
thermograms of pure gel base on carbopol, α-lipoic 
acid substance, carbol -based gel with α-lipoic acid 
were obtained in the temperature range 20-300 0 С.

Scanning electron microscopy. 
The analysis was carried out at DGP “National 

nanotechnology laboratory of open type” KazNU. 
Al-Farabi on a Quanta 3D 200i Dual system, FEI 
scanning electron microscope at a voltage of 15 kV 
with an increase of 2000, 5000 per sample.

Analysis of the rheological parameters of the hy-
drogel ointments. 

The rheological profile of the samples was stud-
ied on Anton Paar Modular Compact Rheometer 102 
(Anton Paar GmbH, Austria). The measuring geom-
etry of the plate / plate was used. The measurements 
were carried out at a temperature of 25 ° C. The de-
vice made it possible to measure the tangential shear 
stress at a shear rate of 1.5 to 1312 s-1. When con-
structing the rheogram, the shear rate was increased 
from 1 to 450 1 / s (the upper curve), and then de-
creases from 450 to 1 1 / s (the lower curve).

Drug Diffusion and Skin Penetration Study. 
In vitro study of the release of ALA and penetra-

tion through the membrane and porcine skin was car-
ried out using the Franz Diffusion Cell. The amount 
of released ALA was recorded with the help of the 
UV spectrophotometer Analytyc Jena Specord 200. 
The spectra of ALA solutions were recorded in the 
wavelength interval 190-400 nm. The wavelength for 
α-lipoic acid was 333 nm, which coincided with the 
reference data according to the state pharmacopeia of 
the Republic of Kazakhstan. The cellulose membrane 
and the skin of the porcine ears were held for one 
hour in a phosphate buffer solution pH 6.86, because 
the pH of the body cells lies in this range. Then it was 
placed between the donor and acceptor parts of the 
Franz Diffusion Cell.

Antimicrobial studies of α-lipoic acid. 
The studies were performed on nutrient agar us-

ing Gram-positive bacteria – Staphylococcus aureus 
IMV 3316 and Gram-negative bacteria – Escherichia 
coli IMV 877 as test microorganisms.
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Results and their discussion

The development of medicinal forms, such as hy-
drogel ointments, which increase bioavailability, the 
effectiveness of the action of medicinal preparations 
and cause prolonged action, has acquired in recent 
decades an undeniable scientific and practical value. 
In this work, hydrogel ointments based on carbopol 
with different content of α-lipoic acid were obtained. 
ALA is a powerful antioxidant, it is used in the treat-
ment of diabetes mellitus, it also has antimicrobial 
properties, which makes it possible to use it for the 
production of hydrogel ointments with antimicrobial 
activity in antibiotic therapy of diabetic foot syn-
drome. Since ALA does not dissolve in water, the 
first step was to find the optimal method for increas-
ing the bioavailability of ALA, compatible with the 
composition of the ointment.

Complex formation of α-lipoic acid with 
hydroxypropyl-β-cyclodextrin

Complex formation of ALA and HP-β-CD have 
been assessed by DSC method. The results of the 
DSC show the disappearance of the peak of active 
pharmaceutical substances as a result of complex for-
mation. The differential scanning calorimetry meth-
od allows analyzing substances in different aggregate 
states, and provides comprehensive information on 
the phase transitions of various compounds, which 
can be used for conformation of complexation be-
cause DSC method determines the energy changes in 
the test substance. DSC thermograms were obtained 
in a temperature range of 30-100 ° C on a combined 
TGA-DSC calorimeter NETZSCH STA 449F3 Jupi-
ter in a stream of nitrogen at a heating rate of 10 ° C 
/ min.

Figure 1 – TGA-DSC pure substance of α-lipoic acid (left) and pure substance of hydroxypropyl-β-cyclodextrin (right)

Figure 2 – TGA-DSC analysis of the inclusion complex of GP-
β-CD and ALA obtained by grinding

On the ALA thermogram (figure 1, left), a nar-
row endothermic peak is observed at a temperature 
of 70.90 ° C, which characterizes the melting point of 
ALA. On the thermogram HP-β-CD (figure 1, right), a 

wide endothermic peak is observed with a maximum 
at 71.90С, which indicates intensive evaporation of 
the sorbed water inevitably present in hygroscopic 
substances. On the thermogram of a mixture of ALA 
and GP-β-CD (figure 2), the melting temperature of 
ALA is shifted to a region of lower temperatures (on 
6.4 ° C), compared to the initial ALA, which is prob-
ably due to the interaction of ALA with the surface 
of GP- CD. The thermogram contains a small wide 
endothermic peak characterizing the evaporation of 
water sorbed by GP-β-CD from the environment. 
The interaction of ALA with the outer surface of GP-
β-CD can be explained by the fact that GP-βCD is ca-
pable of forming a «cellular» (grid-like) structure due 
to hydrogen bonds between -OH groups. When the 
melting temperature of ALA (70.9 ° C) is reached, 
the ALA melt penetrates into the cells of this grid 
and, thus, stabilizes. Therefore, we can conclude that 
the presence of the small endotermic peak (figure 2) 
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is probably due to the fact that it is possible, when the 
inclusion complex is formed, that unused crystals of 
GP-β-CD and ALA are preserved.

To confirm the formation of inclusion com-
plex, the scanning electron microscopy method is 
also have been used. The investigation is based on 
point scanning of the surface of the investigated 
sample by a focused electron beam. Photomicro-
graphs obtained with scanning electron microscopy 
using the Quanta 3D 200i Dual system, FEI at a 
voltage of 15 kV with an increase of 2000, 5000 
for each sample, show that the shape and particles 
of the resulting inclusion complex of α-lipoic acid 

and hydroxypropyl-β-cyclodextrin are significantly 
different. Images of the substance GP-β-CD (Figure 
3) show that the particles are large enough, porous, 
spherical. The ALA particles (Fig. 4) have rather 
smooth plate-shaped planar surfaces. A micrograph 
of the obtained ALK-GP-β-CD complex (Fig. 5) 
shows the change in the shape of the particles as a 
result of the mechanical treatment of the mixture of 
starting materials. The particles have an amorphous 
structure, which confirms the formation of the in-
clusion complex, i.e. the ALA molecule enteres the 
GC-β-CD cavity. But unreacted crystals of GP-β-
CD are also preserved.

Figure 3 – Scanning electron microscopy of the substance hydroxypropyl-β-cyclodextrin  
at magnification 2000 (left) and 5000 (right)

Figure 4 – Raster electron microscopy of α-lipoic acid substance at magnification 2000 (left) and 5000 (right)
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Figure 5 – Raster electron microscopy of the ALA-HP-β-CD complex obtained  
by grinding at magnification 2000 (left) and 5000 (right)

The solubility test of ALA and HP-β-CD com-
plexes was carried out in accordance with the re-
quirements of the State Pharmacopoeia of the Re-
public of Kazakhstan I, vol. 1, 2.9.3, using a device 
with a blade. The dissolution medium is water, the 
volume of the dissolution medium is 500 ml, the tem-
perature of the dissolution medium is 37 ± 0.5 ° C, 
the blade rotation speed is 100 rpm, the dissolution 
time is 5, 10, 15, 20, 30, 45 min. The determination 
was made by the method of absorption spectropho-
tometry in the ultraviolet and visible regions (SP RK, 
т. 1, 2.2.25) at a wavelength of 333 nm. The wave-
length is determined by scanning a standard solution 
of α-lipoic acid in the wavelength range from 300 to 
365 nm. According to the results obtained, the inclu-
sion complex of ALA and HP-β-CD in a molar ratio 
of 1: 1 has a maximum solubility of 89% compared 
to other ratios (Figure 6).

