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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 publi-
cation of a Journal, displaying results of current studies in the field of biology and chemis-
try, 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 informa-
tion between the scientists from all over the world. We welcome publishing original papers 
and materials of biological and chemical conferences, held in different countries (after the 
process of their subsequent selection).

Creation of special International Journal of Biology and Chemistry is of great impor-
tance, 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 em-
phasized 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 chemi-
cal and physical properties and structure of oil and coal; theoretical and practical issues in 
processing 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 biological and chemical sciences on practice and 
carrying out research on the subject, whether it relates to the production of new materials, 
technologies and ecological issues.
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Investigation of the impact of iodine coordination compound  
on production of interleukin-4 and interferon-γ in vitro and  

primary evaluation of local irritation in vivo

Abstract: It is known that some iodine-containing drugs have pleiotropic effects on the body’s immune 
response. The immune system can both inhibit and activate the production of pro-inflammatory and anti-
inflammatory cytokines in response to stimuli. Those properties can be valuable when developing drugs 
for various purposes as well as for evaluating their safety. Key regulatory cytokines that can be involved 
in the response to iodine are IL-4 and IFN-γ. Therefore, relation of those cytokines is often regarded as a 
marker when evaluating cellular and humoral immunity, including allergies. Studies of an allergic response 
to iodine give conflicting results. Difficulties in interpreting results are usually associated with the fact that 
molecular iodine is not able to cause an allergic reaction on its own. However, by acting as a hapten, iodine 
is capable of forming bounds with the body’s proteins and consequently can induce immune response to 
iodinated proteins. Thus, by studying production of IL-4 and IFN-γ we can characterize effects of new 
iodine coordination compound on some components of the immunity. This paper presents the results of our 
study, where we evaluated cytotoxicity and the ability to induce production of IL-4 and IFN-γ cytokines 
by MDCK (Madin-Darby canine kidney cells) and PBMN (mononuclear cells from peripheral blood) after 
treatment with a new coordinated compound (KC).  KC is a drug that contains a multiple polymer complex 
comprising of molecular iodine coordinated by lithium and potassium halides, di- and tri-peptides and 
α-dextrin. An induction of IFN-γ was only detected in PBMN cells treated at concentrations close to 50% 
cytotoxic concentration (СС50), which can be interpreted as a cytotoxic effect. In vivo study showed the 
absence of irritating effect on the skin of tested animals. Treatment had no impact on the body weight of 
rabbits. Results of this study add new knowledge to the influence of iodine complexes on immunity.
Key words: iodine coordination compound, molecular iodine, toxicity, cytokine, local irritation effect.

Introduction

Iodine is a micronutrient that is vital at all stages 
of life and is of a crucial importance for the proper 
function of all organ systems [1]. Iodine complex 
compounds are applied to a broad spectrum of pro-
cedures in medicine in form of biocides [2]. Molec-
ular iodine and its complexes also show properties 
of antineoplastic agents, by inhibiting proliferation 
of cancer cells [3]. However, practical use of iodine 
complexes shows negative side effects in some cases. 
Some of the published work describes various harm-
ful effects of iodine, such as thyroid toxicity, local 
irritating effect on mucosa and so-called iodine al-
lergy [4-6]. 

In clinical practice, the term “allergy” is used to 
refer to a broad variety of immune responses. Iodine 
does not have antigenic properties, which means that 
it is not recognized by the immune system and is not 
able to trigger an allergic reaction by itself. However, 
iodine may cause immune responses as a hapten mol-
ecule when attached to larger proteins [7; 8]. Povidone 
iodine, which is widely used in medicine, may cause 
adverse skin reactions from a simple skin irritation to a 
serious rash resembling chemical burn. Iodinated con-
trast dye, which is administered intravenously as an X-
ray radiocontrast agent can cause an allergic reaction, 
in some cases leading to anaphylaxis [9-11].

In addition, iodine solutions produce diverse ef-
fects on the production of certain cytokines. An in-



5

International Journal of Biology and Chemistry 11, № 2, 4 (2018)

R.Т. Kenzhebekova et al.

duction of TNF-α is effectively inhibited by iodine 
solution in case of rabbit skin inflammation after 
treatment with mustard gas [12]. Similar effect is ob-
served when iodine solutions are administered to rats 
with testosterone-induced oxidative stress [13]. 

Contrariwise, an excess of iodine intake in form 
of iodides leads to increased level of IL-6 and TNF-α 
in serum [14]. Treatment of lymphocytes with Lu-
gol’s solution in vitro results in the production of 
TNF-α, but not IL-6 or IL-8 cytokines. Simultane-
ously, interaction of KI3 with keratinocytes does not 
induce cytokine response [15]. An oral rinse with io-
dine solutions in chronic gingivitis reduces clinical 
manifestations of inflammation as well as the level of 
IL-2 and IFN-γ production in biopsy material [16]. It 
is well known that a high level of iodine intake can 
activate autoimmune mechanisms [17]. This patho-
logical process underlies the autoimmune diseases 
of the thyroid gland [18]. It should be noted that an 
effect is dependent on the chemical form of iodine 
entering the body. 

Thus, for the proper evaluation of immune re-
sponses 2 types of cytokines have to be studied, 
which are proinflammatory (type 1 cytokines, includ-
ing interleukin-2 (IL-2) and interferon-γ (IFNγ), that 
promote cell-mediated immune responses; and anti-
inflammatory (type 2 cytokines, including IL-4 and 
IL-10), that promote antibody production and allergy.

Therefore, the purpose of this work was to study 
an effect of a new iodine coordinating compound 
(KC) on the production of IL-4 and IFN-γ. Cell lines 
that were used as models are human peripheral blood 
mononuclear cells (PBMN) and Madin-Darby canine 
kidney cells (MDCK) that are able to form multilay-(MDCK) that are able to form multilay-
er culture and produce some cytokines [19]. Rabbits 
were used as in vivo models for primary evaluation 
of local irritation.

Materials and methods

Test substance. KC is a multiple polymer com-
plex consisting of molecular iodine coordinated by 
lithium and potassium halides, di- and tri-peptides 
and α-dextrin [20].

Cells. MDCK cell line was purchased from Rus-
sian Cell Biotechnology Laboratory and PBMN cells 
- from RSE on REU “Republican Blood Center” of 
the Ministry of Healthcare of the Republic of Ka-
zakhstan, donor denotation code 1410104939, con-
tract No. 49, from March 1, 2018.

Isolation of mononuclear cell fraction. Human 
peripheral blood was pre-mixed with 6% dextran so-
lution in a 50 mL polypropylene centrifuge tube to 

precipitate erythrocytes. Then, the supernatant was 
washed, resuspended and fractionated by density gra-
dient centrifugation on Ficoll-Paque (Sigma, USA), 
corresponding to the floating density of human mono-
nuclear cells (density = 1.078) at 4 ºС, 3000 rpm for 
20 minutes (Centrifuge 5810R; Eppendorf, Germa-
ny). The mononuclear cell fraction was washed by 
centrifugation and resuspended in RPMI-1640 cul-
ture medium (Sigma, USA). The percentage of viable 
cells was assessed using trypan blue incorporation. In 
all the experiments, suspensions with a percentage of 
viable cells greater than 90 % were used. 

Cell culturing. Cells were cultured in RPMI-
1640 medium supplemented with 10 % heat inacti-
vated FBS, 100 U/ml penicillin and 100 μg/ml strep-
tomycin at 37 ºC in humidified environment of 5 % 
CO2 for 24 hours before treatment. Cell viability was 
assessed by trypan blue (Sigma, USA). Cell culture 
with the percentage of viable cells greater than 90 % 
was used in the experiment.

Cytotoxic effects of КС. The cytotoxicity of КС 
determined by cell uptake of 3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyl-tetrazolium bromide (MTT; Sig-
ma, USA) colorimetric assay. Estimation of cell vi-
ability by MTT method is based on the measurement 
of cellular mitochondrial dehydrogenase activity 
[21]. Cells were cultured in 96-well plates (BRAND 
plates, Germany) at a concentration of 3x104 cells/
well, including 200 μl fresh medium. After 24 hours 
of incubation, growth medium was removed from 
wells and 200 μl of KC diluent containing seven dif-
ferent concentrations, namely: 0.01, 0.06, 0.31, 0.78, 
1.56, 3.91 and 7.82 mM, were added. Wells with 
negative control samples contained 200 µl of nutrient 
medium without any substance. Photometric mea-
surement of the optical density of dissolved formazan 
was performed on a Sunrise RC.4 microplate reader 
(Tecan, Austria) at the wavelength of the main filter 
of 540 nm and a reference wave of 620 nm. To calcu-
late 50 % cytotoxic concentration (CC50) GraphPad 
Prism V6 (GraphPad Software; La Jolla California 
USA) was used for each tested compound.

Study of IFN-γ and IL-4 cytokines production af-
ter KC treatment. IFN-γ was evaluated by enzyme-
linked immunosorbent assay using a commercial kit 
Gamma-Interferon (JSC Vector-Best, Russia). IL-4 
was evaluated by enzyme-linked immunosorbent 
assay using a commercial kit IL-4 (R&D Systems, 
USA). To determine the production of IFN-γ and IL-
4, mononuclear and epithelial cells suspensions were 
dispersed into 96-well plates (BD Falcon, USA) at 
a concentration of 105 cells/well and incubated in a 
CO2 incubator for 24 hours in complete culture me-
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dium containing various concentrations of KC. 10% 
RPMI-1640 culture medium was used. Sterile de-
ionized water was used as a negative control in all 
experiments. ConA was used as a positive control. 
It is widely used as a potential agent able to induce 
production of a wide range of cytokines in vitro [22]. 
For ELISA assay cell culture supernatant was used. 
Measurement of optical density was performed on a 
Sunrise RC.4 microplate reader (Tecan, Austria) us-
ing Magelan 2.0 software (Tecan, Austria) at a wave-
length of 450 nm with a reference filter at 650 nm. 
Concentration of released cytokines and standards 
was calculated using GraphPad Prism V6 (GraphPad 
Software; La Jolla California, USA).

Skin irritation test on animals. Three male rab-
bits were obtained from the Scientific and Practical 
Center of Sanitary and Epidemiological Expertise 
and Monitoring (Almaty, Kazakhstan). The animal 
studies were conducted in accordance with the pro-
cedures and principles outlined in the Guide for the 
Care and Use of Laboratory Animals by the National 
Institutes of Health (NIH, USA). The rabbits were in-
dividually housed in environmentally monitored and 
ventilated rabbit experimental room I, maintained at 
15-21°C temperature and a relative air humidity of 
30-70%. Feed and water containers were changed 
and sanitized once a week at least. Before the study, 
rabbits were acclimated for 24 days. The study was 
approved by the Ethics Committee of the Scientific 
Center (Protocol No. 25/13).

The study was started with administration of one 
animal. No signs of irritation were observed within 
72 hours, thus next two animals were administered 
in the same manner. Approximately 24 hours before 
the study, fur was removed by closely clipping the 
dorsal area of animal trunks, approximately 10 x 15 
cm in size. The operation was performed carefully 
to prevent abrading of the skin, which could alter 
its permeability. Only animals with healthy intact 
skin were used. The KC in the amount of 0.5 ml was 
administered on application site of 2.5 x 2.5 cm in 
size. After the administration the corresponding skin 
surface was covered with a patch and non-irritating 
tape. Control sites were administered with 0.5 ml of 
water for injection only and the corresponding skin 
surface was covered with non-irritating patch and 
tape (2.5 x 2.5 cm in size). The exposure period was 
4 hours. At the end of the exposure period residual 
application form was removed with a small quantity 
of water for injection. All the rabbits were individu-
ally weighed at delivery before administration and 
at the end of the study. The animals were euthanized 

by injecting the overdose of pentobarbital at the end 
of the study.

Statistical data analysis. Results are presented as 
the means ± SD of three independent experiments. 
The method of dispersion analysis with nonparamet-
ric procedures was used in this study according to the 
abnormal distribution of data. Statistical significance 
of experimental values when comparing with control 
was assessed by the GraphPad Prism version 6 for 
Windows (GraphPad Software; La Jolla California, 
USA), using Mann-Whitney test, Kruskal-Wallis 
one-way analysis and nonlinear standard curves for 
ELISA test. Values of P>0.05 were considered as in-
significant. 

Results and discussion 

Cytotoxicity of KC. CC50 was calculated after 
treatment of MDCK and PBMN cells with KC using 
Hill equation in GraphPad Prism (Table 1). The dif-
ference between concentrations of two cell lines was 
non-significant (P>0.05). No selectivity was found. 
The results also indicate that iodine had a direct ef-
fect as an oxidizing agent on membranes of MDCK 
and PBMN cells.

Table 1 – Comparative CC50 values of KC in monolayer and sus-
pension cells

Cell lines CC50 (Mean ± SD), mM
MDCK 1.45 ± 0.22
PBMN 0.74 ± 0.04

In dose-response analysis for KC on a logarith-
mic scale after 24 hours of exposure (Figure 1) KC 
“dose – response” log-curves were characterized by 
a classical sigmoidal shape.

According to the chart, MDCK line is steeper 
than that of PBMN. This can be explained by the dif-
ference in the type of cultured cells, monolayer and 
suspension.

The level of the production of IFN-γ and IL-4 
cytokines. ELISA assay was done to determine the 
levels of cytokines in MDCK and PBMN cell super-
natants pre-treated with KC. MDCK culture did not 
produce IFN-γ and IL-4 after 24 hours of exposure 
with KC (Table 2). 

However, KC induced production of IFN-γ by 
human mononuclear cells at high concentrations 
(Table 3).
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Figure 1 – Log-curves “dose – response” for KC
Note: MDCK – MDCK cell,  

PBMN – mononuclear cells from peripheral blood

Table 2 – Production of cytokines by MDCK after 24 hours of 
treatment

KC concentra-
tions, mM

Cytokine concentrations, pg/ml

IFN-γ IL-4

NC 1.56 ± 0.67 1.76 ± 0.71

PC 13.71 ± 1.05* 29.05 ± 1.10*

7.82 1.15 ± 0.06 1.12 ± 0.32

3.91 1.78 ± 0.13 2.00 ± 0.67

1.56 0.00 1.50 ± 0.56

0.78 1.77 ± 0.51 0.00

0.31 0.00 1.48 ± 0.54

0.06 1.82 ± 0.54 1.82 ± 0.80

0.01 0.00 1.28 ± 1.47

Note: NC – negative control, 
PC – positive control; * P<0.05 vs NC

Iodine complexes and solutions (KI3 and PVP-
iodine), when exposing locally to both damaged and 
healthy epithelial tissue in vivo or in vitro can either 
suppress the production of TNF-α and IL-2 proin-
flammatory cytokines or not act at all [23-25]. Due 
to such features it is often concluded that iodine solu-
tions have anti-inflammatory properties [26]. How-
ever, we observed that an effect on cytokines produc-
tion depends on the type of cells used. For example, 
treatment with high concentrations of KC showed 
that only PBMN cells are able to response with the 
production of solely IFN-γ cytokines. We did not 
observe a response from MDCK cells. It should be 
noted that the studied cytokine IL-4 plays an essen-

tial role by promoting Th2 cell differentiation while 
inhibiting Th1 cell differentiation. The pleiotropic 
effect of IL-4 reveals the important role that this cy-
tokine plays during a normal immune response [27]. 
Presence of IL-4 during in vitro priming determines 
the lymphokine-producing potential of CD4+ T cells 
from T cell receptor transgenic mice. An association 
of IL-4 with allergic reactions is also significant. IL-4 
increases production of IgE [28]. Nevertheless, the 
lack of IL-4 production and increase of IFN-γ expres-
sion when administering KC at high-doses (3.9–7.8 
mM) can only be interpreted as cytotoxic effect of 
KC on PBMN cells. Correlation of IL-4 and IFN-γ 
and their imbalance are often considered as indica-
tors of certain pathological processes. Therefore, the 
absence of PBMN cells reaction to KC at concentra-PBMN cells reaction to KC at concentra-concentra-
tions lower than 1.5 mM can indicate lack of disregu-
lating properties on the studied components of the 
immune system [29-31]. 

Table 3 – Production of cytokines by PBMN after 24 hours of 
treatment

KC concentrations, 
mM

Cytokine concentrations, pg/ml

IFN-γ IL-4

NC 1.56 ± 0.67 0.00

PC 39.13 ± 1.05* 6.07 ± 1.31*

7.82 791.02 ± 1.56* 0.00

3.91 900.73 ± 0.95* 0.00

1.56 0.00 0.00

0.78 0.00 0.00

0.31 0.00 0.00

0.06 0.00 0.00

0.01 0.00 0.00

Note: NC – negative control, 
PC – positive control; * P<0.05 vs NC

Skin irritation test on rabbit. All rabbits were ob-
served daily for clinical signs, morbidity or mortality 
during the study. Changes in the skin, gait, somatic 
activity and behavior pattern were also observed. The 
visual aspect of each application site was evaluated 
in 1 hour after treatment. After removing the patch, 
time intervals of 24, 48, and 72 hours were investi-
gated and the skin reaction for erythema and oedema 
was graded according to the following table classifi-
cation system for skin reaction (ISO 10993-10). The 
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daily clinical observation of the general health status 
of all tested animals revealed no pathological abnor-
malities. 

The erythema and oedema on rabbits were not 
observed. The irritation index was 0. Therefore the 
irritation response has been defined as negligible. 
The body weight (Table 4) of the animals was not 
negatively affected by the KC application. The body 
weight increases of all the rabbits were normal and 
corresponded with their age.

Table 4 – Body weight of rabbits, kg

Animal 
No.

At delivery Before
adminis-
tration

48 hours 
after 

adminis-
tration 

72 hours 
after 

adminis-
tration 

M 1 2.90 3.18 - 3.38

M 2 3.00 - 3.38 3.58

M 3 2.68 - 3.20 3.29

Evaluation of local irritating effect of iodine-
containing drugs (primarily PVP-iodine) remains 
relevant since there are clinical incidences of contact 
dermatitis in some patients in the postoperative pe-
riod [32]. Moreover, a degree of irritation with PVP-
iodine is dose-dependent [32; 33]. Despite the devel-
opment of alternative test methods in vitro, clinical 
manifestation of the irritation effect to test substance 
is a valuable prognostic marker [34]. The results, 
obtained from evaluating KC irritating effect on rab-
bits’ skin, showed the absence of damaging proper-
ties. Some researchers believe that the complexation 
of iodine with polymers can reduce the irritating ef-
fect of iodine [35]. Molecular iodine, which is con-
tained in KC, is localized inside of the dextrin helix 
in form of a polyiodide. Peptides create a competitive 
environment with body proteins, which ensures high 
stability of the complex [36]. These features may 
possibly explain the absence of disregulating proper-
ties on some components of immunity and local ir-
ritation.

Conclusion

Madin-Darby canine kidney cells (MDCK) and 
mononuclear cells from peripheral blood (PBMN) 
were treated with a new iodine coordination com-
pound (KC). Close to 50% cytotoxic concentration 
(СС50) is estimated as 1.45 mM for MDCK and 

0.74 mM for PBMN. We detected an induction of 
IFN-γ in PBMN cells treated with KC at concentra-
tions close to СС50 (from 7.82 to 3.91 mM), which 
can be interpreted as a cytotoxic effect. KC also 
does not irritate rabbits’ skin. The results, obtained 
from evaluation of KC irritating effect on rabbits’ 
skin, showed the absence of deteriorative proper-
ties. Results of this study add new knowledge to 
the influence of iodine complexes on immunity. 
Obviously, future experiments aim to analyze im-
mune response, through other key cytokines pro-
duction. 
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Characteristics of miRNA interaction with mRNA  
of candidate genes of small intestinal cancer

Abstract: miRNAs is a class of small non-coding RNAs that regulate the expression of genes, and 
associated with approximately all known physiological and pathological processes, especially cancer. 
Expression of many genes is regulated by binding of miRNA with mRNA, therefore it is required to identify 
candidate genes, associated with small intestinal cancer and the extent of their interaction with miRNA. To 
determine the important miRNAs binding sites in genes, involved in the development of small intestinal 
cancer, MirTarget program was used. The article presents the results of studying the characteristics of the 
interaction of miRNAs with mRNAs of 40 candidate genes involved in the development of small intestinal 
cancer, out of which only 27 genes were targets for miRNAs. 135 miRNAs have binding sites at 5’UTR, 
CDS, and 3’UTR; the average free energy of binding (ΔG) of miRNAs with mRNAs was - 126 kJ/mole, 
- 119 kJ/mole and - 109 kJ/mole, respectively.  79 associations of miRNAs and mRNAs of genes with a 
free energy of interaction more than – 125 kJ/mole are recommended for the diagnosis of small intestinal 
cancer. ARID1A, ASXL1, KRAS, NF1, PDXP, PTEN and SMAD4 genes are characterized as a candidate 
target genes for miRNAs having binding sites in 5’UTR of mRNA, while ARID1A, CDKN2B, EGFR, 
GNAS, MLL2, MSH6 and PDXP are characterized as a candidate genes, having miRNAs binding sites 
in CDS, and CDKN2B, SMAD4 as a candidate genes, having miRNAs binding sites in 3’UTR. Based on 
the results obtained, groups of miRNA and mRNA associations of candidate genes are recommended for 
developing methods for early diagnosis of small intestinal cancer.
Key words: miRNA, mRNA, genes, small intestinal cancer, clusters.

Introduction

Gastrointestinal (GI) tract cancer is one of the 
three most common oncological diseases in the world 
with a high mortality rate [1; 2]. Contrary to com-
mon belief, an overall and cancer-specific survival of 
patients with small intestinal tumors are not different 
from those of patients with stomach cancer, and takes 
the second place among the leading causes of death 
from oncology diseases all over the world [3-5]. 
Understanding of genetic events driving the patho-
genesis of small intestinal cancer is of critical impor-
tance for devision of new strategies aimed to treat 
this disease. miRNAs play an important role in carci-
nogenesis. In recent years, the interaction of miRNA 
with mRNA of genes, responsible for the develop-
ment of small intestinal cancer, was actively studied. 
Recently, a change in the expression of miRNA be-
came an important feature of cancer. Various miR-

NAs can function as tumor suppressors or oncogenes 
in cancer cells, while disregulation of some miRNAs 
can contribute to human cancer [6; 7]. An individual 
miRNA could potentially alter complex cellular pro-
cesses, such as cell growth, cell cycle, apoptosis and 
invasion. Identification of specific miRNAs and their 
target genes, participating in carcinogenesis allows 
better understanding the mechanism of regulation of 
genes expression [8].

Berillo O.A. et al. have previously studied the 
characteristics of intronic miRNAs and features of 
their interaction with mRNA [9]. The present study 
is aimed to identify previously undefined miRNAs 
binding sites in mRNA of genes involved in the de-
velopment of small intestinal cancer and the clusters 
of miRNA binding sites and their properties. Study-
ing miRNA binding sites clusters in mRNA of hu-
man genes is valuable for identification of the role of 
these genes and miRNAs in oncogenesis.
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Materials and methods

The information about the role and function of 
genes participating in the development of small intes-
tinal cancer was taken from the GenBank databases 
and publications. mRNA nucleotide sequences of the 
human genes were derived from GenBank (http://
www.ncbi.nlm.nih.gov). 40 mRNAs of genes associ-
ated with the development of small intestinal cancer 
were used in the study.  The nucleotide sequences of 
3,707 miRNAs were taken from Londin et al. [10]. 

Search for miRNA’s target genes was performed 
by the MirTarget program, created in our laboratory 
[11]. This program defines the start of miRNA bind-
ing sites in mRNA; localization of binding sites in 
5’-untranslated region (5’UTR), protein coding re-
gion (CDS), and 3’-untranslated region (3’UTR); 
free energy of interaction (∆G, kJ/mole) and scheme 
of miRNA-mRNA nucleotides (nt) interaction. The 
ΔG/ΔGm (%) ratio was calculated for each bind-
ing site, where ΔGm is equal to the free energy of                        
miRNA interaction with fully complementary nu-
cleotide sequence. miRNA-mRNA binding sites 
with ΔG/ΔGm ratio higher than 86% were selected.  
However, this criterion does not include the length of 
miRNA, on which ΔG energy also varies, depending 
on the miRNA lengths. Thus, in miRNAs with the 
same ΔG/ΔGm value, but varying lengths of 17 nt 

and 25 nt, correspondingly, the energy of binding of 
mRNA for miRNA with the length of 25 nt was 1.47 
times higher than for miRNA with the length of 17 
nt. ΔG/ΔGm value leads to the reduction in the num-
ber of false-positive miRNAs with a length of less 
than 20 nt. The position of binding sites is indicated 
from the first nucleotide of the 5’UTR in mRNA. The 
unique property of MirTarget program include con-
sideration of nucleotide interaction in miRNA with 
mRNA of target genes not only between adenine (А) 
and uracil (U), guanine (G) and cytosine (C), but also 
between A and C, G and U via single hydrogen bond 
[12; 13]. The distance between A-C and G-U is equal 
to distance value between G-C and A-U.

Results and discussion

The search of genes responsible for the develop-
ment of small intestinal cancer was performed by the 
fragmented data because there is no available unified 
database of genes. To create the database of genes, we 
took as a basis the information available in the NCBI 
(National Center for Biotechnology Information) and 
through a search of PubMed. Table 1 presents the in-
formation about the candidate genes involved in the 
development of small intestinal cancer. The list of 
candidate genes was formed from publications based 
on laboratory research. 

Table 1 – Candidate genes of small intestinal cancer

Gene PMID Gene PMID Gene PMID Gene PMID
APC* 29575536 EGFR 26892442 MME* 25759539 PIK3CA 28617917

ARID1A 28617917 ERBB2 24797764 MRC1 26530135 PMS2* 25029614
ARID2* 28617917 FBXW7 28617917 MSH2* 25759539 PROM1 21064103
ASXL1 28617917 GNAS 28617917 MSH6 25029614 PTEN 28617917
ATM 28617917 KIT* 18246046 MUC2* 25759539 SMAD4 28617917

BRAF* 26892442 KRAS 26892442 MUC5AC 25759539 SOAT1 25987131
CD34* 25264210 LRP1B 28617917 MUC6 25759539 SOX9 28617917

CDKN2A* 28617917 MDM2 28617917 NF1 28617917 TP53 27546842
CDKN2B 28617917 MLH1* 25029614 PDGFRA* 25264210 UGT1A1* 24114122
CTNNB1 27546842 MLL2 28617917 PDXP 21297586 VEGFA 27546842

Note: * – indicates mRNAs, which are not targets for miRNA with chosen criteria

Genes that are not targets of miRNAs with ΔG/
ΔGm value higher than 86%, show that their expres-
sion level is independent of miRNAs. It was found 
that 33% of 40 candidate genes are not regulated by 
miRNA, and therefore their expression could not be 
suppressed.  

As a result of the analysis of the binding schemes 
of miRNA with mRNA of the genes ASXL1, GNAS 
and LRP1B complete complementarity of binding 
sites was revealed (Table 2).

The binding sites TJU_CMC_MD2.ID00061.3p-
miR and TJU_CMC_MD2.ID03064.3p-miR in 
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mRNA of the ASXL1 gene are located at 5’UTR at a 
value of ΔG/ΔGm of 100%, the value of ΔG was -138 
kJ/mole and -115 kJ/mole, respectively.

The binding site of TJU_CMC_MD2.
ID02093.5p-miR, consisting of 22 nt, in mRNA of 
the GNAS gene is located in the CDS with free bind-
ing energy of -127 kJ/mole.

Table 3 shows the schemes of miRNAs inter-
action with mRNAs of genes in 5’UTR, CDS, and 

3’UTR. Many publications describe other widely 
used programs for identification of miRNA bind-
ing sites in mRNA of target genes, having binding 
sites of 6-8 nt long (seed) regions. This opinion 
has been published in many articles and contains 
inaccurate conclusions, leading towards the big 
number of false-positive binding sites. Table 2 
and 3 show the advantage of MirTarget program 
[14]. 

Table 2 – The scheme and characteristics of the interaction of TJU_CMC_MD2.ID00061.3p-miR, TJU_CMC_MD2.ID03064.3p-
miR, TJU_CMC_MD2.ID02093.5p-miR and TJU_CMC_MD2.ID03151.3p-miR with mRNA of ASXL1, GNAS and LRP1B genes

Table 3 – The scheme and characteristics of the interaction of miRNAs with mRNAs of genes participating in the development of 
small intestinal cancer 
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The free energy (ΔG) of miRNAs binding sites in 
different mRNAs varied from -108 to -132 kJ/mole. 
These changes occurred in connection with several 
nucleotide substitutions of G-C to G-U pairs.  

The results show the study of miRNAs inter-
action with mRNA of 11 genes in 5’UTR, each of 
which binds from one to several miRNAs (Table 4). 
Some of these mRNAs bind six or more miRNAs. 
mRNA of ASXL1 gene in a region from 172 nt to 197 
nt and form the cluster of this binding site with whole 
length of 26 nt and average ∆G = -129 kJ/mole. TJU_
CMC_MD2.ID00021.5p-miR and TJU_CMC_MD2.
ID01895.5p-miR have binding sites from 400 nt, but 
most likely TJU_CMC_MD2.ID01895.5p-miR will 
occupy this site cause of the energy of interaction of 
this miRNA due to the higher concentration of GC-
pairs.  

mRNAs of most genes containing two or more 
miRNA binding sites with overlapping of their nu-
cleotide sequences form clusters. mRNA of ARID1A 
gene contain  2 clusters of binding sites located in 
5’UTR. TJU_CMC_MD2.ID01257.3p-miR, TJU_
CMC_MD2.ID00414.3p-miR and TJU_CMC_MD2.
ID02428.3p-miR form a cluster from 295 to 332 nt 
with a length of 38 nt. The free energy of interaction 
of these miRNAs average ΔG value is equal to -111 
kJ/mole.  TJU_CMC_MD2.ID02106.3p-miR, TJU_
CMC_MD2.ID01778.3p-miR, TJU_CMC_MD2.
ID00296.3p-miR, TJU_CMC_MD2.ID01804.3p-
miR, TJU_CMC_MD2.ID01702.3p-miR, TJU_
CMC_MD2.ID02592.5p-miR and TJU_CMC_MD2.
ID03065.3p-miR form a cluster with a length equal 
to 58 nt and average ΔG = -142 kJ/mole. TJU_CMC_
MD2.ID02751.3p-miR has a binding site from 206 nt 
and ΔG/ΔGm equal to 92%.

19 miRNAs form a cluster of binding sites in 
5’UTR mRNA of  LRP1B gene with a whole length 
equal to 36 nt and average free energy of interac-
tion equal to  -131 kJ/mole. The full length of this 
19 miRNAs 553 nt. The formation of such cluser of 
binding sites indicates the great ability of this gene to 
compaction, which serves the formation of competi-
tion for this binding site. 

mRNA of GNAS gene contain the cluster of 
binding sites from 31 nt to 70 nt with an average 
free energy of interaction equal to -104 kJ/mole. 
Three miRNAs formed a cluster of binding sites in 
mRNA of PDXP gene in position from 17 nt to 53 nt 
with an average free energy of interaction equal to 

-127 kJ/mole. KRAS gene had four binding sites, of 
which three sites formed a cluster with overlapped 
nucleotide sequences. mRNA of CTNNB1, SOAT1 
and SOX9 genes have binding sites for single miR-
NAs.

 PTEN is onco-suppressor gene. Byun et al. [15] 
observed that PTEN inactivation by deletion alone 
is sufficient to initiate developing intestinal tumors, 
including adenocarcinomas. mRNA of PTEN gene 
contain the cluster of binding sites from 531 to 558 
nt  with a total length of 28 nt and average ΔG = -120 
kJ/mole. The binding sites for TJU_CMC_MD2.
ID01315.3p-miR and TJU_CMC_MD2.ID01377.3p-
miR in position from 705 to 726 nt form the cluster 
of binding sites with a whole length of 22 nt. That is 
why suppression of translation of this mRNA pro-
vides the development of this disease. 

 The average free energy of binding of all miR-
NAs with mRNAs in the 5’UTR region equals -126 
kJ/mole. 27 miRNAs bound with mRNAs of corre-
sponding target genes, and the number of miRNA 
associations with mRNA having free energy of inter-
action greater than -125 kJ/mole is 57. These associa-
tions are recommended as markers for early diagno-
sis of small intestinal cancer. 

Some binding sites are located in overlapping 
mRNA nucleotide sequences in protein-coding re-
gions (Table 5). Presence of multiple binding sites for 
one and/or several miRNAs in one mRNA increases  
the  probability  of their interaction,  and  as  a  conse-
quence, translation of such mRNAs is reduced [16]. 

When the binding energy of one miRNA site 
decreases, this can be compensated by other sites. 
Several binding sites with mRNA can enhance the 
inhibitory effect.  

mRNA of CDKN2B (ΔG = -132 kJ/mole), EGFR 
(ΔG = -127 kJ/mole), ERBB2 (ΔG = -113 kJ/mole), 
FBXW7 (ΔG = -108 kJ/mole), MSH6 (ΔG = -134 kJ/
mole), PIK3CA (ΔG = -100 kJ/mole) and SOX9 (ΔG 
= -119 kJ/mole) genes are bound by one miRNAs. 