Investigation of the mechanism of interaction 
of lipoic acid and structurant (polymer) was carried 
out by differential-thermal analysis. To study the 
mechanism of interaction of drug substance a in li-
poic acid gels based on carbopol, a linear heating of 
a substance of lipoic acid, pure gel bases and gels 
from lipoic acid in the temperature range from 20 ° 
C to 300 ° C in Al2O3 crucibles was carried out. The 
curves of differential thermal analysis (DTA) of the 
substance of lipoic acid, hydrogel base and gel of li-
poic acid without auxiliary substances are presented 
at the figure. 7.
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Figure 6 – Dissolution of the inclusion complex of HP-β-CD 
and ALA in distilled water (in the different molar ratio)

Figure 7 – Differential-thermal analysis curves (DTA)  
of the substance of lipoic acid
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According to DTA data presented at the figure 7, 
an endothermic peak is observed at 65.1 ° C, explained 
by the melting point of the substance, which agrees 
with the melting temperature of lipoic acid of 61 ° C. 
The endothermic peak at a temperature of 287.9 ° C 
indicates the decomposition of ALA with continuous 
heating, which is confirmed by the TGA curve drop-
ping from 250 ° C. The 2nd curve of DTA shown at the 
figure 8 (on the left) shows that when the gel base ob-
tained from carbopol is heated, an endothermic effect 
with has the maximum at a temperature of 131.40C, 
which may be related to the melting of the polymer 
and the desorption of water. The TGA curve of a pure 
gel base shows that, even at 142 ° C, only 2% of the 
total mass remains from the gel. The data of curve 3 of 
DTA (figure 8, right) characterizing the processes of 
heating the gel with a drug substance, have similari-
ties with the processes of heating the gel base. Thus, 
endothermic processes are observed in the interval t = 
20-190 ° C, which have only one maxima at T= 139.10 
° C, which can also be associated with processes of 
desorption of water, melting of the polymer. But the 
endothermic processes in the gel containing ALA shift 
by 7.7 ° C to the right than in the pure gel base, which 
is probably due to the action of ALA on the carbopol 
gel. Also, according to the TGA curve, 4% of the total 
gel weight remains from the gel at 162 ° C, and only 
2% of the total gel weight remains at the pure base at 
143 ° C, which is related to the content of ALA in the 
obtained ointment.

It is known that most of the ointments and gels 
under the influence of mechanical forces behave like 
elastic bodies that have reversible deformation. The 
process of applying the gel ointment and the efforts 
expended on the distribution of the gel on the skin are 
similar to the process occurring during the gel shift in 
the rheometer and the shear stress, which character-
izes the material’s resistance to shear deformations.

Figure 8 – Differential-thermal analysis curves (DTA) of the carbopol-based gel (left) and the carbopol gel with ALA (right)
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Figure 9 – Rheogram “Hysteresis loop” of hydrogel  
ointments based on carbopol with different concentrations  

of α-lipoic acid

To study the thixotropic properties of the studied 
samples of hydrogel ointments, the curves, obtained 
as a result of the deformation of these samples in 
the coordinates «shear rate-shear stress», were con-
structed. By the thixotropy is meant the property of 
a disperse system to change its structure under the 
influence of mechanical influences and to restore the 
former structure after the cessation of this influence. 
All hydrophilic ointments have pronounced thixo-
tropic properties, which are expressed in the fact that 
with mixing the structure breaks down and the consis-
tency changes at a constant temperature, it becomes 
almost liquid. If you remove the mechanical force, 
the strength of the structure is restored, but almost 
never reaches the original level. The obtained curves 
of the samples of hydrogel ointments (the so-called 
«flow rheograms») have a nonlinear character and 
are described by two lines in the «ascending and de-
scending», forming the so-called «hysteresis loop». 
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The «upward» curve characterizes the destruction of 
the system and differs from the «descending» curve 
in that it characterizes the restoration of the system 
that preserves the residual deformation after a strong 
weakening of the structure under the influence of the 
previously applied stress. The presence of upward 
and downward curves (figure 9), forming hysteresis 
loops, indicates that the samples under study have 
thixotropic properties, which means that they are 
characterized by good spreadability and good extru-
sion ability from tubes.

The obtained results and the comparative analy-
sis showed that the rheological characteristics shear 
stress are highest in 3% lipoic acid gel, and exceed 
both 1 and 2% lipoic acid gel. It was found, that the 
introduction of lipoic acid into the gel base in an 
amount of 1% of the weight of the gel, increased the 
value of the effective viscosity and the processes of 
structure formation in the system. All investigated 
samples of gels belong to thixotropic systems and. 
The rheological characteristics of the obtained oint-
ments lie in the rheological optimum for hydrophilic 
ointments, which is characterized by a yield strength 
of 45-160 Pa.

The figure 10 shows the effect of temperature on 
the dynamic viscosity of hydrogel ointments obtained 
with ALA. It is seen, that with an increase in tem-
perature from +3 to +260C, the noticeable decrease 
in viscosity is observed, which become constant at a 
temperature of 15-26 ° C. Hydrogel ointments on car-
bopol in the temperature range -4 – + 2800C showed 
the stability of dynamic viscosity.

Investigation of α-lipoic acid release from hydro-
gel ointments and their transdermal penetration

The main barrier to penetration into the body of 
various substances is the skin, which is a multilay-
ered complex system. Transdermal delivery of ALA 
is carried out by penetrating them through the upper 
layer of the skin – the dermis. Under the dermis there 
is a hypoderm consisting of adipose tissue, in which 
large blood vessels are located, as well as the bases 
of the hair follicles and sweat glands. On the basis 
of information on the structure of the skin, it can be 
concluded that transdermal delivery will be effective 
provided that the ALA, overcoming the epidermis, 
will enter into sufficient quantity in the dermis where 
the capillaries of the blood vessels are located.

Figure 10 – Effect of temperature on the viscosity  
of a hydrogel ointment based on carbopol  

with 1% α-lipoic acid
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Figure 11 – Permeability of α-lipoic acid from the hydrogel 
ointment based on carbopol through a membrane

Figure 12 – Permeability of α-lipoic acid from the hydrogel 
ointment based on carbopol through pig skin



76 Development of hydrogel ointments based on carbopol with α-lipoic acid

International Journal of Biology and Chemistry 10, № 1, 69 (2017)

In vitro study of the release of ALA from the 
carbopol-based gels obtained with α-lipoic acid was 
performed using the Franz Diffusion Cell. Prior to op-
eration, the membrane was kept in a phosphate buffer 
solution at pH 6.86. Pre-thawed pig ears, prepared and 
also kept in a buffer solution for 1 hour. According 
to the obtained results , which shown at figure 11-12, 
the gel base due to carbopol provides a prolonged ef-
fect. Thus, during the first 10 hours in all ointments, 
a prolonged release from the ointment base and pen-
etration of ALA through the membrane are observed 
(Figure 11). After 10 hours of release of ALA from the 
ointment, the prolongation slows down and gradually 
the values reach the plateau. With the increase in the 
content of ALA in the composition of the ointment, 
the amount of released ALA increases. The maximum 

concentration of released ALA in 2.7% of the ALA 
ointment, which was 25.7 mg / ml. When studying 
the permeability of the obtained hydrogel ointments 
with ALA through the pig skin skin (figure 12), with 
an increase in the concentration of ALA in the com-
position of the ointment, the increase in the amount 
of penetrated substance through the skin was also ob-
served. Compared with the membrane, the amount of 
penetrated ALA is less, since it is related to the struc-
ture of the skin. The cells of the skin layers prevent 
direct penetration of the ALA, which makes it difficult 
to move. So, 3.18 mg / ml of ALA penetrated from 
0.9% of the ointment, which is less by 5.42 mg / ml 
compared to penetration through the membrane. De-
spite this, a prolonged effect of the ointment with ALA 
is observed within 24 hours.

Table 1 – Antimicrobial activity of the samples 

Number of a sample Chemical composition of 
samples

Diameter of growth inhibition zone of test microorganisms, mm
Staphylococcus aureus IMV 3316 Escherichia coli IMV 877

№1 A pure gel based on carbopol 0 0
№2 ALA solution 27 23

№3 Ointment based on carbopol 
with ALA 16 15

Figure 13 – Antimicrobial activity to
Staphylococcus aureus IMV 3316

Figure 14 – Antimicribial activity to
Escherichia coli IMV 877
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The antimicrobial study of obtained hudtogel 
ointments with ALAwas made with respect to clini-
cal opportunistic gram-positive and gram-negative 
pathogens of infections. The results are shown in 
the table 1. The presence of antimicrobial activity in 
samples № 2-3 with respect to clinical opportunistic 
gram-positive and gram-negative bacteria (Staphylo-
coccus aureus, Escherichia coli) was established. No 
antibacterial activity was detected in the sample № 
1-gel based on carbopol (figure 13-14).