Nine miRNAs have binding sites in mRNA of 
MLL2 gene. Kantidakis et al. [17] identified that 
MLL2 knockdown affects adhesion-related processes 
and suppresses cell growth. These binding sites are 
located without overlapping on protein-coding re-
gion of mRNA of MLL2 gene, and we could say that 
the expression of this gene will be suppressed. The 
average free energy of interaction of these miRNAs 
is equal to -114 kJ/mole. 
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Table 4 – Characteristics of the binding sites of miRNA and mRNA in 5’UTR of genes involved in the development of SIC

Gene miRNA Start of
binding site, nt ΔG, kJ/mole ΔG/ΔGm, % Length, nt

ARID1A TJU_CMC_MD2.ID02751.3p-miR 206 -125 92 23

TJU_CMC_MD2.ID01257.3p-miR 295 -113 93 20

TJU_CMC_MD2.ID00414.3p-miR 303 -108 93 20

TJU_CMC_MD2.ID02428.3p-miR 310 -113 91 22

ASXL1 TJU_CMC_MD2.ID00522.5p-miR 172 -125 89 23

TJU_CMC_MD2.ID01804.3p-miR 173 -138 87 25

TJU_CMC_MD2.ID02187.5p-miR 174 -123 89 23

TJU_CMC_MD2.ID00021.5p-miR 400 -117 92 20

TJU_CMC_MD2.ID01895.5p-miR 400 -132 89 24

CTNNB1 TJU_CMC_MD2.ID00477.5p-miR 77 -113 95 20

GNAS TJU_CMC_MD2.ID02111.3p-miR 31 -108 91 21

TJU_CMC_MD2.ID00724.5p-miR 49 -100 92 21

KRAS TJU_CMC_MD2.ID01310.3p-miR 17÷29 (2) -121÷ -123 92÷94 22

TJU_CMC_MD2.ID03332.3p-miR 37 -132 89 24

TJU_CMC_MD2.ID00805.3p-miR 96 -113 91 21

NF1 TJU_CMC_MD2.ID02352.5p-miR 157 -123 91 24

TJU_CMC_MD2.ID01787.3p-miR 297 -115 89 23

TJU_CMC_MD2.ID01491.3p-miR 349 -125 91 23

PDXP TJU_CMC_MD2.ID01018.3p-miR 17 -125 89 24

TJU_CMC_MD2.ID01622.3p-miR 23 -132 91 23

TJU_CMC_MD2.ID00714.3p-miR 29 -123 88 24

PTEN TJU_CMC_MD2.ID02079.5p-miR 75 -115 92 20

TJU_CMC_MD2.ID02611.3p-miR 486 -125 91 22

TJU_CMC_MD2.ID01310.3p-miR 531 -119 90 22

TJU_CMC_MD2.ID02430.3p-miR 533 -108 96 18

TJU_CMC_MD2.ID02761.3p-miR 533 -132 89 24

TJU_CMC_MD2.ID03037.3p-miR 536 -121 90 22

TJU_CMC_MD2.ID01315.3p-miR 705 -115 92 20

TJU_CMC_MD2.ID01377.3p-miR 708 -110 96 18

TJU_CMC_MD2.ID02429.3p-miR 790 -121 89 23

SMAD4 TJU_CMC_MD2.ID00577.3p-miR 160÷161 (2) -104÷-106 92÷94 20

TJU_CMC_MD2.ID00961.3p-miR 248 -127 90 23

SOAT1 TJU_CMC_MD2.ID03036.3p-miR 46 -115 89 23

SOX9 TJU_CMC_MD2.ID01969.3p-miR 294 -113 96 20

              Note: Here and in the tables below the number of miRNAs binding sites is indicated in parentheses
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Table 5 – Characteristics of the binding sites of miRNA and mRNA in CDS of genes involved in the development of SIC

Gene miRNA Start of
binding site, nt ΔG, kJ/mole ΔG/ΔGm, % Length, nt

ARID1A TJU_CMC_MD2.ID02057.3P-MIR 385 -110 95 19

TJU_CMC_MD2.ID01753.3p-miR 749 -104 91 21

TJU_CMC_MD2.ID02294.5p-miR 851 -129 88 24

TJU_CMC_MD2.ID00061.3p-miR 852 -125 91 22

TJU_CMC_MD2.ID01473.3p-miR 1093 -125 89 23

TJU_CMC_MD2.ID02986.5p-miR 1387 -117 92 21

TJU_CMC_MD2.ID03167.3p-miR 1399 -123 91 23

TJU_CMC_MD2.ID01610.5p-miR 1404 -110 91 21

TJU_CMC_MD2.ID01508.5p-miR 1459 -129 90 23

TJU_CMC_MD2.ID01388.5p-miR 4587 -119 89 23

TJU_CMC_MD2.ID01565.5p-miR 4916 -115 93 21

CDKN2B TJU_CMC_MD2.ID02899.3p-miR 412 -132 89 24

EGFR TJU_CMC_MD2.ID02344.3p-miR 1779 -127 88 24

ERBB2 TJU_CMC_MD2.ID00692.3p-miR 3815 -113 90 22

FBXW7 TJU_CMC_MD2.ID02514.3p-miR 1243 -108 93 22

GNAS TJU_CMC_MD2.ID02093.5p-miR 1589÷1590 (2) -117÷ -123 92÷97 22

TJU_CMC_MD2.ID00377.3p-miR 1617 -119 90 22

TJU_CMC_MD2.ID02093.5p-miR 1625÷1626 (2) -117÷ -127 92÷100 22

TJU_CMC_MD2.ID00377.3p-miR 1653 -119 90 22

TJU_CMC_MD2.ID02093.5p-miR 1662 -117 92 22

TJU_CMC_MD2.ID03100.3p-miR 1830 -110 91 22

LRP1B TJU_CMC_MD2.ID02669.5p-miR 14051 -96 92 20

MLL2 TJU_CMC_MD2.ID01491.3p-miR 3300 -125 91 23

TJU_CMC_MD2.ID01753.3p-miR 5258 -104 91 21

TJU_CMC_MD2.ID02409.3p-miR 5878 -102 91 21

TJU_CMC_MD2.ID02562.3p-miR 5967 -115 90 22

TJU_CMC_MD2.ID02664.5p-miR 7226 -104 92 20

TJU_CMC_MD2.ID01013.3p-miR 7483 -123 88 24

TJU_CMC_MD2.ID03483.3p-miR 11514 -115 90 22

TJU_CMC_MD2.ID01562.3p-miR 12237 -117 90 22

TJU_CMC_MD2.ID02045.3p-miR 13623 -123 89 23

MSH6 TJU_CMC_MD2.ID00156.5p-miR 246 -134 90 24

PDXP TJU_CMC_MD2.ID01242.3p-miR 172÷173 (2) -121÷ -125 88÷91 24

TJU_CMC_MD2.ID01877.3p-miR 386 -123 88 24

TJU_CMC_MD2.ID01610.5p-miR 646 -110 91 21

PIK3CA TJU_CMC_MD2.ID00724.5p-miR 3043 -100 92 21
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Gene miRNA Start of
binding site, nt ΔG, kJ/mole ΔG/ΔGm, % Length, nt

SOX9 TJU_CMC_MD2.ID00978.5p-miR 1065 -119 90 22

VEGFA TJU_CMC_MD2.ID03238.3p-miR 775 -113 91 22

TJU_CMC_MD2.ID03097.3p-miR 887 -123 88 24

MUC5AC TJU_CMC_MD2.ID00481.5p-miR 668 -113 90 22

TJU_CMC_MD2.ID02341.3p-miR 2037 -113 90 23

TJU_CMC_MD2.ID02620.5p-miR 3277 -110 90 22

TJU_CMC_MD2.ID00967.5p-miR 4672 -115 90 22

TJU_CMC_MD2.ID00967.5p-miR 5791 -115 90 22

MUC6 TJU_CMC_MD2.ID02841.5p-miR 1226 -108 93 20

TJU_CMC_MD2.ID00611.5p-miR 1574 -115 89 23

TJU_CMC_MD2.ID02888.5p-miR 2918 -121 89 23

TJU_CMC_MD2.ID00564.5p-miR 6488 -110 90 22

TJU_CMC_MD2.ID02507.3p-miR 7353 -115 89 24

Continuation of Table 5

TJU_CMC_MD2.ID00522.5p-miR, TJU_
CMC_MD2.ID01804.3p-miR, TJU_CMC_MD2.
ID02052.5p-miR, TJU_CMC_MD2.ID02187.5p-
miR, TJU_CMC_MD2.ID02692.5p-miR, TJU_
CMC_MD2.ID01323.3p-miR, TJU_CMC_MD2.
ID00457.3p-miR, TJU_CMC_MD2.ID02084.3p-
miR, TJU_CMC_MD2.ID02064.5p-miR and TJU_
CMC_MD2.ID02538.3p-miR formed a cluster 
of binding sites with a whole length equals 33 nt 
and average ΔG = -128 kJ/mole. The full length of 
this 10 miRNAs equals 249 nt; TJU_CMC_MD2.
ID01704.5p-miR, TJU_CMC_MD2.ID01810.3p-
miR, TJU_CMC_MD2.ID02430.3p-miR and TJU_
CMC_MD2.ID02761.3p-miR formed cluster in 
segment with a whole length of 47 nt and average 
ΔG = -124 kJ/mole; TJU_CMC_MD2.ID02986.5p-
miR, TJU_CMC_MD2.ID03167.3p-miR and 
TJU_CMC_MD2.ID01610.5p-miR form a cluster 
of binding sites with a whole length of 39 nt and 
average free energy of interaction equal to -117 kJ/
mole. The formation of cluster of binding sites in 
this mRNA notes the ability of this gene to com-
paction, and thereby causes the competition of these 
miRNAs for binding site. Also, mRNA of ARID1A 
gene has the binding sites for single miRNAs. TJU_
CMC_MD2.ID02057.3p-miR have a binding site in 
position from 385 nt. Kim et al. [18] established that 
the expression level of  ARID1A could be used as 
a prognostic marker in small intestinal cancer, be-
cause the low or loss of expression of this gene is 

correlated considerably with a high-grade tumors. 
Suppression of expression of this gene by miRNA 
promotes the development of this disease.

mRNA of GNAS gene has multiple binding sites 
of TJU_CMC_MD2.ID02093.5p-miR in position 
from 1589 nt to 1612 nt with an average ΔG = -120 
kJ/mole, and from 1625 nt to 1648 nt with an average 
ΔG = 122 kJ/mole. Also this mRNA have a cluster 
of binding sites from 1653 to 1684 nt with a whole 
length of 32 nt and average ΔG = -118 kJ/mole. 

Kumagai et al. [19] indicate that mucin core pro-
teins (MUC5AC, MUC6 and MUC2) expressed in the 
cytoplasm of the tumor cells. 4 miRNAs have bind-
ing sites in mRNA of MUC5AC gene. All binding 
sites have the same ΔG/ΔGm value, equal to 90% 
and relatively equal ΔG value. It is important to men-
tion the significance of free energy of interaction. 
TJU_CMC_MD2.ID00967.5p-miR with a length of 
22 nt has multiple binding sites in MUC5AC gene 
with  ΔG = -115 kJ/mole. mRNA of MUC6 gene have 
5 binding sites in CDS. The higher ΔG is observed in 
association  with TJU_CMC_MD2.ID02888.5p-miR 
(ΔG = -121 kJ/mole).                   

The average free energy of binding of all miR-
NAs with mRNAs in the CDS equals -119 kJ/mole. 
The number of miRNA associations with mRNA 
having free energy of interaction greater than -125 
kJ/mole is 22. All of them can serve as markers in the 
development of methods for early diagnosis of small 
intestinal cancer. 
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Table 6 shows the binding sites of some miRNAs 
with mRNA genes involved in the development of 
small intestinal cancer in 3’UTR region.

From 12 target genes in 3’UTR, binding sites 
for 26 miRNAs were identified (Table 6). mRNA of 
SMAD4 gene contained multiple binding sites for TJU_

CMC_MD2.ID00470.5p-miR and TJU_CMC_MD2.
ID02299.5p-miR in the same region. Moreover, TJU_
CMC_MD2.ID00470.5p-miR, which binds to mRNA 
with free energy of -108 kJ/mole, can have the high-
est efficiency of regulation of SMAD4 gene expression. 
SMAD4 plays the role of tumor growth suppressor. 

Table 6 – Characteristics of the binding sites of miRNA and mRNA in 3’UTR of genes involved in the development of SIC

Gene miRNA The beginning of
binding site, nt ΔG, kJ/mole ΔG/ΔGm, % Length, nt

ATM TJU_CMC_MD2.ID03006.5p-miR 9778 -121 89 24

TJU_CMC_MD2.ID00367.5p-miR 11069 -110 90 22

CDKN2B TJU_CMC_MD2.ID00470.5p-miR 1746÷1752 (4) -108 89 23

TJU_CMC_MD2.ID02299.5p-miR 1746÷1752 (4) -100 90 22

KRAS TJU_CMC_MD2.ID03224.5p-miR 3163 -121 92 23

MDM2 TJU_CMC_MD2.ID01404.5p-miR 2154 -110 90 23

TJU_CMC_MD2.ID01815.5p-miR 2257 -106 89 23

TJU_CMC_MD2.ID01360.3p-miR 2476 -104 91 21

TJU_CMC_MD2.ID01838.5p-miR 3214 -110 88 24

MLL2 TJU_CMC_MD2.ID02459.5p-miR 16748 -110 91 21

TJU_CMC_MD2.ID03342.3p-miR 16931 -119 92 23

TJU_CMC_MD2.ID00670.3p-miR 16971 -102 91 21

TJU_CMC_MD2.ID03270.3p-miR 17062 -123 88 25

TJU_CMC_MD2.ID02547.5p-miR 17065 -113 91 21

TJU_CMC_MD2.ID01254.5p-miR 17780 -110 91 21

TJU_CMC_MD2.ID00564.5p-miR 17894 -113 91 22

NF1 TJU_CMC_MD2.ID02733.5p-miR 10571 -89 91 21

PROM1 TJU_CMC_MD2.ID02076.5p-miR 3221 -104 94 19

SMAD4 TJU_CMC_MD2.ID01838.5p-miR 4291 -113 90 24

TJU_CMC_MD2.ID01404.5p-miR 4349 -115 93 23

TJU_CMC_MD2.ID02732.3p-miR 7721 -123 91 23

TJU_CMC_MD2.ID00470.5p-miR 7744÷7752 (5) -108 89 23

TJU_CMC_MD2.ID02299.5p-miR 7744÷7752 (5) -100 90 22

TJU_CMC_MD2.ID00106.5p-miR 7825 -106 91 22

TJU_CMC_MD2.ID01592.3p-miR 8227 -117 89 23

SOAT1 TJU_CMC_MD2.ID00868.5p-miR 4885 -123 88 25

TJU_CMC_MD2.ID01815.5p-miR 4953 -106 89 23

TJU_CMC_MD2.ID01404.5p-miR 5523 -110 90 23

SOX9 TJU_CMC_MD2.ID00509.3p-miR 2153 -98 92 21

TP53 TJU_CMC_MD2.ID02379.3p-miR 1397 -119 89 24

TJU_CMC_MD2.ID01838.5p-miR 2459÷2460 (2) -110÷ -115 88÷92 24

TJU_CMC_MD2.ID00785.5p-miR 2520 -113 90 23

MUC6 TJU_CMC_MD2.ID01401.3p-miR 7883 -108 91 21
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Interestingly, TJU_CMC_MD2.ID00470.5p-
miR and TJU_CMC_MD2.ID02299.5p-miR have 
multiple binding sites in mRNA of CDKN2B gene in 
the same region with ΔG value equal to -108 kJ/mole 
and -100 kJ/mole, respectively.  TJU_CMC_MD2.
ID00470.5p-miR will have the advantage of binding 
for this site. miRNA with higher ΔG value is more 
prevalent takes this binding site and therefore inhibit 
the expression of this gene. 

TP53 is a transcription factor that regulates the 
cell cycle and performs the function of onco-suppres-
sor. Binding sites in mRNA of this gene were iden-
tified. TJU_CMC_MD2.ID01838.5p-miR has multi-
ple consistently located binding sites with an average 
ΔG value equals -113 kJ/mole. 

The results obtained show that interactions of the 
examined miRNA and mRNA can serve as the basis 
for the choice of miRNA and mRNA associations for 
the diagnosis of small intestinal cancer. 

Seven miRNAs have binding sites in mRNA 
of MLL2 gene. These binding sites are scattered 
throughout all 3’UTR of mRNA, and we could say 
that the expression of this gene will be suppressed. 
Free energy of interaction of these miRNAs equals 
-113 kJ/mole. 

mRNAs of KRAS, NF1, PROM1, SOX9, MUC6 
genes have binding sites for single miRNAs. This 
evidence have the positive phenomena, since typi-
cally each miRNA has one or several target genes, 
and conversely, one gene can be a target for one or 
more miRNA. That is why, these associations can 
possibly serve as a marker for early diagnosis of this 
disease. 

The average free energy of binding of miRNAs 
with mRNAs in 3’UTR equals -109 kJ/mole. Two 
miRNAs (TJU_CMC_MD2.ID00470.5p-miR and 
TJU_CMC_MD2.ID02299.5p-miR) have multiple 
binding sites in mRNA of CDKN2B and SMAD4 
genes and therefore are also suggested as associa-
tions for the diagnosis of small intestinal cancer.

Thus, miRNAs that participate in the formation 
of fully complementary binding sites have been iden-
tified. With this binding, mRNA degradation may oc-
cur to a greater extent than its inhibition. There were 
revealed slightly different binding sites with the same 
miRNA located in different mRNA target genes. 
This shows the effect of resistance to point mutations 
(single nucleotide polymorphism) in miRNA binding 
site. Revealed closely related miRNAs having simi-

lar sequences and capable of binding to the same site 
with different hybridization energy.

Conclusion

In this paper, we studied the characteristics of the 
interaction of miRNA with mRNA of genes involved 
in the development of small intestinal cancer. 79 key 
associations of miRNAs and mRNAs were identified 
that have had a free energy of interaction of -125 kJ/
mole or more that can be recommended both for the 
diagnostic markers of violations of the expression of 
these genes, and for the development of methods for 
the treatment of these disease at the molecular level. 

The average free energy of miRNA binding in 
mRNA of genes involved in small intestinal cancer 
development is greater in 5’UTR and CDS com-
pared to 3’UTR, which suggests preferential bind-
ing of miRNA to 5’UTR and CDS of the studied 
genes.  ARID1A, ASXL1, KRAS, NF1, PDXP, PTEN 
and SMAD4 genes was selected as candidate target 
genes for miRNAs having binding sites in 5’UTR of 
mRNA. ARID1A, CDKN2B, EGFR, GNAS, MLL2, 
MSH6 and PDXP are candidate genes, having miR-
NAs binding sites in CDS, CDKN2B and SMAD4 
are candidate genes, having miRNAs binding sites in 
3’UTR.

In summary, mRNA of these genes binds with 
miRNA with high affinity and, therefore, if the con-
centrations of the corresponding miRNAs are the 
same or exceed the concentrations of mRNAs, the 
effect of mRNA translation inhibition will be signifi-
cant. Given that miRNAs are endogenous regulators 
of gene expression, these methods are quite feasible. 
The results obtained may be able to provide insights 
into the pathogenesis mechanism and pave the way 
for the development of new diagnostic markers and 
therapeutic targets for patients with small intestinal 
cancer. 

Acknowledgments

The work was performed within the framework 
of the grant project AP05132460 “Development of 
test systems for early diagnosis of cardiovascular, 
oncological and neurodegenerative diseases based on 
miRNA associations and their target genes”, financed 
by the Ministry of Education and Science of the Re-
public of Kazakhstan.



20 Characteristics of miRNA interaction with mRNA of candidate genes of small intestinal cancer

International Journal of Biology and Chemistry 11, № 2, 11 (2018)

References

1. Syngal S., Brand R.E., Church J.M., Giardi-
ello F. M., Hampel H. L., Burt R.W. (2015) ACG 
Clinical guideline, genetic testing and management 
of hereditary gastrointestinal cancer syndromes. Am 
J Gastroenterol., vol. 110, no. 2, pp. 223-262.

2. Torre L.A., Bray F., Siegel R.L., Ferlay J., 
Lortet-Tieulent J., Jemal A. (2015) Global cancer 
statistics, 2012. CA Cancer J Clin., vol. 65, pp. 87-
108. 

3. Guller U., Tarantino I., Cerny T., Ulrich A., 
Schmied B.M., Warschkow R. (2017) Revisiting a 
dogma: similar survival of patients with small bowel 
and gastric GIST. A population-based propensity 
score SEER analysis. Gastric Cancer. vol. 20, no. 1, 
pp. 49-60. 

4. Giuliano K., Nagarajan N., Canner J., Naja-
fian A., Wolfgang C., Schneider E., Meyer C., Len-
non AM., Johnston F.M., Ahuja N. (2017) Gastric 
and small intestine gastrointestinal stromal tumors: 
Do outcomes differ?  J Surg Oncol., vol. 115, no. 3, 
pp. 351-357.

5. Ye H., Xin H., Zheng Q., Shen Q., Dai W., 
Wu F., Zheng C., Chen P. (2018) Prognostic role 
of the primary tumour site in patients with operable 
small intestine and gastrointestinal stromal tumours: 
a large population-based analysis. Oncotarget, vol. 9, 
no. 8, pp. 8147-8154. 

6. Lee Y. S., Dutta A. (2009) MicroRNAs in can-
cer. Annu Rev Pathol., vol. 4, pp. 199-227.  

7. Grammatikakis I., Gorospe M., Abdelmohsen 
K. (2013) Modulation of cancer traits by tumor sup-
pressor microRNAs. Int J Mol Sci., vol. 14, no. 1, pp. 
1822-1842. 

8. Rath S.N., Das D., Konkimalla V.B., Pradhan 
S.K. (2016) In silico study of miRNA based gene 
regulation, involved in solid cancer, by the assistance 
of Argonaute protein. Genomics Inform., vol. 14, no. 
3, pp. 112-124.

9. Berillo O., Régnier M., Ivashchenko A. (2013) 
Binding of intronic miRNAs with mRNAs of genes 
coding intronic microRNAs and proteins participat-
ing in tumourigenesis. Comput Biol Med., vol. 43, no 
10, pp. 1374-1381.

10. Londin E., Lohera P., Telonisa A.G., Quan-
na K., et al. (2015) Analysis of 13 cell types reveals 
evidence for the expression of numerous novel pri-

mate- and tissue-specific microRNAs. PNAS USA, 
vol.  112, no. 10., pp. 1106-1115.

11. Ivashchenko A., Berillo O., Pyrkova A., Ni-
yazova R., Atambayeva S. (2014) The properties of 
binding sites of miR-619-5p, miR-5095, miR-5096 
and miR-5585-3p in the mRNAs of human genes. 
Biomed Res Int., vol. 2014, pp. 1-8.

12. Kool E.T. (2001) Hydrogen bonding, base 
stacking, and steric effects in DNA replication. Annu 
Rev Biophys Biomol Struct., vol. 30, pp. 1-22.

13. Leontis N.B., Stombaugh J., Westhof E. 
(2002) The non-Watson-Crick base pairs and their 
associated isostericity matrices. Nucleic Acids Res., 
vol. 30, no. 16, pp. 3497-3531.

14. Ivashchenko A. T., Niyazova R. Ye., At-
ambayeva Sh. A., Pyrkova A. Yu., Aisina D. E., 
Yurikova O. Yu., Kondybayeva A., Akimniyazova 
A., Bayzhigitova D., Bolshoy A.A. (2018) miRNA: 
achievements, misconceptions, perspectives. News of 
NAS RK, vol 4, no. 328, pp. 36-46.

15. Byun D., Ahmed N., Nasser S., Shin J., Al-
Obaidi S., Goel S., Corner G., Wilson A., Flana-
gan  D., Williams D., Augenlicht L., Vincan E, Mari-
adason J. (2011) Intestinal epithelial-specific PTEN 
inactivation results in tumor formation. Am J Physiol 
Gastrointest Liver Physiol., vol. 301, no.5, pp. 856-
864. 

16. Niyazova R., Atambayeva Sh., Akimniyazo-
va A., Pinsky I., Alybaeva A., Faye B., Ivashchen-
ko A. (2015) Features of mir-466-3p binding sites 
in mRNA genes with different functions. Int J Biol 
Chem., vol. 8, no. 2, pp. 44-51.

17. Kantidakis T., Saponaro M., Mitter R., Hor-
swell S., Kranz A., Boeing S., Aygün O., Kelly G.P., 
Matthews N., Stewart A., Stewart A.F., Svejstrup 
J.Q. (2016) Mutation of cancer driver MLL2 results 
in transcription stress and genome instability. Genes 
Dev., vol.30, no. 4, pp. 408-420.

18. Kim M.J., Gu M.J., Chang H.K., Yu E. (2015) 
Loss of ARID1A expression is associated with poor 
prognosis in small intestinal carcinoma. Histopathol-
ogy, vol. 66, no. 4, pp. 508-516. 

19. Kumagai R., Kohashi K., Takahashi S., Ya-
mamoto H., Hirahashi M., Taguchi K., Nishiyama 
K., Oda Y. (2015) Mucinous phenotype and CD10 
expression of primary adenocarcinoma of the small 
intestine. World J Gastroenterol., vol. 21, no. 9, pp. 
2700-2710.



© 2018 al-Farabi Kazakh National University                                    Printed in Kazakhstan

International Journal of Biology and Chemistry 11, № 2, 21 (2018)

IRSTI 616-092; 634.23.53

1A. Akparova, 2M. Abishev, 1B. Abdrakhmanova, 1*R. Bersimbaev
1Department of General Biology and Genomics, L.N. Gumilyov Eurasian National University

2Pulmonary Department of the City Hospital № 2, Astana, Kazakhstan
*e-mail: ribers@mail.ru

Identification of the unique and common genes for asthma and  
chronic obstructive pulmonary disease:  

a case-control study in Kazakhstan

Abstract: Asthma and chronic obstructive pulmonary disease (COPD) are lung inflammatory diseases 
characterized by bronchial obstruction, which is often the cause of difficulties in conducting differential 
diagnosis between them. They belong to the polygenic diseases, which arise in a result of the gene-
environment interactions. Identification of the unique and common genes for these diseases facilitates 
understanding of their complicated pathogenesis, and provides possible markers for their diagnosis and 
treatment. The aim of this study was to investigate the association of two single-nucleotide polymorphisms 
(-1082 A/G IL-10 and His161Arg IL17F) with asthma and COPD in Kazakh population. The study groups 
consisted of 72 COPD patients, 71 asthmatics and 70 control individuals. Genotyping was performed on 
purified DNA using real-time polymerase chain reaction with specific primers and probes. Results revealed 
that the G allele and GG genotype frequencies of -1082 A/G IL-10 polymorphism were significantly different 
between the COPD patients and the controls. Furthermore, the G allele and GG genotype of His161Arg IL-
17F were significantly more common in the COPD patients than among the control individuals (p<0.05). 
No significant associations were observed for any of these examined SNPs with asthma. These data 
suggest that the -1082 A/G IL-10 and the His161Arg IL-17F polymorphisms are associated with COPD 
susceptibility in the Kazakh population, and may be considered as potential biomarkers of this disease. 
Key words: chronic obstructive pulmonary disease, asthma, IL-10, IL-17F, genetic polymorphism, 
Kazakhstan.

Introduction

Asthma and COPD are widespread diseases, lead-
ing to significant and constantly increasing economic 
and social damage [1-3]. Globally, about 300 million 
people suffer from asthma with 250,000 deaths per 
year [1]. According to rough estimates, from 0.2% 
to 37% of the population in different countries live 
with a diagnosis of COPD. Mortality from this dis-
ease varies from 3 to 111 deaths per 100,000 popula-
tion, and unlike coronary heart disease and stroke this 
leading cause of death is still increasing [2; 3]. 

Asthma and COPD are characterized by airflow 
limitation, but the bronchial obstruction of COPD is 
irreversible and progressive. With a long-term pres-
ence of asthma, difficulties arise in the differential 
diagnosis of asthma and COPD due to the similarity 
of their clinical and functional parameters [4]. Vari-
ous approaches are used for the diagnosis of asthma 
and COPD, with the definition of standard indicators, 

which do not always allow separation of these dis-
eases. Unlike the vast number of proposed biomark-
ers, genetic polymorphisms have several advantages, 
including lack of variability in one individual, avail-
ability of material and relative ease of detection. 

In addition to the genes unique to asthma and 
COPD, there is a large number of common genes 
involved in both diseases [5]. The interleukin 10 
(IL-10) gene encodes an anti-inflammatory cytokine 
expressed by many cell populations, including mono-
cytes, Th-2 cells, mast cells, B cells, activated and 
regulatory T cells [6]. According to the studies [6; 
7], -1082 A/G IL-10 is the most important functional 
promoter polymorphism, which is localized in the 
binding site of the transcription factor, and can al-
ter the production and secretion of IL-10. There are 
only a few studies [8-10] of association between the 
-1082A/G SNP in IL-10 gene and COPD and their 
results are conflicting. Seifart et al. [8] found that the 
G allele of this polymorphism is significantly more 
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common in COPD patients than in healthy controls. 
As well a correlation between this polymorphism and 
higher lung function was obtained in COPD patients 
with severe α1-antitrypsin deficiency [9]. However, 
He et al. [10] did not reveal any association for this 
SNP with lung function in COPD. To assess the con-
tribution of IL-10-1082A/G polymorphism to asth-
ma the three meta-analysis were conducted in 2012, 
2013, and 2014 years, showing its involvement in 
atopic asthma, asthma in Asians and adults [6; 11; 
12]. 

Interleukin 17F (IL-17F) is an important cytokine 
engaged in airway remodeling and steroid resistance 
in asthma and COPD [13-15]. Kawaguchi et al. con-
ducted the functional study of the His161Arg IL-17F 
polymorph variant in vitro for the first time [16]. They 
demonstrated that the wild type His161Arg is unable 
to activate the signaling pathway in which one of the 
MAP kinases (ERK1/2) is phosphorylated, resulting 
in suppression of cytokines and chemokines expres-
sion in bronchial epithelial cells. Hizawa et al. were 
first to identify the participation of His161Arg IL-
17F polymorphism in predisposition to asthma and 
COPD in 1125 unrelated Japanese individuals [17]. It 
should be noted that the study of this polymorphism 
in COPD alone has not been conducted. Currently the 
three meta-analyses of the His161Arg polymorphism 
in IL-17F gene with asthma were performed [18-20], 
but only one of them has shown the association with 
asthma susceptibility in Asian population. 

The purpose of this work is to examine the as-
sociation of -1082 A/G polymorphism in IL-10 gene 
and His161Arg polymorphisms in IL-17F gene in pa-
tients with asthma and COPD in Kazakh population.

Materials and methods

Blood samples and questionnaires were obtained 
from patients with asthma and COPD, residing in As-
tana and Akmola region of Kazakhstan for not less 
than 5 years. Sampling was carried out in the Pulmo-
nary Department of the City Hospital № 2, Astana, 
Kazakhstan. 71 patients with asthma, 72 patients 
with COPD and 70 healthy individuals were enrolled 
in the study. Each subject gave written informed con-
sent. The study was conducted in accordance with the 
WMA declaration of Helsinki. Demographical data 
and smoking status were assessed through a ques-
tionnaire. 

The clinical diagnosis of asthma was made by the 
expert doctors according to the Global Strategy for 
Asthma (GINA) recommendations, based on clinical, 
laboratory and instrumental workup (https://ginasth-

ma.org).  36 men (50.7%) and 35 women (49.3%) 
with the age range from 31 to 68 years were examined 
among patients with asthma. COPD diagnosis was 
established in accordance with the Global Strategy 
for the treatment and prevention of COPD (GOLD) 
(https://goldcopd.org) using validated questionnaires 
for assessment of breathlessness and symptoms: the 
modified British Medical Research Council (mBM-
RC) scale and the COPD Assessment Test (CAT). 
The COPD group consisted of 72 patients (37 men 
(51.4%) and 35 women (48.6%) aged 43-75 years. 
Patients with severe respiratory diseases, such as 
lung cancer, tuberculosis and cystic fibrosis were ex-
cluded from the study.

70 healthy volunteers (controls) living in As-
tana were recruited for the study. Individuals of the 
control group had no signs of airway obstruction 
(FEV1 and FVC ≥ 80%, FEV1/FVC ≥ 70%). The 
criteria for the selection of healthy subjects were the 
absence of neurological, autoimmune, allergic, en-
docrine and metabolic diseases, and the lack of fam-
ily history of atopic and respiratory symptoms. All 
participants, including asthma and COPD patients, 
healthy individuals were ethnic Kazakhs. All three 
groups matched each other with respect to age and 
gender status.

Isolation of DNA. Genomic DNA was extracted 
from EDTA treated peripheral blood samples using 
the standard phenol-chloroform method [21]. Quan-
titative and qualitative assessment of the DNA was 
performed by gel electrophoresis and spectropho-
tometry. 

IL-10-1082A/G and IL-17F His161Arg genotyp-
ing. The -1082A/G polymorphism in the IL-10 gene 
(rs 1800896) and the His161Arg polymorphism in 
the IL-17F gene (rs763780) were detected using the 
TaqMan Allelic Discrimination assay with propri-
etary TaqMan probes and primers, produced in the 
National Center for Biotechnology of the Republic 
of Kazakhstan. 

All polymerase chain reactions were carried out 
with a reaction mixture, consisting of 16 µl of Master 
Mix and 3 µl of Primer Mix.  To perform RT-PCR 
FAM and ROX dyes were used. 45 cycles of amplifi-
cation were conducted. At first, denaturation step was 
carried out at 95°C for 3 minutes, followed by two 
step denaturation performed at 95°C for 10 seconds, 
annealing and elongation performed at 60°C for 40 
seconds. FAM dye corresponds to the T allele, and 
the dye ROX matched to the C allele. The discrimi-
nation of genotypes was carried out using BioRad 
CFX manager 3.1 software. To validate the results of 
genotyping approximately 5% of the samples were 
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randomly selected and re-genotyped. A 100% double 
coincidence of genotyping was achieved.

Statistical data analysis. All statistical tests 
were carried out using GraphPad InStat 7 Software 
(Graphpad Software Inc., San Diego, CA). Differ-
ences in basic characteristics of the participants were 
determined using the Students’ unpaired T-test and 
the Chi-square test. Hardy-Weinberg equilibrium 
was assessed using the χ2 test comparing genotype 
frequencies among cases and controls. Odds ratio 
(OR), 95% confidence intervals, and two-tailed p val-
ues were calculated for assessing the risk of the vari-
ant genotype towards the development of asthma and 
COPD.  Statistical significance was set at p<0.05. 

 
Results and discussion

In recent decades, a lot of information has been 
produced on asthma and COPD, but there are still a 
lot of unclear questions about the inheritance mecha-

nisms of these complex diseases. The formation of 
COPD is most often associated with smoking and the 
presence of bronchial obstruction in childhood, but 
only 10-20% of the lifetime incidence of COPD oc-
curs in people with a long history of smoking [22]. 
The accumulation of asthma cases in families is ob-
served, and the coefficient of its heritability can reach 
up to 60% [23]. This data demonstrates that heredity 
plays an important role in the development of asthma 
and COPD.

A large number of common genes are implicat-
ed in formation of asthma and COPD [24], but their 
involvement to asthma and COPD varies in differ-
ent populations. We investigated the association be-
tween -1082A/G polymorphism in IL-10 gene and 
His161Arg polymorphism in IL-17F gene with asth-
ma and COPD in Kazakh population. 

In total, 213 participants were enrolled in this 
study. Demographic data and clinical characteristics 
of the study participants are shown in Table 1. 

Table 1 – Characteristics of the study population

Parameters Asthmatics COPD patients Controls
Number of study participants (N) 71 72 70
% male 36 (50.7%) 37 (51.4%) 35 (50%)
Age,  М±m 52.3±10.6 54.5±14.3 53.7±11.3
Work experience at harmful work place, М±m 5.4±1.6 17±4.2 0
Index of smoking (PY), М±m 1.3±0.5 **39.6±14.3 1.8±0.3
Smokers/former smokers, n (%) 9 (12.7%) ****48 (66.7%) 12 (17.1%)
Baseline FEV1% predicted (SD) 89.4 ±17.3 ****52.3±4.05 95.1 (±7.3)
FEV1/FVC (SD) 0.76 (±0.13) **0.54 ( ±0.09) 0.82 (±0.03)
Family history of asthma, n (%) 32 (45.1%) - -

Age at onset of diseases (y; median, range) 31; 0-64 57.3; 39-75 -

Note: *, **, ***, ****p value <0.05, 0.01, 0.001, 0.0001 when compared to the control group; 
Genotyping of the polymorphisms in IL-10 and IL17F among the asthma patients

No significant differences were observed be-
tween the cases and controls in the age and gender. 
The forced expiratory volume in the first second 
of expiration (FEV1, % predicted) and FEV1/FVC 
(FVC – forced vital capacity) showed significant dif-
ferences in the COPD patients compared with the 
control group. The COPD patients and controls dif-
fered significantly with regards to the smoking sta-
tus, index of smoking and work experience at harm-
ful work place. The controls in our study matched 
to Hardy-Weinberg equilibrium (IL-10 rs1800896, 
χ2=0.09, p=0.76; IL-17F rs763780, χ2=0.33, p=0.57).