Conclusion

Thus, the formation of the inclusion complex of 
α-lipoic acid with hydroxypropyl-β-cyclodextrin was 
studied, which provides an improvement in the solu-
bility of ALA in water. Hydrogel ointments based on 
a slightly cross-linked polymer of acrylic acid-carbo-
pol with α-lipoic acid have been developed. The rheo-
logical characteristics of the obtained hydrogel forms 
were studied. According to the obtained rheograms, 
all hydrogel ointments have pronounced thixotropic 
properties. The transdermal activity of the obtained 
hydrogel ointments with a different concentration of 
α-lipoic acid was studied, which showed that ALA 
ointments have a prolonged action, which ensures a 
slow release of the drug substance over a long pe-
riod of time. The ointments with α-lipoic acid have 
antimicrobial activity in relation to Staphylococcus 
aureus and Escherichia coli. The transdermal charac-
teristics were investigated using cellulose membrane 
and pig skin.
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Preparation of sulfur pigments based on the interaction  
of sulfur with aniline

Abstract. The article presents the results of obtaining and investigating the various ratios of the components 
of aniline hydrochloride-S-CaO (Al2O3) 1: 0.4: 0.6; 1: 1: 0.6; 1: 2: 10; 1:10:10 – up to ten times the binding 
of sulfur and oxides to aniline, having a different color range from dark green to light brown, depending on 
the composition of the components. In sulfurous composites with various molar ratios of sulfur components, 
which plays the role of an inorganic filler, it binds almost completely, while remaining chemically inert.
Key words: aniline, polyaniline, sulfur, aniline dyes, styrene, ammonium persulfate, acrylic acid, pigments.

Introduction

Polyaniline is synthesized from the inexpensive 
aniline monomer through a simple oxidative process 
in aqueous media, meaning the overall process is 
scalable and relatively inexpensive. The impurities 
produced are easily washed away with water and al-
cohols, and the resulting material takes on a brilliant 
green color, making it a visually appealing material 
to investigate. One of the most interesting properties 
of polyaniline is the dependence of its resistivity on 
the local pH environment, where a small amount of 
acid or base can produce a resistivity change of 10 
orders of magnitude or greater. While polyaniline in 
its undoped state displays resistivity in the insulat-
ing regime, doping with different acids has led to 
highly conductive materials with recent reports of 
essentially metallic polyaniline. The combination of 
highly tunable electronic properties with a facility for 
nanostructure formation through relatively simple 
synthetic methods ensures that polyaniline will con-
tinue to be of great interest to the materials science 
community [1].

Idealized formulae of polyaniline at different oxi-
dation and protonation states:

L = leucoemeraldine (closed valence; shell re-
duced form; benzenoid structure); E = emeraldine 
(radical cation intermediate form; combination of 
quinoid and benzenoid structures); P = pernigraniline 
form (quinoid structure); LH8x, EH8x

1, EH8x
2 are the 

respective protonated forms:

Illustration of delocalization (polaron lattice) of 
the emeraldine state:

[2]

Another application of these high surface area 
materials is to act as functional scaffolds for inor-
ganic nanoparticles. The facile and reversible oxida-
tion and reduction of polyaniline allows the polymer 
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to behave as either an oxidizing agent or a reducing 
agent when combined with different materials. Treat-
ment of polyaniline nanofibers with metal salts al-
lows polyaniline to act as a reducing agent that do-
nates electrons to the oxidized metal ion, causing 
deposition of metallic particles on top and within the 
polyaniline nanofiber network. The resulting inor-
ganicorganic nanocomposite materials maintain the 
high surface area and dispersibility of the original 
polyaniline nanofibers and thus can be deposited and 
used as sensor materials or other electronically ac-
tive materials. Gold-decorated polyaniline nanofibers 
have been explored for use in bistable memory de-
vices.

Polyaniline nanofiber composites with metal 
nanoparticles can also be used in heterogeneous ca-
talysis. Reduction of palladium (II) salts by polyani-
line produces very small particles of palladium (0), 
the catalyst used for carbon-carbon bond formation 
between aromatic molecules in Suzuki coupling re-
actions. Since polyaniline nanofibers form a disper-
sion and not a solution, centrifugation can be used 
to pull the dense fibers out of the dispersion in order 
to recover the product of coupling reactions without 
timeconsuming extraction steps [1].

The technology has long been known for dyeing 
with aniline as an oxidizable dye, but the problem is 
to restrict the oxidation to the stage of emeraldine salt 
formation.

Aniline may be considered as an analog of dis-
persed aminoanthraquinone dyes, and correspond-
ingly at the sorption stage one can use dyeing modes 
employed for ordinary dispersed dyes:

A two-stage process can be used in dyeing fibers, 
for example, of polyamide, with the formation of an 
electrically conducting dye: polyaniline (sorption of 
the aniline by the fiber in the first stage as a dispersed 
dye and subsequent oxidation in the second stage), or 
in a single stage with parallel sorption and oxidation 
[3].

Materials and methods

Obtaining of core pigments. A sulfur alloy with 
calcium oxide was preliminarily prepared. For the 

production of alloys, the ground powders of sulfur 
and calcium oxide (2:3, 5:3, 1:10, 1:1) were placed 
in a porcelain crucible covered with a watch glass 
and heated to 115°C for 15 min. The resulting al-
loys were cooled and ground in a mortar. A sulfur 
alloy with calcium oxide in various molar ratios was 
added to a pre-prepared solution of aniline hydro-
chloride. Then, with constant stirring, a solution of 
ammonium persulfate (n(C6H5NH2): n((NH4)2S2O8) 
= 1:1.25) was added. The reaction was carried out 
for two hours at room temperature and constant stir-
ring. The precipitate was then filtered off, washed 
with three portions of 0.2M HCl and acetone and 
air dried.

Ratio of reagents:
a) aniline hydrochloride (0,005 moles, 0,648 

g), ammonium persulfate (0,00625 moles, 1,425 g), 
sulfur (0,002 moles, 0,064 g), calcium oxide (0,003 
moles, 0,168 g). The molar ratio is 1: 1,25 :0,4:0,6.

b) aniline hydrochloride (0,005 moles, 0,648 
g), ammonium persulfate (0,00625 moles, 1,425 g), 
sulfur (0,005 moles, 0,16 g), calcium oxide (0,003 
moles, 0,168 g). The molar ratio is 1:1,25:1:0,6.

c) aniline hydrochloride (0,01 moles, 1,295 g), 
ammonium persulfate (0,0125 moles, 2,85 g), sulfur 
(0,02 moles, 0,64 g), calcium oxide (0,1 moles, 5,6 
g). The molar ratio is 1:1,25:2:10.

d) aniline hydrochloride (0,01 moles, 1,295 g), 
ammonium persulfate (0,0125 moles, 2,85 g), sulfur 
(0,1 moles, 3,2 g), calcium oxide (0,1 moles, 5,6 g). 
The molar ratio is 1:1,25:10:10.

e) aniline hydrochloride (0,005 moles, 0,648 g), 
ammonium persulfate (0,00625 moles, 1,425 g), sul-
fur (0,002 moles, 0,064 g), aluminum oxide (0,003 
moles, 0,306 g). The molar ratio is 1: 1,25 :0,4:0,6.

f) aniline hydrochloride (0,005 moles, 0,648 g), 
ammonium persulfate (0,00625 moles, 1,425 g), sul-
fur (0,005 moles, 0,16 g), aluminum oxide (0,003 
moles, 0,306 g). The molar ratio is 1:1,25:1:0,6.

g) aniline hydrochloride (0,01 moles, 1,295 g), 
ammonium persulfate (0,0125 moles, 2,85 g), sulfur 
(0,02 moles, 0,64 g), aluminum oxide (0,1 moles, 
10,2 g). The molar ratio is 1:1,25:2:10.

l) aniline hydrochloride (0,01 moles, 1,295 g), 
ammonium persulfate (0,0125 moles, 2,85 g), sulfur 
(0,1 moles, 3,2 g), aluminum oxide (0,1 moles, 10,2 
g). The molar ratio is 1:1,25:10:10.

Quantitative determination of sulfur in organ-
ic substance. A sample of the material is weighed, 
placed in a round-bottomed flask, 3 drops of 4% 
NaOH solution are added and 10 ml of 30% hydro-
gen peroxide is added. The flask is covered with a 
watch glass, heated to a boil and boiled for 20 min-
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utes. Then add another 10 ml of 30% hydrogen per-
oxide and continue to boil for another 30 minutes. 
Then add 30-40 ml of distilled water and continue 
to boil until about half the content of the flask is re-
duced. The solution is then filtered. An excess of 0.1 
M BaCl2 solution was added to the filtered solution. 
A white precipitate is formed. It is filtered on a pleat-
ed filter, dried and weighed. The sulfur content in the 
material is calculated by the formula:

W(S) = m(BaSO4) * 32,06*100/ 233,4 * m(sample); 
sample weight is 0.1 g.

Results and discussion

When applying a layer of polyaniline to sulfur al-
loys with calcium oxide, color changes in powders 
were observed with a decrease in the molar content 
of PANI. Photographs of powders are given below.

Figure 1 – PANI-S-CaO composites with different molar ratios

For the detection of by-products formed by the 
addition of sulfur alloys with calcium oxide, an anal-
ysis of the UV spectra of aqueous filtrates was carried 

out. On their basis, it can be said that when a calcium 
oxide is added to the composites, the hypochromic 
shift is noticeable.

Figure 2 – UV spectra of PANI filtrate and PANI-S-CaO composites with different molar ratio
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Figure 3 – IR spectrum of PANI-S-CaO composite (1: 1: 0.6)

Three peaks are observed in the PANI-S-CaO (1: 
1: 0.6) spectrum, which are absent on the spectra of 
PANI and its composite with aluminum oxide: 3205, 
618 and 456 cm-1. The first of the peaks is character-
istic of the bound -OH group in intracomplex com-
pounds, the second for -C-S-, the third for -S- S-. 

What is said about the binding of sulfur with poly-
aniline. On the basis of this spectrum, it can be con-
cluded that the organosulfur compound is formed.

After applying polyaniline to powders of sulfur-
alumina alloys, the resulting composites had physical 
properties characteristic of PANI.

Figure 4 – PANI-S-Al2O3 composites with different molar ratios

To detect the by-products formed by the ad-
dition of sulfur alloys with alumina, an analysis 
of the UV spectra of aqueous filtrate was carried 

out. On their basis, it can be said that no side reac-
tions are observed when alumina is added to the 
composites.



82 Preparation of sulfur pigments based on the interaction of sulfur with aniline

International Journal of Biology and Chemistry 10, № 1, 78 (2017)

Figure 5 – UV spectra of PANI filtrate and PANI-S-Al2O3 composites with different molar ratio
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Figure 6 – IR spectrum of PANI-S-Al2O3 composite (1: 1: 0.6)

Figure 7 – Solution of methylorange before and  
after addition of adsorbent – PANI-S-Al2O3 composite (5: 2: 3)
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The IR spectrum of the PANI-S-Al2O3 composite 
(1: 1: 0.6) is similar to the spectrum of polyaniline.

The property of polyaniline composites with ox-
ides of various metals, such as the adsorption of dyes 
from wastewater, has been well studied. Thus, 8 mg 
of the composite adsorbs methylorange from a solu-
tion with a concentration of 0.06 g / l.

Conclusions

The possibility of obtaining composites based on 
the interaction of aniline with sulfur and ammonium 
persulfate for the production of pigments. Pigments 
of different qualitative composition with different 
component ratios were obtained. The dependence of 

the color change of the resulting composites on the 
quantitative composition was found.
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Catalysts for neutralization of waste gases of the vehicles and industry

Abstract: The article is about synthesis of catalysts on block metal carriers for neutralization of waste gases 
of the vehicles and the industry. Alumina or alumina with the addition of a zeolite or Ce4+, Ti4+, Zr4+, La3+, 
Fe3+ were used for preparation of the washcoats. The compounds of Mn, Ni, Co, Fe and the platinum group 
metals were applied as the active phase. The synthesized catalysts were tested in the process of complete 
oxidation of NOx, CO, C3H8 and NOx+C3H6+O2 reaction. It was revealed that activity of Pd-Mo of catalysts 
increased at addition in composition of the carrier of cations Ce4+ и Zr4+. The activity of palladium catalyst 
in oxidation reactions CO was equal to 90-100% and was independent of the concentration of metal, in 
complete oxidation of C3H8 at 473-623 K it was 78-90%, for Pt -containing catalyst – 95-100%. It was 
revealed that in case of the catalysts with base metals introducing of Ti4+ significantly increased the degree 
of reduction of nitrogen oxides with propylene. 
Key words: catalyst, neutralization, waste gases, ecology

 

Introduction

The problem of cleaning of motor transport exhaust 
gases and the industrial wastes-one of the most urgent 
issue of the modern world. The exhaust gases of motor 
transport contain in their composition the hydrocar-
bons, carbon monoxide, nitrogen oxides, carcinogenic 
substances which are toxic substances and represent a 
considerable threat for health of the population [1-4]. 
Increase in number of means of motor transport – one 
of the reasons of deterioration in a condition of ecol-
ogy in the cities and large settlements. Today decrease 
in harmful emissions of motor transport and the indus-
try to the international standards is possible only by 
catalytic methods [5-7]. As the catalysts of CO and hy-
drocarbons oxidation and decomposition of nitrogen 
oxides are used mainly noble metals on carriers having 
a high catalytic activity and heat resistance to poisons. 
Creation of effective and stable catalysts of neutraliza-
tion of waste gases of the industry and exhaust gases 
of motor transport and research of physical and chemi-
cal bases of improvement of the catalytic systems – an 
actual issue in the field of an ecological catalysis. One 
of the promising directions in this area – the partial 
replacement of noble metal on the oxide component 
[8, 9]. The work purpose – synthesis of catalysts on 
block metal carriers and research of their effectiveness 
in the reactions of purification of toxic industrial and 
vehicle emissions.

Experimental

For preparation of the block carrier the heat-re-
sistant foil 50 µ thick exposed to goffering is used, on 
a strip of a smooth foil the strip of a corrugated foil is 
imposed, then both strips of a foil are displaced in the 
cylindrical block and are fixed by welding. The fol-
lowing stage in preparation of catalysts – the wash-
coat (a secondary carrier) is applied on the prepared 
block metal carriers with the honey comb structure of 
channels. In Figure 1 the laboratory samples of neu-
tralizers are shown. 

  

 
Figure 1 – the laboratory samples  

of neutralizers on metal blocks 



85Sassykova L.R. et al.

International Journal of Biology and Chemistry 10, № 1, 84 (2017)

As a washcoat with the addition of zeolite or alu- or alu-or alu-
mina modified by additives Ce4+, Ti4+, Zr4+, La3+, Fe3+ 
were used. For the preparation of solutions of the ac-
tive components of the catalysts oxides of Mn, Ni, Co, 
Fe, prepared from acetates and formiates were applied. 
The previously weighed blocks were immersed in the 
required solution, then were shaken slightly from 
the excess solution between channels of the blocks, 
then were dried at 423 K for 2 hours in an oven, af-
ter which they were calcined in an electric furnace at 
873 K for 2 h. The metal salts are decomposed to form 
metal oxides on the surface of the carrier the block. 
The blocks were weighed again and by a difference 
of masses before and after deposition the concentra-
tion of the deposited metal was determined. In case 
of use of catalysts on the basis of platinum metals in 
the reactions of oxidation of CO, hydrocarbons and 
nitrogen oxides decomposition platinum metals were 
transferred to a colloidal state. It was carried out by 
impregnation of catalysts by previously prepared solu-
tions of polymers with the added solutions of active 
metals with the subsequent thermal decomposition. In 
the work platinum nano-sized particles were prepared 
by reduction with hydrogen in an aqueous solution 
containing chloroplatinic acid and citric acid. As the 
stabilizer of colloid platinum particles isopropyl alco-
hol is used. The obtained colloidal platinum metal by 
such methods was coated on carrier block. The metal 
sols supported on the block carriers were dried in an 
oven for 4 h at the temperature of 423 K. The catalysts 
were heated in a muffle furnace at 773 K for 2 h. Also 
in the synthesis of catalysts acetates of Pt and Pd and 
their π-complexes as active components of catalysts 
are used. Solutions of acetate of palladium were pre-
pared by dissolution of Pd in the acetic acid containing 
3% of HNO3. Nitric acid was removed in the course 
of evaporation before complete finishing of release of 
nitrogen oxides. Π-complexes of Pd and Pt were pre-

pared by reacting of allyl alcohol with the salts of these 
metals with subsequent drying of the catalysts at 423 
K and calcination at T = 773 K for 2 h. For increase 
of thermal stability catalysts were modified with ad-
ditives of the second metal and oxides of refractory 
metals. For test of catalysts the flowing catalytic instal-
lation with the tubular reactor of integrated type was 
used and the reactions were investigated accordingly 
early developed method [10-13]. 