Association of polymorphisms in IL-10 and IL17F 
genes with COPD.  Tables 2 and 3 show the allele 
and genotype distributions of -1082 A/G IL-10 and 
His161Arg IL17F in COPD patients and controls. We 
observed that the G allele and GG genotype of -1082 
A/G IL-10 polymorphism have a significantly more 
frequencies in the COPD patients compared to the con-
trols (p=0.005 and p=0.009, respectively). A signifi-
cant difference in frequencies of G allele (OR=2.77; 
CI=1.23–6.21) and GG genotype (OR=9.26; CI=0.49–
175.33) was found between COPD patients and con-
trol subjects for IL-17F gene His161Arg SNP.
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Table 2 – Allele frequency of His161Arg IL-17F polymorphism among COPD patients and normal Kazakh population

Cytokine poly-
morphism Allele

COPD Control Fisher exact 
p-value Odds ratio Wald’s 95% CI

N F N F

IL-10
A 95 0.660 113 0.807

0.005 2.16 1.25 – 3.72
G 49 0.340 27 0.193

IL-17F
A 121 0.840 131 0.936

0.01 2.77 1.23 – 6.21
G 23 0.160 9 0.064

Table 3 – Genotype distributions of His161Arg IL-17F polymorphism among COPD patients and normal Kazakh population

Cytokine poly-
morphism Genotype

COPD Control Fisher exact 
p-value Odds ratio Wald’s 95% CI

N F N F

IL-10

AA 34 0.472 46 0.657

0.009

0.47 0.24 – 0.92

AG 27 0.375 21 0.300 1.40 0.70 – 2.82

GG 11 0.153 3 0.043 4.03 1.07 – 15.12

IL-17F

AA 53 0.736 61 0.871

0.02

0.41 0.17 – 0.99

AG 15 0.208 9 0.129 1.78 0.72 – 4.40

GG 4 0.056 0 0.000 9.26 0.49 – 175.33

The main biological functions of IL-10 as ex-
pected are the limit and termination of inflamma-
tory responses and the regulation of differentiation 
and proliferation of immune cells, such as T cells, 
B cells, natural killer cells, antigen-presenting, 
mast cells and granulocytes. It was demonstrated 
that IL-10 participates in Tregs mediated suppres-
sion of allergic reactions, and also promotes im-
mune homeostasis in the lung tissue [25]. Low 
levels of IL-10 are associated with the pathogen-
esis of asthma and COPD [26]. Our results showed 
that the GG genotype and G allele of -1082A/G 
polymorphism in IL-10 gene are more common in 
patients with COPD and patients with the presence 
of this genotype have a higher risk of developing 
a disease. As mentioned above, only a few stud-
ies have been devoted to the finding of association 
between -1082A/G polymorphism in IL-10 and 
COPD, and our data matches them. Study of Sei-
fart C. et al. involved 469 unrelated Caucasian Ger-
man individuals, including 113 COPD patients; the 
statistical significance was achieved, when COPD-
smokers were compared with the population con-
trol [8].  Besides, DeMeo et al. found the associa-
tion of IL-10 -1082A/G polymorphism with higher 
lung function in COPD patients with ZZ genotype 
of α1-antitrypsin gene [9]. 

Association of Th17-lymphocytes with a number 
of neutrophils, macrophages and proinflammatory 
cytokines is seen in the airways of COPD patients. 
It is known that the effects of Th17-lymphocytes are 
mediated by appropriate cytokines, including IL-17F 
[27]. Increasing the IL-17F level in the blood serum 
of COPD patients with acute exacerbation compared 
with stable COPD or control was obtained [28], as 
well as enhance of the IL-17F expression in local 
lung cells after cigarette smoke exposure in COPD 
patients [15]. We observed an association between 
His161Arg IL-17 polymorphism and COPD.

Genotyping of the polymorphisms in IL-10 and 
IL17F among the asthma patients. The genotypes and 
allele frequencies of the -1082A/G polymorphism in 
IL-10 gene and His161Arg polymorphism in IL17F 
gene are presented in Tables 4 and 5.  None of the 
SNPs showed any association with asthma (p>0.05).

The alveolar macrophages of asthma patients pro-
duce significantly less of IL-10 [29]. Asthma severity 
is clearly dependent on IL-10 levels, which in return 
leads to the production of some pro-inflammatory cy-
tokines, contributing to the formation of chronic in-
flammation in the lower respiratory tract [29]. Large 
number of associative studies of -1082A/G IL-10 
polymorphism with asthma and its phenotypes were 
performed. The results of most of these studies were 
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summarized and evaluated in the three meta-analyses 
reported above, demonstrating the effect of this poly-
morphism on the development of asthma in adults, 

Asians and atopic asthma. However, we observed 
no significant associations between -1082A/G IL-10 
polymorphism and asthma in Kazakh population.

Table 4 – Allele frequency of -1082A/G L-10 polymorphism among asthma patients and normal Kazakh population

Cytokine Poly-
morphism Allele

Asthma Control Fisher exact 
p-value Odds ratio Wald’s 95% CI

N F N F

IL-10
A 109 0.768 113 0.807

0.42 0.79 0.45– 1.40
G 33 0.232 27 0.193

IL-17F
A 133 0.937 131 0.936

0.98 1.02 0.39 – 2.64
G 9 0.063 9 0.064

Table 5 – Genotype distributions of -1082A/G L-10 polymorphism among asthma patients and normal Kazakh population

Cytokine Poly-
morphism Geno-type

Asthma Control Fisher exact 
p-value Odds ratio Wald’s 95% CI

N F N F

IL-10
AA 43 0.606 46 0.657

0,43

0.80 0.40– 1.59
AG 23 0.324 21 0.300 1.12 0.55– 2.28
GG 5 0.070 3 0.043 1.69 0.39– 7.37

IL-17F
AA 62 0.873 61 0.871

0.97

1.02 0.38 – 2.73
AG 9 0.127 9 0.129 0.98 0.37 – 2.65
GG 0 0.000 0 0.000 0.99 0.02 – 50.39

Numerous studies demonstrating the important 
role of IL-17F in the pathogenesis of asthma is in-
creased. The expression of IL-17F is observed in 
a wide range of asthmatics cells, such as activated 
CD4+ T lymphocytes, basophils, mast cells, Th17 
lymphocytes, bronchial epithelial cells, etc. [13]. IL-
17F can increase the allergic inflammation in airways 
and contributes the formation of severe asthma due 
to the induction of the chemokine ligand 20 (CCL20) 
by Th17 lymphocytes [13]. Moreover, the role of IL-
17F in exacerbations frequent of neutrophilic asthma 
was shown [30]. In our study, we did not identify an 
association between His161Arg IL-17 polymorphism 
and asthma.

Kawaguchi et al. [16] first showed that His161Arg 
SNP is a protective variant of the IL-17F gene 
against asthma in Japan. Du et al. [18] investigated 
the His161Arg polymorphism of the IL-17F gene in 
Han ethnicity individuals living in China.  This study 
showed no significant differences between patients 
with asthma and control in addictive models with 
significant differences in allele models. Also in this 
study, a meta-analysis of His161Arg IL-17F SNP in 
Asian populations was conducted and this polymor-

phism indicated association with asthma susceptibil-
ity. In another meta-analysis, Ke et al. reported no 
association between the His161Arg polymorphism 
in the IL-17F gene and the predisposition to asthma 
[19]. Further, a meta-analysis of 11 single nucleotide 
polymorphisms of IL-17F showed no significant con-
nection between this SNP and asthma susceptibility 
in a study, implemented by Yan Jin et al. [20].

Recent achievements of asthma and COPD ge-
netics suggest that one gene does not play the sig-
nificant role in the total amount of etiologic factors in 
these diseases, and, as it can be seen from our study, 
smoking is also an important factor in the develop-
ment of COPD.  In addition, summation of pathologi-
cal agents may lead to an increase in susceptibility to 
diseases, and the necessary condition for its finding 
is the establishment of a group of involved genes, as 
well as a detailed description of patients with indica-
tion of ethnicity.

Conclusion

This study examined the involvement of the 
IL-10 and IL17F genes in development of asthma 
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and COPD in Kazakh population. We concluded 
that His161Arg polymorphism in IL-17F gene and 
-1082A/G polymorphism in IL-10 are associated 
with COPD and may serve as the differential mark-
ers for this disease in population of ethnic Kazakhs. 
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Volatile organic compounds profile of Lactobacillus casei and  
Streptococcus thermophilus in fermented mare milk of Kazakhstan

Abstract: Fermented milk is a common beverage in many countries, but its flavor is highly variable from 
one region to another. The fermented mare milk, common beverage in Central Asia, has a typical flavor of 
koumiss, but those flavors were never described using aroma compound determination. In the present study, 
six lactic acid bacteria were identified in local koumiss. Due to the apparent technological advantage of 
Lactobacillus casei and Streptococcus thermophilus (notably their acidification speed), the main objective 
of this study was to compare their volatile compound profiles. 35 aromatic compounds were detected. To 
compare the aroma profiles of each strain, the ratio proportion strain/control was calculated for each strain 
and for each aroma showing significantly different profiles with predominance of 2-methyl-1-propanol 
and 2-undecanol in milk fermented with L. casei, and of 2,3-pentanedione in milk fermented with S. 
thermophilus. L. casei strain produced more aroma and its profile was significantly (P>0.03) different from 
S. thermophilus profile.
Key words: mare milk, koumiss, Lactobacillus casei, Streptococcus thermophilus, aromatic compounds.

Introduction

Fermented milk is a common beverage in many 
countries, but their taste is highly variable from one 
region to another [1]. Flavor development mainly 
depends on the microflora, composed of lactic bac-
teria and yeasts [2]. The main biodiversity of taste 
in fermented products as wine is due to “terroir”, 
which depends on different factors: local microflora, 
traditional tools and dishes used, climatic conditions 
(temperatures, humidity), etc. The characterization of 
microflora from fermented dairy products originated 
from non-cattle milk are few investigated especially, 
there is few data regarding the microflora biodiver-
sity in fermented mare milk [3]. Traditionally, mare 
milk is produced and consumed in Central Asian 
countries, such as Kazakhstan, Mongolia, Kyrgyz-
stan, Uzbekistan, Russia, China (western provinces) 
[4]. 

In other countries, mare milk is consumed under 
milk form, essentially for newborn babies in France, 
in Germany etc. The main strains isolated in ferment-
ed mare milk (in international data called koumiss, 
and phonetically in Kazakh – koumiss), are lactic 

bacteria such as Lactobacillus (L.) casei, L. helveti-
cus, L. plantarum, L. fermentum, L. acidophilus, Leu-
conostoc mesenteroides, Lactococcus lactis, Strep-
tococcus (S.) thermophilus, Enterococcus faecalis, 
Enterococcus durans, Enterococcus casseliflavus; 
and yeasts, such as Kazachstania unispora, Saccha-
romyces cerevisiae, Torulopsis koumis [3; 5-11]. 

The characterization of aroma production by mi-
croflora was mainly achieved in cheese, notably after 
ripening [12-15]. The fermented mare milk has a typ-
ical flavor of koumiss [16]. However, those flavors 
are generally described as organoleptic properties, 
only with words, such as acid, milky, creamy, sweet 
and some other. Traditionally produced on-farm by 
mixing fresh milk with already fermented milk; the 
organoleptic qualities of koumiss are highly variable. 
Face to industrialization of the process, there is ne-
cessity to standardize the production. For that, the 
characterization of aroma by selected microflora is 
a way to propose standardized koumiss to the con-
sumers. At our knowledge, the aroma description of 
fermented mare milk was never achieved.

As the target of our strain selection was to pre-
pare starters for fermentation process at industrial 
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level [17].  Lactic acid bacteria (LAB) strains were 
tested for their acidification speed and their survival 
capacity in selective milieu for industrial use, espe-
cially acid-resistance and growth speed in bioreac-
tor [18].  Finally, the main objective of the present 
study was to compare the volatile compound profile 
of mare milk fermented separately by the selected 
strains among the natural lactic bacteria.

Materials and methods

Analyzed samples and microflora isolation. One 
sample of koumiss with typical pleasant taste was 
collected in Almaty region, Saryzhailau dairy plant 
for isolation of natural microflora. The LABs were 
isolated on MRS and M17 media at the conditions 
described infra in Table 1. 

Table 1 – Lactic acid bacteria strains isolated from koumiss in Almaty region

No. Microorganism code Growth medium Growth conditions in broth Growth conditions on agar
1 K5 MRS 37°С/AE, 24 h 37°С/AE, 24 h
2 K7 MRS 37°С/AE, 24 h 37°С/AE, 24 h
3 K5.C MRS 37°С/AE, 24 h 37°С/AE, 24 h
4 K14 MRS 37°С/AE, 24 h 37°С/AE, 24 h
5 K12 M17 42°С/AE, 24 h 42°С/AE, 48 h
6 K17 M17 42°С/AE, 48 h 42°С/AE, 48 h

Identification of strains. To identify the strains, 
polymorphism in the DNA fragment of ribosomal 
16S was used according to the methods of Ampe and 
Leesing [19; 20]. The purity and quantity of extract-
ed DNA was verified by measuring the absorbance 
(Biospec-Nano, Japan), and by electrophoresis and 
loaded into 0.8% agarose gel in 1x TAE buffer (40 
mM Tris-HCl, pH 7.4, 20 mM sodium acetate, 1.0 
mM Na2-EDTA, Eppendorff, Hamburg, Germany) 
with a molecular weight ladder 1kb (Supercoiled 
DNA Ladder, Invitrogen, USA). After running at 100 
V for 40 min, the gels were stained for 30 min in an 
ethidium bromide solution (50 µg·mL/1; Promega), 
rinsed for 10 min in distilled water, then observed 
and photographed on a UV transilluminator.

PCR amplification of extracted DNA. The V3 
variable region of bacterial 16S rDNA was amplified 
using Seqfor1 (5’-GGA AAC AGA TGC TAA TAC 
CG-3’, Sigma) and seqrev 1 (5’-GCT GCT GGC 
ACG TAG TTA-3’, Sigma) primers. 

PCR amplifying procedure was as follows: 3 min 
at 94°C, 30 cycles of 1 min at 94°C, 1 min at 46°C, 
1 min at 72°C and then 5 min at 72°C. It was car-
ried out on the automatic thermal cycler (PTC-100 
Peltier Thermal Cycler). Isolation and purification of 
PCR products was carried out using the Wizard PCR 
Preps (Promega, USA) kit, as recommended by the 
manufacturer. The sequencing of purified products 
was performed by GATC Biotech (Germany). Raw 
sequences data were edited using Sequence Scanner 
software and compared to the GenBank database us-

ing the BLAST program (http://www.ncbi.nlm.nih.
gov/BLAST/) and the Ribosomal Database Project 
(http://rdp.cme.msu.edu/index.jsp). Sequences hav-
ing a percentage of identity of 97% or greater were 
considered to belong to the same species [21; 22]. 

Acidification tests and growth kinetic of the 
identified LABs. The process of lactic acid bacteria 
fermentation was evaluated using Cinac. The Cinac 
system (INRA, France), allows continuous monitor-
ing of the activity of acid-enzymatic fermentation by 
simultaneously observing changes in pH and tem-
perature in several samples. LAB was inoculated 
into ultra-sterilized cow milk (2.5% fat, UHT, bio, 
Casino, France) in an amount of 2% and cultured at 
optimal temperature conditions: 42±1°C for thermo-
philic Streptococci, 37±1°C for Lactobacilli.

All tests were carried out in duplicate. After 24h 
of incubation, 2.5 mL aliquots of the samples were 
placed in vials (PerkinElmer, 22 mL) with polytetra-
fluoroethylene (PTFE)/silicone septa. Samples were 
stored at -80°C until analysis of volatile compounds.

Analyses of volatile compounds (VOC). Samples 
were analyzed by the team from UMR 1253 STLO 
(INRA-Rennes, France). Aliquots (2.5 g) of cultures 
were placed in 22 mL PerkinElmer vials with polytet-
rafluorethylene/silicone septa. Vials were stored at 
-80°C until analysis of volatile compounds. Samples 
were randomized in the sample list. 

Extraction of volatile compounds. A Perkin El-
mer Turbomatrix HS-40 trap automatic headspace 
sampler with trap enrichment was used to extract 
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volatiles according to Pogacic et al, 2015 [15]. The 
principle of the HS-trap method has been previously 
described in detail [23; 24]. It includes several steps: 
equilibration, pressurization, trap load, trap dry-
purge, trap desorption and trap hold. Conditions were 
as follows. Samples were warmed for 15 min at 65oC 
(equilibration). The vials were then pressurized for 
1 min at 207 kPa with the carrier gas (helium), by 
introducing a needle through the septum. A Tenax™ 
trap at 35oC was then loaded for 2.3 min by allowing 
the pressure to fall through the trap, permitting the 
adsorption and the concentration of the analytes of 
the headspace on the trap. The trap load was repeated 
twice for each vial trap. The adsorbed water was then 
removed by purging helium through the trap (dry 
purge: 3 min). The trap was heated at 250oC for 0.1 
min and back flushed at 89 kPa, leading to desorp-
tion of the analytes, which were then transferred to 
the GC through a transfer line maintained at 150oC, 
with an injection time of 0.6 min. The trap was held 
at 250oC for 5 min. 

Analysis of volatile compounds. Volatiles were 
analyzed using a Clarus 680 gas chromatograph 
coupled to a Clarus 600T quadrupole mass spectrom-
eter (Perkin Elmer, Courtaboeuf, France). They were 
separated on a Stabilwax-MS capillary column (30 m 
x 0.25 mm x 0.25 μm; Restek, France), with helium 
as the mobile phase. The initial temperature of the 
oven, 30oC, was maintained for 10 min. The increase 
of temperature was performed at a rate of 5oC/min up 
to 230oC. The mass spectrometer was operated in the 
scan mode (scan time 0.3 s, interscan delay 0.03 s) 
within a mass range of m/z 29 to 206. Ionization was 
done by electronic impact at 70 eV. Standards were 
regularly injected to verify the absence of instrumen-
tal drift of the GC-MS system. Blank samples (boiled 
deionized water) were also injected to check the ab-
sence of carry-over. Volatile compounds were iden-
tified by comparison of mass spectra and retention 
times with those of authentic standards purchased 
from Sigma-Aldrich (St-Quentin-Fallavier, France), 
on the basis of their retention index and mass spec-
tral data from the NIST 2008 Mass Spectral Library 
(Scientific Instrument Services, Ringoes, NJ, USA). 
Some compounds were tentatively identified on the 
basis of mass spectral data only when data on reten-
tion indices were not available.

Data processing. Data pre-processing was per-
formed using PerkinElmer Turbomass software, ver-
sion 5.4.2.1617. The GC-MS raw data files were con-
verted to netCDF format with Data Bridge (Perkin 
Elmer, Waltham, Massachusetts, USA) for further 
analysis. GC-MS data were processed by converting 

the raw data to time- and mass-aligned chromato-
graphic peaks areas using the open source XCMS 
package implemented with the R statistical language 
[25]. The full width at half maximum was set to 5, the 
group band-width to 3, and the other parameters were 
those by default.

Statistical data analysis. Each strain was ana-
lyzed in triplicate and the mean was retained as con-
venient value after verification of a low variation co-
efficient. This coefficient for triplicates was all the 
times below 1%. It was on average 0.011% (range 
0.001-0.058% according to compound) for control 
sample, 0.026% (0.001-0.107) for L. casei sample, 
and 0.018% (0.002-0.063) for S. thermophilus sam-
ple. The aroma profiles were compared graphically. 
To facilitate the comparison, the quantitative values 
were presented as percentage of total aroma in the 
results table, and transformed in log10 values for 
giving a better reading of the profiles’ graphic. Due 
to the lack of homogeneity of the variance, a non-
parametric test (Mann-Whitney test) was applied to 
compare the two entire profiles by using the soft-
ware XLstat (Addinsoft©).

Results and discussion

LABs were identified by NCBI and RDP data 
bases with 100% confidence with Seqfor1 and Se-
qrev1 system of primers. Finally, six LAB strains 
were isolated and identified belonging to genus Lac-
tococcus, Leuconostoc, Lactobacillus and Strepto-
coccus (Table 2). 

Table 2 – Identification of lactic acid bacteria strains isolated 
from koumiss

No. Microorganism 
code Identified microorganism

1 K5 Lactococcus lactis
2 K7 Leuconostoc lactis
3 K5.C Leuconostoc lactis
4 K14 Lactobacillus casei
5 K12 Streptococcus thermophilus
6 K17 Streptococcus thermophilus

After 18 hours of incubation during acidification 
tests, pH of fermented milk with specific strains de-
creased from 6.5 to 4.14 for Lactobacillus casei K14 
(L. casei) and to 5.22 for Streptococcus thermophilus 
K12 (S. thermophilus). The acidification speed of the 
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er damages [26]. So, finally, those two LAB strains 
were selected for the VOC analysis.

As the whole, 35 volatile aroma compounds pro-
duced by studied strains and control sample of milk 
were identified (Figure 1). 

other strains was slower. Moreover, one of the most 
common points regarding koumiss microflora in the 
literature is the common presence of L. casei and S. 
thermophilus. Those species have high technological 
interest and could play also therapeutic effect on liv-

 
 

 
 

Figure 1 – Chromatographic profile of each samples of strains

The main aroma compounds among the 35 
detected ones (representing more than 3.5% in 
percentage, i.e. above the mean of percentage of 
100/35) found in control sample were styrene and 
2-butanone. In sample of fermented milk inoculat-
ed with L. casei, the main compounds were meth-

ylbenzene, 2,3-butanedione, styrene, 2 butanone, 
3-hydroxy, and 2-butanone. In milk fermented with 
S. thermophilus, they were hexanoic acid, 3-meth-
ylbutanal, butanoic acid, 2-butanone, 1-butanol, 
3-methyl, 2 butanone, 3-hydroxy and acetic acid 
(Table 2). 

Table 2 – Volatile aroma proportion (the total of column is 100%) of milk fermented by each strain and control (without fermentation, 
milk only)

Name Ion TR CAS number Identification 
database Control L. casei S. 

thermophilus

2-undecanol 97 32.33 1653-30-1 RI, DB 0.0002 0.0006 0.0152

2-methyl-1-propanol 74 12 78-83-1 S, RI, DB 0.0007 0.0005 0.2108

2,3-pentanedione 100 9.78 600-14-6 RI, DB 0.0014 0.3684 0.0004

propionic acid, 
2-methyl 73 28.5 79-31-2 S, RI, DB 0.0033 0.0067 0.1613

2-tridecanone 71 34.33 593-08-8 RI, DB 0.0050 0.0187 0.0515

2-propanone, 
1-hydroxy

74 20.5 116-09-6 RI, DB 0.0061 0.0099 0.1230

propionic acid 74 27.76 79-09-4 S, RI, DB 0.0103 0.0350 0.1043

2-buten-1-ol, 
3-methyl-, acetate 67 21.43 1191-16-8 RI, DB 0.0128 0.0308 0.1222

2-undecanone 58 29.18 112-12-9 RI, DB 0.0182 0.1264 0.6356

2-butenal-3-methyl 84 16.55 107-86-8 RI, DB 0.0246 0.0226 0.1718
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Name Ion TR CAS number Identification 
database Control L. casei S. 

thermophilus

hexanol 56 22.47 111-27-3 RI, DB 0.0280 0.1299 0.0764

butanoic acid, 3-methyl 60 31.02 503-74-2 S, RI, DB 0.0357 0.0584 0.2868

1-butanol, 3-methyl 55 17.3 123-51-3 S, RI, DB 0.0415 0.1065 15.7518

hexanal 82 10.65 66-25-1 RI, DB 0.0663 0.0022 0.0005

p-xylene 106 13.07 106-42-3 S, RI, DB 0.0886 0.0091 0.0022

octanoic acid 60 39.58 124-07-2 S, DB 0.0889 0.7855 0.9837

2-nonanone 58 23.33 821-55-6 S, RI, DB 0.1814 0.2485 1.2712

2-pentanone 86 5.75 107-87-9 RI, DB 0.1985 0.1197 0.1913

hexanoic acid 60 35.08 142-62-1 S, DB 0.2136 1.6628 4.1169

acetic acid 60 25.4 64-19-7 S, RI, DB 0.2965 2.6020 22.7597

dimethyl sulfone 79 36.42 67-71-0 DB 0.3180 0.1723 0.1991

2 butanone, 3-hydroxy 45 19.93 513-86-0 S, RI, DB 0.3460 25.3227 18.8271

3-methylbutanal 58 4.2 590-88-3 S, RI, DB 0.3549 0.1514 4.4287

2,3-butanedione 86 6 431-03-8 S, RI, DB 0.3618 9.4461 1.1770

butanoic acid 60 30 107-92-6 S, RI, DB 0.4051 1.8169 7.8582

methylbenzene 92 7.33 108-88-3 RI, DB 0.5098 3.5170 0.1331

1-butanol 56 14.6 71-36-3 RI, DB 0.5405 0.0566 0.0386

2-heptanone 58 15.78 110-43-0 S, RI, DB 0.7164 0.4933 0.7284

benzaldehyde 105 27.23 100-52-7 S, RI, DB 0.7377 0.4935 0.1209

ethylbenzene 91 12.63 100-41-4 RI, DB 1.4873 0.5172 0.1002

acetone 58 2.98 67-64-1 RI, DB 2.5985 1.4827 0.5605

styrene 104 18.75 100-42-5 RI, DB 15.1948 19.8396 3.4508

2-butanone 43 4 78-93-3 S, RI, DB 75.1078 30.3467 15.3409

Total 100% 100% 100%

  Note: S – Retention time and mass spectrum from standard, RI – Retention index, DB – Mass spectral data

Continuation of Table 3

To compare the aroma profiles of each strain, 
the ratio proportion strain/control was calculated for 
each strain and for each aroma (Figure 2). 

L. casei strain from koumiss produced more 
aroma compounds and its profile was significantly 
(P>0.03) different of S. thermophilus profile. 3-meth-
ylbutanal, 2-pentanone and dimethyl sulfone were 
produced mainly by L. casei and not by S. thermoph-
ilus. At reverse, methylbenzene, styrene, benzalde-
hyde and 2,3-pentanedione were mainly produced 
by S.thermophilus and few by L. casei. Capacity of 
lactic acid bacteria to produce aroma in koumiss was 
similar to that described by Helinck et al. [27]. 

As the production of volatiles is highly strain-
dependent (both qualitatively and quantitatively) 
and is depending also on the conditions, it is dif-

ficult to compare our results with those of the lit-
erature. The comparison to the data obtained us-
ing other strains, on other dairy products such as 
cheese, and extracted with other GC-MS methods 
is quite debatable. Moreover, no data regarding 
VOCs in mare milk was available in the literature. 
In one reference regarding Cheddar cheese where 
L. casei is dominating LAB, the main aromas were 
nonanoic, undecanoic, heptanoic and myristoleic 
acid and their ethers [14]. Branched aldehydes, 
such as 3-methyl butanal are important flavor 
compounds in many food products, fermented and 
non-fermented (heat-treated) and are products of 
S. thermophilus strains [27; 28]. Such aroma pat-
tern appeared close to that isolated from our kou-
miss samples.
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Obviously, the proportion of each aroma can be 
lower even if the absolute amount increases, and the 
total was the sum of the abundance of one selected 
fragment for each compound and not the sum of total 
current intensity (TIC) value. Moreover, the flavour-
impacting compounds are rarely the dominant ones, 
and that the method of extraction markedly influ-
ence the nature and ratio of the compounds extracted. 
The present results aimed only to describe the global 
“aroma profile” of two strains expected to be used 
in specific starters. Further investigations regarding 
the sensory analysis should be necessary to assess 
potential relationship between felt flavor and aroma 
profile.

Conclusion 

The present characterization of L. casei and S. 
thermophilus from koumiss samples was new and un-
til now no data was available. 35 aroma compounds 
were detected in fermented and control samples. L. 
casei showed greater aroma producing capacity. Due 
to the place of traditional fermented dairy products 
in Central Asia, the description of aroma profiles of 

koumiss could be an important step in the moderniza-
tion of this specific sector. It is a good potential for 
improving the technology of production at industrial 
level. However, it would be necessary to complete 
such analysis by using several strains of the same 
species grown under the same conditions and using 
the same method.
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Genetic toxicology and genetically active environmental factors

Abstract: Anthropogenic impact on the environment, including, but not limited to water and soil 
contamination with oil and xenobiotics, causes cytotoxic, mutagenic and carcinogenic effects, and nowadays 
is considered the main negative factor of genetic alterations in living populations.  In examinations of 
mutation processes in populations, inhabiting at ecologically unfavorable areas, high frequency of 
dominant mutations that alter normal growth inside uterus, causes development glitches in newborns, or 
even stillbirth.  Such data is conditioned by direct dependence between the intensity of environmental 
pollution and impairment of ecologically effected genetic situation.  Assessment of genotoxicity can be 
provided through specific tests, indicating degree of mutagenic effect and probability of its manifestation.  
Nevertheless, even living organisms, such as plants, suffering from environmental pollution, can produce 
chemical compounds that induce genotoxicity.  Medicinal substances isolated from these plants are not 
exception as well.  An attempt to provide analysis of genotoxicity implementation and importance of 
investigations performed in this field is presented in this paper.
Key words: genotoxicity, mutagenic effect, carcinogenicity, chemical compounds, negative factors, 
regulatory documents.

Introduction

Genetic toxicology is the scientific discipline 
dealing with mutagenic effects of chemical, physi-
cal and biological agents, resulting in DNA damage.  
Progress in this field of science comes in close con-
nection with the development of various techniques 
for visualization of genetic material impairment (eg. 
the Ames assay, Comet assay, or single cell gel elec-
trophoresis, and micronucleus assay), mechanisms 
laying in the basis of those (eg. chromosome aber-
rations and single nucleotide polymorphisms) and 
means for repair of such lesions (eg. photoreactiva-
tion, base and nucleotide excision repair) in cells of 
eukaryotic and prokaryotic organisms.

From the ecological point of view, one should 
pay close attention to the previous studies, related 
to the influence of toxicological agents on physiol-
ogy and life span of ecosystem participants, such as 
animals and plants.  For instance, when analyzing the 
data from the study of oil pollution on plant morphol-
ogy and cytogenetic characteristics we can detect the 
accumulation of strong mutagens and carcinogens in 
plants as clear indicator of the negative impact of oil.  
A genotoxic agent may cause DNA and chromosome 

damage.  Such alteration in a germ cell may further 
lead to an inheritable mutated trait, affecting geno-
type of all individuals in a given population.  On the 
other hand, DNA damage in somatic cells is one of 
the main factors that trigger malignance and cancer.  
Some carcinogens and mutagens go through meta-
bolic pathway for activation until reactive species 
that can interact with DNA forming DNA adducts are 
detected in cells and tissues by different techniques.  
Such methods include micronucleus tests, Ames test, 
biotransformation, dominant lethal tests, reverse mu-
tation assay, sister chromatid exchange test, specific 
locus test and others.  These assays play an important 
role in predicting potential of compounds to cause 
genotoxicity and carcinogenicity, as well as reveal-
ing the nature and effect of damage.  Cytogenetic 
methods, such as anaphase-telophase chromosome 
aberration assay, were developed for rapid screen-
ing of chemicals and environmental samples (water, 
soil, air, and waste).  Conventional cytogenetics us-
ing regular chromosome analysis remains a simple 
and popular technique for visualization of the human 
karyotype.  Implementation of cytogenetic analyses, 
at least at diagnosis, is mandatory for analyzing the 
outcomes of many clinical trials, and it can also be 
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used to stratify patients for different types of therapy. 
However, we have molecular methods of damaged 
DNA recovery as well; to include: direct repair, base 
excision repair, nucleotide excision repair, mismatch 
repair, single/double strand break repair.  If talking 
about other related areas, we may take as an example 
nuclear medicine using ionizing radiation as an im-
portant clinical tool for both medical diagnosis and 
therapy. The use of radiopharmaceuticals in diagnos-
tic imaging has brought a significant contribution to 
the field of health sciences [1].

Development of genetic toxicology as science

Even before the biochemical bases of heredity 
were understood, the field of genetic toxicology be-
gan its development with the early investigators ob-
serving the possibility of heritable mutations due to 
the action of physical and chemical agents.  Muller 
was the first to report the role of radiation in produc-
ing heritable changes in a living organism, while Au-
erbach was the first to report the ability of chemicals 
to cause mutations.  Based on these early investiga-
tions of induced alterations in genetically heritable 
traits the field of science was created nowadays 
known as genetic toxicology.  Genetic toxicology 
testing is required for all classes of chemicals and 
drugs in order to reveal their pharmacodynamics and 
pharmacokinetic effect, negative side effects, ana-
lyzing the probability of positive result during treat-
ment.  Since the 1980s, there has been an increase in 
our knowledge of the mechanisms leading to genetic 
toxicity as well as in our experience with the use of 
the tests on genetic toxicity. Our interpretation of test 
results has evolved, comprising our identification of 
the critical steps, strengths and weaknesses of the dif-
ferent tests.  Moreover, it has become clear that tests 
detecting the types of genetic damage, which can be 
transmitted (gene mutations, structural chromosome 
damage and numerical chromosomal abnormalities) 
in mammalian cells, should be considered as the most 
relevant for the evaluation of the mutation inducing 
potential of certain chemicals.

Genetic toxicology for many years has explored 
the mechanisms of heredity with tools applied to 
study the nucleic acids structure, DNA repair and re-
combination, the role of mutation at the individual 
level.  The study of mutagenesis has proved signifi-
cantly important in many areas including environ-
mental monitoring with notable ecological aspects.  
This field involves studies of air, water, soil and sedi-
ments pollution as result of industry development 
leading to accumulation of mutagenic and carcino-
genic substances in cells of living organisms.  In the 

final stage, we have substantially altered genotype, 
manifesting mutation in phenotypical characteris-
tics.  Different test systems include high diversity of 
both eukaryotes and prokaryotes, as well as bacte-
riophages, viruses and mammalian cells in culture.  
Endpoints that have been used to measure genotox-
icity comprise DNA adducts, DNA strand breakage, 
changes in chromosome number or structure, DNA 
repair, and cell transformation to malignant pheno-
types.  The rapidly increasing number of researchers 
and amount of published material in genetic toxicol-
ogy through the 1960s led to the formation of profes-
sional societies (to name a few Genetic Toxicology 
Association, US Environmental Protection Agency, 
Organization for Economic Cooperation and Devel-
opment, European Environmental Mutagen Society, 
Mutagenicity and Experimental Pathology Society of 
Australasia, Genotoxicity and Environmental Muta-
gen Association as well as several European orga-
nizations for the development of alternative genetic 
toxicology methods) and information resources fo-
cused on genetic toxicology.

Application of computational toxicology to safe-
ty testing within a regulatory setting and in silico 
genotoxicity screening approaches are some of the 
current means for reducing the need for animal test-
ing and human clinical trials.  Computer modeling, 
molecular biology systems and/or adverse outcome 
pathway approaches can provide more accurate tox-
icity predictions, whether high-content study data, 
pluripotent stem cells or new scientific disciplines, 
such as epigenetics and adductomics, could be inte-
grated into the risk assessment process.  With close 
collaboration between industry, academia and regu-
lators next generation predictive models and high-
content screening have the potential to transform ge-
netic toxicology testing in the 21st century [2].  

One of the recent major events with more than 
160 sessions took place in San Antonio, TX, USA in 
March 2018 with the topics ranging from ecotoxicol-
ogy and exposure assessment to epidemiology and 
human population evaluation, and from immunotox-
icity to pesticide neurotoxicology (http://www.toxi-
cology.org/events/am/AM2018).

High spectrum of the negative factors

International agency for research on cancer es-
timated that more than 90% of classified chemical 
compounds may nowadays be considered as car-
cinogenic as they simultaneously induce tumors at 
multiple sites in rodent species.  Modern genotoxic-
ity studies allow simple, rapid, and inexpensive risk 
identification via assessing genetic lesion caused by 
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chemical induction. Important step that must be fol-
lowed include reliable and accurate measuring of 
previously existed and newly appeared chemicals 
for toxicological and mutagenic properties, genetic 
potential more efficiently, cost-effectively, and with 
lesser reliance on animal models.  Computational 
prediction of genotoxicity and carcinogenicity on the 
base of physicochemical nature, biological aspects 
has proven of value, while using in the framework of 
research, also may be applied to chemicals that are 
not currently synthesized.  The Ames bacterial mu-
tagenicity assay has stood the test of time and has 
gained strong consensus as the assay of choice for 
prediction of mutagenicity and carcinogenicity.  The 
assay detects 90% of known human carcinogens, 
most of which are trans-species rodent carcinogens 
[3].  Among other well-known human carcinogens 
are benzene and its principal metabolites, phenol, 
catechol and hydroquinone. Chromosomal aberra-
tions in cultured cells are triggered by catechol, lesser 
by hydroquinone, and to a marginal extent by phenol 
at concentration of only 100 mM.  Aneuploidy in the 
near diploid range of cells is significantly induced by 
benzene and catechol [4].