The gas mixture was prepared by feeding of hy-
drocarbons from container and the compressed air 
from the line into the mixer. The hydrocarbon con-
tent of the mixture was about 0.5. %. The oxygen 
concentration was varied from 2.0 to 10.0 vol.%. The 
gas mixture was analyzed by GLC and OPTOGAZ 
gas analyzer before and after the reaction. Crystal 
2000M and Chrom 3700 chromatographs with the 
flame ionization detector are used. Analysis duration 
– 20-30 min. The activity of the catalysts was deter- The activity of the catalysts was deter-
mined at temperatures of 423-773 K. 

Characteristic of activity of the catalyst was the 
degree of conversion (α) of initial reagent (hydrocar-
bon, carbon monoxide, nitric oxide), defined by the 
formula:

α = Сinit. – Сfin. – Сinit. ∙ 100 %,

where Cinit. and Cfin. – are the initial and final concen-
trations of a reagent in volume of a test. 

Results and discussions

As an example, the results on studying of influ-
ence of concentration of Pt and Pd in π-allelic com-
plexes on activity of block catalysts in reaction of 
oxidation of CO, C3H8 and reduction of NOx at a 
volume speed of a stream of gases – 35,000 h-1 are 
given in the Table. 

Table – Influence of concentration of π- allylic complexes of Pt and Pd on a degree of conversion of CO, C3H8,NOx

Catalyst 

The ac-
tive metal 
concen-
tration,

%

Conversion degree, % 
at the different temperatures of research of catalysts, K

CO C3H8 NOx

773 623 523 473 773 623 523 473 773 623 523 473

Pt 
π-allyl 0.01 100 100 89 16 95 85.0 50 0 20 20.7 13.9 0

Pt 
π-allyl 0.05 100 100 92 50 98 94.0 73 0 20.7 21.1 14.4 0

Pt 
π-allyl 0.1 100 100 100 87 100 99.0 73 17 34.2 36.7 17.1 1.2

Pd 
π-allyl 0.1 100 100 100 83 53 22.0 5.0 0 18.4 16.8 8.0 0

Pd 
π-allyl 0.15 100 100 100 90 59 32.0 18 0 24.0 26.6 16 0.5
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Data of the Table show that activity of palladi-
um-containing catalyst in reaction of oxidation of 
CO doesn’t significantly depend on concentration 
of metal and reaches 90-100% in the studied inter-
val of temperatures. By the way the efficiency of Pd-
catalyst in reaction of complete oxidation of C3H8 at 
low temperatures (623-473 K) was much lower, than 
that of the Pt-catalyst, and was 78-90%. The higher 
activity of the Pt-catalyst in reaction of NO reduction 
in comparison with Pd the catalyst was observed at 
contents of Pt equal to 0.1 % and T=773 K. 

Research of Pt and Pd catalysts on thermo stabil-
ity was carried out by maintaining of the catalyst with 
an interval of 5 h at Т=773 K in a reactionary gas 
mixture with the contents of 0.5 % of propane-butane 
with the subsequent analysis of products of reaction. 
The total duration of researches was 100 h. The most 
stable appeared the catalysts obtained from acetates 
Pt, less stable – on basis Pd. 

 1-0.1% Pt-initial Pt, 2- 0.1% Pt-50 h. of testing, 3-0.1% Pt- 100 
h., 4- 0.2% Pd-initial Pd, 5- 0.2% Pd-50 h. of testing , 6- 0.2% 

Pd-100 h. of testing
Figure 2 – Dependence of stability of catalysts in reaction of 

0.5 % of propane-butane in air oxidation

It’s known that by supporting of the second-by supporting of the second-supporting of the second-upporting of the second-
ary oxide covering on metal blocks of honey comb 
structure, as a rule, the carriers with the developed 
specific surface and porous structure are produced 
[14-16], and high thermal stability of the secondary 
oxide covering is provided with introduction to it of 
the modifying additives. There are the works about 
inclusion of cerium, zirconium, lanthanum cations 
into the secondary alumina coating, which stabilize 

γ-Al2O3 phase and provide resistance to poisons or 
sintering of Pt, Pd, Rh-active components of the cata-
lysts [ 17, 18]. 

In this work Pd-Mo-catalysts on Al2O3 car-
rier modified by additives of Ce4+, Ti4+, Zr4+, La3+, 
Fe3+ were prepared and investigated in reaction of 
NOx+C3H6+O2. Activity of Pd-Mo of catalysts in-
creased when modifying the carrier with cations of 
Ce4+, Zr4+. 

Activity of Pt-Cu catalysts on the zeolite-con-
taining carriers NaY, ZSM-5 and their hydrogen 
forms was studied. High activity of the catalyst is 
noticed when supporting of the active phase on the 
carrier in H+-form. A number of oxidic catalysts 
with the differing compositions of the secondary car- of the secondary car-of the secondary car-
rier (γ-Al2O3,γ-Al2O3+TiO2) and of the active agent 
(Co+Mn, Fe+Mn) promoted and not promoted by 
platinum is studied. Introduction of titanium dioxide 
into the secondary carrier considerably increases ex-
tent of reduction of nitrogen oxides by means of pro-
pylene on both compositions of oxidic catalysts in all 
interval of the studied temperatures (423-773 K) and 
was equal to 34% at 523 K on the Co-Mn-catalyst, to 
29% -on Fe-Mn, and at 773 K-33% and 55%, respec-
tively. Promotion with platinum improves the reduc-
tion ability of cobalt-manganese catalyst on Al2O3 
only at temperatures higher than 673 K. On the tita-
nium-containing sample in the presence of platinum 
degree of NO conversion is decreased.

The samples of catalysts based on platinum group 
metals were investigated by electron microscope EM-
125K with single stage replica method. In a sample 
with Pt the small congestions of dense particles which 
don’t grow together in units and are dispersed on a car-
rier surface are observed. The particles sizes are pre-
dominantly 10.0 nm, 5.0 nm and less 9.0 nm (fig.3, a). 
In the sample with Pd there are some isolated dense 
particles in size 12.0 nm-15.0 nm (fig.3, b). The plati-
num obtained by reduction in solution has the sizes 
about 15.0-18.0 nanometers, at the same time, the 
platinum colloid obtained by reduction with lemon 
acid had almost monodisperse distribution, the aver-
age size of particles was equal to 8.0 nanometers. It is 
found that the organometallic complexes of Pd and Pt 
at magnification of 33,000 times represent translucent 
areas of the clots of polymer filled with dispersed par-
ticles of 3.0 nm. At higher magnification (in the 62,000 
times) also small rare congestions of more dense par-
ticles of 5.0 nm in size are observed.

Investigation of Pt and Pd-containing catalyst 
by means of XPA showed X-ray scattering, which 
confirmed the high dispersion of catalysts obtained 
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by thermal decomposition of organometallic com-
plexes.

 

                       
                       a                                                        b 

Figure 3 – EM – pictures of distribution  
of noble metals: Pt (a), Pd (b) on the metal carrier

Physical and chemical researches of catalysts on 
the basis of base metals were carried out by XRD 
method on x-ray diffractometer DRON-4.0.7 with the 
copper anode. Samples for research were prepared by 
mechanical destruction of the catalyst put on a block 
metal framework. The fallen part of the catalyst was 
crushed in an agate mortar up to 100 µ and was used 
for research by method XPA. It was found, that the 
oxide catalysts represented spinel with cubic lattice 
NiMnO4 with peaks 2Å, 52Å, 148Å, 203Å. Also 
there were small intensive peaks of CeO2 (308Å) and 
alumina (160Å, 256Å). The conducted research of 
supports and catalysts by means of XPA showed the 
formation TiO2 – anatase structure, peaks 3.52; 1.89; 
2,38 Å. The carrier based on V2O5-WO3 – peaks 4.38, 
3,4, 2,8 Å, it has an orthorhombic lattice. In the ac-
tive phase NiO-crystal lattice is not formed. Catalysts 
based on base metals have been investigated with an 
electron microscope EM-on device 125M single by 
stage replica method. On a nickel-vanadium-tung-
sten sample the congestions of dense particles which 
don’t grow together in units and are dispersed on a 
carrier surface are observed. The sizes of particles 
were mainly 15.0-20.0 nanometers.

For samples of Pd-Mo catalysts (fig.4) there are 
found Al2O3 peaks ( 25.5, 35.0, 37.8, 43.4, 52.9). It 
was found that a position of a peak of PdO (it should 
be at aprox. 33.9-34.1) is insignificantly moved to the 
left, it is apparently due to slight interaction between 
Mo and Pd. Data XRD not don’t confirm formation 
of solid solution or alloy of Pd-Mo.

 

 Figure 4 – XRD image of Pd-Mo/Al2O3 catalyst  
(after calcination)

Conclusions

Catalysts for neutralization of toxic gases of the 
industry and motor transport on metal carriers with 
the honey comb structure of channels are prepared. 
For preparation of the secondary carrier were used 
either aluminum oxide or aluminum oxide with the 
addition of a zeolite or Ce4+, Ti4+, Zr4+, La3+, Fe3+. For 
preparation of solutions of the active components of 
catalysts are applied oxides of Mn, Ni, Co, Fe, ob-
tained from acetates and formiates. Also were syn-
thesized the samples of catalysts based on metals of 
the platinum group converted into colloidal state. 
The activity of Pd-Mo catalysts carrier is increased 
by modifying with cations Ce4+, Zr4+. The activity of 
the palladium catalyst does not depend on the metal 
concentration in the CO oxidation reaction and is 
about 90-100%. However, the effectiveness of the 
Pd-catalyst in the C3H8 complete oxidation reaction 
at low temperatures (623-473 K) is significantly low-
er than of Pt-catalyst, and is 78-90%. For catalysts 
based on base metals introducing into the secondary 
carrier of Ti4+ significantly increases the degree of 
reduction of nitrogen oxides with propylene, at 523 
K on a Co-Mn-catalyst – 34%, on Fe-Mn – 29%, at 
773 K – 33% and 55%, respectively. 
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Fractional composition of compounds of zinc and lead in light chestnut soils 

Abstract: The objective of this work was study and assessment of the main regularities of distribution 
of forms of finding of Zn, Pb in light chestnut soils of the territory of the island “Polkovnichii” (Semey, 
Kazakhstan) as a basis of assessment of influence of technogenic pollution and development for successful 
monitoring of a surrounding medium, protection of soils. It was found that average total of Pb content of 1.2 
times, of Zn content – 2.4 times lower than their clark contents in soils. The examined soils on the level of 
the average content of mobile forms of zinc are the medium soils by the presence of this element. Reliable 
direct correlative dependence on a humus and рН for acid soluble (extracting agent – 2.5% of CH3COOH) 
form of lead is revealed. Reliable positive correlative dependence on values рН the forms of Zn strongly 
bound to organic matter of the soil is found. It was revealed that the migration of forms of finding of lead 
and zincum on a profile of the soil happens nonuniformly: accumulation of zinc is noted in the top horizons 
of the soil – humic An and the humic accumulative horizon of A1. It was found that accumulation of lead 
happens in the illuvial horizon of B1 of the investigated soils.
Key words: zinc, lead, total content, mobile forms, migration, light chestnut soils 

 

Introduction

An information about the content of toxic ingre-
dients in the soil of a particular region take a very 
important place at solving majority practical environ-
mental problems of anthropogenic pollution [1-6]. At 
pollution level assessment as background usually take 
uncontaminated territories with a similar soil cover 
for which concentration of heavy metals is known [7, 
8]. In this case it is very difficult to observe the prin-
ciple of analogy because the urban soils – urbanozems 
strictly speaking under natural conditions have no ana-
logues. In this connection there is an urgent task of 
finding the local urbanized background that could be 
used to assess the level of soil contamination.

The aim of this research was study and assessment 
of the main regularities of distribution of forms of 
finding of Zn, Pb in light chestnut soils of the territory 
of the island “Polkovnichii” (Semey, Kazakhstan) as a 
basis of assessment of influence of technogenic pollu-
tion and development for successful monitoring of a 
surrounding medium, protection of soils.

Experimental

The natural light chestnut soils typical of “Polko-
vnichii” island were chosen for investigation. The re-

searched territory is located within the city of Semey 
of the East Kazakhstan region of the Republic of Ka-
zakhstan. The city of Semey is divided by the Irtysh 
River on left-bank and right-bank. In the middle of the 
Irtysh River there is an island “Polkovnichii” (fig.) 

The samples of all of the genetic horizons of the 
soil profile were taken for investigations. Determi-
nation of macrocomposition of all tests of soils (рН, 
a humus, CO2 of carbonates, granulometric com-
position) was carried out by standard methods [9]. 
Among the heavy metals as studying objects lead 
and zinc have been taken. The choice of these ele-
ments is explained two reasons: the first – the physi-
ological importance of zinc in living organisms and 
in particular for plants, and the second – the lack of 
information on the biogeochemistry of these ele-
ments on the island “Polkovnichii” needed to solve 
a number of scientific and practical issues [1-3, 7]. 
The content of heavy metals in the explored soils was 
determined on the KFK-3 device by a photocolori-
metric dithizone method by G.Ya.Rin’kis’s recipe 
[9-11]. The reproducibility of the method was equal 
to ± 4.2%. Selection of fractions of Pb and Zn was 
carried out by method of parallel extraction. All ana-
lytical data were processed by mathematical analysis 
and mathematical statistics in soil science according 
to E.A.Dmitriev [12]. 
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Figure – An island”Polkovnichii”,  
Semey 070000, Kazakhstan

Results and discussions

The obtained results showed (Table) that the aver-
age total content of lead in the general set of soil sam-

ples of the investigated territory in 1.2 time, of zinc – is 
2.4 times lower than their clark contents in soils. 

In magnitude of the average total content the 
studied heavy metals are arranged in such a way: 
Zn>Pb. On value of coefficient of a variation (in %) 
heavy metals in the researched soils are located in the 
following decreasing order: Pb (34)>Zn (17).

The content of total forms of heavy metals on a 
profile of soils is distributed unevenly. The maximal 
content of lead is characteristic of the illuvial horizon 
of B1, minimum – of the humic horizon A. The maxi- The maxi-The maxi-
mal content of a total form of Zn is characteristic of 
the humic horizon of An and the humic and accumu-
lative horizon of A1, minimum – of the transitional 
horizon of BC. The increased content of a total form 
of Zn in the humic and humic and accumulative ho-
rizons is explained by the increased contents in them 
of the maximum quantity of a humus, and also higher 
value рН. In turn, the increased content of a total 
form of lead in the illuvial horizon B1 is explained 
by the increased contents in this horizon of the maxi-
mum quantity of physical clay (<0.01 mm), possible 
carbonaceous and alkaline geochemical barriers.

Table – The lead and zinc total content of in the light chestnut soils of “Polkovnichii” island (in mg/ kg)

Metal Кv, М±m, V, % Clark in a soil 
[8]

Clark in the 
lithosphere [8]

Maximum concentration 
limit in the soil [4]

Pb 4.91 – 12.24 8.32 ± 1.05 34.0 10.00 16.0 100
Zn 14.84-23.67 20.86± 1.37 17.0 50.00 83.0 300

Note: Kv – a range of a variation, М±m – an arithmetic average and its mistake, V – variation coefficient.
 

As it was shown in numerous researches, an or-numerous researches, an or-
ganic matter and its components form various com-
plex compounds with heavy metals [1, 7], and the 
fine-grained mineral phase is the strong adsorbent of 
heavy metals [6]. Results of the carried out researches 
show that with increase in content of physical clay in 
the soil the content of a bulk form of lead increases, 
and also with increase in content of a humus in the 
soil the tendency to increase in content of a bulk form 
of Zn takes place. Reaction of aqueous soil slurries 
in the humic and humic and accumulative horizons 
is neutral, in particular, at values рН, the close to 
neutral, the maximum of absorption of heavy metals 
by organic matter and clay minerals is reached [6, 
13]. 