Risk factors affecting background rates of mi-
cronuclei and chromosomal aberration formation 
include both endogenous factors and those due to 
methodological variation were evaluated. A number 
of host risk factors, namely age, gender, smoking 
habit, folate, vitamin B and hormonal status need to 
be identified for assessing probability of their impact 
on background levels of genotoxicity biomarkers.  
Evaluation of these factors has to be considered in 
genotoxicity biomonitoring studies, as well as weak 
or insufficient evidence including alcohol consump-
tion, disease conditions and infections, physical ex-
ercise, body mass index and genotype [5].  Some 
negative factors may influence the authenticity of 
data resulted in research. Negative factors, as reac-
tive oxygen species, ultraviolet and ionizing radia-
tion, nucleoside analogues, topoisomerase inhibitors, 
protein synthesis inhibitors and others may contrib-
ute to the false or skewed results, even with different 
defense mechanisms present in animals, and are one 
of the biggest issues in animal testing.

There is a vast variety of phytochemicals, known 
as secondary plant metabolites, which possess dif-
ferent biological activities, such as antioxidant, an-
timicrobial effects, modulation of hormone metabo-
lism and detoxification enzymes, stimulation of the 
immune system, decrease in platelet aggregation 
and anticancer properties.  Phytochemicals are non-
essential nutrients; nevertheless, they have ability 
to prevent or fight against some common diseases.  

Many of these benefits suggest a possible role of 
phytochemicals in prevention and treatment of dis-
eases.  Secondary constituents are the remaining 
plant chemicals, such as alkaloids, terpenes, flavo-
noids, lignans, plant steroids, curcumines, saponins, 
phenolics, flavonoids and glucosides.  Phytochemi-
cals may reduce the risk of coronary heart disease 
by preventing the oxidation of low density lipopro-
tein, cholesterol, reducing its synthesis and absorp-
tion, normalizing blood pressure and clotting, and 
improving arterial elasticity [6].  They may detoxify 
substances that cause cancer.  They appear to neu-
tralize free radicals, inhibit enzymes that activate 
carcinogens, and activate enzymes that detoxify car-
cinogens.  Among other physiological activities of 
such biologically active compounds are alkylation, 
used for construction of carbon skeleton as well as 
for protection of functional groups, and intercalation, 
insertion between flatness of DNA nitrogen bases, al-
ternating its structure. 

As can be seen from the Table 1 most of the men-
tioned phytochemicals, such as chlorogenic acid, isa-
tidin, caffeic acid have genotoxic effects and cause 
DNA damage.

When providing examination of genotoxicity, 
various specific screening methods must be applied, 
such for instance as electrochemiluminescent arrays 
aimed at sensing DNA damage to identify geno-
toxic chemistry related to reactive metabolites [16].  
These arrays feature DNA/enzyme films that form 
reactive metabolites of test chemicals that can sub-
sequently react with DNA, thus enabling prediction 
of genotoxic chemical reactions.  They are used for 
determining chemical toxicity of new drug that is 
why good in preclinical researches. Yeast DNA re-
pair reporter, also GreenScreen assay is cost-effec-
tive method, developed to perform pre-regulatory 
screening.  It provides a higher throughput and a 
lower compound consumption than existing eukary-
otic genotoxicity assays and is sensitive to a broad 
spectrum of mutagens and, importantly, clastogens.  
One more technique, named ToxTracker assay is a 
mechanism based on mouse embryonic stem cells 
that uses GFP-tagged biomarkers for detection of 
DNA damage, oxidative stress and general cellular 
stress upon exposure.  It identifies dangerous prop-
erties and mechanisms of elements, such as metal 
oxides, silver nanoparticles, and non-metallic ma-
terials (diesel, carbon nanotubes and quartz).  Blue-
Screen™ HC is a precise and rapid in vitro human 
cell-based assay, estimating genotoxicity and cyto-
toxicity of compounds and mixtures.  This method 
detects substances that can cause damage in genetic 
material, especially DNA [17].
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Table 1 – Classification of biologically active substances and their mutagenic activity in vitro

Class Subclass Name Genotoxicity

Phenolics

Simple phenol Catechol
Not mutagenic in the Ames test, but is co-mutagen 
with benzopyrene. Mutagenic in comet assay on 

human lymphocytes [7].

Polyphenol (-)-Epicatechin
(-)-Epicatechin significantly diminished the 

oxidative DNA damage induced by etoposide, 
in comparison to etoposide alone. It effectively 

protected bone marrow cells of rats against 
oxidative DNA damage induced by etoposide [8].

Phenolic acid

Chlorogenic acid

 

Both chlorogenic acid and caffeic acid induced 
single strand breaks in DNA in acellular test 

systems that favored formation of oxygen radicals, 
particularly in the presence of transition metals 

(co-mutagens). Not mutagenic in standard bacterial 
mutagenicity assays [9].

Caffeic acid

Cinnamic acid

 

Only primary DNA damage noted by the comet 
assay, can be repaired [10]. Micronucleus (MN) 

assay observed micronuclei formed from the loss 
of chromosomal fragments during division of 

nucleated precursor cells [11].

Flavonoids Flavonol Myricetin

MN/Comet assays did not detect significant 
increase in DNA damage at any of the dose groups 

[12].

Alkaloids Retronecine

Clivorine

Mutagenic, (±)-6, 7-dihydro-7- hydroxy-1-
hydroxymethyl-5H-pyrrolizine (DHP)-derived 

DNA adducts were formed in vitro [13].

Lasiocarpine

DHP-derived DNA adducts were formed [14].

Isatidin

In vitro comet assay detected DNA strand break 
[15].
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Genetic toxicology, old and new: in vivo vs. in 
vitro

Many in vitro and in vivo tests for genotoxicity 
have been developed that, with a range of endpoints, 
detect DNA damage or its biological consequences in 
prokaryotic (e.g. bacterial) or eukaryotic (e.g. mam-
malian, avian or yeast) cells.

During the process of using in vitro genotox-
icity testing it is necessary to include tests in both 
bacterial and mammalian cells, and be able to de-
tect gene mutations, chromosome damage and 
aneuploidy.  This method may be conducted via 
combination of the Ames test and the in vitro mi-
cronucleus test, consequently in the result observ-
ing both chromosomal aberrations and aneuploidy 
[18]. There have been a number of recent advances 
in the area of genetic toxicity testing that would re-
duce animal usage and still provide the necessary 
information for an assessment of the genotoxic po-
tential of substances.  Certain genotoxicity studies, 
including the micronucleus and comet assays, can 
be effectively incorporated into routine toxicology 

studies.  The integration of the cytogenetic tests into 
repeated dose toxicity studies can be used to satisfy 
the in vivo cytogenetic data requirement.  The eval-
uation of micronuclei in peripheral blood or bone 
marrow cells covers the evaluation of structural and 
numerical chromosomal aberrations.  The integra-
tion of the mammalian bone marrow and the rodent 
erythrocyte micronucleus assays is technically fea-
sible and is a scientifically acceptable alternative to 
conducting independent in vivo cytogenetic assays.  
The assessment of genotoxicity represents an essen-
tial component of the safety assessment of all types 
of substances.  Several in vitro tests are available at 
different stages of development and acceptance, yet 
they are not considered at present sufficient to fully 
replace animal tests needed to evaluate the safety 
of substances.  For an overall improvement of the 
traditional genotoxicity testing paradigm, several 
recent activities have taken place.  These include 
the improvement of existing tests, the development 
of novel tests, as well as the establishment and ex-
ploration of approaches to optimize in vitro testing 
accuracy.

Table 2 – In vitro assays with in vivo follow-up studies measuring comparable endpoints [19]

Basic Test In vitro In vivo 

Gene mutation 
endpoint

Ames (or other bacterial)
Mouse lymphoma
Chinese hamster ovary (hypoxanthine-guanine 
phosphoribosyltransferase test)
Yeast forward or reverse mutation
Direct chemical/DNA interaction

Mouse somatic cell coat color (spot) assay
Drosophila melanogaster sex-liked recessive lethal test
Mouse specific-locus assay or suitable dominant 
mutation assay (germ cell)
Clastogenicity

Chromosome 
aberration 
endpoint

In vitro cytogenetic analysis in various cell lines
Chromosomal aberrations
Micronucleus test
Sister chromatid exchange test

Rodent micronucleus
Rodent bone marrow metaphase analysis
Dominant lethal assay (germ cell)
Heritable translocation (germ cell)
Germ cell chromosome aberrations

Techniques 
for identifying 
genotoxic 
chemicals

Bromodeoxyuridine (or other) is injected prior to 
metaphase arrest; sister chromatids exchange is 
evaluated in M2 cells 
Cell culture treated with 
3H-thymidine (or other radioisotope) is evaluated 
by auto radiographic method 
Cell culture is placed into selective and non-
selective (or other medium); further stimulation 
by growth factors is provided

Natural metaphase stop and assessing of chromosomal 
lesions
Exposing of animals in vivo, perfusing target organs 
(liver) and collecting cells (hepatocytes)
Collecting material by surgical methods; fixing and 
staining for microscopic examination
For each substance tested in in vivo studies it is 
recommended performing homogeneity and stability 
testing including analytical method validation/evaluation 
in the vehicle used

Mammalian cell 
assay

Lymphoma assay
Chinese hamster ovary mutation assay
Unscheduled DNA synthesis assay
Chromosome aberrations
Sister chromosome exchange
Cell transformation

Dominant lethal assay
Cytogenetic analysis
Micronucleus assay
Heritable translocation assay
Specific locus assay
DNA adduct formation 



41R. Islamov et al.

International Journal of Biology and Chemistry 11, № 2, 36 (2018)

Basic Test In vitro In vivo 
Most frequently 
used systems Metabolically proficient mammalian cell systems Mammalian models (eg. rats, mice, zebra fish, Chinese 

hamster)

Most frequently 
used methods

In vitro: cytogenetic evaluation of chromosomal 
damage with mammalian cells or mouse 
lymphoma assay
In vitro adduct formation 
In vitro cell transformation

In vivo test for chromosomal damage using rodent 
hematopoietic cells
DNA binding in selected target organs using 
radiolabeled chemical or 32P-postlabeling
Liver focus assay in rats

Continuation of table 2

As can be seen from the Table 2 differences 
between in vivo and in vitro assays mostly include 
objects of investigations, scheme of experiment 
and screening methods.  Dose-response modeling 
to relate the concentrations at which effects can be 
seen in the in vitro assays to anticipated human ex-
posures requires the development of computational 
systems that model the molecular signals underly-
ing genotoxicity pathways.  In order to choose the 
most effective toxicity prediction model it is neces-
sary to understand its strengths, limitations, scope of 
application and interpretation and customize these 
methods for each problem if necessary.  It is how-
ever possible to follow those factors only if the data 
and processes to develop the model are transparent, 
applicability domains are well defined, the outputs 

of the models are clearly explained, and models are 
simplified.  One of the promising examples is the 
Tox-21c stresses replacing animal testing with hu-
man‐relevant testing methods, either in vitro or in 
silico.  With the increasing number and variety of 
alternative testing methods, it is necessary to ap-
ply strategies to intelligently combine and use this 
information for toxicity assessment and decision-
making.  

In perspective, computational methods are likely 
to expand to include models for special and new types 
of toxicity endpoints and chemicals, provide insight 
into toxicological pathways, combine and compare 
results from different models, customize models to 
meet users’ expectations, and refine models as new 
data becomes available [20].

Table 3 – Genotoxicity testings in vivo in OECD Principles on Good Laboratory Practice*

Assay End point Guidelines OECD

Mammalian erythrocyte 
micronucleus test

Determination of chromosomal damages induced by testing chemicals, 
or erythroblasts mitotic apparatus due to formation of micronuclei in 
erythrocytes of bone marrow and peripheral vessels.

Test No. 474

Mammalian bone marrow 
chromosomal aberration test

Determination of chromosomal aberrations, induced by testing chemicals 
in cells of animal bone marrow Test No. 475

Rodent dominant lethal test Detecting of chromosomal aberrations in sexual cells due to number of 
implants and mortality of embryos in pregnant females Test No. 478

Mammalian spermatogonial 
chromosomal aberration test

Determination of structural chromosomal aberrations in dividing 
spermatogonial epithelia of mamals Test No. 483

Genetic toxicology: mouse spot test
Detecting of chemical impact on target cells in developing embryo, 
precisely melanoblasts by using mice special lines. Measuring is provided 
due to frequency of colored spots formation in wool.

Test No. 484

Genetic toxicology, mouse heritable 
translocation assay

Determination of translocation activity due to embryonic mortality and 
cytological aberration analysis in the stage of diakenesis (metaphase I) in 
primary spermatocytes.

Test No. 485

Unscheduled DNA synthesis test 
with mammalian liver cells in vivo

Measuring of labelled timidine introducing during DNA synthesis (S 
phase). Test No. 486

In vivo mammalian alkaline comet 
assay

Identification of DNA damage using electrophoresis in alkaline pH and 
recording of migrating DNA “tails” length. Test No. 489

*Based on: OECD Guidelines for the Testing of Chemicals, Section 4: Health Effects, 2014-2016  
(http://www.oecd-ilibrary.org/environment/oecd-guidelines-for-the-testing-of-chemicals-section-4-health-effects_20745788)
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As can be seen from the Table 3, laboratory an-
imals are widely used in study of chemicals geno-
toxicity using different methods. However, not all 
of given tests are used in assessment of medicinal 
phytochemicals.  According to recommendations of 
ICH Topic S2B “Genotoxicity: a standard battery for 
genotoxicity testing of pharmaceutical” guide, stan-
dards battery from three tests, including the Ames as-
say, in vitro test assessing chromosomal aberrations 
and in vivo test of bone marrow cells and erythro-
cytes of mammals is used.  If the results from these 
three methods are reliable and negative, then chemi-
cal is considered as non-mutagenic.  In the cases, 
when even one test gives positive result, then wide 
researches will be provided, for example dominant 
lethal mutation test on rodents [21]. Often there is a 
difficulty in assessment of the genotoxicity of many 
natural compounds.  Some flavonoids become mu-
tagens after metabolic transformations or depending 
on concentration or dose like when testing Quercus 
sideroxyla plant extract containing polyphenols [22].  
Controversial data were obtained when testing cat-
echins from green tea, when positive results were ob-
tained in the test of chromosomal aberrations in vitro 
and negative – in vivo [23].

Such differences in genotoxicity testing of some 
flavonoids and polyphenols related with molecular 
structure, as well as influence of biological system 
features.  Flavonoids and polyphenols are double- 
and triple-bounded compounds.  They easily interact 
with various reactive oxygen forms and with radi-
cals.  At the same time, they are converted into more 
stable and less active form than the radical, what trig-
ger their transformation into pro-oxidants [24].  As a 
result, they exhibit antimicrobial activity – inhibit the 
electron transport chain, synthesis of nucleic acids 
or damage bacterial DNA; consequently, it explains 
the genotoxicity of many flavonoids and polyphe-
nols.  With positive results of testing for genotoxic-
ity, it is necessary to include additional research on 
animals. From our opinion, this may be in vivo test 
of mammalian alkaline comet assay, rather than a ro-
dent dominant lethal test.  This choice is explained by 
cell genetic apparatus damage mechanism and by the 
method of detecting DNA strands disruption, which 
is observed under the flavonoids activity [25].

Regulatory issues

Genotoxicity investigations are controlled by 
regulatory documents.  Those include: Interstate 
standard (2013), Rules of Registration and Examina-
tion of drug plants for medical application (Module 4, 

section 4.2.3.3 Genotoxicity), Uniform Requirements 
for general characteristics of drugs for medical appli-
cations (2015), Organization for Economic Coopera-
tion and Development Principles on Good Labora-
tory Practice and others (1998) and others.  Interstate 
standard is valid in countries: Belarus, Kazakhstan, 
Kyrgyzstan, Russia, Tajikistan, and Uzbekistan since 
2013, comprising standards on genotoxicity, carci-
nogenicity studies and toxic effects on reproductive 
system (Part 3).  Most of such documents reveal po-
tential dangerous, taking into account influence of 
such factors, like degree of impact, mechanical and 
physical aspects. 

The Organization for Economic Cooperation 
and Development is an intergovernmental organi-
zation in which representatives from 29 industri-
alized countries in North America, Europe and the 
Pacific, as well as the European Commission meet 
to coordinate and harmonize policies, discuss issues 
of mutual concern, and work together to respond to 
international problems.  Regulatory papers issued by 
them contain principles of the Good Laboratory Prac-
tice (GLP) that should be applied to the non-clinical 
safety testing of test items contained in pharmaceuti-
cal products, pesticide products, cosmetic products, 
veterinary drugs as well as food additives, feed ad-
ditives, and industrial chemicals in the laboratory, 
greenhouses and in the field.  These test items are fre-
quently synthetic chemicals, but may be of natural or 
biological origin and, in some circumstances, may be 
living organisms.  The purpose of testing these items 
is to obtain data on their properties and/or their safety 
with respect to human health and/or the environment.  
GLP is a quality system concerned with the organi-
zational process and the conditions under which non-
clinical health and environmental safety studies are 
planned, performed, monitored, recorded, archived 
and reported, in Kazakhstan basic rules were adopted 
in 2006 (Standard 1613-2006, approved by the Order 
No. 392 of the Ministry of Healthcare and Social De-
velopment of the Republic of Kazakhstan from May 
27, 2015).

Education and innovations

International in scope, with contributions from 
over 30 countries Information Resources in Toxicol-
ogy (Academic Press, 2009) with Philip Wexler as 
Chief-Editor mentions MEDLINE/PubMed® (En-
trez) and the NLM Gateway with eChemPortal and 
TOXNET among the most widely used Internet-
based resources on genotoxicology.  Initiatives such 
as the “Human Toxome Project” (humantoxome.



43R. Islamov et al.

International Journal of Biology and Chemistry 11, № 2, 36 (2018)

com) which aims to map the “Pathways of Toxicity” 
in man illustrate a trend that moves away from our 
current reliance on high-dose animal toxicity studies 
to a wide range of new tools such as functional ge-
nomics, proteomics, metabolomics, high data content 
screening, pharmacokinetic modeling, and systems 
biology to study the effects of chemicals on cells, 
tissues, and organisms in a rapid and cost-efficient 
manner.  These technologies are also paving the way 
to improve the evaluation of health risks posed by 
chemicals found at low levels in the environment.  
These advances have led to a new sub-discipline of 
toxicology: “toxicogenomics”, which may be defined 
as “the study of the relationship between the structure 
and activity of the genome (the cellular complement 
of genes) and the adverse biological effects of ex-
ogenous agents”.  This broad definition encompasses 
most of the variations in the current usage of this 
term, and in its broadest sense includes studies of the 
cellular products controlled by the genome (messen-
ger RNAs, proteins, metabolites, etc.).

The new “global” methods of measuring families 
of cellular molecules, such as RNA, proteins, and 
intermediary metabolites have been termed “-omic” 
technologies, based on their ability to characterize 
all, or most, members of a family of molecules in a 
single analysis. With these new tools, we can now 
obtain complete assessments of the functional activ-
ity of biochemical pathways, and of the structural ge-
netic (sequence) differences among individuals and 
species, that were previously unattainable.  These 
powerful new methods of high-throughput and multi-
endpoint analysis include gene expression arrays that 
will soon permit the simultaneous measurement of 
the expression of all human genes on a single “chip”.

Although nucleic acid microarray technologies 
have received much attention recently, other power-
ful new tools for global analysis of cellular constitu-
ents are already available and will also have a ma-
jor impact on the field of toxicology.  These include 
technologies for global analysis of proteins and pep-
tides (proteomics), and of cellular metabolites (meta-
bonomics).  Among these advances are improve-
ments in classical 2-dimensional gel electrophoresis, 
the introduction of multidimensional liquid chroma-
tography, tandem mass spectrometry, and database 
searching technologies, and improved mass spectro-
scopic identification of protein sequences.

Many companies that employ toxicologists (such 
as pharmaceutical, chemical, food and automo-
tive companies) provide postdoctoral training op-
portunities for individuals with doctoral degrees in 
toxicology or related disciplines.  For instance, Col-

gate-Palmolive Postdoctoral Fellowship is directed 
specifically toward innovations in toxicology meth-
odology involving alternatives to whole animal use 
in testing (https://researchfunding.duke.edu/colgate-
palmolive-postdoctoral-fellowship-award-vitro-toxi-
cology).

Fields of genotoxicity in Kazakhstan

Most of investigations concerning genotoxicity 
in Kazakhstan are related to either ecological issues 
or medical aspect, including, but not limited to the 
health effects of radon and uranium on the population 
of Kazakhstan [26], apoptotic and genotoxic effects 
of low-intensity ultrasound on healthy and leuke-
mic human peripheral mononuclear blood cells [27], 
genotoxicity evaluation of drinking water and rates 
of population morbidity in the Northern Kazakh-
stan region [28], mutagenic effect of the rocket fuel 
component asymmetric dimethylhydrazine on rats of 
various ages [29], Glycophorin A somatic cell muta-
tions in a population living in the proximity of the 
Semipalatinsk nuclear testing site [30].

One of the major factors affecting the environ-
ment and human health is the problem of contami-
nation by radioactive elements.  The World Health 
Organization has identified the chronic residential ex-
posure to radon and its decay products as the second 
cause of lung cancer in healthy non-smokers.  En-
hanced levels of radon are observed in the Northern 
and Eastern regions of Kazakhstan due to the natural 
radiation sources and the long-term and large-scale 
mining of uranium that is why this direction is still 
important [26].

The Semipalatinsk nuclear testing site was the 
primary nuclear testing site for the Soviet Union.  The 
prize for successful development of nuclear bomb 
was its terrible impact on local population, suffering 
in the result from numerous types of genetic anoma-
lies and mutagenic sicknesses.  The work published 
by the Radiation Research Society on somatic cell 
mutations in a population living in the proximity of 
the Semipalatinsk nuclear testing site and other relat-
ed to this event investigations are considered as one 
of the most important of genotoxicity related stud-
ies in the history of Kazakhstan.  Here Glycophorin 
A somatic mutation assay was performed to evalu-
ate the magnitude of exposure to ionizing radiation 
among the human population living in the nearest 
areas to the nuclear testing site [30].

In the case of genotoxicity evaluation of drinking 
water and rates of population morbidity in Northern 
Kazakhstan region, assay of the drinking water in 
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the regional centers was carried out by a cytogenetic 
anaphase-telophase method using barley root tips, 
resulting on the water’s compatibility to cause toxic 
and mutagenic effects.  These effects are mostly con-
genital abnormalities (because of lesions of intrauter-
ine development), including malignant neoplasms 
and further developing cancer, gastric and duodenal 
ulcers [31].

One more mentioned research on apoptotic and 
genotoxic effects of low-intensity ultrasound on 
healthy and leukemic human peripheral mononu-
clear blood cells is more related to medicine.  It has 
been shown that ultrasound has a great potential for 
therapeutic applications, specifically for induction of 
apoptosis and cell death in malignant cells and also 
for drug delivery [32].  Positive for the use of the 
low-intensity ultrasound for damaging cancerous 
cells were obtained, but only when healthy cells do 
not largely undergo to this process. However, consid-
ering the long-term effects of ultrasound on DNA in 
healthy cells, therapeutic application of low-intensity 
ultrasound requires further experiments and analysis 
for exploring various ultrasound parameters and ex-
perimental conditions, including in vivo studies.

One more investigation that will be reviewed here 
is associated with therapeutics. Chemo-resistance is 
the main obstacle to the effectiveness of cancer thera-
pies as it allows the cancer cells to survive the treat-
ment and proliferate uncontrollably. Currently, no 
therapy has an efficacy of 100% since drug resistance 
limits the potency of both conventional chemothera-
peutic and novel biological agents.  Chemotherapy 
kills drug-sensitive cells, but resistant cells survive 
and become more aggressive and prone to metasta-
sis due to the hypoxic conditions established by the 
therapy in the neoplastic mass [33].  This research 
reveals that microRNAs can represent an effective 
therapeutic strategy for overcoming the obstacle of 
chemo-resistance to anti-cancer drugs.  However, 
there are still many challenges, such as their stability 
in body fluids and tissues, and ability to reach the tar-
get tissue that is why these problems require further 
study before microRNAs can be effectively used in 
humans.

The rapid development of nanotechnology, ob-
taining of nanomaterials with new, unique properties 
actualized the problem of their investigation.  This 
problem is topical and is on the agenda of OECD. A 
special Testing Program of Manufactured Nanomate-
rials was developed in which the interaction of nano-
materials with DNA was noted as a separate item 
(http://www.oecd.org/chemicalsafety/nanosafety/
overview-testing-programme-manufactured-nano-

materials.htm).  For instance, sulfur nanoparticles 
display broad activity against bacteria, fungi as well 
as insects, parasitizing on skin integuments, intensity 
of which depends on polymorphism, size and form of 
sulfur.  At the same time, the relatively low toxicity 
of elemental sulfur for mammalian cells makes sulfur 
nanoparticles very promising for antimicrobial prep-
arations based on them. There is also data on the an-
titumor activity of elemental sulfur. However, if the 
toxicity of precipitated microcrystalline sulfur is well 
studied, then its nanoform requires in-depth studies. 
It is known that the structure and arrangement of at-
oms or molecules in a crystal affect the biological 
activity of pharmaceutical substances. In addition to 
the polymorphism of the crystals, the particle sizes 
also affect the properties of the substance. It is shown 
that the size of the particles of sulfur, selenium, zinc, 
copper, and titanium depends on their bioavailability, 
activity and toxicity, and not.  In all cases this depen-
dence is linear. Acute oral toxicity of nanosulfur size 
of about 75 nm was studied in female’s mice. LD50 
values were between 300–2000 mg/kg for females 
in mice. Toxic signs were manifested in the form of 
depression locomotor activity. The thoracic and ab-
dominal cavities were meticulously examined. At 
necropsy and histology we revealed flatulence colon, 
dystrophic changes in the liver and kidneys. Hepa-
tocytes are filled with small and medium-sized lipid 
droplets. These results indicate that nanosulfur more 
toxic than powdered sulfur.  The micronuclear test 
showed no mutagenic properties of sulfur nanoparti-
cles. The metabolic activation of sulfur nanoparticles 
with a microsomal rat liver fraction does not affect 
toxicity. It is assumed that the mechanism of cytotox-
ic action might be associated with the interaction of 
elemental sulfur with sulfhydryl groups of molecules 
inside the cell previously mentioned in several publi-
cations.  This investigation was performed within the 
framework of the program-oriented financing from 
the Ministry of Education and Science Republic of 
Kazakhstan for 2015-2017 on the priority direction 
“Rational use of natural resources, processing of 
raw materials and products”: “Development of new 
methods for the preparation of sulfur nanoparticles 
to create different functional appointment technolo-
gies” [34-36].

Conclusion

Even before the biochemical bases of hered-
ity were understood, the field of genetic toxicology 
began its development with early investigators ob-
serving the possibility of heritable mutations as con-
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sequence of physical and chemical agents’ action. 
Nowadays we know a number of agents, which may 
result in genomic instabilities and/or epigenetic alter-
ations translated into a variety of diseases. Therefore, 
finding new effective testing methods to identify and 
measure the genotoxicity of given agents is quite im-
portant. An attempt to provide analysis of genotoxic-
ity studies implementation and importance of investi-
gations performed in this field, as well as diversity of 
genotoxic agents and testing of their mutagenic and 
carcinogenic properties in various conditions is pre-
sented in this paper.
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Variation in grain proteins content and  
nutritionally important protein fractions concentration  

in spring wheat mutant lines

Abstract: Wheat is a major cereal crop for both human and animal nutrition, providing 28 % of the world’s 
edible dry matter and up to 60 % of the daily calorie intake in developing countries. Across years, wheat 
breeding reduced its genetic diversity by replacing traditional cultivars with modern higher yielding 
varieties and this has resulted in decreased nutritional quality.  Spring wheat genetically stable mutant lines 
(M7 generation) produced on genetic background of cv. Eritrospermum-35 after 100 and 200 Gy gamma 
treatments to broaden genetic variation and search for new resources were analyzed for grain protein content 
and nutritionally important protein fractions (albumins, globulins and prolamins).  A significant positive 
correlation between grain protein content and yield-associated traits, such as grain number and weight per 
spike, were observed in the 100- and 200 Gy-dosed mutant lines with different means, r2

=0.141, (p<0.05) 
and r2

=0.068, (p<0.05), respectively. Albumins ranged from 139.5 to 890.4 µ g/g, globulins – from 130.1 to 
344.04 µ g/g. The 200 Gy-dosed M7 mutant lines showed the highest globulins concentration by 1.84 fold 
higher, compared to cv. Eritrospermum-35. Prolamins level varied from 65.1 to 398.2 µ g/g in mutant lines.  
High dose of irradiation (200 Gy) generated higher level of variation, when compared to 100 Gy. ANOVA 
analysis revealed significant variation (p<0.05) in globulins and prolamins. In order to improve both 
quantity and quality of wheat proteins and influence selection of improved raw materials for the flour and 
bread-making industry a more detailed knowledge of the variability of grain proteins and protein fractions 
accumulation among new spring wheat mutant lines varieties could be useful. In addition, to improve 
whole-wheat flour application in production of functional food, rich in health-beneficial components, the 
study of the whole grain proteins content, their structure and quality is significant.
Key words: bread wheat, correlations, gamma irradiation, concentrations, grain protein fractions, mutation. 

Introduction

Wheat (Triticum aestivum L.) is a major cereal 
crop for both human and animal nutrition. It is a ma-
jor source of energy, protein, and dietary fiber in hu-
man nutrition and animal feeding. It provides 28% of 
the world’s edible dry matter and up to 60% of the 
daily calorie intake of the world’s population [1; 2]. 
Currently, about 95% of the wheat grown worldwide 
is hexaploid bread wheat, with most of the remain-
ing 5% being tetraploid durum wheat. Nutritionally, 
wheat is important sources of dietary protein, carbo-
hydrates, the B complex of vitamins, vitamin E, iron, 
trace minerals, and fiber [3].

The ability of wheat flour to be processed into 
different foods is largely determined by the proteins. 
Mature wheat grains contain 8% to 20% proteins [4]. 
Wheat proteins show high complexity and different 
interactions with each other, thus making them diffi-
cult to characterize. Usually, wheat proteins are either 
divided into four solubility classes, called Osborne 
fractions, or extracted in a series: albumins, which 
are water-soluble; globulins, which are soluble in salt 
solutions, but insoluble in water; gliadins, which are 
soluble in 70-90 % alcohol; and glutenins, which are 
insoluble in neutral aqueous solutions, saline solu-
tions, or alcohol.  The respective wheat protein frac-
tions are also applicable to other cereals and are gen-
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erally known as albumins, globulins, prolamins, and 
glutenins, soluble in diluted acid or sodium hyderox-
ide, which make up to 10-22 % of total flour protein 
[5; 6].  Wheat prolamins are the major component 
of gluten, the properties of which determine quality 
of wheat flour for various technological processes, 
including bread making [7].  An alternative classi-
fication to that described above has been proposed 
based on composition and structure rather than solu-
bility described by Shewry and Halford [8], indicat-
ing that wheat proteins consist of two classes based 
on storage property seed, storage proteins (gliadins/
glutenins) and nonseed storage proteins (albumins/
globulins) [9]. 

Albumins and globulins of wheat endosperm 
represent 20% to 25% of total grain proteins [10; 
11].  Albumin is biologically active protein, which 
is responsible for breakdown of starch and other en-
zymatic reactions, e.g. amylase and proteases, and 
is the first to be stored in significant amounts [12]. 
Nutritionally, albumins and globulins (non-glutens) 
have a very good amino acid balance. Some pro-
teins, which mostly belong to a family of trypsin 
and α-amylase inhibitors, participate in plant defense 
[13]. The role of α-amylase and trypsin inhibitors as 
wheat allergens in baker’s asthma has been shown 
[14]. Prevailing number of the physiologically ac-
tive proteins influence the processing and rheological 
properties of wheat flour. The benefits of the use of 
amylases, xylanases, lipoxygenase, pentosanase, glu-
coseoxidase stimulated further interest in the bread-
making industry [15; 16].

The objectives of this study were: (1) to evalu-
ate the variability in grain protein content (GPC) and 
protein fractions (albumins, globulins and prolamins) 
concentrations, in grains of spring wheat, parental cv. 
Eritrospermum-35, advanced mutant lines (M7), pro-
duced after 100- and 200 Gy-gamma dose treatments; 
(2) to evaluate the correlations between grain number 
and weight per spike, thousand grain weight (TGW) 
and GPC; (3) to estimate the significant variation 
(p<0.05) in albumin, globulin and prolamin storage 
proteins by ANOVA analysis.

Materials and methods

Plant material. Seeds of the spring bread wheat 
awn variety Eritrospermum-35 were irradiated with 
100 Gy and 200 Gy doses from a 60Co source at the 
Kazakh Nuclear Centre. After irradiation seeds were 
planted to raise M1 plants [17]. The M1 generation 
was grown in the experimental field of the Kazakh 
Institute of Agricultural and Breeding in near Almaty 

(43o15′N, 76o54′E, elevation 550 m above mean sea 
level). Single spikes from each plant for the M2 gen-
eration were harvested, and selection of the best lines 
based on the yield of individual plants continued to 
M7 generation. Seed was gathered from the main 
spike; although tiller number and size varied each 
plant produced only a single main spike. Seeds from 
the best yielding mutant lines were selected indi-
vidually in each generation. The selection criteria for 
these lines was grain weight per main spike (GWS) 
and per plant (GWP) and it was applied in the M3 
and M4 generations (2011 and 2012) and based on the 
values for the parent cv. Eritrospermum-35 grown 
in the same trial conditions. In 2011, the parent had 
mean GWS of 0.79±0.24 g and GWP of 2.02±0.6 g 
yield values. The threshold criteria for selection in the 
M4 generation were GWS >1.1 g and GWP > 2.2 g 
for mutant lines. The initial number of lines in the M1 
generation was 300 each for the 100 Gy and 200 Gy 
radiation doses. In the M3 generation, 61 lines (20%) 
were selected from the 100 Gy radiation dose popula-
tion and 48 lines (16%) were selected from the 200 
Gy dose. The same numbers of lines for each radiation 
dose were selected for the M4-M6 generation. After 
harvesting the M7 plants, 14 lines and 24 lines from 
the original 100 and 200 Gy-treated germplasm were 
selected. The 100 Gy lines were numbered as follows: 
145(12), 147(25), 148(1), 149(2), 151(2), 153(4), 
155(2), 159(2), 161(7), 165(2), 166(10), 167(2), 
169(14) and 171(1) and 200 Gy lines were numbered: 
5(43), 6(4), 7(4), 8(26), 11(5), 11(14), 13(3), 14(3), 
16(12), 20(4), 22(46), 26(2), 29(15), 30(4), 31(3), 
32(3), 33(1), 34(12), 35(1), 36(5), 37(4), 38(1), 41(1) 
and 172(1). These mutated populations, selected from 
the two different levels of radiation, were then used for 
further analysis. Grain samples from each mutant line 
and parent Eritrospermum-35 were planted together in 
a field trial and were gown in three replicates of three 
row plots, 2 m long, 1.20 m width and 20 cm between 
rows with planting 30 seeds per row for further evalu-
ation. The trial was managed according to locally rec-
ommended agronomic practices. Applied fertilizers, 
time of their use and soil were described [17]. Ten ran-
domly selected spikes from each line were taken for 
analysis (5 samples per row). 

To record yield associated traits, the following 
plant parameters were measured: grain number and 
weight per spike (GNS and GWS), and thousand 
grain weight (TGW) which was calculated as the 
mean weight of three sets of 100 grains per line mul-
tiplied by 10. 