Amplitude of fluctuation of content of elements 
in the soil is a little various: for lead accumulation 
in the top horizon of the soil sharply increases with 

a depth, on the contrary, accumulation in the humic 
and accumulative horizon which gradually decreases 
is characteristic of Zn. It indicates that lead in the 
researched soils is less mobile metal, is capable to 
form steady compounds with finely dispersed min-
eral phase of the soil. It should be noted that zinc in 
these investigated soils relates to metals less mobile 
in the soil; a key role in this belongs to an organic 
substance capable of forming stable complexes with 
zinc, which is very important and has great practical 
significance for the management of migration and bi-
oavailability of this element in the soil. The research 
of the work showed that the observed the unequal 
correlation between the total content of heavy metals 
and indicators of humus, soil pH and physical clay. 
A positive reliable correlative dependence of content 
of a total form of lead only on availability of physi-
cal clay is revealed. In the investigated light chestnut 
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sandy loam soils reliable positive correlative depend-
ence between the total content of Zn and existence 
of a humus, and also value рН is found. The estab-
lished level of total contents in soils of the studied 
urbanized background is much lower than the recom-
mended maximum permissible limits. V.V. Kovalsky 
established the threshold concentrations of some ele-
ments in soils according to their possible pathologi-
cal influences on farm animals [14]. When compared 
with these threshold concentrations total zinc content 
is within the lower threshold boundary. The investi-
gated light chestnut soils of “Polkovnichii” island are 
characterized by low total zinc content in comparison 
with soils of different regions [10, 11, 13, 14]. Ac-
cording to gradation to Ya.V. Peyv and G.Ya. Rin’kis 
[9], by the level of average content of the mobile 
form of Zn the researched soils belong to the medium 
soils accordingly presence of this element. 

Data on the background content of zinc and lead 
in the studied soils are very valuable, give the pos-
sibility of systematic observations in this natural re-
gion and improve the objectivity of the evaluation 
of the emerging environmental conditions. In recent 
years farmers to the soil introduce Zn-containing fer-
tilizers therefore carrying out a research of influence 
of physical and chemical properties of soils of the 
region on effectiveness of zinc fertilizers has applied 
value. Thus, as a result of the research it was found 
that the studied soils are characterized by deficiency 
of zinc content and by the level of the average content 
of mobile forms of zinc belong to the medium soils 
by the presence of this element. This must be consid-
ered when using zinc-containing fertilizers into the 
soil. It is necessary to carry out detailed investigation 
of the influence of physical and chemical properties 
of the soil in the region on the effectiveness of zinc 
fertilizers, and to continue research in this direction.

Conclusions

So, the soils of the island “Polkovnichii” (Ka-the soils of the island “Polkovnichii” (Ka-
zakhstan) were studied. It was found that the total 
content of lead fluctuated from 4.91 to 12.24 mg/kg, 
the average value was equal to 8.32 mg/kg, the coef-
ficient of a variation was equal to 34.0%; the total 
content of zinc was in limits of 14.84-23.67 mg/kg, 
the average value was equal to 20.86 mg/kg, the coef-
ficient of a variation was twice less, than for lead and 
amounts 17%. It was revealed that the average total 
content of lead in 1.2 times, zinc – 2.4 times lower 
than their clark contents in soils. The total content 
of zinc in the soils of the examined area is located 
within the lower threshold limits. Migration of forms 

of finding of lead and zincum on a profile of the soil 
happens nonuniformly: accumulation of zinc is noted 
in the top horizons of the soil – humic An and the hu-
mic accumulative horizon of A1. It indicates the lead-
ing role of soil organic matter in accumulation of this 
element. Lead accumulation occurs in the illuvial ho-
rizon B1 of the investigated soils, due to the increased 
content of physical clay in this horizon.
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Synthesis of cryogels based on bentonite clay-polyacrylic acid  
and research their physical-chemical properties 

Abstract: In this paper, we present ways of synthesizing sorbents based on bentonite clay-polyacrylic acid 
used in industrial wastewater and studying their physico-chemical properties. Cryogels were synthesized 
by radical polymerization based on bentonite clay (BС), brought from the East Kazakhstan region of 
Tarbagatai region, and polyacrylic acid (PAA), characterized by porosity by the definition of physico-
chemical properties. 1 %, 3 % and 5 % of bentonite clay, 0,25 % ammonium persulfate and 0,25 % sodium 
metabisulphite as initiator, 10 % acrylic acid, 10 % sodium hydroxide were used of synthesis of cryogels 
based on BC-PAA. The optimal temperature is -30°C and 24 hours. In addition, the physico-chemical 
properties of obtained cryogels based on BC-PAA are investigated, and their density is about 1,5531 g/cm3, 
yield 95 %. This shows the economic efficiency of cryogels. Morphological structure of composite cryogels 
were carried out on a Leica DM 6000M optical microscope, Ntegra THERMA atomic force microscope 
and Quanta 3D 200i Dual system scanning electron microscope, which resulted in porosity, chemically 
crosslinked, homogeneous and negatively charged composite cryogel. Sorption properties of cryogels in 
relation to ions of heavy metals are considered.
Key words: bentonite clay, polyacrylic acid, composite material, sorbent, heavy metal ions.

Introduction

The results of saving natural resources and an-
thropogenic conditions, as well as environmental 
problems of maintaining a balance in the environ-
ment, are increasing day by day. One of such envi-
ronmental problems is the problem of pollution of 
industrial wastewater, non-compliance with the es-
tablished requirements of water quality.

One such composite material that meets these re-
quirements is cryogels. Cryogels have several special 
properties, the main of which is porosity. This prop-
erty makes it possible to apply them in all branches 
of science and technology.

In the development of the science of chemistry 
for the purification of industrial wastewater sorp-
tion methods differed. Recently, for this purpose, 
according to the correspondence of organic and in-
organic polymers, the importance of the use of com-
posite materials in which the mechanical, physico-
chemical and sorption properties have improved is 
growing.

The following are the causes, for which clay and 
polyacrylate were chosen:

1) polyacrylic acid does not belong to the colo-
nies of the polyanions, that is, it is an ion with an 
negative spell. Bentonite clay conjoin from particles 
with detrimental spells, that is, two two-component 
gel are identical sponges. If they were illegal, then, 
in the result of the electro-tactical action, a saline 
complex would appear, and then an unequal con-
nection. Components of displacement with the same 
name can connect with one another with non-circu-
lar forces, such as water links, hydrophobic activi-
ties. Such a system is characterized by the following 
features: the collected crucifixes are single-handed 
and protect the important of their creatures – a 
whirling cope.

2) cryogel has active centers (-COOH, -OH) and 
hydrophobic groups that support the binding of metal 
ions. In connection with these objects, it is possible 
to suggest that the materials on their basis can bind 
ions of heavy metals.

For these reasons, in this work, the possibility 
of obtaining cryogels based on polyacrylic acid and 
bentonite clay at different times and in different ra-
tios of the original components was investigated. The 
influence of various external factors was considered: 
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the amount of bentonite clay (1, 3, 5 mol.), tempera-
ture, concentration of the medium.

It can be argued that the reason for introducing 
bentonite clay into the PAA cryogel is to increase the 
coping resistance of cryogels. Therefore, bentonite 
clay is a good sorbent, it copes heavy metal ions up to 
100 %. Therefore, due to the growth of PAA cryogels 
and the high coping efficiency of BC, it is possible to 
receive a sorbent with a high sorbent cope. 

Materials and methods

In this work cryogels were synthesized based on 
bentonite clay, brought from the East Kazakhstan re-
gion of Tarbagatai region and polyacrylic acid.

For studying interaction of bentonite clay with 
organic polymer for the beginning have prepared and 
have purified bentonite clay. Clay represents itself mix 
of particles of various sizes and contains, except clay, 
numerous impurity of other minerals. The used ben-
tonite clay of the field Manyrak (East Kazakhstan re-
gion) of pink color was purified with the help of Salo 
method. Fat repeated washing by the distilled water. 

Three phases are determined by results of X-ray-
phase analysis (DRON-4-07) in composition of the 
studied bentonite clay: α-quartz SiO2, montmorillon-
ite Al[OH]2{Si4O10}

.mH2O  and amorphous phase. In 
this structure montmorillonite prevails.

The most optimal condition was chosen by chang-
ing and observing several times the condition of ob-
taining and composition of the cryogel. Synthetic 
cryogels were synthesized based on 10% polyacrylic 
acid (PAA) by the method of polymerization. As a 
result, the crosslinking agent used N, N’-methylene-
bis-acylamide (MBAA), initiate-ammonium sulfate 
(APC) and sodium methabisulfite (SMBS), used so-
dium hydrate and water. At the time of bentonite clay 
content of 1 %, 3 % and 5 %, 10 % PAA, 10 % hy-
drochloride of total mass, 1 % N, N’-methylene-bis-
acylamide, 0,25 % ammonium peroxide and 0,25  % 
sodium methabisulfite from the scale of the mono-
mer. The cryogels PAA and BC-PAA were obtained 
with a radial polymerization at a temperature of -30 
°C for 24 hours [1].

Results and discussion

The physicochemical properties of synthesized 
cryogels based on BC-PAA have been studied. For 
studying of the density, kinetics of swelling and the 
morphology of the gelled gels an optical microscope, 
scanning electronic microscope, an atom-force mi-
croscope was used.

Composition and the physico-chemical charac-
teristics of the produced composite gels are shown 
in Table 1.

Table 1 – Physicochemical characteristics of composite cryogels

Structure (weight. %) G, % S, % j, % ρ,  г/cм3

Gel PAA 57,7 42 6,52 1,2070
Cryogel PAA 90,3 10 3,21 1,5974
Cryogel BC-PAA (1:10) 90,8 9 3,14 1,5781
Cryogel BC-PAA (3:10) 91,7 8 3 1,5677
Cryogel BC-PAA (5:10) 95,9 4 2,27 1,5531

G – yield of cryogels, %; S – the output of the sol fraction, %; j – degree of cross-linking, %; CA = 1 %.

As can be seen from the table, for all comedy 
cryogels there is one common sign: when the clay 
is increased in size, the yield of cryogels increases, 
and the yield, the role of the fraction and the degree 
of reduction decrease [2]. The output of the frac-
tion of the solution is peppered to the output of the 
clay, that is, it decreases. Sol fraction shows quan-
tity not polymerized monomers in clarification time 
cryogels. With the decrease of this value, the output 
of clay increases, so that it may be suppressed that 
polycrystalline substances enter into polimeriza-

tion. The reason for the decrease in the degree of 
crosslinking from the clay, as the clay increases in 
the composite, is that the quantity of the polimeral 
agent in according decreases, so the degree of cross-
linking decreases. 

The density of cryogels based on BC-PAA was 
measured on the basis of the Radwag AS 220/X. The 
component of the synthesized cryogels, that is, when 
the quantity of BC increases in size, and increases in 
size, in proportion, the density decreases. The reason 
for this is the coexistence of BC, in which the mol-
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ecules of monomers are introduced, forming single, 
well-built composite cryogels [3]. 

When studying the properties of the collected 
cryogels, you must first pay attention to the disinte-
gration and the morphological structure of the clay in 
composite. The literal review shows that the process 
of formation of emotions occurs on many intermedi-
ate stages. At the first stage, the tactoid appears, that 
is, the polymer disposes of the agglomerates of the 
organoclay. In the second stage, there is a transition 
of the polymer to the interstitial space of the organo-
clay, in the course of which they are exposed to 2-3 
nm. On the third stage, the disintegration of the clay 

layers of the organoclay. On the next stage there is a 
crumbling with a thin layer. But, in the formation of 
polymeric nanocomposites, higher structures may be 
higher than this, which is linked to the degree of clay 
pumping. Because of the higher quantities and the 
low degree of clay in the polymeric material, there 
may be agglomerates of minerals.

On the results of the studies of cryogels with the 
help of an optical and an atomic-force microscope, it 
is possible to see that the upper layer of the structure 
of the body is slightly spoiled. This proves that the par-
ticles of BC are introduced into the polymeric grids, 
and a one-way interconnected gel is formed (Figure 1).

PАA cryogel BC-PАA cryogel

Figure 1 – Figures of cryogels obtained by optical microscope and an atomic-force microscope (AFM)

Interest to the microstructure of the gel is asso-
ciated with the possibility of using them in the ca-
talysis at the rate of the source, on electronic micro-
equipment. In physical gels, polymer chains, when 
linked, form microstructures such as aggregates, mi-
celles, multiplets, crystallites [4]. The size of these 
microstructures, as indicated by the avtop, is in the 
range of 1-100 nm [5]. The formation of crystalline 
gels is indicated in the examples in the complexes 
sodium yellow-alginate, PAA gels. In the opinion of 

detectors, the smallest dimensions of these crystals 
are 1 nm, in the range 4,6-7,1 nm, and they fulfill 
the role of cross-linked sites of networks from poly-
mer networks. For the further establishment of the 
morphological structure of BC-PAA cryogels with 
the method of scanning electron microscopy, stud-
ies were carried out (Fig. 2) [6]. From the received 
information, it is possible to observe that the cryogels 
are composed of microstructural units with a size of 
5-10 nm.
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Bentonite clay PАA cryogel

BC-PАA cryogel (1:10) BC-PАA cryogel (3:10)  BC-PАA cryogel (5:10) 

Figure 2 – Figures SEM of the BC-PAA cryogel

Sorption is one of universal methods in purifica-
tion of the dissolved organic substances, an also of 
ions of heavy metals. In the same purposes, artificial 
and natural sorbents are much used. Therefore that, 
sorbents belong to effective, easily available materi-
als in sorption of ions of heavy metals. Researches 
of sorption of ions of heavy metals by cryogels for 
an assessment of their sorption ability are conducted. 

Results of sorption of cryogels based on BC-PAA 
in solutions of ions of metals are given in figures 3-4. 
By results of a research, sorption of cryogels BC-
PAA on 3 days was in limits ~ 80-90%.

First, if cryogels based on bentonite clay and 
polyacrylic acid compare with PAA cryogel, it is vis-
ible that sorption values high (figures 3-4). It can be 
explained with presence of bentonite clay at structure 
of cryogel. High sorption ability of bentonite clay are 
investigated in many works. Increase in sorption val-
ue with increase in content of bentonite clay is con-
nected with electrostatic interaction.

0 1 2 3 4 5 6 24 48 72
0

20

40

60

80

100

4
3
2

1

А , %

час

 Crygel BC-PAA; NaOH = 10%; CA = 1,0%;
Initiator = 0,5%; CPb2+ = 10 mkg/ml; τ = 72 h

PAA – 1; [BC:PAA] = [1:10] – 2; [3:10] – 3; [5:10] – 4.

Figure 3 – Sorption kinetics of cryogels in lead solution
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 Crygel BC-PAA; NaOH = 10%; CA = 1,0%;
Initiator = 0,5%; CCd2+ = 10 mkg/ml; τ = 72 h

PAA – 1; [BC:PAA] = [1:10] – 2; [3:10] – 3; [5:10] – 4.

Figure 4 – Sorption kinetics of cryogels in cadmium solution

Conclusion

Composite cryogels have been synthesized based 
on bentonite clay-polyacrylic acid at different time 
and temperature by radical polymerization. Among 
these was selected the most optimal – the received 
cryogel at a temperature of -30 °C for 24 hours.

The physicochemical properties of the produced 
cryogels based on BC-PAA are studied, their density 
is approximately 1,5531 g/cm3, the yield is 95 %. It 
shows that, cryogels  – economic favorable. Mor-
phological structures composite cryogels are inves-
tigated and in result of what existence of a time and 
education, uniform and mutually compatible, nega-
tively loaded composite cryogels have been revealed. 
Physico-chemical studies have shown that the com-
ponents of the formation form a complex in terms 

of the water connections stabilized by hydrophobic 
interactions. Values of sorption of BC-PAA compos-
ite cryogels from PAA cryogel is considerable in dif-
ference high (~90 %).
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