Determination of grain protein content. Grain 
protein content was determined with near-infra red 
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reflectance (NIR) spectroscopy on whole grains 
(ZX50 Portable Grain Analyzer, USA) using pro-
prietary calibration software provided (Zeltex Hag-
erstown, Ma USA). Three repetitions were done us- USA). Three repetitions were done us-). Three repetitions were done us-
ing 25 grains per line. The sequential extraction of 
protein fractions of grain from storage proteins of 
grain, albumins, globulins and prolamins was car-
ried out using the Osborne method [5]. Extraction of 
albumins fraction of storage proteins was performed 
from 0.5 g crushed grains (flour), with a 2-step ex-
traction of 0.05 M Tris-HCl (pH 7.0) for 2 hours with 
constant stirring, at room temperature.

The precipitate obtained after centrifugation at 
4000 g for 10 min was used to isolate the globulin 
fraction by 2-fold extraction with 1 M NaCl with 
constant stirring, at room temperature. The fraction 
of prolamins was obtained by 2-step procedure ex-
traction of the precipitate obtained after centrifug-
ing the globulin fraction using of 55% propanol with 
constant stirring, at room temperature.

Protein concentration in the obtained fractions 
was measured by the Bradfort method using a Coo-
massie Blue G-250 solution an Eppendorf BioPho-
tometer plus spectrophotometer at 595 nm.

Statistical data analysis. The data was analyzed 
by one-way ANOVA (single factor) using Excel 
2007  for significant F-statistics, If overall F-test was 
significant (p<0.05), a Fachers T-test was performed 
to discern difference between the varieties.  

Results and discussion

Wheat genetic improvement requires the identi-
fication of key traits in high performing cultivars to 
deploy in breeding programs. To generate new sourc-
es of variation in the genetic background of modern 
varieties by introducing more major re-organizations 
within the genome. Genetic changes produced by ir-
radiation are much larger than the subtle single-base 
changes introduced by chemical mutagens [18].  Mu-
tated lines generated by irradiation can be used as po-
tential donors for genes/alleles beneficial for wheat-
breeding programs to increase yield and improve 
grain quality [17].

In the present study, spring wheat genetically sta-
ble M7 mutant lines were generated from parent seed 
(cv. Eritrospermum-35) given two doses of radiation 
(100 and 200 Gy). These wheat mutant resources 
were evaluated on grain protein content (GPC) and 
protein fractions (albumins, globulins and prolamins 
(glutenins) and determination of correlations be-
tween GPC and grain number and weight per spike 
and thousands grain weight. 

We have plotted the pooled GPC data to show 
the range of values generated by the irradiation treat-
ments. The GPC for the pooled data showed consid-
erable variation, from 12.5 to 16.0%, with a mean 
of 14.7±0.4 % (n=106). Thirty genotypes (78.9%), 
mainly in the 200-Gy-dosed treatment, had 7.3–12.5 
% higher GPC than that of the parent (cv. Eritrosper-
mum-35).  The highest GPC measured in the irradi-
ated mutants was 16.0%, which was 12.5% increase 
over that of the parent cv. Eritrospermum-35, shown 
in Figure 1.  

Analysis of variance (ANOVA) with differenc-
es in GPC among cv. Eritrospermum-35 and spring 
wheat mutant lines is shown in Table 1.

These results revealed significant differences 
between the cv. Eritrospermum-35 and derived 100 
Gy- and 200 Gy-mutant lines for this grain quality 
character. The radiation effect of 200 Gy was high-
est in GPC, indicating its increased efficiency to gen-
erate mutations in the genome associated with this 
grain quality trait. There is also significant difference 
between low (100 Gy) and high (200 Gy) level of 
radiation to generate variation in GPC.  The associa-
tion between grain nutrients characteristics and yield 
components is important. Our results showed that no 
significant correlations between the parent GPC with 
yield-associated traits such as grain number per spike 
(GNS), grain weight per spike (GWS) and thousand-
grain weight (TGW).  A significant positive corre-
lation between GPC and GNS and GWS were ob-
served in the 100- and 200 Gy-dosed mutant lines 
with different means, r2 = 0.141 (p<0.05) and r2 = 
0.068 (p<0.05), respectively (Table 2). These results 
may suggest that higher grain number and weight 
per spike improve the capacity to accumulate higher 
grain protein content. 

Albumins are water-soluble proteins in wheat, 
which are accounted for about 10% of total grain 
proteins. They perform the metabolic functions in 
plant growth and development. The albumins are 
mostly monomeric physiologically active or struc-
tural proteins and include α-amylase, β-amylase/
protease inhibitors (13 and 16 kDa) as well as en-
zymes with different physiological functions (62 
kDa serine carboxypeptidase) [19; 20]. It has been 
reported that three wheat albumin fractions (60, 24, 
and 12.5 kDa) inhibited amylases activity [21].  Gao 
et al. analyzed non-prolamin expression profiles 
during grain development of bread wheat and found 
that most of the proteins had masses of 14-97 kDa, 
which were mostly distributed in the pH 4-7 range 
[22]. Out of 400 protein spots, 230 proteins were 
identified and more than 85% of the identified pro-
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teins were enzymes possessing different physiologi-
cal functions. It was revealed that among the identi-
fied 89 non-prolamin proteins more than 80% were 
various enzymes classified into eight functional cat-
egories including carbohydrate metabolism (27%), 
protein metabolism (27%), stress/defense/detoxifi-

cation (11%), cell metabolism (6%), transcription/
translation (4%), nitrogen metabolism (4%), photo-
synthesis (4%) and signal transduction (1%) [23]. 
Some high molecular weight albumins and certain 
globulins are considered to have a storage function 
[22; 23]. 

Figure 1 – Frequency of genotypes on grain protein content in the parent (cv. Eritrospermum-35),  
100- and 200 Gy-dosed M7 spring wheat mutant lines

Figure 2 – Box plots showing the statistical testing  
for the relationships between grain protein content for the parent.  

Note: indicated are cv. Eritrospermum-35, 100 (low) and 200 (high) Gy irradiated wheat

Table 1 – Comparing grain protein content of advanced M7 mutant lines of spring wheat developed using 100 Gy and 200 Gy and the 
parent cv. Eritrospermum-35 expressed as percentage of the total sum of squares from ANOVA analysis 

Source of variation Df Grain protein content, %
cv. Eritrospermum-35 x 100 Gy- dosed mutant lines  60 37.47***
cv. Eritrospermum-35  x 200 Gy- dosed mutant lines  90 86.26***

100 Gy- x 200 Gy-dosed mutant lines  114 68.53***
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Table 2 – The square R correlations correlation coefficients with p values between yield-associated traits (TWG, GNS and GWS) and 
grain protein content in parent (cv. Eritrospermum-35) and spring wheat M7 100- and 200 Gy-dosed mutant lines 

GWS [g] TGW [g] GPC [%]

cv. Eritrospermum-35

Grain number per spike (GNS) 0.566** 0.261 0.000

Grain weight per spike (GWS), [g] 0.118 0.250

Thousand grain weight (TGW),  [g] 0.008

100 Gy-dosed M7 mutant lines

Grain number per spike (GNS) 0.087 0.047 0.141*

Grain weight per spike (GWS), [g] 0.087* 0.013

Thousand grain weight (TGW),  [g] 0.001

200 Gy –dosed  M7 mutant lines

Grain number per spike (GNS) 0.304*** 0.001 0.014

Grain weight per spike (GWS), [g] 0.201*** 0.068*

Thousand grain weight (TGW),  [g] 0.030

       Note: *, ** and *** denote significance at p < 0.05, <0.01 and <0.001 probability level, respectively

Evaluation of new spring wheat mutant lines for 
grain water-soluble albumins protein has been quanti-
fied as depicted in Figure 3.  Enormous variation on 

this grain protein fraction, ranged from 139.5 to 890.4 
µ g/g is noted. It is revealed that 100-Gy-dosed M7 mu-
tant lines contain the highest albumins concentration.  

Figure 3 – Frequency of genotypes on concentration of albumins protein fraction in spring  
wheat grain in the parent (cv. Eritrospermum-35) and 100- and 200 Gy-dosed M7 mutant lines

The embryo and outer aleurone layer of the endo-
sperm contain globulins storage proteins, and those 
from maize embryos have been characterized in 
some detail [24]. These proteins are readily soluble 
in dilute salt solution and have sedimentation coef-
ficients of about 7. Related proteins have been found 

in embryos and/or aleurone layers of wheat [25]. The 
7S globulins are stored in protein bodies and appear 
to function solely as storage proteins. The high con-
tent of globulin storage proteins in oat grain may con-
tribute to high nutritional value when compared with 
other cereals, such as barley and wheat, an important 
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factor in view of the widespread use of oats for live-
stock feed [26].

In our study, comparing the 100- and 200-Gy M7-
mutated lines of spring wheat showed that consider-

able variation was generated by irradiation doses for 
globulins storage protein fraction (Figure 4). Globu-
lins storage protein ranged from 130.1 to 344.04 µ 
g/g (Figure 4). 

Figure 4 – Frequency of genotypes on concentration of globulins storage protein fraction in spring 
wheat grain in the parent (cv. Eritrospermum-35) and 100- and 200 Gy-dosed M7 mutant lines

It was revealed that 200 Gy-dosed M7 mutant 
lines showed the highest globulins storage concen-
tration by 1.84 fold higher than that of cv. Eritrosper-
mum-35. Similar to observed for GPC (Table 1), the 
radiation effect of 200 Gy was highest, indicating 
its increased efficiency to generate mutations in the 
genes associated with this grain protein fraction. It 
was reported the identification of three unique wheat 
globulin genes, Glo-3A, Glo3-B and Glo-3C, the ge-
nomic structure of these genes and their expression 
pattern in wheat seeds [27]. The Glo-3A gene shared 
99% identity with the cDNA of WP5212 at the nu-
cleotide and deduced amino acid level, indicating 
that the identified the gene(s) encoding wheat protein 
WP5212. In addition, southern analysis carried out in 
this research revealed the presence of multiple copies 
of Glo-3-like sequences in all wheat samples, includ-
ing hexaploid, tetraploid and diploid species wheat 
seed. Importantly, the results reported indicate that 
a diverse group of globulins exists in wheat, some of 
which could be associated with the pathogenesis of 
type 1 diabetes (T1D) in some susceptible individu-
als. The identification of spring wheat mutant lines, 
characterized by the lowest globulins concentration 
offers promising donors for improving immune re-
sponse in some genetically susceptible individuals, 
wheat proteins induce an acute mucosal inflamma-
tory response known as celiac disease [28] or Baker’s 
asthma [29]. 

Prolamins form the major endosperm storage 
protein fraction in all the major cereals except oats 
and rice [30]. The name of prolamins was originally 
based on fact that they are generally rich in proline 
and amide nitrogen derived from glutamine [30]. The 
combined proportions of these amino acids actually 
vary from about 30–70% of the total among differ-
ent cereals and protein groups [30]. There also is 
new system of classification all of the prolamins of 
the Triticeae (wheat, barley and rye) which separate 
them to three broad groups: sulphur-rich (S-rich), 
sulphur-poor (S-poor) and high molecular weight 
(HMW) prolamins, with several subgroups within the 
S-rich group [30]. These groups do not correspond 
directly to the polymeric and monomeric fractions 
in wheat (glutenins and gliadins, respectively) rec-
ognized by cereal chemists, as both. The prolamins 
storage proteins vary greatly, from about 10 000 to 
almost 100 000, in their molecular masses and they 
are much more variable in structure than the 7S and 
11u12S globulins. In wheat, the prolamins form the 
major components of the gluten protein fraction and 
commonly known as “gluten”. Structurally, wheat 
prolamins  are a complex mixture of 71–78 proteins, 
which constitute ~80% of the proteins in the wheat 
grains and form the unique viscoelastic network in 
doughs and is largely responsible for the ability to 
process wheat to form bread, pasta and many other 
food products.  
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This study quantified the concentration of prola-
mins storage protein fraction in spring wheat grain in 
the parent (cv. Eritrospermum-35) and 100- and 200 
Gy-dosed M7 mutant lines (Figure 5). 

Prolamins concentration considerably varied 
from 65.1 to 398.2 µ g/g in mutant lines. This 
range of variation (6.1 times) is much higher 
comparing to that of globulins (Figure 4), but not 
albumins (Figure 3) protein fractions. Similar to 
globulins storage protein fraction, high dose of 
irradiation (200 Gy) was generated higher level 

of variation than 100 Gy. The lowest mean of 
prolamins level was revealed in 200 Gy-dosed M7 
mutant lines. This observation is seeming, impor-
tance of since prolamins are also responsible for 
numerous gluten-induced health disorders, such 
as celiac disease, gluten sensitivity and food al-
lergies [31; 32]. 

Analysis of variance with differences in albu-
mins, globulins and prolamin storage protein among 
cv. Eritrospermum-35 and mutant lines is presented 
in Table 3. 

Figure 5 – Frequence of genotypes on concentration of prolamin storage protein fraction in spring wheat 
grain in the parent (cv. Eritrospermum-35) and 100- and 200 Gy-dosed M7 mutant lines

Table 3 – Comparing albumin, globulin and prolamin storage proteins in the parent cv. Eritrospermum-35 and M7 mutant lines of spring 
wheat developed using 100 Gy and 200 Gy and expressed as % of the total sum of squares from ANOVA analysis 

Source of variation Df Albumins Globulins 
storage proteins

Prolamins
storage proteins

cv. Eritrospermum-35 x 100 Gy- dosed lines 56 0.25 36.76*** 13.21**
cv. Eritrospermum-35  x 200 Gy- dosed lines 86 0.01 31.38*** 101.21***

100 Gy- x  200 Gy-dosed lines  113 1.72 6.13* 94.20***

No significant differences between parent cv. Er-
itrospermum-35, derived 100 Gy- and 200 Gy-mutant 
lines for albumins protein fraction are noted, which 
could possibly indicate that applied doses gamma ra-
diation were not generated mutations in genes associ-
ated with wheat predominant albumins (for instance, 
alpha- amylase/trypsin, serpins and purothionins) 
[33]. These prevailing albumins members and as well  
globulins serve as nutrient reserves for the germinat-
ing embryo and they also help in protecting embryo 
from insects and pathogens before germination [34].

Although significant differences between parent, 
cv. Eritrospermum-35 and derived 100 Gy- and 200 
Gy-mutant lines were found for globulins protein 
fraction, there was not considerable residual for 100 
Gy- and 200 Gy-mutant lines (Table 3). 

The radiation effect of 100 Gy and of 200 Gy 
were lowest and highest in prolamins storage pro-
teins, respectively, indicating its efficiency to gen-
erate mutations in the genome associated with this 
trait. There is also significant difference between low 
and high level of radiation to generate variation in 
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genome associated with prolamins storage proteins 
(Table 2). Wheat prolamins are encoded by several 
loci on the group one and six chromosomes [8] and 
study has described the relationships between allelic 
variability at these loci and the functional properties 
of dough [35].

Conclusion

Successful breeding for yield-associated traits 
and grain quality traits including protein composi-
tion in spring wheat grains requires genetic varia-
tion, which has to be distinguishable from environ-
mental effects and permits breeding for genotypes 
based on end-use product quality and marketing 
parameters. Mutagenesis, a powerful tool for wheat 
broaden genetic variation and improvement, has 
been used for yield improvement, but this technique 
has not been as widely applied for improving nu-
tritional quality of the grain, including the quality 
protein fractions to achieve desired end-use product 
quality.  The present study reveals that some new 
spring wheat genetically stable mutant lines (M7 
generation) generated on genetic background of cv. 
Eritrospermum-35 and after 100 and 200 Gy gamma 
treatments have higher grain protein content by 7.3–
12.5%, mainly in the 200-Gy-dosed lines, than that 
of parent. A significant positive correlation between 
grain protein content and grain number and weight 
per spike were observed in the 100- and 200 Gy-
dosed mutant lines. These mutant lines have great 
nutritional potential in term of grain important pro-
teins fractions (albumins, globulins and prolamins) 
characterizing by their enormous variation. High 
dose of irradiation (200 Gy) was generated higher 
level of variation in prolamins storage protein frac-
tion as compared to 100 Gy. These new mutant re-
sources of spring wheat can be explored for bak-
ing products and for breeding of new cultivars with 
high nutritional benefits for consumers. To facilitate 
ongoing efforts to improve both quantity and qual-
ity of wheat proteins and influence the selection of 
better raw materials for the flour and bread-making 
industry a more detailed knowledge of the variabil-
ity of grain proteins and protein fractions accumula-
tion among new spring wheat mutant lines varieties 
could be useful. In addition, be able to use whole 
wheat flour in production of functional food, rich 
in health-beneficial components, the study of the 
whole grain proteins content, their structure and 
quality are important.
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Volatile organic compounds profiles in milk fermented by lactic bacteria

Abstract: The organoleptic properties of traditional dairy beverages done with non-conventional dairy 
species (horse, camel), popular in Central Asia, were rarely described in the literature. To characterize 
the Volatile Organic Compounds (VOC) profile of fermented mare milk, 12 samples of cow milk, used 
as matrix were inoculated by different strains from two types of bacteria (bacilli and cocci) isolated from 
natural fermented mare milk. The analysis performed by Gas Chromatography coupled with Solid-Phase 
Micro-Extraction allowed identification of 160 different compounds from the 12 strains, and 90 from 
natural fermented mare milk. After cluster analysis, 3 types of profiles were observed. Those profiles were 
distinct by the amount of acid compounds (low, medium, high), negatively related to aromatic and aliphatic 
hydrocarbons. The analysis of the mean volatile compound profile of each type of bacteria (bacilli and 
cocci) by factorial discriminant analysis showed that 3 molecules (oxime-methoxy-phenyl, propanedioic 
acid propyl and 2-propanamine) allowed to well class 100% of the samples. Further researches on bacterial 
identification and experiments with different fermentation matrices from other dairy species will be 
conducted. 
Key words: volatile organic compounds, mare milk, discriminant analysis, lactic acid bacteria, fermented 
milk.

Introduction

Volatile organic compounds (VOC) are used 
to characterize the organoleptic properties of dairy 
products [1; 2]. However, their routine determination 
is relatively new due to the improvement of the equip-
ment for their detection. Consequently, the character-
ization of dairy products by VOCs is also new and 
provides a better knowledge of the molecules respon-
sible for aroma production in those products. VOCs 
composition in dairy products depends on several 
factors: types of feeds of the dairy animal, microflora 
naturally present in the raw milk, and also on the pro-
cessing procedure. The taste and smell of dairy prod-
ucts largely depend on the degree of accumulation 
of volatile carbonyl compounds, carboxylic acids and 
other aromatic substances. These compounds deter-
mine not only the taste and quality of products, but 
also have great physiological importance, since they 
contribute to the secretion of digestive juices and 
provide good digestibility of the product by human.

In Central Asia, the consumption of ferment-
ed milk from different dairy species (cow, horse, 
camel) is an important element of the local cul-
ture [3]. Data for describing those local products 
by their physico-chemical, biochemical and mi-
crobiological composition is widely available [4], 
but the organoleptic properties were defined only 
by qualitative description. At our knowledge, the 
characterization of organoleptic properties of fer-
mented mare milk (koumiss), one of the typical 
products produced in Kazakhstan, by the analy-
sis of VOCs was never achieved. Microorganisms 
responsible of fermentation process are involved 
in the production of a large number of different 
volatile compounds, including, alcohols, esters, 
hydrocarbons, terpenes, ketones, sulfur-containing 
compounds and carboxylic acids.

Thus, the objective of the present paper was 
to determine the VOC profile of milk fermented 
by different microorganisms isolated from mare 
milk. 
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Materials and methods

Samples used. Five samples of fermented mare 
milk (koumis) and one sample of raw mare milk from 
6 different locations of Kazakhstan (Merke, Almaty, 
Semey, Taraz, Shymkent and Urzhar) were collected 
directly on farm in sterile tubes of 10 ml. They were 
carried at 4°C to ANTIGEN laboratory for further 
analysis. The strains of lactic acid bacteria used as 
starter cultures were isolated from mare’s milk and 
koumiss obtained by spontaneous fermentation and 
identified as the predominant species during the pro-
duction process. LAB strains were isolated from sam-
ple by using wire loops on the M17 and MRS agar 
(Biokar Diagnostics, France). After the incubation 
period (48 h, 37°C), single colonies that had different 
morphological traits were sub-cultured. Microorgan-
isms were maintained at -4°C in the tubes on the cor-
respondent nutritive medium and at -20°C in the cul-
ture broth supplemented with 30% glycerol. 12 strains 
of lactic acid bacteria were obtained, including, seven 
strains of bacilli and five strains of cocci were identi-
fied morphologically. The strains were characterized 
by using Gram’s staining (reagent kit “Color Gram2-
E” BioMérieux, France), catalase tests (ID color cata-
lase ID-ASE Biomérieux, France) and oxidase tests 
(Oxidase reagent Biomérieux, France).

Experiment design. One unique matrix (com-
mercial UHT cow milk Lactel©, 2.5% fat matter) 
was used for inoculation of each specific strain for 
fermentation process. Normalized cow milk was 
heated to 65°C, homogenized at 20 MPa, pasteurized 
at 95°C for 5 min and cooled to inoculation tempera-
ture. Milk was inoculated (5% of the mother culture) 
and incubated at 37°C. Samples of this matrix with-
out inoculation were used as control. 

After inoculation, samples were stored at 37°C 
for 48 hours to start the fermentation process. Then, 
each sample was analyzed for VOCs profiles de-
termination using Gas Chromatography with Mass 
spectrometry detection (GC-MS). For VOCs profile 
determination, one control was tested for each day 
of analysis (3 controls). One sample of naturally 
fermented koumis from Taraz was also analyzed for 
comparison.

Analytical procedure. Solid-phase microextrac-
tion (SPME) technique with 50/50μm DVB/CAR/
PDMS extraction fiber was used for sample prepara-
tion according to method of Xu et al. [5]. The extrac-
tion temperature was 600C, extraction time 30 min-
utes, the depth of fiber immersion in the vial 22 mm. 
The desorption time was 3 min.

After the extraction, the fiber was placed in the 
injector of gas chromatograph, heated to 260°C in 
splitless mode. Separation of VOC was carried out 
using a 30m long capillary column HP-5MS (Agile-
nt, USA), inner diameter - 0.25 mm and a film thick-
ness of 0.25 μm at a constant gas carrier (helium) rate 
of 1.0 ml/min.

The chromatography temperature was pro-
grammed from 40°C (5 min) to 200°C at a heat-
ing rate of 5°C/min (5 min), followed by heating 
to 260°C (1 min) at 5°C/min. The total chromato-
graphic time was 55 minutes. The temperatures of 
the interface, ion source and quadrupole of the mass 
spectrometric detector were 260, 230 and 150°C, 
respectively.

Mass spectrometric detection was performed in 
the SCAN mode in the range of mass numbers (m/z) 
from 34 to 550 amu (atomic mass unit).

The analysis was carried out on a gas chro-
matograph with mass spectrometer detector 7890B 
/5977B quadrupole, with electron impact ioniza-
tion (Agilent, USA, 2017). The device is annually 
tested. The chromatograph is equipped with an au-
tosampler MultiPurpose Sampler MPS (Gerstel, Ger-
many, 2017), which allows to automate the analysis 
of samples. The MassHunter GC/MS Acquisitions 
B.07.05.2479 and Agilent MSD ChemStation soft-
ware (version F.01.03.2357) were used to control 
the gas chromatographic system, record and process 
the chromatographic data. Data processing included 
determining retention times, peak heights and areas, 
and processing of spectral information obtained with 
the mass spectrometric detector. To investigate the 
obtained mass spectra, the library Wiley 10th edition 
was used (the total number of spectra in the library is 
more than 550,000).

The content of the components was determined 
by the method of rationing peak areas (reduction to 
100%), i.e. finding the percentage of each component 
in the mixture being analyzed.

Statistical analyses. The software used was XL-
stat, 2017 (Addinsoft©).The objective of the statisti-
cal analysis was to identify VOC profiles according 
to the different strains used. For that, a multivariate 
analysis was applied. The raw data table (specific 
fermented milk samples * percentage of different 
volatiles compounds) was submitted to Principal 
Components Analysis (PCA) in order to identify the 
dissimilarity between the profiles [6]. 

The type of lactic bacteria was used as supple-
mentary variables to identify the proximity with 
specific VOCs profiles. In a second step, to simplify 
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the reading of the results, all the volatile compounds 
were grouped into nine organic chemical classes: ali-
phatic hydrocarbons, aromatic hydrocarbons, alco-
hols, ketones, aldehydes, acids, esters, nitrogen com-
pounds and others. Such classification was similar to 
that proposed in the literature [7]. The PCA of the 
group of compounds was followed by a cluster anal-
ysis (Ascending Hierarchical Classification – AHC) 
on Ward method to identify groups of profiles [8].

To assess the difference between the two types of 
lactic acid bacteria (bacilli and cocci), a multivariate 
discriminant analysis (MDA) with forward stepwise 
model was applied [9]. Then, due to non-normal-
ized data, non-parametric Mann-Whitney test was 
achieved to assess the significant level of difference 
between the VOCs profiles of these two lactic acid 
bacteria. Discriminant analysis was applied both on 
VOCs group and on VOCs profiles.

Results and discussion

As the whole, 160 volatile compounds were iden-
tified. The list of the molecules reported in Table 1 
was grouped by class of organic compounds. The 
group “hydrocarbons” included aliphatic hydrocar-
bons (n=31) and aromatic hydrocarbons represented 
by only one compound (benzene, 1,3-bis(1,1-dimeth-
ylethyl). The number of molecules differed between 
samples: 14 molecules in sample 2; 16 in sample 3; 
28 in sample 4; 17 in sample 5; 17 in sample 6; 29 
in sample7; 12 in sample 8; 25 in sample 9; 27 in 
sample 10; 47 in sample 11; 29 in sample 12 and 49 
in sample 13. The controls contained 13 molecules 
only. 

In comparison, the natural koumis contained 90 
different molecules and only 5 were common to the 
specific fermented milk (Table 2): decanoic acid, ethyl 
ester (25.7%), ethanol (5.8%), octanoic acid (2.07%), 
dodecanoic acid (1.57%), 2-methyl-5H-dibenz[b,f]
azepine (0.12%) and nonanoic acid (0.02%).

In order to facilitate the analysis, a table includ-
ing our 13 samples (including the 3 controls) de-
scribed by the sum of percentage for each class of 
molecules (9 groups) was created and submitted to 
Principal Components Analysis. 

Analysis of the groups of VOCs. The main factors 
of the PCA explained almost 60% of the variance and 
are marked by the opposition between profiles rich in 
hydrocarbons at the right side of the factorial plan, 
and profiles rich in acids and nitrogen-compounds at 

the left side. On the second factor, the variable “oth-
ers” was the main contributive variables with alde-
hydes in opposition to profiles rich in alcohols (Fig-
ure 1). 

The cluster analysis showed 3 main groups of 
VOCs profiles (Figure 2) with high difference in their 
main composition (Figure 3). 

The type 1 (samples 2, 7, 12, controls C1, C2 and 
C3) were composed mainly by aliphatic, aromatic 
and ketone compounds. The second type which con-
tained 6 samples (numbers 3, 4, 8, 9, 10, 11, and 13) 
was characterized by its richness in ketones and ac-
ids. The last type (samples 5 and 6) contained mostly 
acid compounds (90%). 

Description of the samples by their full profile 
(Figure 4a, b and c). Each sample was described by 
the proportion of each group of VOCs sorted, in the 
order, in acids (AC), aldehydes (AD), alcohols (AH), 
nitrogen-compounds (AM), esters (ES), aliphatic hy-
drocarbons (HCF), aromatic hydrocarbons (HCR), 
ketones (KE) and others (OT). In addition to the main 
components described above by groups, the analysis 
by molecule showed that the type 1 contained a small 
part of alcohol compounds (5% on average) and the 
type 2 a highest quantity of N-compounds, esters and 
others compounds while in type 3, only VOCs from 
acid groups were predominant.

The analysis of the table (13 samples*160 
VOCs) by PCA showed that 3 samples had specific 
profiles quite different than the others. The sample 
13 was the most original product with 49 compounds 
and was the only sample containing ethylene ox-
ide, 3,5-dichloro-2-hydroxybenzaldehyde, 5,5-d2-
trans-3,4-dihydroxy-cyclope, 2-pentanamine, 
3-amino-2-methylbutanoic acid, 12-methylamino-
lauric acid, ethanol, 2-(ethenyloxy), butanoic acid 
and methyl ester. After discarding sample 13, the 
most original sample was n°11 which is the only 
sample containing many molecules, especially etha-
namine N-methyl-, cyclobutanol, 2,3-butanedione, 
acetic formic anhydride, 5-trideuteromethyltetra-
zole, benzeneethanamine, 2-fluoro-β,5-dihydroxy-
N-methyl-, butanoic acid, butane, 1,2,4-trime-
thoxy-, 2,4-Pentanediol, and 2-methyl- representing 
as the whole 34% of the molecules in the sample. 
The sample n°7 was alone to contain hexane, 
2,3,5-trimethyl, 1,3-dimethylthioindole, 1H-Imid-
azole, 2-nitro, methyltetradecan-2-ol 2-, alpha-D-
Glucopyranoside, beta.-, nonanal, 1,3-dioxolane, 
2-ethyl-2-methyl-, and heptanoic acid.
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Table 1 - List of the volatile organic compounds by class of molecules identified in fermented milk samples

Acids Aldehydes Alcohol N Compounds Esters Hydrocarbones Ketones Others

12-Methylami-
nolauric Acid;
2-Amino-
6-Methylbenzo-
ic Acid;
Acetic Acid;
Acetic Acid, 
Sodium Salt;
Acetic Formic 
Anhydride;
Benzoic Acid;
Butanoic Acid;
Butanoic Acid, 
2-Methyl-;

2-Butenal, 
3-Methyl-;
3,5-Dichloro-
2-Hydroxybenz-
aldehyde;
Acetaldehyde;
Benzaldehyde, 
2-Methyl- ;
Benzaldehyde, 
3-Methyl-;
Benzaldehyde, 
4-Methyl-;
Butanal;
Dodecanal;
Hexanal;
Nonanal;

(S)-(+)-6-Methyl-
1-Octanol;
1-(Benzylsulfa-
nyl)Pentan-2-Ol;
1H-Imidazole, 
2-Nitro-;
2,4-Pentanediol, 
2-Methyl-;
2-Butanol, 
3-Methyl-;

1,3-Dimethylthio-
indole;
1,4-Dinitrotetrahy-
droimidazo [4, 5-D;
1-Amido-1-Cyano-
3-Methylbut-1-Ene;
1-Butanamine, N-
Methyl-;
2-Butanamine;
2-Butanamine, 
3-Methyl-;

Butane, 1,2,4-Tri-
methoxy-;
Butanoic Acid, 
Methyl Ester;
Carbamic Acid, 
Methyl Ester;
Decanoic Acid, 
Ethyl Ester;
Formic Acid, 
3-Methylbut-2-Yl 
Este;

(2e)-3-Methyl-
2-Pentene;
(3e)-2-Methyl-
3-Heptene;
(4e)-4-Methyl-
4-Decene;
1,1’-Bicyclo-
hexyl, 2-Ethyl-, 
Trans;
1-Dodecene;
1-Undecene;
2,4-Dimethyl-
1-Heptene;
2-Pinene;
5-Dodecene, 
(E)-;

2,3-Butanedione;
2-Butanone, 
3-Hydroxy-;
2-Heptanone;
2-Heptanone, 
4,6-Dimethyl-;
2-Heptanone, 
4-Methyl-;
2-Hexanone, 
5-Methyl-;

(1s)-2,6,6-
Trimethylbicyc-
lo[3.1.1];
1,3-Dioxolane, 
2-Ethyl-2-Meth-
yl-;
1- [2,5 - Dime-
thoxy-4 - (Meth-
ylsulfonyl;
2-Mercapto - 4 - 
Phenylthiazole;
5,5-D2-Trans- 3, 
4-Dihydroxy-
Cyclope;

Butanoic Acid, 
3-Methyl-;
Carbonic Acid, 
Hexyl Prop-1-
En-2-Yl Ester;
Decanoic Acid;
Diglycolic 
Acid, Isohexyl 
2-Methyl;
Dodecanoic 
Acid;
Heptanoic Acid;
Hexanoic Acid;
Hexanoic Acid, 
2-Methyl-;
L) 3-Amino-2- 
Methylbutanoic 
Acid; 
N-Decanoic 
Acid;
Nonanoic Acid;
Octanoic Acid;
Pentanoic Acid;
Pentanoic Acid, 
3-Methyl-;
Propanedioic 
Acid, Propyl-;
Propanoic Acid, 
2-Methyl-, 
Anhydri;

2-Heptanol;
2-Methyl-2-Dec-
anol;
2-Methyltetra-
decan-2-Ol;
2-Nonanol;
3-Buten-2-Ol, 
2-Methyl-;
3-Heptanol;
3-Heptanol, 
4-Methyl-;
4-Heptanol, 
2,6-Dimethyl-;
Cyclobutanol;
D-Gala-L-Ido-
Octitol;
Ethanol;
Ethanol, 
2-(Ethenyloxy)-;
Methyltetradec-
an-2-Ol 2-;
Nonanol, Tri-
methyl-;

2-Furanmethana-
mine, Tetrahydro-;
2-Heptanamine;
2-Hexanamine, 
4-Methyl-;
2-Methyl-5H-
Dibenz[B,F]Az-
epine;
2-Octanamine;
2-Pentanamine;
2-Propanamine;
2-Propenamide;
3-Methoxyamphet-
amine;
3-Methyl-3,5--
(Cyanoethyl)Tetrahy 
d;
4-(P-Methylphenyl)-
2-Mercaptothiaz;
6 Methyl-2 Phenyl-
indole;
Acetamide;
Acetamide, 2-Flu-
oro-;
Acetamide, N-
Acetyl-N-(1-Methyl-
propyl)-;
Benzene-ethana-
mine, 2-Fluoro-
Β,5-Dihydroxy-N-
Methyl-;
Dimethylamine;
Dl-Alanine;
Ethanamine, N-
Methyl-;
Guanidine, N,N-
Dimethyl-;
Heptanediamide, 
N,N’-Di-Benzoy-
loxy-;
Hydrazine, Ethyl-;
L-Alanine;
N-Formyl-3- 
(2,4,6-Trimethoxy-
phenyl ;
N-Hexylmethyl-
amine;

Hydrazine, 
Methyl-, Oxalate 
(1:1);
L-Alanine, Ethyl 
Ester;
Oxalic Acid, 
Hexyl Neopentyl 
Ester;
Propane, 2-Eth-
oxy-2-Methyl-;

Cyclohexane, 
1,3,5-Trimethyl-;
Cyclohexane, 
3-Ethyl-5-Meth-
yl-1-Pr;
Cyclopentane, 
1,3-Dimethyl-, 
Cis-;
Cyclopropane, 
1,2-Dibutyl-;
Cyclopropane, 
1-Butyl-2-(2-
Methylp;
Decane;
Decane, 4-Meth-
yl-;
Dodecane;
Dodecane, 
2-Methyl-;
Heptane, 
2,2,4-Trimethyl-;
Heptane, 2,4-Di-
methyl-;
Heptane, 4-Meth-
yl-;
Hexane, 
2,2,5-Trimethyl-;
Hexane, 
2,3,5-Trimethyl-;
N-Hexane;
Nonane, 2,6-Di-
methyl- ;
Nonane, 4-Meth-
yl-;
Octane, 3,3-Di-
methyl-;
Pentane, 
2,3,3-Trimethyl-;
Pentane, 2-Meth-
yl-;
Propene 3,3,3-
D3;
R(-)3,7-Dimeth-
yl-1,6-Octadiene;
Benzene, 
1,3-Bis(1,1-
Dimethylethyl;

2-Hexanone, 
5-Methyl-5-Ni-
tro-;
2-Nonanone;
2-Pentanone;
2-Pentanone, 
4-Hydroxy-
4-Methyl-;
2-Propanone;
2-Undecanone;
Acetone;
Acetophenone;
Ethanone, 1-Cy-
clopentyl-;

5-Trideuterome-
thyltetrazole;
6-Chloro-2-(2,6-
Dimethylphenyl)
Qui;
Alpha.-D-
Glucopyranoside, 
.Beta.-;
Beta.-D-Gluco-
pyranose, 4-O-.
Beta.;
Bicyclo[3.1.1]
Hept-2-Ene, 
2,6,6-Trimethyl-;
Cyclohex-1,4,5-
Triol-3-One-
1-Carbo;
Dimethyl Trisul-
fide;
Ethylene Oxide;
Furan, Tetra-
hydro-2,2,5,5-
Tetramet;
Methane, Sulfo-
nylbis-;
Oxime-, Me-
thoxy-Phenyl-;
Oxirane, 2,3-Di-
methyl-, Cis-;
TATP;
Thiazole, 2,5-Di-
methyl
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Table 2 - List of the volatile organic compounds identified in koumiss

Compounds CAS# Area% Compounds CAS# Area%

Indene  000095-13-6 0.04 1-methyl-1H-indene 000767-59-9 0.01

Toluene  000108-88-3 0.02 9-Hexadecenoic acid, methyl ester, 001120-25-8 64 0.10

Ethanol 000064-17-5 5.80 Ethyl 3-phenylpropionate 002021-28-5 0.36

L-Lactic acid 000079-33-4 1.38 Octanoic acid, 3-methylbutyl ester 002035-99-6 0.07

Phenol, 2-methoxy- 000090-05-1 0.10 Pentadecanoic acid, 3-methylbutyl 002306-91-4 0.04

Naphthalene 000091-20-3 0.33 2-methoxy-4-(n-propyl)phenol 002785-87-7 0.15

Naphthalene, 2-methyl- 000091-57-6 0.02 Guaiacol, 4-ethyl- 002785-89-9 0.24

Benzoic acid, ethyl ester 000093-89-0 0.01 Dodecanoic acid, propyl ester 003681-78-5 0.09

o-Cresol 000095-48-7 0.01 Benzofuran, 2-methyl- 004265-25-2 0.05

Propanoic acid, 2-hydroxy-, 
ethyl ester 000097-64-3 0.20 D-Limonene 005989-27-5 0.45

1,4-Cyclohexadiene, 
1-methyl-4-(1- 000099-85-4 0.10 (E)-9-Octadecenoic acid ethyl este 006114-18-7 0.05

Benzene, 1-methyl-4-(1-
methylethyl 000099-87-6 0.04 Isoamyl laurate 006309-51-9 0.01

Benzene, ethenyl-      000100-42-5 0.04 Benzenebutanoic acid, ethyl ester 010031-93-3 0.03

Benzonitrile 000100-47-0 0.02 2,6-Bis(1,1-dimethylethyl)-4-(1-ox 014035-34-8 0.03

Benzenemethanol 000100-51-6 0.10 Tetradecanoic acid, propyl ester 014303-70-9 0.01

 Benzaldehyde 000100-52-7 0.01 9-Decenoic acid 014436-32-9 0.04

Acetic acid, phenyl-, ethyl 
ester 000101-97-3 0.02 Benzofuran, 7-methyl- 017059-52-8 0.03

Butanoic acid, ethyl ester 000105-54-4 0.21 Ethyl tridecanoate 028267-29-0 0.03

Heptanoic acid, ethyl ester 000106-30-9 0.02 n-capric acid isobutyl ester 030673-38-2 0.03

Octanoic acid, ethyl ester 000106-32-1 12.57 Decanoic acid, propyl ester 030673-60-0 0.22

Dodecanoic acid, ethyl ester 000106-33-2 0.03 1H-Isoindole-1,3(2H)-dithione, 
2-ethyl- 035373-06-9 0.55

Dodecanoic acid, ethyl ester 000106-33-2 17.25 Pentadecanoic acid, ethyl ester 041114-00-5 0.13

Phenol 000108-95-2 0.07 Methyl(methyl 2,3,4-tri-O-methyl- 052729-97-2 0.03

Decanoic acid, ethyl ester 000110-38-3 25.68 Ethyl 9-hexadecenoate 054546-22-4 0.65

Decanoic acid, methyl ester 000110-42-9 0.02 Ethyl 9-hexadecenoate 054546-22-4 0.01

Dodecanoic acid, methyl ester 000111-82-0 0.03 Ethyl 9-hexadecenoate 054546-22-4 1.37

Nonanoic acid 000112-05-0 0.02 Butanal, 2,3,4-tris[(trimethylsily 056196-36-2 0.04

Phenol, 4-ethyl-   000123-07-9 0.03 L-Phenylalanine, N-(trifluoroacety 058072-44-9 0.01

Nonanoic acid, ethyl ester 000123-29-5 0.07 Ethyl 9-decenoate 067233-91-4 12.33

Hexanoic acid, ethyl ester 000123-66-0 0.03 Ethyl (2-hydroxyphenyl)acetate, TM 067903-47-3 0.08

Hexanoic acid, ethyl ester 000123-66-0 0.97 2-Pentanol, 3-chloro-4-methyl-, (R 074685-48-6 0.04

Tetradecanoic acid, ethyl ester 000124-06-1 0.18 Decanoic acid, 5-chloro-, chlorome 080418-82-2 0.11

Tetradecanoic acid, ethyl ester 000124-06-1 6.71 Octadecanoic acid, ethyl ester 111-61-5 0.08

Tetradecanoic acid, ethyl ester 000124-06-1 2.70 Ethyl (S)-(-)-lactate 2000025-88-4 0.54

Octanoic acid 000124-07-2 2.07  2-Methyl-5H-dibenz[b,f]azepine 2000224-69-5 0.12

Isopropyl palmitate 000142-91-6 0.03 Glycolic acid-D2-O-(trimethylsilyl 2000264-93-4 0.02

Dodecanoic acid 000143-07-7 1.57 1,4-diphenylbut-3-ene-2-ol 2000280-70-5 0.10
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Compounds CAS# Area% Compounds CAS# Area%

Phenol, 4-methoxy- 000150-76-5 0.02 Ethyl 9-tetradecenoate 2000381-02-2 0.77

Benzofuran 000271-89-6 0.15 Ethyl 13-methyl-tetradecanoate 2000434-94-9 0.06

Tetradecanoic acid 000544-63-8 0.04 Ethyl 4,8,12-trimethyl-tridecanoat 2000480-94-9 0.01

Octadecane 000593-45-3 0.02 Oleic Acid 52355-42-7 0.07

Propyl octanoate 000624-13-5 0.12 Octanoic acid, 2-butyl ester 5458-61-7 1.45

Undecanoic acid, ethyl ester 000627-90-7 0.02 [1,1’-Bicyclopropyl]-2-octanoic acid, 
2’-hexyl-, methyl ester 56687-68-4 0.02

Undecanoic acid, ethyl ester 000627-90-7 98 0.12 2-(1-Methyl-1-silacyclobutyl)benzoic 
acid trimethyl-silyl ester  0.17

Hexadecanoic acid, ethyl ester 000628-97-7 0.01 3-Trifluoroacetoxypentadecane  0.05

Pentadecane 000629-62-9 0.05 E-11-Hexadecenoic acid, ethyl ester  0.04

Heptadecane 000629-78-7 0.04

Continuation of table 2

Figure 1 – Factorial plan (f1, f2) of the Principal Components Analysis (biplot projection) 
showing  the projection of active variables (volatile compounds), supplementary variables 

(bacteria strains) and fermented milk samples inoculated with bacilli (○) or cocci (□)
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Figure 2 – Dissimilarity based classification tree of the 13 fermented milk samples and 
control samples (C1, C2 and C3) according to their VOCs composition

Figure 3 – Mean composition of VOCs classes
in each type of samples obtained from classification tree
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VOCs profile difference between bacilli and coc-
ci starters. The PCA analysis of the VOCs groups 
showed an opposition between samples fermented 
with cocci and those fermented with bacilli starter 
along the second factor of the analysis (Figure 1). 
The discriminant analysis applied on the table (12 
samples * 9 VOCs groups) showed that the mean 
profiles of each type of lactic acid bacteria can be 
discriminated with a percentage of well-classed at 
83.3%. The stepwise model showed that the main 
discriminating group of compounds was the group 
“others” molecules. The integration of other groups 

(the second discriminating parameter was ketones) 
did not improve the discriminating power. The vari-
ance analysis confirmed that only the group “other 
compounds” was significantly different (P<0.01) be-
tween the two types of lactic acid bacteria (Table  3). 
Variance analysis was then applied on the “Other 
VOCs” group only to identify the specific molecule 
explaining this difference between type of bacteria. It 
appeared that only one molecule differed significant-
ly: indeed, oxime-methoxy-phenyl was significantly 
higher (P<0.01) in samples fermented with cocci bac-
teria (5.9 ± 4.5 %) than with bacilli (0.63  ±  1.14%).

C

Figure 4 – Volatile organic compound profiles (A- type 1 samples: rich in hydrocarbons and ketones; 
B- type 2 samples: rich in ketones and acids; C- type 3 samples: rich in acids

Table 3 – VOCs composition (in %) of the fermented milk samples using Cocci or Bacilli starters

Group of VOCs Cocci Bacilli Pr > F
Acids 43.01±16.1 39.11±38.8 0.838

Aldehydes 1.8±1.8 1.15±1.5 0.520
Alcohol 1.2±1.4 6.45±6.9 0.128

N-compounds 6.4±6.1 3.78±3.9 0.357
Esters 2.24±3.9 1.74±2.1 0.779

Aliphatic HC 8.03±9.5 22.15±20.9 0.194
Aromatic HC 5.9±4.7 9.64±9.8 0.453

Ketones 21.3±10.3 12.51±6.1 0.090
Others 10.1±2.8 3.48±3.9 0.009*
Total 100 100

The analysis of the full profiles (160 VOCs) by 
Mann-Whitney test showed that 77% of the mol-
ecules were significantly different between the two 
bacteria. However, after submission to discriminant 
analysis of the full table (12 samples, except con-
trol * 160 compounds), the combination of 3 mol-
ecules were sufficient to allow discriminating 100% 
of the samples. The main molecule was still oxime-
methoxy-phenyl. The second discriminant molecule 

was propanedioic acid, propyl- (group “Acids”) and 
the third, 2-Propanamine (group “N-compound”). 
The values of the second molecule were 0.99 ± 1.26 
and 3.44 ± 3.18% for bacilli and cocci, respectively. 
For the third one, the values were 0.17 ± 0.29 and 0 
respectively.

Variability in compounds population. Natural 
koumis is known to contain a large number of lactic 
bacteria and yeasts strains. For example, Bai and Ji 
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(2016) [10] in China identified 55 LAB strains. Such 
microbiological biodiversity, due to spontaneous fer-
mentation, could explain the high number of poten-
tial volatiles compounds in such typical beverages 
compared to our samples obtained after controlled 
fermentation. Compared to natural koumis which 
contained 5.8% ethanol, our samples of fermented 
milk had low quantity of alcohol. Indeed, the high 
level of ethanol usually found in natural koumis is 
usually due to yeasts [11] and not to bacteria as ba-
cilli or cocci. However, three of our samples con-
tained ethanol molecule (3.4% in sample 9, 1.3% in 
sample 11 and 0.9% in sample 13). It could be due 
to certain strains of bacteria (one sample was cocci 
and two, bacilli), but as the present study was based 
on preliminary data, the identification of strains was 
not yet achieved. Indeed, ethanol production could be 
possible in relatively high quantity with lactobacillus 
strains [12].

The use of cow milk as matrix for inoculation 
could also explain that only 5 compounds from 
natural koumis were common with the VOCs in our 
samples. Indeed, there is an important difference in 
lactose content between mare milk (60-80 g/L) and 
cow milk (30-50 g/L) and, consequently LAB strains 
could produce a higher compound variability.

Variability of VOCs profiles. Regarding the full 
VOCs profile, samples clearly divided into 3 types 
(issued from cluster analysis). The most apparent dis-
criminant group of molecules was acid compounds. 
Control samples contained less acid compounds as 
they were not fermented. However, 3 samples of fer-
mented milk presented similar pattern which attested 
the absence or very low level of hydrolysis of milk 
components. Probably, the strain of bacteria used in 
these samples (all bacilli) were not enough active in 
cow milk matrix or required more incubation time 
because a slow metabolic activity [13]. The second 
type of profile was characterized by its wide variety 
of compounds, with relatively higher proportion of N- 
and S-compounds (included in group “other”). Those 
molecules issued from hydrolyze of amino-acids and 
probably the bacteria strains (mostly cocci) in this 
VOCs profile type produced proteolytic enzymes. 
Ester compounds were also present in higher propor-
tion which could be due mainly to fat hydrolysis [14]. 
The third type was milk with presence of ketones and 
overall high quantity of acids. Those samples were 
inoculated with bacilli strains probably able to have 
high acidification capacity. Bacilli strains are known 
to produce strong flavor in dairy products [14; 15].

Discriminant parameters of lactic bacteria. De-
spite large number of aroma distinguishing VOCs 

profile of bacilli and cocci, 3 molecules only were 
involved in the discrimination. The most discrimi-
nating molecule (oxime-methoxy-phenyl-OMP) is 
a chemical product belonging to imine group which 
has sweetener taste used in the agro-industry [16]. 
OMP is normally largely present in UHT cow milk. 
Dursun, Güler and Şekerli (2017) [17] reported its 
proportion in VOCs profile of UHT milk at 46.07%. 

The second molecule was propanedioic acid, 
propyl-, an acid component for which no information 
was available. Despite its role to discriminate the two 
types of bacteria, its effects were not described in the 
literature. 

At reverse, more information was available for 
the third discriminating parameter (2-propanamine). 
It is an amine, building block for several pesticides 
and herbicides. However, its proportion in our sam-
ples was quite low, and even nil in milk inoculated 
with cocci. The dissimilarity between bacilli and 
cocci is mainly morphological, but their fermentative 
activity appeared also quite distinct with two VOCS 
profiles with only 23% of the molecules having no 
significant difference. However, no data is available 
on the VOCs profile description for these two types 
of bacteria and their effect on flavor of dairy prod-
ucts. 

Conclusion

The present study focused on VOCs profile of 
microflora from raw and fermented milk. The de-
scription of those profiles was never done previous-
ly. Yet, there is no description of the typical flavor 
of these products, popular in all Central Asia. The 
characterization of those flavor could be an essential 
element to describe the wide biodiversity of those 
traditional dairy beverages, the flavor of which de-
pends on their microflora. With only 3 compounds, 
it was possible to distinguish the products inoculated 
by different types of bacteria with 100% probability. 
This means that VOCs profiles are highly dependent 
on the strains used for inoculation, which could have 
an important impact for agro-food industry to control 
fermentation process and then, to obtain new dairy 
products. For the next step, different matrices (milk 
from other species) for fermentation should be tested, 
and the strains of bacteria will be identified for a bet-
ter understanding of their effect on flavor. 
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Application of a zebrafish embryo toxicity assay  
for the study of surface water toxicity in the Lower Ile river

Abstract: The quality of surface waters of Lower Ile river, Kapchagay and Kutry reservoirs was assessed 
in zebrafish (Danio rerio) embriotoxicity test.  The test was performed according to OECD guideline test 
No. 236, the exposure period was 5-72 h post fertilization, direct mutagen methylmethanesulfonate (MMS) 
was used as positive control to assess test system response.  The standard visual mortality criteria of the 
test were applied for evaluation of possible lethal or teratogenic effect of surface waters. Exposure to 
MMS in concentration of 3.4 mg/L resulted in coagulation of 33.3% of embryos (p≤0.01) and almost 90% 
(p≤0.01) of survived embryos displayed various kinds of malformations to 72 hours post fertilization, 
which indicates test system susceptibility to the mutagens. It was established that none of surface water 
samples possess significant embryo toxic effects but all induce the spectrum of malformations related to 
axial skeleton (scoliosis, end tail malformation), water/salt balance and chorion permeability (oedema) and 
growth patterns (growth retardation) in different incidences. The lowest rate of teratogenicity was observed 
in embryos incubated in samples from Kapchagay bay (28.2%, p≤0.05) and Ile river at Bakanas region 
(site 2, 27.2%, p≤0.05). The teratogenic effect of water samples from Kurty reservoir and Ile river (site 1) 
was commensurable – 33.3% (p≤0.05) and 36.0% (p≤0.01) respectively. Among all tested sites only the 
samples of surface waters form Kurty pond produced multiple phenotypic effects in zebrafish Danio rerio 
embryos congruous to MMS exposure and especially, relatively high level of growth retardation, proposing 
the presence of disrupting or alkylating compounds in surface water samples. 
Key words: bioassay, zebrafish embryos, teratogenicity, mutagen, malformations.

Introduction 

The assessment of the surface water quality is 
of highest importance for a great deal of potentially 
hazardous contaminants like heavy metals, polycy-
clic aromatic hydrocarbons (PAH) or polychlori-
nated biphenyls (PCBs) or polychlorinated dibenzo-
dioxins and furans (PCDD/PCDF), and many other 
compounds unwanted in the environment may pres-
ent in aqueous environment. Chemical analysis is 
very expensive and has the main disadvantage that 
exclusively the target compounds are detected thus 
the method is blind for unexpected chemicals or even 
unknown compounds. Bioassays allow analyzing 
unwanted effects on organisms of all contaminants 
present in the water sample within an integrated pro-
cess, addition of toxic effects and even possible syn-
ergistic effects of multiple compounds are taken into 
account [1]. 

Current approaches for water quality assessment 
apply a battery of standardized bioassays using all 
kind of aquatic organisms such as algae (Desmodes-
mus subspicatus), bacteria (Vibrio fischeri, Arthro-
bacter globiformis), invertebrates (Daphnia magna, 
Caenorhabditis elegans, Lumbriculus variegates, 
Diporeia spp.; Hyalella azteca, Chironomus ripar-
ius, Potamopyrgus antipodarum), yeast (Saccharo-
myces cerevisiae), plants (Myriophyllum aquaticum) 
and zebrafish embryos (Danio rerio) [2]. In order 
to better address potential toxicity of aqueous con-
taminants, the German joint research project DanTox 
– Development and application of a method for the 
measurement of specific toxicity and molecular ef-
fect mechanisms of sediment-bound environmental 
pollutants using the zebrafish (Danio rerio) – was re-
alized for estimation of teratogenicity, neurotoxicity, 
genotoxicity, mutagenicity, and subcellular mecha-
nistic effects in embryos of the zebrafish [3]. Use of 
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zebrafish embryos in bioassays is beyond any doubt 
as this test object has numerous advantages that make 
it excellent alternative method to the in vivo embryo-
toxicity and teratogenicity assays: significant number 
of objects obtained (one female produces up to 300 
eggs); transparent chorion greatly facilitates visual 
investigation; rapid development (hatching takes 
place at 27 hours post fertilization); embryos are 
small and easily incubated in Petri dishes or cultural 
plates, thus combining the advantages of cell culture 
and embryo culture systems; in addition, vast litera-
ture on zebrafish experiments is available [4-7].

The standard ISO 15088:2007 “Water quality – 
Estimation of the acute toxicity of waste water to ze-
brafish eggs (Danio rerio)” specifies a method for the 
determination of degrees as a measure of the acute 
toxic effect of waste water and industrial effluents to 
fish eggs within 48 h. This provide an inimitable tool 
for bioassay of surface waters in rivers and reservoirs 
of Republic of Kazakhstan. Among them Lower Ile 
river and two big reservoirs – Kapshagay and Kurty 
are of great interest for Almaty region since they sup-
port agricultural life in adjacent areas and are actu-
ally a stock for a many polluted streams. In order to 
investigate the potential toxic effect of surface waters 
on early stages of fish life the bioassay based on Da-
nio rerio embryotoxicity test was performed in the 
Laboratory of mutagenesis, Department of molecu-
lar biology and genetics, al-Farabi Kazakh National 
University. The goal of this study was the assessment 
of embryotoxicity (acute lethal effect) and teratoge-
nicity of surface water of Lower Ile river and adja-
cent reservoirs in Danio rerio embryo test.

Materials and methods

Water samples collection. Surface water sam-
ples collection, filtration and conservation were 
performed according to the GOST (State Stan-
dard) 31861-2012 “Interstate standard. Water. 
General Sampling Requirements” [8]. Composite 
samples were taken at the following sites: 1) Kap-
chagay bay, 43054’45.90’’ 7705’41.79’’; Kurty 
pond, 43051’27.11’’ 76020’9.84’’; Ile river, site 1, 
43055’7.38’’ 7705’49.99’’; Ile river; 2), Bakanas, 
44047’43.95’’ 76016’34.89’’.

Animal care or egg production. A breeding stock 
of unexposed and healthy mature zebrafish was used 
for the egg production. Mature fish were maintained 
in aquaria at 22-24°C with a loading capacity of a 
minimum of 1L per fish and natural light/dark cycle. 

Dry flake food or live food was fed once a day. Be-
fore spawning fish were kept hungry for a day. For 
egg production a nest of spawners (male : female ra-
tio 1:2) was placed for the night in a sterile spawning 
aquaria preliminary filled with fresh filtrated drinking 
water heated up to 26ºC [9]. To prevent egg predation 
bottom was covered with neutral plastic mesh with a 
grid size of 2 mm. Spawning took place at the early 
morning and may be recognized by the decrease of 
female belly. Spawners and separate grid were than 
immediately removed and eggs were collected in 
sterile flask. Fertilized eggs were separated of unfer-
tilized one using stereomicroscope Motic DM-143 
(Motic, China) and used for the further assay. 

Embryo exposure. Two controls were used for 
each experiment: 1) a positive control consisting 
of the aqueous solution of direct teratogen meth-
ylmethanesulfonate (3.4 mg/L MMS); 2) negative 
control of pure filtered water. Fish embryos were 
randomly transferred in sterile Petri dishes with me-
dium volume of 25 ml. For bioassay water samples 
preheated up to 26ºC were used as incubation me-
dia and experiments were continuous throughout all 
period of embryonic development. The incubation 
was performed at incubator Binder at 26ºC for the 
72 hours post fertilization (hpf). The exposure was 
stopped at 72 hpf when the hatching take place and 
it is easy to distinguish the malformations of spinal 
cord. Developmental parameters were monitored 
and documented according to OECD recommenda-
tions for acute embryotoxicity and teratogenicity 
assays [10]. 

Scoring. At different time points (24, 48 and 76 
hpf) fish embryos were evaluated and scored for le-
thal or teratogenic effects using stereomicroscope 
Motic DM-143 (Motic, China).  All embryos were 
staged according to Kimmel et al. [11].  Different 
lethal or teratogenic endpoints are summarized in 
Table 1. 

Validity parameters and statistics. The fertilizing 
rate of the fish eggs should be higher than 50%. The 
assay is considered to be valid if the viability of the 
negative control eggs exceeds or is equal to 90% after 
48 hpf (no lethal or teratogenic effects). The experi-
ments were performed in triple sequence.  Thus, typi-
cally 25 fish embryos per Petri dish and 75 fish em-
bryos per group were used. Data was processed and 
visualized using MS Excel 2010 (Microsoft Office 
Professional Plus 2010 software). The standard error 
for each parameter is the result of three independent 
experiments.
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Table 1 – Lethal and teratogenic effects observed in zebrafish Danio rerio embryos depending on the observation time, according to 
Busquet et al. [12]

Category Physiological/dismorphogenic effect 24 hpf 48 hpf 72 hpf
Lethal effect Coagulated eggs + + +

Teratogenic effects

Malformation of head + +
Malformation of tail + +

Malformation of end tail + +
Malformation of heart + +

Scoliosis + +
Deformity of yolk + + +
Growth retardation + + +

Ethical considerations. All animal experimental 
procedures were conducted in accordance with the 
international regulations. Within the chorion, fish 
embryos are not subject to Directive 2010/63/EU, 
which regulates the use of animals in scientific ex-
periments.  As Article 1.3 of the Directive declares, 
independently feeding larval forms are subjected to 
Directive 2010/63/EU, the experiments stopped at 
hatching.  In the current version of the test protocol 
the Fish embryotoxicity test is limited to two or three 
days and is classified as a non-animal test in legal 
terms.

Results and discussion

Zebrafish embryogenesis is a powerful in vivo 
model system to assess the quality of surface water 
and rapid developmental progression compared to 
mammals makes it an ideal for the embryo toxicity 
assay. We performed a set of experiment to assess 
the potential toxic and/or teratogenic profile of sur-
face water of lower reach of Ile river and adjacent 
reservoirs. Experiments were started at 4-6 hpf and 
stopped at hatching that generally takes place at 72 
hpf; by this time a larva has completed most of its 
morphogenesis. Actually the exposure began since 
early gastrula period of 50% epiboly when blasto-
derm remains unifrom in thickness and germ ring is 
visible from the animal pole. The assessment for le-
thal and teratogenic effects took place on 24, 48 and 
72 hpf. Figure 1 summarizes the lethal and terato-
genic effects of controls and water samples collected 
at Ile river basin in Danio rerio embryos at 72 hpf 
considered to be acute embryotoxicity effect. 

As shown in Figure 1 the negative control trig-
gered no lethal effects in the fish embryos with 

2.7% of eggs coagulated and only 4% of eggs dis-
played malformations within three experiments. 
The total percentage of teratogenic and/or lethal 
eggs in each individual control group experiment 
consisting of 25 eggs each was < 10% after 48 hpf 
and thus all experiments were considered to be 
valid.  The ability of the test object to response to 
direct teratogen was assessed in experiment with 
MMS, which is known to be highly toxic, terato-
genic and mutagenic for vertebrates and thus was 
chosen as positive control. Exposure to MMS in 
concentration 3.4 mg/L resulted in coagulation 
of 33.3% of embryos (p≤0.01) and almost 90% 
(p≤0.01) of survived embryos displayed various 
kinds of malformations to 72 hpf so that test sys-
tem is susceptible for the mutagens.

For the surface water samples only a very slight 
toxic effect (visual mortality criteria) was observed 
that is below required embryo toxicity level of 10% 
- mortality in Kurty pond was only 3.8%, 4.0% and 
2.5% in Ile river (site 2 and site 1, respectively) and 
at Kapchagay bay was 8.9%(differences are not sig-
nificant).

One may conclude that exposure of Danio rerio 
embryos to surface water of Ile river region did not 
lead to acute embryotoxic effect.  However, when 
studying teratogenic effects the significant increase 
in number of embryos displaying various kinds of 
malformations has been detected (Figure 1, B). That 
is the lowest rate of teratogenicity was observed in 
embryos incubated in samples from Kapchagay bay 
(28,2%, p≤0.05) and Ile river at Bakanas region (site 
2, 27.2%, p≤0.05). The teratogenic effect of water 
samples from Kurty reservoir and Ile river at bridge 
region (site 1) was commensurable – 33.3% (p≤0.05) 
and 36.0% (p≤0.01), respectively.
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It is very important to assess the individual mor-
phologic malformations in zebrafish embryos ex-
posed to surface water samples. The absolute inci-
dences of the different induced teratogenic endpoints 
in zebrafish are summarized in Figure 2. The main 
malformations observed in fish embryos exposed to 
surface water were scoliosis, malformation of end-
tail, growth retardation and oedemas. A clear inci-
dences of tail curvatures and endtail absence were 
only observed in the group exposed to direct muta-
gen MMS (data not shown). Teratogenic effects are 
considered as fingerprint endpoints, if the endpoint 
is observed in ≥ 50% of all teratogenic fish eggs in 
the test groups. Some malformations such as effects 
on the spinal cord, occured more frequently than oth-
ers. The scoliosis defined as S-shapes curvature of 
the embryo trunk occurred in all groups of tested sur-
face water with frequency more than 50%. Despite 
the level of teratogenic eggs in control group is only 
4.0%, the gross was of scoliosis – 66.7%, whereas 
other 33.3% made up by malformations of tail (data 
not shown) and there were observed no such altera-
tions as growth retardation, malformations of tail tip 
and oedema. Scoliosis incidences were as well ob-
served in all tested groups: 84.5% it constituted in 
Kurty pond samples, 85.2% and 86.4% in Ile river 
(sites 1 and 2 respectively) and least in Kapchagay 
bay – 68.2%. Scoliosis leads to the defects in somi-
togenesis and influence the formation of excretory 
system. When transition to exogenous feeding, this 
spinal cord malformation is actually the precondition 
for the excessive larvae loss. 

In our study the pericardial and yolk sac oedema 
were summarized to facilitate scoring and observed 

in three groups only: in water samples from Kurty 
p., Kapchagay bay and in case of embryo exposure 
to direct mutagen MMS, that is 53.9%, 22.7% and 
20.9% of all malformation incidences, respectively. 
Pericardial oedema was occasionally so strong that 
the heart was prolonged into the narrrow tube, the 
yolk sac oedema was accompanied by local yolk de-
struction and accumulation of the liquid in the cav-
ity. The accumulation of the liquid in the pericardium 
and/or yolk sac is usually referred to the disruption of 
water and salt balance in embryo. 

It is very important to mention the role of chorion 
in zebrafish embryos resistance and susceptibility to 
xenobitics and maintenance of water balance in em-
bryo. The chorion is the acellular, highly structured 
envelope enclosing a developing embryo, separating 
it from the external environment. The outer chorion 
membrane complex with a thickness of 1.5-2.5 μm 
consists of three layers: electron-dense outer and in-
nermost layers with a thickness of 0.2-0.3 μm and 1.0-
1.6 μm, respectively, separated by an electron-lucent 
middle layer (0.3-0.6 μm in thickness); the middle 
and inner layers are pierced by pore canals while the 
outermost layer is covered with projections of 2.0-
3.0 μm in diameter [13]. The glycoproteins, which 
constitute the outer layer of the chorion, participate 
in creation of flexible membrane to which particles 
and microorganisms adhere. Chorion provides pro-
tection against microorganisms and protozoans ac-
complishes mechanical protection of the embryo and 
is assumed to offer an undefined protection against 
pollutants.  Nevertheless, since in natural conditions 
the embryo is developed inside chorion and its bar-
rier function must be considered in developmental ef-

                                                    A                                                                                                           B

Figure 1 – Overview of the lethal (A) and teratogenic (B) effect in zebrafish embryos  
for 72 hours incubation in natural water samples

Note: the standard error for each parameter is the result of three independent experiments
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fects of surface water the removal of chorion in case 
of bioassay is completely unjustified. It should also 
be taken into consideration that chorion permeability 
is not equal at all embryonic stages and for all group 
of substances. Although the pore canals are closed 
or obliterated, the chorion seems to be freely perme-
able to water, electrolytes and small molecules. It is 
suspected, that the chorion pores potentially restrict 
the uptake of compounds depending on their size. 

This was found for fluorescent dextrans exceeding 3 
kDa as well as for polymers, higher molecular weight 
surfactants and nanoparticles [14]. As for lipophilic 
substances, most of which can penetrate membranes 
easily, it seems rather applicable that with increas-
ing lipophilicity the substance is accumulated in the 
yolk and becomes available slowly at the beginning 
of yolk consumption, providing delayed toxic effect 
[15].   

                                                  A                                                                                                             B

                                                 C                                                                                                              D

Figure 2 – Summary of individual morphologic malformations in zebrafish Danio rerio embryos observed  
for 72 hours incubation in natural water samples.

Note: A – scoliosis; B – growth retardation; C – oedema; 
D – endtail malformation; the standard error for each parameter is the result of three independent experiments.

On the other hand, some studies showed that 
dechorionated embryos were less susceptible to the 
toxic effect  of heavy metals than embryos with in-

tact chorions, possibly because of the Donnan equi-
librium: cations with negative standard electrode po-
tentials (e.g. Zn2+, Cd2+, Pb2+) would easily pass the 
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chorion (which acts as an ion exchanger) and would 
be accumulated in the perivitelline fluid.  Thus, em-
bryos with a chorion were more susceptible to these 
ions than those without. In contrast, cations with pos-
itive standard electrode potentials (e.g. Hg2+, Cu2+, 
Ag2+) with high affinities to sulfhydryl groups would 
bind to the chorion, which thus would acts as a bar-
rier [13]. Metal accumulation in the chorion seems to 
be strongly pH dependant – the lower the pH is, the 
more metal is bound to the chorion. In our experi-
ments MMS promoted the excessive dye (methylene 
blue) accumulation in perivitelline space and further 
capture by embryo macrophages. In normal condi-
tions the zebrafish chorion is impermeable for the 
dye but the exposure leads to disruption of its perme-
ability resulting besides in excessive water and ions 
influx in embryo tissues and finally oedema. The pen-
etration of toxic substances may also be facilitated.  
Dye accumulation was also revealed for the samples 
from Kapchagay bay and Kurty pond indirectly sup-
porting the role of chorion permeability in oedema 
development. 

Malformations of endtail in their way did not oc-
cur in water samples from Kapchagay bay but instead 
were registered in Ile river samples - both point 1 and 
point 2 (11.1% and 4.5% of all malformations), but 
the share is quite beyond fingerprint endpoint. Incu-
bation of zebrafish embryos in surface water samples 
from Kurty p. produced 15.4% of end tail malforma-
tions being only in 1.6 times less than exposure to 
MMS (25.4%). There was recorded no growth retar-
dation in negative control and Ile r. point 2 groups, 
minor share of 3.4% in Ile r. point 1 group and above 
required 10% limit observed only in Kurty p. and 
Kapchagay bay samples that is 23.1% and 13.6%, 
respectively. Growth retardation is considered to 
be one of the most noticeable teratogenic effect of 
chemical compounds and hardly resulted from envi-
ronmental changes e.g. water temperature, osmolar-
ity or hardness being the outcome of chemical ex-
posure whether to cytotoxic or alkylating agent. In 
support a clear incidence of growth retardation was 
only observed in the MMS group – 86.6% of all mal-
formations. Methylmethansulphonate was shown to 
significantly increase DNA damage in zebrafish em-
bryo cells that was assessed in vitro and in vivo using 
the comet assay [16]. Reproductive and genotoxic 
effects in zebrafish after chronic exposure to methyl 
methanesulfonate was also determined in a multigen-
eration study [17]. It is also proved that MMS pro-
duces toxicity mainly by damaging cell membranes, 
induce cell death by activating the apoptotic pathway 
triggered by the activation of the mitochondrial dam-

age pathway, cause sister chromatid exchanges and 
chromosomal aberrations [18; 19]. 

In our experiments in response to MMS embryos 
displayed multiple effects such as growth retardation, 
oedema, scoliosis, malformation or absence (occa-
sionally) of tail tip characteristic for direct mutagen/
teratogen. It should be noted that MMS as direct 
teratogen did not induce gross incidences of spinal 
cord malformation – in positive control scoliosis con-
stituted only 13.4% whereas growth retardation in 
opposite shares about 85% of all incidences. Among 
all tested sites only the samples of surface water form 
Kurty pond produced multiple phenotypic effects 
in zebrafish embryos and especially, relatively high 
level of growth retardation, proposing the presence 
of disrupting or alkylating compounds in surface wa-
ter samples. Other samples did not show significant 
effect, nevertheless induced malformations may be 
due to exposure to heavy metals (oedema), surface 
active agents or aromatic carbohydrates (scoliosis) 
and others. Taken together, the surface water samples 
from lower rich of Ile river, Kapchagay and Kurty 
reservoirs did not possess significant embryo toxic 
effects but did induce the spectrum of malformations 
related to axial skeleton (scoliosis, end tail malfor-
mation), water/salt balance and chorion permeability 
(oedema) and growth patterns (growth retardation) in 
different incidences. One may predict that dwelling 
fish species at the early stages of their life cycle, that 
is considered to be the most susceptible and vulner-
able stage, would be exposed to potent teratogen(s) 
resulting in fish population deterioration. Anyway, it 
could be argued that zebrafish embryos are the very 
susceptible, effective and informative tool for bioas-
say especially in terms of embryonic toxicity for ver-
tebrates and further investigations directed towards 
clarification of toxic substances and their toxic ef-
fects for vertebrates in active surface water samples. 

Conclusion

In the present study, we assessed the quality of 
surface waters of Lower Ile river, Kapchagay and 
Kutry reservoirs using zebrafish (Danio rerio) em-
briotoxicity test.  It was established that none of sur-
face water samples possess significant embryo toxic 
effects but all induce the spectrum of malformations 
related to axial skeleton (scoliosis, end tail malfor-
mation), water/salt balance and chorion permeability 
(oedema) and growth patterns (growth retardation) in 
different incidences. The lowest rate of teratogenic-
ity was observed in embryos incubated in samples 
from Kapchagay bay (28.2%, p≤0.05) and Ile river at 
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Bakanas region (site 2, 27.2%, p≤0.05). The obtained 
knowledge of the embryotoxic effects of water will 
allow using them in further research on improving 
sanitary and hygienic standards and the developing 
medical and preventive measures.
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Comparative assessment of antioxidant and membrane-protective  
properties of medicinal plant extracts

Abstract: Medicinal plants are a valuable raw material for obtaining phytodrugs with a wide range of 
pharmacological and therapeutic effects, which are acting fast, do not possess cumulative properties and are 
less accompanied by undesirable side effects.  Modern assessment of the species diversity of the medicinal 
flora and its resource potential is especially important in designing an effective system that fights diseases 
caused by oxidative stress. Thus, the purpose of scientific research is to study and establish a list of medicinal 
plant extracts with strongest antioxidant and membrane-protective effect on liver cells exposed to oxidative 
stress. Determination of medicinal plant extracts that exhibit highest antioxidant and membrane-protective 
activities will allow us to use it in creating of an effective phytocomposition that would inhibit the action 
of lipid peroxidation (LPO) and osmotic stress, which lead to excessive damage of cell constituents and 
development of oxidative stress. For this purpose, LPO levels were detected by measuring malondialdehyde 
concentration in the liver microsomes whereas the osmotic hemolysis was measured in a hypotonic solution 
of 0.4% NaCl followed by optical density measurement at 540 nm. It was established that LPO levels in 
liver microsomes as well as osmotic fragility of erythrocyte membranes are plant extract dose-dependent. 
As a result, 3 out of 9 plant extracts have significant membrane-protective properties. Plants belong to 
the families: Urtica dioica, Viola tricolor, Vacciniumvitis. In addition, Valeriana officinalis (leaves), Viola 
tricolor, Limonium gmelini, Vaccinium vitis, Hypericumper foratum and Capsella bursa-pastoris showed 
the strongest antioxidant property. All plant extracts contained such biologically active compounds as 
polyphenols and flavonoids. Our results suggest further study of the antioxidant and membrane-protective 
effects of medicinal plant extracts tested here may guide phytotherapy to development of new dosage 
forms, and advance the development of unconventional therapeutic and preventive approaches against 
oxidative stress related diseases.
Key words: antioxidant, free radicals, lipid peroxidation, osmotic hemolysis, erythrocyte membranes, liver 
microsomes, plant extracts.

Introduction

Oxidative stress is the result of a disturbed bal-
ance in oxidant and antioxidant system, which ap-
pears from incessant rise of reactive oxygen species 
production [1]. That is the well-established balance 
between antioxidants and the pro-oxidants, reactive 
oxygen species, could be disturbed by exposure to 
physical, chemical or microbial toxic agents. Contin-
ued oxidative stress can result in many age-related 
diseases and altered lipid peroxidation may also be 
a producer of pigments and lipofuscins (oxidized in-
soluble parts of proteins, lipids and carbohydrates) 
[2]. Thus, accumulation in a large number of amphi-
philes is accompanied by a massive introduction of 

them into membranes, which, like an excess of lipid 
hydroperoxides, leads to the formation of clusters 
and micro-ruptures in them. Damage to membranes 
and cell enzymes is one of the main causes of a sig-
nificant disorder in the vital activity of cells and often 
leads to their death [3]. Biological membranes per-
form many functions, a violation of any of which can 
lead to a change in the vital activity of the cell as a 
whole and even to its death. For some unfavorable 
factors (stress, radiation: radiation, UV, X-ray, etc., 
food contamination and the environment, the effects 
of certain medicines and medicines procedures, se-
vere overheating or cooling, excessive physical load, 
etc.) the system of antioxidant protection does not 
cope, and the reactionary oxygen and nitrogen com-
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pounds and free radicals begin to damage vital DNA 
molecules, proteins and lipids [4]. Biological mem-
branes contain a large number of unsaturated fatty 
acids, metalloproteins, activating molecular oxygen. 
Therefore, it is not surprising that lipid peroxida-
tion processes can develop in them [5]. One of the 
products of this reaction is lipid hydroperoxide - a 
relatively stable compound. In addition, a peroxide 
radical can form a lipid endoperoxide radical, the 
decomposition of which leads to the formation of a 
number of products, including malonic dialdehyde 
[5]. Polyunsaturated fatty acids, both in the free form 
and in the lipids, can undergo spontaneous peroxida-
tion, which proceeds at a rather high speed in lipid 
films and solutions, homogeneous systems, as well 
as in aqueous media where lipids form liposomes and 
films, systems with different phases [6]. Free radicals 
change the permeability (and hence the barrier func-
tion) of cytoplasmic membranes in connection with 
the formation of channels of increased permeability, 
which leads to disruption of the water-ion homeo-
stasis of the cell [7]. These radicals are particularly 
active in interacting with membrane lipids, contain-
ing unsaturated bonds, which leads to violation of 
many exchange processes. Peroxide oxidation of 
membrane phospholipids is one of the most common 
mechanisms of destruction of membrane structures, 
it is recorded during the development of a number 
of pathological conditions [8]. Nevertheless, the pro-
cesses of lipid peroxidation take place in a normal 
cell. They are regulated by a number of enzymes: 
NADP(H) - dependent microsomal oxygenases, cy-
clooxygenases and lipoxygenases. Phospholipids in 
native membrane systems are effectively protected 
from non-enzymatic peroxidation by the presence of 
antioxidants in biomembranes, by the structural or-
ganization of membranes, and by special enzymatic 
systems regulating the concentrations in the mem-
brane of reactive oxygen species inhibiting lipo-ox-
idation development [9]. Products of lipid peroxida-
tion are precursors of the synthesis of prostaglandins, 
thromboxanes, prostacyclin, leukotrienes and lipox-
ins [10]. The most active free radicals break bonds in 
molecules DNA, thereby damaging the genetic appa-
ratus of cells regulating their growth, that can lead to 
oncological diseases [11]. Low-density lipoproteins 
after oxidation by free radicals easily deposited on 
the walls of the vessels, leading to the accelerated de-
velopment of atherosclerosis and cardiovascular dis-
eases. At present, it is shown that hundreds of diseas-
es are preceded by an oxidative stress [12].Therefore, 
the modern assessment of the species diversity of the 
medicinal flora and its resource potential is especially 

important in designing an effective system that fights 
diseases caused by oxidative stress.

Medicinal plants are a valuable raw material for 
obtaining phytodrugs with a wide range of pharma-
cological and therapeutic effects, which are acting 
fast, do not possess cumulative properties and are 
less accompanied by undesirable side effects. Also, 
they are the source of a variety of medicines. Cur-
rently, about 40% of all medicines are obtained from 
plants [13]. Medicinal plants are valuable because of 
they are source of bioactive compounds possessing 
potential biological and physiological effects [14; 
15]. One group of substances is herbal polyphenols. 
These compounds are secondary plant metabolites, 
which done functions of defense in plant cells. How-
ever, it was proved various benefit influence of them 
on human organism cells in vitro and in vivo studies. 
Multisided effects of plant polyphenols make them 
perspective object in medicinal researches and elabo-
rations. There was observed expressed polyphenolic 
compounds’ antioxidative properties out of the de-
pendence in structure and group, which cause their 
positive effect at disorders characterized by develop-
ing oxidative stress [16-18].

Actively developing research in the fields of bio-
chemistry of natural compounds and phytotherapy 
constantly increases the number of discovered me-
dicinal species that have high antioxidant effect on 
mammalian cells. However, many species as a result 
of haphazard collection have become rare, such as 
Rhodiola rosea, peony Maryin root, Ural licorice, 
marjoram, etc. The state of populations of many 
medicinal plants is alarming, therefore strict control 
over their collection is necessary [19].

For the formation of a stable raw material base 
of the domestic pharmaceutical industry and the cre-
ation of new phytoextracts, the study of pharmaco-
poeial and perspective medicinal plant species found 
in regions of Kazakhstan is one of the goals of this 
research. However, the main objective of this work 
is to study and establish a list of medicinal plant ex-
tracts with strongest antioxidant and membrane-pro-
tective effect on male white rats liver cells exposed 
to oxidative stress. The purpose of this scientific re-
search is to determine medicinal plant extracts with 
strongest antioxidant and membrane-protective ef-
fect on liver microsomes and erythrocyte membranes 
respectively.

Materials and methods

Medicinal plant extracts collected in the Almaty 
region, Kazakhstan. Each plant was dried and weigh-
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ing 1 g was milled and powdered and then placed 
in 10 ml of 50% ethanol solution. The mixture was 
left for 20 hours in the dark place. After, the mixture 
had undergone centrifugation at a speed of 20,000×g 
for 10 min. The supernatant then was left in rotary 
evaporator until it is completely dry. It should be 
noted that all solutions with dissolved dried extracts 
in them (100 mg/ml) were freshly prepared in 50% 
ethanol prior to experiments.

For experiments was chosen healthy male white 
rats weight 300-350 g. Animals were kept under 
standard conditions that include normal light and 
dark cycle and free access to food and water. The 
blood and liver tissue were collected according to 
the experimental protocols approved by the Com-
mittee for the Ethical Care and Use of Animals in 
Experiments. 

Preparation of rat liver microsomes. In the ex-
periment rats were initially sedated by administering 
isoflurane anesthesia and then physically euthanized 
by using cervical dislocation technique. The rat liv-
ers were isolated and collected, washed, and sprayed 
with cold saline solution. Liver tissue was minced 
and homogenized (1:10 w/v) in 10mM solution of 
potassium phosphate buffer  with pH 7.4 and contain-
ing 1mM EDTA placing a mixture on ice. After the 
homogenate  was centrifuged at a speed of 10,000×g 
for 20 min under a temperature of 4 °C. The ob-
tained supernatant was further centrifuged at a speed 
of 100,000×g, for 60 min, after which we obtained 
the microsomal part of the liver. Microsomes were 
carefully isolated and suspended in a buffer contain-
ing 10mM histidine with pH 7.2, 25% (v/v) glycerol, 
0.1mM EDTA and 0.2mM CаCl2, and were stored 
under a temperature of 20°C. Moreover, the protein 
content was determined by the Lowry assay using 
bovine serum albumin as a standard. 

Isolation of erythrocytes. The rats were put under 
isoflurane anesthesia, then were euthanized and the 
blood through cardiac puncture was collected. Then 
blood was centrifuged at a speed of 1000×g, for 10 
min, after which white blood cells were removed. 
Erythrocyte pellets were washed twice with 5mM 
Na2HPO4 (pH 7.4) and 150mM NaCl buffer, and im-
mediately undergone osmotic resistance tests.

Assessment of microsomal lipid peroxidation. 
An assessment of LPO was held by measuring the 
presence of malondialdehyde in the form of thiobar-
bituric acid-reacting substances (TBARS) [20]. Cin-
cisely, liver microsomes were preincubated togeth-
er with test agents in 50mM КH2PO4 (pH 7.2) and 
145mM NaCl buffer at a temperature of 37 °C, for 
10 min constantly stirred. 0.02mM Fe2+ and 0.5mM 

ascorbic acid-induced microsomal LPO along with 
basal was then established in a reaction mixture with 
added 0.4% SDS, 20mM thiobarbituric acid and 
0.9M sodium acetate buffer with pH 3.5, followed 
by incubation at a temperature of 95 °C for full 60 
min [21]. After a mixture was cooled down at room 
temperature, the mixture was washed with n-butanol: 
pyridine solution with ratio of 15:1, v/v and centri-
fuged at a speed of 3,000×g, for full 5 min. After col-
lecting organic layer of the analyzing mixture, it is 
absorbance was measured at 532 nm by PD-303UV 
spectrophotometer. The MDA concentration is repre-
sented in nmol of TBARS per mg protein. 

Assessment of osmotic resistance of erythrocytes. 
Osmotic resistance of erythrocytes was measured 
as it is done in the in vitro studies. Preincubated at 
37°C for 10 min isolated erythrocytes with vehicle/
test agents were placed into a hypotonic 0.4% NaCl 
solution at 37°C, for 20 min, after which the mixture 
had undergone centrifugation. An absorbance of he-
moglobin in the supernatant was determined by spec-
trophotometer at 540 nm. In the experiment with rats, 
a level of hemolysis of erythrocytes induced by 0.4% 
NaCl solution was determined and measured directly 
not performing preincubation. The level of hemoly-
sis was expressed in percentage of overall hemolysis 
caused by 0.1% Na2CO3 solution.

Assessment of total phenolic and flavonoid con-
tent. The amount of total phenolics in the extracts 
was measured using the Folin-Ciocalteu reagent 
method [22]. The 0.5ml of each extract (l.0 mg/ml) 
was added into test tubes containing 2.5 ml of 10% 
Folin-Ciocalteu reagent and 2.0 ml of 2% sodium 
carbonate solution and the tubes were shaken thor-
oughly. The mixture was incubated at 45°C for 15 
min with intermittent shaking. Absorbance was mea-
sured at 765 nm using a PD 303 UV-Vis spectropho-
tometer (Shimadzu, Japan).  Gallic acid was used as 
a standard to obtain a calibration curve (ranging from 
0 to 1 mg/ml). The results were expressed in percent 
per mg dry extract. 

The total flavonoid contents were determined 
according to colorimetric assay [23], with rutin as 
standard. The 0.5 ml of each extract (l.0 mg/ml) were 
mixed with 2 ml of distilled water and 150 µl of 5% 
sodium nitrate. After 6 min, 150 µl of 10 % alumi-
num chloride and 2 ml of 1 M sodium hydroxide 
were added and left at room temperature for 15 min. 
Absorbance of the mixtures was measured at 510 nm. 
The calibration curve was prepared in the same man-
ner using 0-1.0 mg/ml of rutoside solutions in metha-
nol. The results were expressed in percent  per mg 
dry extract.
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Statistical data analysis. Results are statistically 
processed using the program Microsoft Excel. Given 
the Fisher-Student performance recorded changes 
were considered significant at р≤0.05.

Results and discussion

Herbal extracts were able to decrease erythrocyte 
hemolysis, however, their anti-hemolytic effect is 
observed on different levels (Table 1).

As represented in Table 1, the nettle and violet’s 
extracts possess the best membraneprotective quali-
ties. Plant ethanolic extracts authentically decreased 
erythrocyte hemolysis in concentration range from 
0.005-0.1 mg/ml. In concentration 0.1 mg/ml fragility 
of erythrocytes accordingly lowed up to 36.9%±1.3 
and 41.0%±2.04.  Antihemolytic action of plantain 
comes out dose-dependent.

Phytoextracts of hypericum plant, shepherd’s 
grass and valeriana leaves occurred unsignificant in-
fluence on erythrocyte hemolysis at 0.5 mg/ml con-
centration – hemolysis level consists 98.6%, 95.2% 
and 94.1%. Neverthless in concentration upper 0.01 
mg/ml there is observed strengthening of valeriana 
leaves and hypericum exracts protective effect on 
erythrocyte membranes. Shepherd’s grass extracts 
do not change hemolysis level in concentration 0.01 
mg/ml notably, but action of extract in concentra-
tions higher than 0.05 mg/ml there was found out 
significant enlarging of erythrocyte membrane re-
sistance. Comparison of valeriana roots and leaves 
showed that leaves’ membrane protective effect is 
better. Thus, there are foundations to make conclu-
sions about more effective applying of valeriana 
leaves to decreasing memrane fragility than using 
plant roots.

Table 1 – Influence of herbal extracts on erythrocyte membrane fragility

Extract name
Extract concentration (mg dry extract/ml IM)

0 0.005 0.01 0.05 0.1

Limonnium gmelinii 100 74.0±3.68 70.6±3.51 60.9±3.34 56.7±2.82

Plantain – Plantago major 100 73.6±3.67 66.7±3.3 66.0±3.28 61.4±3.05

Valeriana officinalis (leaves) 100 94.1±4.68 87.7±4.37 74.6±3.72 69.9±3.4

Valeriana officinalis (roots) 100 107.1±5.3 100.7±5.0 87.6±4.37 87.0±4.3

Hypericum – Hypericum perforatum 100 98.6± 4.9 78.6±3.91 61.4±3.06 51.1±2.5

Nettle – Urtica dioica 100 89.0±44.4 54.4±2.7 50.9±2.53 36.9±1.3

Lingonberry – Vaccinum vitis 100 65.4±3.25 61.8±3.08 58.8±2.92 46.8±2.3

Violet – Viola tricolor 100 59.1±2.85 58.4±2.90 49.4±2.46 41.0±2.04

Shepherd’s grass – Capsella bursa-pastoris 100 95.2±47.5 92.7±4.6 81.2±4.03 72.1±3.59

Analysis of the results of the research showed 
that not all plant extracts possess a membrane-stabi-
lizing property and reduce the hemolysis of red blood 
cells; moreover, roots of Valeriana officinalis had a 
damaging hemolytic effect on the membranes of 
red blood cells. Most of the extracts showed a great 
change in stability of erythrocyte membranes. How-
ever, only three extracts showed the lowest degree of 
hemolysis: Urtica dioica, Viola tricolor, Vaccinium 
vitis show the lowest intensity of hemolysis.

The results of the study of the influence of the 
9 different plant extracts on the processes of LPO 
in liver microsomes showed that the extracts of 
these plants are strong antioxidants, which is con-

firmed by inhibition of the formation of TBA active 
products. 

Studies of herbal extracts’ influence on peroxida-
tion processes in liver microsomes resulted that Va-
leriana, Lingon berries leaves, Hypericum and Violet 
herbs possess high-expressive antioxidative proper-
ties (Table 2), named extracts totally inhibited MDA 
generation in concentrations from 0.25 mg to 2.5 mg 
per 1 mg protein.

Nettle and Limonium extracts inhibited LPO prod-
uct’s generation in concentrations from 0.5 to 2.5 mg 
on 70% and 75%. Increasing of Limonium concentra-
tion do not lead to change in level of TBARS in incu-
bation medium, as in case of nettle extract, enlarging 
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concentrations resulted to total suppressing of MDA 
generation. Total inhibition of LPO processes by 
shepherd’s grass extract was occurs in concentrations 
upper than 1.25 mg. Data which were got at research-
es of valeriana roots and plantain extracts are differ 
from previous results. These herbal extracts showed 
prooxidative action increasing the intensity of lipo-

peroxidation on 23.8% and 2.3% in first researched 
concentrations. Neverthless, there was observed in-
creasing of antioxidative effect of Valeriana root’s 
extract  in accordance with enlarging doses upper 
than 0.5 mg, plantain extract came out high inhib-
iting action on forming of lypoperoxides in 2.5 mg 
concentration. 

Table 2 –Influence of herbal extracts on LPO level in hepatocytes

Exract name
Extract concentration  (mg dry extract/mg protein)

0 0.25 0.5 1.25 2.5

Limonnium gmelini 100 24.4±1.2 18.3±0.91 18.0±0.9 16.5±0.82

Plantain - Plantago major 100 112.3±5.1 99.1±4.98 96.2±4.81 16.1±0.8

Valeriana officinalis (leaves) 100 10.8±0.54 5.2±0.26 5.3±0.27 5.1±0.25

Valeriana officinalis (roots) 100 123.8±6.18 80.6±4.02 59.3±2.86 22.9±1.14

Hypericum- Hypericum perforatum 100 8.5±0.42 6.2±0.31 6.0±0.3 5.7±0.28

Nettle - Urticadioica 100 31.8±1.6 5.8±0.29 4.8±0.24 2.9±0.14

Lingon berry – Vaccinum vitis 100 10.2±5.01 10.3±5.0 7.4±0.36 5.8±0.28

Violet – Viola tricolor 100 18.6±0.92 15.5±0,77 9.3±0.45 9.0±0.43

Shepherd’s grass - Capsella bursa-pastoris 100 71.4±3.52 67.3±3.35 3.9±1.95 1.9±0.94

It can be seen that in the investigated concentra-
tion range, all these plant extracts almost completely 
suppress the formation of TBA-active products in 
liver microsomes except for Plantago major and 
Valeriana officinalis (roots). Extracts Limonnium 
gmelini, Valeriana officinalis (leaves), Vaccinum 
vitis  show good antioxidant properties, dose-depen-
dent decrease in the formation of peroxide products 
in liver microsomes.

There was used lower concentration range to get 
more detail investigations of antioxidant qualities of 
Limonium, Valeriana leaves, Hypericum herb, Lin-
gon berry leaves and Violet herbs’ extracts (Figure 
1). Figure 1 illustrated that all investigated plants 
showed dose-dependent antioxidant action in low 
doses. In result of studies was determined that the 
minimal concentration for significantly inhibition of 
lipid peroxidation for Limonium extracts was 50 µg, 
whereas similar action of Violet, Valeriana leaves 
and Lingon berry’s extract showed in concentration 
25 µg for Hypericum the most minimal effective dose 
consisted 10 µg. In concentrations upper than 200 
µg Valeriana, Lingon berry and Hypericum extracts 
completely retarded LPO intensity, when violet and 
Limonium extracts conceded them in similar concen-
tration range.

Having demonstrated that different plant extract 
at certain concentration can affect the processes in-
volved in lipid peroxidation and can shift the osmotic 
fragility of erythrocyte membranes, it is established 
that all nine medicinal plant extracts collected in the 
Almaty region, Kazakhstan, showed dose-dependent 
antioxidant and membrane-protective effect on mam-
malian cells. 

There were arranged studies of having in plants 
such bioactive compounds as polyphenols and flavo-
noids to get into probable mechanisms of antioxidant 
potential (Figure 2).

Content of bioactive substances is different in 
diverse extracts. Mass fraction of flavonoids and 
polyphenols were higher in Hypericum extract in 
compare with other investigated plants. Also, we 
should say about different level of the same bio-
active compounds in different parts of one plant. 
So plant extracts could be placed in accordance to 
content of total polyphenols in next row Hypericum 
perforatum ˃ Limonnium gmelini˃ Vaccinum vitis 
˃Valeriana officinalis (leaves) ˃ Capsella bursa-
pastoris ˃ Viola tricolor ˃ Urtica dioica ˃ Plan-
tago major ˃ Valeriana officinalis (roots), whereas 
there are some diversities in flavonoid’s content. At 
comparison of antioxidant potential and bioactive 
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Figure 1 – Effect of selected plant extracts on the level of LPO in microsomes
Note: on the abscissa axis – plant extracts concentration µg/mg protein; 

on the ordinate axis –  the intensity of LPO processes, % (р≤0.05)

Figure 2 – Content of total polyphenols and flavonoids in extracts
Note: Mass fraction of total polyphenols and flavonoids in terms of mg of dry extract,%;  

on the ordinate axis - plant extracts (1 – Limonnium gmelini, 2 – Valeriana officinalis (leaves),  
3 – Valeriana officinalis (roots), 4 – Hypericum perforatum, 5 – Vaccinum vitis,  

6 – Viola tricolor, 7 - Plantago major, 8 – Urtica dioica, 9 – Capsella bursa-pastoris)

substance content was brought out that there was no 
strong correlation between antioxidant content and 
antioxidative effect of extracts. Thus, content of fla-

vonoids in violet extract is lower on 42% than so 
one in shepherd’s grass extract, but protective effect 
of violet was higher.



81A.N. Aralbaeva et al.

International Journal of Biology and Chemistry 11, № 2, 75 (2018)

Conclusion

Medicinal plant extracts, collected in the Almaty 
region, Kazakhstan, have antioxidant and membrane 
stabilizing properties, reduces the development of 
LPO reaction chain activation and also have a posi-
tive effect on anti-hemolytic properties of erythro-
cyte membranes.

Herbal plants have antioxidant and membrane-
stabilizing properties that can be used to increase the 
resistance of the organism to the action of factors 
leading to excessive formation of free radicals and 
the development of oxidative stress.

There is observed that plant extracts’ antioxi-
dant properties based on presence of polyphenolic 
compounds and flavonoids. However, there was not 
found out clear conjunction between content of bio-
active substances and protective effect. Assumingly 
it depends on synergetic or antagonistic interactions 
of different compounds in plant.

Our results suggest this research of the antioxi-
dant and membrane-protective effects of the herbal 
plant extracts tested here may guide phytotherapy to 
development of new dosage forms, and further, to the 
development of unconventional therapeutic and pre-
ventive approaches against oxidative stress related 
diseases.
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Study of the chronic toxicity of the “Virospan” drug

Abstract: The living conditions of certain groups of Kazakhstani population, especially in regions and 
rural areas, where adverse factors (both environmental and anthropogenic), i.e. the quality of atmospheric 
air, food, and drinking water are deteriorating, might negatively affect the immune status of inhabitants 
and lead to the occurrence of diseases. For that reason, the restoration of immunological disorders is an 
urgent task, since the majority of chronic, somatic, infectious diseases are accompanied by secondary 
immunological failure. The algorithm of immunomodulation involves the use of pharmacological agents 
that can increase (immunostimulation) or reduce (immunosuppression) the level of immune response. The 
chronic toxicity of the immunostimulating “Virospan” drug was studied in doses of 39 mg/kg, 13 mg/kg, 4.3 
mg/kg. Intranasal administration of the “Virospan” drug at a dose of 4.5 and 13 mg/kg causes a statistically 
significant (P≤0.001) increase in the level of white blood cells, erythrocytes, hemoglobin and hematocrit. 
Against the background of a statistically significant (P≤0.001) decrease in the level of polymorphonuclear 
neutrophils, an increase in lymphocytes was observed. “Virospan” at a concentration of 39 mg/kg leads 
to a decrease in the total number of leukocytes by 60 days and does not cause pronounced changes in the 
indicators of red blood, eosinophils and basophils. 
Key words: immunostimulatory drug, chronic toxicity, hematological indicators, erythrocyte, leukocyte, 
body mass.

Introduction

The living conditions of certain groups of Ka-
zakhstani population, especially in regions and rural 
areas, where adverse factors (both environmental 
and anthropogenic), i.e. the quality of atmospheric 
air, food, and drinking water are deteriorating, might 
negatively affect the immune status of inhabitants 
and lead to the occurrence of diseases [1-3]. For that 
reason, the restoration of immunological disorders 
is an urgent task, since the majority of chronic, so-
matic, infectious diseases are accompanied by sec-
ondary immunological failure [4; 5]. The algorithm 
of immunomodulation involves the use of pharmaco-
logical agents that can increase (immunostimulation) 
or reduce (immunosuppression) the level of immune 
response [6-9].

Therapy with drugs of natural origin is widely 
used in global medical practice. Herbal preparations 
are used for the treatment and prevention, as well as 
in the complex therapy of various diseases [10-13]. 
Often, they are used without a doctor’s prescription, 

while patients are at risk of exceeding the prescribed 
therapeutic dose until the appearance of side effects 
[14; 15]. Therefore, the study of the toxicity of the 
medicinal product of plant origin is necessary at the 
stage of preclinical evaluation.

Herbal preparation is a combination of different 
groups of biologically active compounds. Due to the 
complexity of herbal remedies, it is difficult to iden-
tify the component that causes its pharmacological 
activity. Search and study of biologically active com-
pounds, organic drugs of natural origin are important 
for understanding its mechanism of action.

The aim of our work was to study the chronic 
toxicity of the plant-derived immunostimulating drug 
“Virospan”.

Materials and methods

Intra-nasal preparations were administered to rats 
of the experimental groups: “Virospan” in doses of 
39 mg/kg, 13 mg/kg, 4.3 mg/kg, once in 5 days [6]. 
After the procedure, the visual observation of experi-
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mental animals was carried out after 2, 4, 6 hours. 
The results on certain groups of rats were scored at 
6, 30 and 60 days after the first injection of the sub-
stance and peripheral blood was taken.

Throughout the experiment, the animals were 
monitored daily: food and water consumption, condi-
tion of the hairline, mucous membranes and general 
condition (body weight dynamics, rectal tempera-
ture) were noted. General condition was assessed by 
daily inspection of animals. Weighing, measuring 
rectal temperature, water and feed consumption were 
performed once a week.

The blood of experimental animals was collected 
in a vacutainer with K3EDTA, mixed 10 times to 
eliminate the formation of microbunches and de-
livered to the laboratory. To assess hematological 
parameters, the Complete blood count was used to 
perform a complete blood count using the Siemens 
ADVIA 2120 automatic hematology analyzer (Ger-
many) in the CBC/5-DIFF mode.

The following indicators were used: WBC – 
leukocytes (absolute number), RBC – erythrocytes 
(absolute number), HGB – hemoglobin (concen-
tration), HCT – hematocrit (percentage), MCV – 
average red blood cell count, MCH – average he-
moglobin content in a single erythrocyte, MCHC 
– average hemoglobin concentration in the erythro-
cyte mass, RDW – red blood cell distribution width, 
PLT – platelets (absolute), MPV – average platelet 
volume, NEUTRO% – neutrophils (relative col.), 
NEUTRO abs – neutrophils (absolute col.), LYM-
PHO% – lymphocytes (relative col.), Lympho abs – 
lymphocyte (absolute col.), MONO% – monocytes 
(relative col.), MONO abs – monocytes (absolute 
col.), BASO% – basophiles (relative col.), BASO 
abs – basophiles (absolute col.), EOS% – eosino-
phils (relative col.), EOS abs – eosinophils (abso-
lute col.)

Statistical data processing was performed with 
the determination of the mean, standard and stan-
dard deviation, statistical error of the average and 
the percentage of differences. When determining the 
reliability of the difference between the indicators of 
the compared groups, the t-criterion of reliability was 
calculated, the value of P was determined from the 
table of Student values, the changes were considered 
significant at P≤0.001. All data were calculated in the 
MS Office Excel software package.

Results and discussion

To study the toxicity of the drug “Virospan” at 
a concentration of 4.3; 13; hemocytograms of ex-

perimental animals were analyzed for 39 mg/kg (Ta-
ble  1). 

As can be seen from the results of the Table 1, 
the following changes in hematological indices were 
observed on the background of the dosage of “Vi-
rospan” 4.3 mg/kg in laboratory animals – the total 
number of leukocytes in the dynamics of the study 
underwent a wave-like change; times and reached 
10.54±0.23×109/L. in comparison with the control 
– 2.49±0.24×109/L, by the 30th day it decreased by 
2 times to 5.45±0.23×109/L and by the 30th day of 
the experiment it increased even more to 13.04±0.23 
while all changes were statistically significant 
(P≤0.001). The total number of erythrocytes practi-
cally did not change, so the average value on the 6th 
day in comparison with the control was 7.38±0.20, 
on 30 – 8.57±0.20 and by the 60th day of the ex-
perimental study it was 9.61±0.20×109/L. The he-
moglobin concentration changed insignificantly, in 
comparison with the control – 135.00±4.82 g/L and 
reached 121.12±2.34 g/L, by the end of the experi-
ment increased it significantly up to 166.12±2.34 
g/L. The hematocrit also statistically significantly 
increased from 46.18±1.73 % to 54.15±2.32, which 
indicates the thickening of the peripheral blood of ex-
perimental animals.

The erythrocyte coefficients did not change sig-
nificantly throughout the whole experiment, includ-
ing the average red blood cell volume, the average 
hemoglobin content in a single red blood cell, the 
average hemoglobin concentration in the red blood 
cell mass, the calculated width of the red blood cell 
distribution by volume. Despite the fact that in some 
cases there were statistically significant differences, 
the values remained within the physiological norm. 

The total number of platelets significant-
ly reduced, so in the control this indicator was 
911.60±31.27×109/L, after 69 days of the experi-
ment 927.80±39.82×109/L, and by the 30th and 
60th day of the experiment it was 637.80±39.82 and 
741.80±39.82×109/L, respectively. It should be noted 
that the dynamics of the study showed a statistically 
significant (P≤0.001) decrease in the level of neutro-
phils from 17.50±4.98% to 2.36±0.26%, in turn, the 
level of lymphocytes was statistically 0.34±0.19 % 
to 65.94±0.50% by the end of the experiment, which 
may indicate activation of the cellular component 
of the immune system, and some immunomodulat-
ing properties, and requires further detailed study of 
the mechanisms of the drug’s action. Along with the 
change in the level of lymphocytes, throughout the 
experiment, wavy dynamics of monocytes was ob-
served. In the control group, the level of monocytes 
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of basophils and eosinophils, it is possible to judge 
the absence of allergenic properties of the drug “Vi-
rospan” 4.3 mg/kg.

was 27.00±2.37% and up to 30 days statistically sig-
nificantly increased to 44.88±0.35%, but by 60 days 
it decreased to 14.18±0.35%. According to the level 

Table 1 – Haematological parameters of rats on the background of the dosage of “Virospan” 4.3 mg/kg

Indicators Control 6 days 30 days 60 days

WBC 2.49±0.24 10.54±0.23* 5.45±0.23* 13.04±0.23*
RBC 7.95±0.45 7.38±0.20 8.57±0.20 9.61±0.20*
HGB 135.00±4.82 121.12±2.34* 156.12±2.34* 166.12±2.34*
HCT 46.18±1.73 40.05±2.32* 47.75±2.32 54.15±2.32*
MCV 55.46±1.34 53.96±0.19* 55.56±0.19 56.16±0.19

MCH 16.18±0.27 16.09±0.18 17.99±0.18* 17.09±0.18*

MCHC 29.24±0.29 30.61±0.93 33.11±0.93* 31.11±0.93*
RDW 13.78±0.51 16.39±0.18* 10.69±0.18* 11.39±0.18*

PLT 911.60±31.27 927.80±39.82 637.80±39.82* 741.80±39.82*

MPV 6.98±0.08 6.59±0.18* 7.49±0.18* 6.99±0.18
NEUTRO % 17.50±4.98 5.16±0.26* 3.46±0.26* 2.36±0.26*
NEUTRO abs 0.42±0,17 0.62±0.18* 0.28±0.17 0.38±0.18
LYMPHO % 0.34±0.19 55.04±0.50* 26.34±0.50* 65.94±0.50*
LYMPHO abs 0.14±0,08 5.87±0.18* 1.53±0.18* 8.66±0.18*

MONO% 27.00±2.37 20.18±0.35* 44.88±0.35* 14.18±0.35*
MONO abs 4.36±1.22 2.29±0.35* 2.61±0.35* 1.46±0.35*
BASO % 0.20±0.09 0.49±0.18 0.29±0.18 0.23±0.12
BASO abs 0.10±0.06 0.19±0.11 0.17±0.11 0.17±0.11

EOS % 0.94±0.95 0.39±0.18 2.19±0.18* 1.59±0.18
EOS abs 0.08±0.05 0.19±0.11 0.26±0.12* 0.32±0.13*

          Note: * statistically significant with respect to the control (Р≤0.001)

An analysis of Figure 1 suggests that the tenden-
cy to an increase in the level of leukocytes by 4-6 
times when taking “Virospan” 13 mg/kg is preserved. 
So by 6 days in this concentration, the total number 
of leukocytes increased to 8.17±0.23, by 30 days to 
10.96±0.23 and on the 60th day of the experimen-
tal study it was 12.53±0.23, in all cases the changes 
were statistically significant (P≤0.001).

In terms of red blood, there was a thickening, a 
relative increase in the level of red blood cells up to 
10.46±0.20, hemoglobin – to 172.12±2.34 g/L and 
hematocrit to 56.95±2.32%, the cause of this phe-
nomenon it is necessary to evaluate together with the 
assessment of the behavioral activity of experimental 
animals, for the objectification of conclusions.

As for erythrocyte coefficients, the average red 
blood cell volume, the average hemoglobin content 

in a single red blood cell, the average hemoglobin 
concentration in the red blood cell mass, the calculat-
ed width of the red blood cell distribution by volume 
changed insignificantly, and most likely due to blood 
clotting phenomena.  

The total number of platelets statistically 
reliably changed in the direction of decrease 
and increase, despite significant differences re-
mained within the physiological norm. In ad-
dition, when taking “Virospan” 13 mg/kg, the 
trend towards a statistically significant decrease 
in segmented neutrophils from 7.50±4.98% to 
5.96±0.26 to 60 days of the experiment, at the 
same time, the percentage of lymphocytes was 
statistically maintained. significantly increased 
and amounted to 6 days 68.64±0.50% to 60 
13.64±0.50%. 
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Figure 1 – Hematological parameters of rats in the background dosage of “Virospan” 13 mg/kg

Analyzing the level of monocytes in the periph-
eral blood of experimental animals, it should be not-
ed that there was both a decrease and an increase in 
this indicator by the end of the experimental study 
to 77.68±0.35%. As in the case with the dosage of 
“Virospan” 4.5 mg/kg, “Virospan” at a dose of 13 
mg/kg does not stimulate the release of histamine-
producing cells into the blood and is therefore not 
allergenic.

The analysis of the data from the Table 2 dem-
onstrates that the total number of leukocytes statisti-

cally significantly increases to 3.08±0.23 to 6 days, to 
10.04±0.23 to 30 days and statistically significantly 
decreases to 60 days to 2.07±0.23, which has the op-
posite effect compared with a concentration of “Vi-
rospan” 4.5 and 13 mg/kg.

So, red blood indices increased, including 
the level of erythrocytes in dynamics reached 
9.69±0.20×1012/L, and the hemoglobin concentration 
165.12±2.34 g/l, however, the hematocrit remained 
within the normal range and statistically did not 
change and amounted to 49.95±2.32%.

Table 2 – Hematological parameters of rats on the background of the dosage of “Virospan” 39mg/kg

Indicators Control 6 days 30 days 60 days
WBC 2.49±0.24 3.08±0.23* 10.04±0.23* 2.07±0.3
RBC 7.95±0.45 8.13±0.20 9.34±0.20* 9.69±0.20*
HGB 135.00±4.82 141.2±2.34 161.12±2.34* 165.12±2.34*
HCT 46.18±1.73 46.35±2.32 50.35±2.32 49.95±2.32
MCV 55.46±1.34 56.76±0.19 53.66±0.19* 51.26±0.19*
MCH 16.18±0.27 17.09±0.18* 17.09±0.18* 16.89±0.18*

MCHC 29.24±0.29 30.81±0.93* 32.51±0.93* 33.51±0.93*
RDW 13.78±0.51 12.79±0.18* 12.09±0.18* 11.39±0.18*
PLT 911.60±31.27 1125.80±39.82* 891.80±39.82 639.80±39.82*
MPV 6.98±0.08 6.79±0.18 7.49±0.18* 6.09±0.18*

NEUTRO % 17.50±4.98 10.86±0.26* 4.26±0.26* 17.56±0.26*
NEUTRO abs 0.42±0.17 0.42±0.18 0.50±0.18 0.45±0.18
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Indicators Control 6 days 30 days 60 days
LYMPHO % 0.34±0.19 0.44±0.41* 4.74±0.50* 0.44±0.41*
LYMPHO abs 0.14±0.08 0.19±0.10 0.55±0.18 0.19±0.10

MONO% 27.00±2.37 10.48±0.29* 66.28±0.35* 25.70±1.08
MONO abs 4.36±1.22 3.44±0.35 6.82±0.35* 5.69±0.35
BASO % 0.20±0.09 0.39±0.18 0.59±0.18* 0.29±0.18
BASO abs 0.10±0.06 0.17±0.11 0.20±0.11 0.17±0.11

EOS % 0.94±0.95 1.29±0.18 2.89±0.18* 4.99±0.18*
EOS abs 0.08±0.05 0.20±0.11 0.39±0.15* 0.24±0.11

Note: * statistically significant with respect to the control (Р≤0.001)

Continuation of table 2

The average volume of the erythrocyte, the aver-
age hemoglobin content in a single erythrocyte, the 
average concentration of hemoglobin in the erythro-
cyte mass, the calculated width of the distribution of 
erythrocytes by volume did not change significantly. 
Red blood indicators in this case indicate a better tol-
erance of the drug concentration at 39 mg/kg, as well 
as probably the inclusion of compensatory mecha-
nisms and the absence of dehydration of the organ-
ism of experimental animals. The total number of 
platelets reaches its peak by 6 days – 1125.80±39.82 
and by the end of the experiment it decreases 2-fold 
to 639.80±39.82. In terms of white blood, it should 
be noted that the percentage of neutrophils in the 
dynamics is statistically significantly reduced by 
30 days to 4.26±0.26, but by 60 days it increases 
again to control values – 17.56±0.26. The level of 
lymphocytes varies slightly and the highest value is 
by 30 days – 4.74±0.50%, decreasing by 60 days to 
0.44±0.41%. Analyzing the level of monocytes, it 
should be noted that the highest value – 66.28±0.35% 
was also noted on the 30th day of the experimental 
study. As in the case with the dosage of “Virospan” 
4.5 mg/kg, 13 mg/kg at a dose of 39 mg/kg, a signifi-
cant increase in the level of eosinophils and basophils 
was not observed.

Conclusion

Thus, according to a detailed analysis of periph-
eral blood against the background of the dosage of 
the drug Virospan, it was found that under experi-
mental conditions, at 4.5 and 13mg/kg, “Virospan” 
causes a statistically significant increase in the level 
of white blood cells, red blood cells, hemoglobin and 
hematocrit. Against the background of a statistically 

significant decrease in the level of polymorphonu-
clear neutrophils, an increase in the level of lympho-
cytes was observed. “Virospan” at a concentration 
of 39 mg/kg demonstrates a statistically significant 
decrease to 60 days of the total number of leukocytes, 
the absence of pronounced changes in the indicators 
of red blood and the absence of changes in the level 
of eosinophils and basophils. In general, to exclude 
the general toxic effect of the studied drug, a com-
prehensive assessment of their properties in vivo, 
namely, biochemical, anatomical and morphological 
parameters is necessary.
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Catalytic reduction of aromatic nitro compounds:  
general questions, equipment, enlarged laboratory tests

Abstract: The article is devoted to issues of amines production from nitro compounds. The processes of 
catalytic reduction of aromatic nitrocompounds by hydrogen to amines have practically superseded all other 
methods for the production of aromatic amines in large-tonnage plants. Aromatic mono-, di- and polyamines, 
due to their high reactivity, are widely used in the production of various compounds (photochemicals, fuel 
stabilizers and additives lubricating oils, in the paint and varnish industry, for painting natural and synthetic 
fibers). Authors compare methods of nitro compounds reduction and show different variants of apparature 
design. The article also describes the results of enlarged laboratory examinations of the deposited catalysts 
synthesized by authors in reactions of p-phenylenediamine, p-amino-diethylaniline, o- and p-aminophenols 
production. By using relatively small amounts of catalysts (0.48-0.6 g of catalyst by hydrogenating 50 g of 
an aromatic nitro compound) were obtained high amine yields of 90-98.7%.
Key words: catalytic reduction, nitro compounds, amines, p-phenylenediamine, p-amino-diethylaniline, 
aminophenol.

Introduction 

Aromatic nitro compounds are used mainly in the 
composition of explosives or as solvents. In general, 
these compounds are applied to reduce the aniline de-
rivatives used in the production of paints, pigments, 
insecticides, textiles, plastics, resins, elastomers 
(polyurethane), pharmaceuticals, plant growth regu-
lators, fuel additives and vulcanization accelerators 
for rubber and antioxidants [1]. The most important 
property of the nitro group is its ability to be reduced 
to an amino group. By this method aromatic amines 
are produced.

 Aromatic mono-, di- and polyamines, due to 
their high reactivity, are widely used in the produc-
tion of various compounds: synthetic dyes of various 
shades (for photography, in the paint and varnish in-
dustry, for painting natural and synthetic fibers), pho-
tochemicals, fuel stabilizers and additives lubricating 
oils, chemical plant protection products, synthetic 
fibers, sorbents, medicines, etc. [2-8]. Taking into 
account the extremely high volumes of commercial 
production of aniline and toluene diamines, the total 

production of which in the world is more than 3-4 
million tons/year, the problem of improving the tech-
nology of obtaining these compounds can be consid-
ered actual [9-13].

Aromatic nitro compounds reduction

 The catalytic reduction of organic compounds, 
including aromatic mono- and polynitro compounds, 
to the corresponding amines is carried out in many 
variants, differing in the composition of the reaction 
masses, the aggregate state of the phases, the nature 
and type of the hydrogenation catalyst, the apparatus 
design of the process, the conditions of its conduct, 
etc. [14]. 

The reaction of aromatic nitro compounds reduc-
tion to amines by the action of ammonium sulphide 
on heating was discovered by N.N. Zinin in 1842 
(“Zinin reaction”) [15]. Zinin’s reaction is a method 
of obtaining aromatic amines by reduction of nitro 
compounds (1):

R-NO2+ 6H = R-NH2+2H2O             (1)
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Zinin acting on nitrobenzene with ammonium 
sulfide, obtained aniline (2):

C6H5NO2 + 3(NH4)2S → C6H5NH2 + 
+ 6NH3 + 3S + 2H2O                      (2)

Hydrogenation of aromatic nitro compounds can 
be implemented in the liquid or gas phase on the solid 
catalysts [16-18]. 

By the first option higher-boiling substances 
(dinitro-compounds, fats) are hydrogenated because 
their transfer to a gas form requires a large amount of 
hydrogen [19]. 

The second option is applied for the reduction 
of substances, the volatility of which at a reaction 
temperature is sufficient to create the necessary par-
tial pressure of substances in the vapor mixture. By 
the second variant, for example, benzene, nitroben-
zene, phenol can be hydrogenated [20, 22]. In all the 
variants heterogeneous catalysts are used. The most 
widespread catalysts are catalysts on the base of 
Group VIII metals and mixed catalysts. 

In the case of a process in the vapor phase, copper 
is most often used on carriers, because the hydroge-
nation of the aromatic ring does not occur when using 
this catalyst.

In the papers [23-25] a catalytic method for the 
synthesis of aniline by hydrogenation of nitrobenzene 
in the vapor phase has been developed. Peculiarity 
of this method was mixing of aluminum hydroxide 
with a vanadium compound in the presence of water 
and nitric acid, then procedures of extruding, drying, 
calcination and then impregnation of the prepared 
mass with a solution of nickel and copper salts. In 
the work [26] a vapor-phase hydrogenation reaction 
of benzene on a Ni/Al2O3 catalyst with a small Ni 
content (up to 5 wt%) was carried out. In the works 
[27, 28] advantages and disadvantages of the vapor 
phase catalytic hydrogenation in industry are consid-
ered. Authors claimedthat it is expedient to use modi-
fied heteropolycompounds for further improvement. 
They wrote that the film palladium catalysts may be 
the best for the selective reduction of acetylenic com-
pounds to olefins. The authors have presented data 
on the selective hydrogenation of aromatics over 
these catalysts. In [29] authors offered to obtain ani-
line in the presence of a catalyst: Pd or Pt, supported 
on lipophilic carbon. The promoter is alkali metal 
hydroxide, carbonate or bicarbonate, Zn(OAc)2, Zn 
(NO3)2, at a temperature of 150-250°C. A method is 
also known for the production of aniline by hydroge-
nating nitrobenzene in the gas phase in the presence 
of a nickel-copper-vanadium catalyst [30].

In [31] the process for the preparation of a 
catalyst for the producing aromatic amines R-
R1C6H3NH2 (wherein R can be additionally NH2) 
is patented. By this method the desired product is 
obtained by hydrogenating the corresponding ni-
troaromatic hydrocarbons with hydrogen in the gas 
phase in the presence of a catalyst Pd (0.001-7% by 
wt of the catalyst) and Pb (0.1-50%) on graphite or 
graphite-containing coke as a substrate, which has 
a surface of 0.2-10 m2/g. Hydrogen is introduced in 
excess: 30-600 equivalents per equivalent of NO2-
group.

The disadvantages of hydrogenation processes in 
the gas phase are:

– a high hydrogenation temperature (it contrib-
utes to the formation of a significant amount of by-
products, a deterioration in the quality of the result-
ing catalyst and a decrease in the yield of the target 
products); 

– a high pressure; 
– the complexity of the process design of the re-

actions proceeding at high temperatures (which leads 
to a process cost increase, reactor designs and pro-
cess diagrams); 

– a relatively low catalyst load; 
– the use of a large excess of hydrogen; 
– a short inter-regenerative period of operation 

of the catalyst;
– a partial destruction of the catalyst;
– a partial loss of catalytic activity (and as a re-

sult of which the yield of aromatic amine products 
decreases); 

– at high temperature of hydrogenation (up to 
300-350ºC) some nitro compounds can be decom-
posed, mono- and dinitro compounds in the mixture 
during evaporation can be converted into explosives; 

– at high temperatures can be the aromatic ring 
hydrogenation;

– can be reactions of gumming and a deamina-
tion, which to a large extent deactivate the catalyst.

The liquid-phase catalytic reduction of nitro 
compounds

The application of liquid-phase catalytic reduc-
tion of nitro compounds makes it possible to perform 
the reaction at sufficiently low temperatures, which 
leads to a significant reduction in energy costs and 
the explosion of the system.

In general, the reduction reactions of organic 
compounds can be divided into two groups: 

1. The reduction by molecular hydrogen in the 
presence of hydrogenation catalysts; 
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2. The reduction with other inorganic and organic 
reagents is “a chemical” reduction.

Nitro compounds reduction by molecular hy-
drogen

 
The most important way of amines producing 

from nitro compounds is catalytic reduction by hy-
drogen on catalysts.For the first time thanks to this 
method Zaitsev carried out such a reaction, passing 
over the platinum black nitrobenzene and hydrogen 
vapor.Later Sabatier implemented the such reaction 
over nickel and a number of other metals [32, 33]. 
A major contribution to the study of the catalytic re-
duction of nitro compounds was made by scientists 
from the USSR, the CIS, Russia and Kazakhstan [3, 
4, 8-10, 12, 13, 22-25, 27, 28, 30, 32-42].

The reduction of nitro compounds can be carried 
out in the presence of both heterogeneous and homo-
geneous catalysts, but in the industry to date use only 
solid-phase heterogeneous catalysts [40, 43-46]. This 
is mainly due to the difficulty in isolating and regen-
erating the homogeneous catalyst for subsequent use.

Laboratory equipment for the hydrogenation 
of aromatic nitro compounds

A widespread installation for hydrogenation of 
aromatic nitro compounds is installation on a basis 

of “catalytic duck” (fig.1). Fig. 1, 2 show the instal-
lations with “a catalytic duck” for hydrogenation at 
atmosphere and elevated pressure. 

Today hydrogenation at elevated and high pres-
sures is widely used. The process is carried out in 
special apparatuses – high-pressure autoclaves, cir-
culating apparatuses and other reactors.

Autoclaves are devices in which reactions under 
pressure are carried out. They come in two classes – 
low-pressure autoclaves designed for pressures up to 
10 atm, and high pressure autoclaves up to 1000 at. 
The latter are more often used in chemical laborato-
ries. Autoclaves are thick-walled metal vessels, often 
cylindrical or spherical. The autoclave is closed with 
a lid, the sealing is achieved by a shutter with the help 
of a cone seal or sealing rings made of non-ferrous 
metals (copper, aluminum, etc.) or plastics (rubber, 
asbestos, etc.).

High-pressure autoclaves were first widely 
applied by Ipatiev, whose work in this area dates 
back to 1903 (fig. 3). The Ipatyev autoclave (or 
bomb) is a forged cylinder with a flange head that 
joins the autoclave body with the help of the Ipa-
tiev shutter. Mixing of the contents is achieved 
by tilting the autoclave and its slow rotation.Such 
an autoclave is very convenient to handle. It is 
easy to wash. An example of using such a device 
may be the process of hydrogenation of benzene 
to cyclohexane [49].

Figure 1 – Scheme of the unit for the catalytic hydrogenation of aromatic nitro compounds: 
1 – hydrogen generator; 2, 7 – the crane; 3, 4, 5 – cleaning bottles; 6 – gas meter; 8 – measuring burettes; 

9 – pear; 10 – catalytic “duck”; 11 – rocking chair; 12 – electric motor; 13 – thermostat; 14 – potentiometer
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In general, the autoclave is a steel cylinder 
with a spherical bottom and a bolted spherical cov-
er. The lid is provided with a valve for supplying 
hydrogen and descending the pressure (in separate 
designs, a valve for sampling from the gas and liq-

uid phases), a thermowell sleeve and a manometer. 
Desirably, the autoclave was made of acid resistant 
steel.

There are known different types of autoclaves: 
rotating, swinging, horizontal, vertical and column.

Figure 2 – An installation for liquid-phase hydrogenation at elevated pressure on the basis of catalytic “duck”:  
1 – high-pressure device “duck”, 2 – platinum electrode, 3 – chlorine silver reference electrode,  

4 – feed opening, 5 – sampler, 6 – potentiometer, 7 – 0fine adjustment valves, 8 – combs, 9 – gauge manometer, 
10 – measuring burette, 11 – equalizing capacity, 12 – buffer capacity [47, 48]

In an autoclave with a magnetic stirrer of the N.E. 
Vishnevsky’ system (fig. 4) an electric motor rotating 
the stirrer is placed in a high-pressure zone. The mag-
netic flux of the stator located on the outside rotates 
the rotor placed inside the autoclave housing made 
of non-magnetic chromium-nickel steel. The rotor 
is fitted tightly onto the agitator shaft and rotates it 
through the bearings at high speed. Such an autoclave 
with a propeller stirrer is operated at a pressure of 
up to 300 atm and temperatures up to 300°C with a 
stirring speed of up to 3,000 per minute. In the auto-
clave, the sample can be sampled during the reaction, 
for which there is a special fitting connected to the 
siphon tube. The autoclave is heated by an electric 
furnace. To regulate the temperature of the autoclave, 
there is a water jacket and a pocket for the thermo-
couple. Through a special fitting, the reagents are 
loaded, and there is a discharge opening at the bot-
tom. This design allows the autoclave to be fixed per-
manently and to perform its loading and unloading 
without disassembly. The autoclave is closed with a 

lid and sealed with special pins with nuts.
Flow systems are also used for the hydrogena-

tion of aromatic nitrocompounds. Continuous flow 
reactions have advantages over periodic reactions in 
terms of productivity, heating and mixing efficiency, 
as well as safety and reproducibility; in addition, au-
tomatic and multistage reactions are possible. The 
amount of waste can be minimized by using con-
tinuous flow conditions using solvents, free reagents, 
which leads to environmentally sustainable chemis-
try [50, 51].

Continuous flow reactions using heterogeneous 
catalysts (continuous flow catalytic reactions) can be 
ideal reaction systems, since the desired products that 
are easily separated from the catalysts are obtained 
continuously [52-54]. The authors of papers [55-57] 
develop various continuous flow systems with im-
mobilized catalysts: hydrogenation of aromatic nitro-
compounds using new palladium catalysts based on 
polysilane. The flow installation used by the authors 
of these works (fig. 5) is effective for the synthesis of 
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a number of nitrogen-containing compounds, which 
are key intermediates of many biologically active 
compounds and functional materials [58, 59]. The se-
lective reduction of the nitro group proceeded quan-
titatively in the case of carbonyl compounds, such as 
esters and ketones. It is interesting to note that the 
ketone part was tolerant under the reaction condi-
tions. Dinitro compounds can also be used in this 
flow-through reaction without inhibiting the product. 
The reduction of 2-nitroanisole was carried out quan-
titatively to obtain 2-amino anisole under pure condi-
tions without deactivating the catalyst. It is noted that 
the leaching of palladium was not observed in any of 
the reactions.
 

Enlarged laboratory tests

For enlarged laboratory examinations we used 
installation on the basis of “catalytic duck” (fig.1, 2) 
and a high-pressure kinetic unit (HPKU), consisting 
of an advanced Vishnevsky autoclave with intensive 
mixing and a measuring part (fig.6). This installation 
is one of the most widely used in the hydrogenation 
of various compounds.The main part of the HPKU is 
an autoclave (fig. 4). The efficiency of the catalysts 
was calculated by the amount of hydrogen absorbed 
per unit time (60 seconds). During the reaction, sam-
ples are taken – after reaching the absorption of 1, 
2 and 3 moles of hydrogen – for analysis of the hy-
drogenation products. The autoclave device allows 
to take samples for analysis without disturbing the 
equilibrium conditions of the experiment.

After the end of the reaction (as indicated by the 
stopping of hydrogen absorption), stirring is turned 
off and the hydrogen pressure is released to the at-
mosphere, and the catalyst is filtered off from the 
catalyst and the final analysis is carried out. In some 
cases, the final product is isolated to determine the% 
yield of the amine from the theoretically calculated 
reaction amount. To do this, after separating the cata-
lyst filter, the solvent is evaporated, then the remain-
ing material is washed on the filter with distilled wa-
ter and dried at 40-50°C.

Chromatographically pure, prepared by distil-
lation in vacuum or by recrystallization nitroben-
zene (NB), ortho, para-, ortho-nitrophenols (o-NP, 
p-NP, o-NP), ortho, meta-, para-nitroanilines (o-NA, 
m-NA, p-NA) and p-nitrodiethyl aniline (p-NDA) 
were hydrogenated. Physicochemical parameters 
of the starting compounds corresponded to the ref-
erence. Distilled water, C1-C5 alcohols of the grade 
“CP” were used as solvents. 

Figure 3 – Ipatiev’ autoclave

Figure 4 – The improved autoclave Vishnevsky with hermetic 
electric drive: 1 – rotor, 2 – a shielding sleeve, 3 – stator,  

4 – cooling of the stator, 5 – thermocouple, 6 – reactor vessel, 
7 – electrical heating, 8 – spiral mixer, 9 – lower cone valve, 
10 – unit for enter the catalyst, the solvent and hydrogenated 

compounds, 11 – guiding glass
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Figure 5 – Сontinuous-flow reactor

The reaction was carried out with electrolytic 
hydrogen from a balloon (99.8%), for gas-liquid 
chromatography (GLC), helium (99.992%) was used 
from a balloon.

For the calculations, the reaction rates for the 
first points and for the moment of absorption of 

1MH2 (or 2 MH2, or 4MH2, depending of a reaction) 
are taken.

The selectivity of the process is calculated by the 
formula:

1

2

3

4

5

6

7

Figure 6 – High-Pressure Kinetic Unit: 1 – an autoclave of Vishnevsky; 2 – measuring burette;  
3 – leveling capacity; 4 – buffer tank; 5 – gauge manometer;  

6 – a device for determining and maintaining the temperature in the system; 7 – cylinder with hydrogen
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For laboratory tests, catalysts deposited on 
γ-Al2O3, coal (C) of various grades, CaCO3 (shell) 
catalysts based on Pt and Pd, were prepared by apply-
ing appropriate compounds to the carrier by impreg-
nation. To prevent hydrolysis using PdCl2, a solution 
of NaCl was added to the solution. In the synthesis of 
Pd-Pt catalysts, 2% solution of Na2CO3 was used in 
some cases.

Qualitative and quantitative analysis of the initial 
compounds and reaction products was carried out by 
TLC, GLC, diazometric titration, voltammetric titra-
tion, and oscillographic polarography [60-64]. An IR 
spectroscopic analysis was used. Physicochemical 
methods of studying catalysts (BET, electron micros-
copy) were also applied in the work.

Results and Discussion

As a result of the hydrogenation of p-NDA in a 
catalytic “duck”, it was found that the change in the 

mass of the sample of p-NDA does not affect the reac-
tion rate, the initial reaction rate does not depend on 
the amount of hydrogenated material, i.e. the reaction 
order for the substance is zero. The activity of the Pd 
catalysts deposited on C is higher than for the samples 
of catalysts deposited on Al2O3, which agrees with a 
decrease in the basicity of the carrier, which affects 
the degree of electron interaction of the metal-carrier. 
By reducing the activity, the prepared catalysts are ar-
ranged in a row: Pd / C˃Pd / CaCO3 ˃ Pd / γ-Al2O3.

The high catalytic activity of Pd-based catalysts 
compared to the Ni catalyst allowed the reaction to 
be carried out under milder conditions. Enlarged tests 
of p-NDA in an autoclave were carried out on 2% 
Pd/C in methanol at hydrogen pressures of 0.5-3.0 
MPa (tab.1).

For hydrogenation of NB, p-NP, o-NP, m-NA, 
p-NA an autoclave with a total volume of 400 ml was 
used. For the charge, 50 g of the substance and 200 
ml of solvent were taken (tab.2).

Table 1 – Enlarged tests of p-NDA hydrogenation (31.5 g) in methanol p-ADA – para-amino-diethylaniline

T, K PH2, MPa Amount of acatalyst, 
qкат., g

Yield of amine, 
p-ADA, %*

Duration of reaction, 
min.

2%Pd/C

358 2.5 0.2 86.0 18.0

358 2.5 0.15 84.0 12.0

360 2.8 0.15 90.0 14.0

360 3.0 0,2 91.0 14.5

363 3.0 0.15 91.2 14.0

368 2,8 0.2 92.0 14.0

368 2.8 0.15 92.1 13.5

industrial Ni-Raney

358-372 2.5-3.0 1.0-1.2 83.5-84.1 35.0- 45.0 

*- result of 5 parallel experiments
 

Table 2 – Enlarged laboratory tests of NP and NA AP- Aminophenol, PhDA – Phenylenediamine

# The starting compound, the 
resulting product (catalyst) Yield, g*(%) Amount of  

acatalyst, g

The temperature
of the 

experiment, ºC

Pressure of 
hydrogen, MPa

Duration of the 
test, min.

1 p-NP, p-AP
(Pd/g

114.0
(97,5%) 0,6 50-70 1.0-4.0 12-40

2 p-NP, p-AP
(Pd–Pt/C)

105.1
(90%) 0.48 30-60 2.0-3.0 10-34
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# The starting compound, the 
resulting product (catalyst) Yield, g*(%) Amount of  

acatalyst, g

The temperature
of the 

experiment, ºC

Pressure of 
hydrogen, MPa

Duration of the 
test, min.

3 p-NP, p-AP
(Pd/g

116.9
(98.5%) 0.55 50-70 1.0-4.0 14-38

4 o-NP, o-AP
(Pd/g

112.0
(96%) 0.6 50-70 1.0-4.0 30-44

5 o-NP, o-AP
(Pd-Cu/g

116.0
(98%) 0.6 50-70 4.0-5.0 35-52

6 p-NA, p- PhDA 
(Pd/g

110.8
(95.2) 0.5 30-60 2.0-3.0 10-29

7 p-NA, p- PhDA 
(Pd–Pt/g

115.0
(98.7%) 0.5 50-70 1.0-4.0 12-22

*- Yield (g) – the sum of 3 parallel experiments

Continuation of table 2

Conclusion

The article summarized general issues of aromatic 
amine production from the corresponding nitro com-
pounds. The authors described also own laboratory 
researches. The results of enlarged tests show that us-
ing relatively small amounts of catalysts (0.48-0.6 g 
of catalyst by hydrogenating 50 g of an aromatic nitro 
compound) it is possible to obtain high amine yields 
of 90-98.7%. The process time on bimetallic cata-
lysts at hydrogenation of substances under identical 
conditions was lower than in the case of using only a 
monometallic Pd-containing catalyst. When compar-
ing hydrogenation of the big batches of compounds 
the authors found that the reduction process p-NA is 
faster than for p-NP and, especially, for o-NP. It was 
also noted that 5-7% o-aminocyclohexanol appeared 
in the product samples. For this reason, the yield of 
the target product – p-AP was lower than expected 
(90%).
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Research of the performance and emission characteristics of 
Jatropha Oil Methyl Esters (JOME) and diesel blends in a partially 

premixed charge compression ignition engine

Abstract: In this article for reducing NOx and particulate matter (PM) were used partially premixed charge 
compression ignition (PPCCI) combustion of diesel fuel with external mixture formation technique and 
Jatropha oil methyl ester (JOME) blend in the main injection. Diesel fuel was injected into the intake 
manifold for formation of homogeneous pre-mixture beforehand and the pre-mixture is burnt in the cylinder 
with the balance quantity of fuel directly injected into the cylinder by a conventional injection system. 
For obtaining homogeneous mixture, diesel fuel was injected in the intake manifold using a solenoid-
operated injector controlled by electronic control unit (ECU). Exhaust gas recirculation (EGR) technique 
was adopted for controlling of the start of combustion (SOC). Experiments were carried out with 10%, 
20%, and 30% EGR for premixed ratio (Rp) 25% and results are compared with conventional diesel fuel 
operation. It was found that diesel manifold injection and JOME blend in main injection results in better 
mixture preparation and lower emissions. It was shown that due to homogenous lean operation, significant 
reduction in NOx and PM was achieved with the PPCCI combustion mode at Rp 25% and EGR 20% in the 
JOME-Diesel mode of operation.
Key words: exhaust gas recirculation, jatropha methyl ester, diesel premix, charge compression ignition 

Introduction

Energy is the major factor for economic growth of 
any country. The need for the energy is increasing day 
by day with the growth of population and requirement 
of modern energy consuming equipment for comfort 
living. The invention of internal combustion engine 
and developments in engine technology resulted in 
exploitation of the petroleum-based reserves which 
is depleting at a rapid rate [1]. Combustion of these 
fuels in engines release substantial amount of pollut-
ants such as carbon dioxide (CO2), carbon monoxide 
(CO), unburned hydrocarbon (UBHC), nitrogen ox-
ides (NOx) and particulate matter (PM) [2]. Reducing 
the such emissions and increasing the fuel economy 
of IC engines are the primary concern for all develop-
ing nations. There has been a world-wide interest in 
the search of alternatives to petroleum derived fuels 
due to their depletion and concern for the environ-
ment. Bio-diesel derived from edible, non-edible oils 
and animal fats can be used in diesel engines with 
little or no modifications [3-5].

It is known that Jatropha oil methyl esters are 
well proven alternative fuels to petroleum diesel. Un-
fortunately cultivation of jatropha requires huge land 
area and good quality jatropha plant seed for generat-
ing sufficient oil. Even though biodiesel offers reduc-
tion in Smoke, UBHC and CO emission due to the 
molecular oxygen present in it, NOx emissions are 
higher which can be reduced by using exhaust gas 
recirculation.

Homogeneous charge compression ignition 
(HCCI) is a promising alternative combustion tech-
nology for diesel engines with high efficiency and 
lower NOx and particulate matter emissions. Rela-
tive to compression ignition direct ignition engines, 
HCCI engines have substantially lower theses emis-
sions [6-8]. The low emissions of PM and NOx in 
HCCI engines are a result of the dilute homogeneous 
air and fuel mixture in addition to low combustion 
temperatures. The change in HCCI engine may be 
made dilute by being very lean, by stratification, by 
using exhaust gas recirculation (EGR), or combina-
tion of these methods [9, 10].
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In case of using HCCI engines can be some chal-
lenges:

– high CO and UBHC emissions because of in-
complete oxidation.

– the operating range of automotive engine using 
HCCI mode is found to be too narrow [11, 12]. 

– improper combustion or misfire under fuel-
lean conditions limits the minimum power output at 
which the engine can operate.

– high heat release rates and high in-cylinder 
pressure may cause more wear and damage to the 
components.

– it is difficult to control an auto-ignition [13].
In HCCI combustion, control over the start of 

combustion (SOC) is the main problem [14, 15]. 
Conventional control techniques are not applicable, 
indirect methods like variable EGR technique, vari-
able compression ratio (VCR), variable valve timing 
(VVT), increased intake charge temperature, equiva-
lence ratio variation, injection timing, modulating 
two or more fuels, fuel additives [16-18] which alter 
the compression process are necessary. Since HCCI 
engine operates on lean mixtures, the peak tempera-
tures always lower in comparison to spark ignition 
and diesel engines. Low peak temperatures prevent 
the formation of NOx. However, they also lead to in-
complete burning of fuel especially near the walls of 
the combustion chamber.

It was proposed to study the effect of partially 
premixed charge compression ignition (PPCCI) com-
bustion mode a variant of HCCI combustion mode 
in diesel engines. In this method generally two fu-
els are used [19-21]. One fuel is injected in to the 
intake air, upstream of the intake valve to obtain a 
premixed charge. Remaining fuel is injected into the 
combustion chamber through conventional injection 
system. The PPCCI technique reduces NOx and PM 
using partially premixed charge compression igni-
tion (PPCCI) combustion. In this method of combus-
tion, diesel, petrol, methanol, liquefied petroleum 
gas (LPG), compressed natural gas (CNG), methyl 
tert-butyl ether (MTBE) and acetylene are commonly 
used as premixed fuel or main fuel (in-cylinder injec-
tion). 

In this work investigation to study the effect of 
Jatropha methyl ester biodiesel as main fuel and die-
sel as premixed fuel was carried. 

In PPCCI, combustion takes place predomi-
nantly in premixed manner than in diffusive manner 
due to homogeneous mixture formation by fuel-air 
premixing [22-24]. In addition, premixed mixture 
combustion is faster than conventional diesel com-
bustion as it occurs at multiple points in the cylinder. 

This sudden combustion causes a sharp increase in 
pressure and temperature leading to high maximum 
values. By this reason, in PPCCI combustion takes 
place with a highly diluted mixture to maintain the 
temperature and pressure low in the cylinder and is 
normally restricted to low loads. That’s why it is pos-
sible to avoid engine damage while NOx emissions 
are lowered by low temperatures.

In this work, the performance, emission and com-
bustion characteristics have been studied using jatro-
pha oil methyl esters in CIDI and HCCI modes for 
determination of the optimum blend ratio of JOME 
with diesel in CIDI mode, the optimum EGR percent-
ages for better tradeoff of soot and NOx emissions 
for JOME. It was studied the effect of PPCCI com-
bustion mode with diesel and biodiesel blends.

Various experiments were carried out using PPC-
CI mode of combustion with diesel as premixed fuel 
with premixed ratio of 0.25 and 20% JOME as main 
fuel with 10%, 20% and 30% EGR. The performance 
characteristics (brake thermal efficiency, exhaust gas 
temperature), emission characteristics (UBHC, CO, 
NOx and soot emissions) and combustion parameters 
(in-cylinder pressure, ignition delay and heat release 
rate) are presented.

Materials and Methods 

The tests were performed on a single cylinder, 
four stroke, naturally aspirated, air-cooled diesel en-
gine coupled with an electrical swinging field dyna-
mometer. The detailed technical specifications of the 
engine are given in tab.1. Fig. 1 shows the schematic 
diagram of the experimental set-up. The intake mani-
fold of the engine is modified to fit the primary fuel 
injector. AVL 415 Variable Sampling Smoke meter is 
used to measure the particulate matter in the exhaust. 
MRU delta 1600 L Exhaust Gas Analyzer is used to 
measure HC, CO and NOx emissions. 

AVL 615 indimeter system is used to get pressure 
crank angle diagram at various loads using piezo-
electric pressure transducer and angle encoder and to 
process the same for getting various parameters such 
as heat release rate curve, peak pressure, angle of oc-
currence of peak pressure, imep, etc. 

The engine was started with diesel and allowed 
to warm up till steady state conditions were achieved. 
Engine Speed, fuel consumption rate, exhaust emis-
sions (HC, CO, and NOx), smoke intensity, pressure-
crank angle diagram and exhaust gas temperature 
were measured at various loads. The experiment was 
repeated at various loads with 20% JOME blends 
with diesel. The experiments were conducted on 
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a CIDI engine maintained at 25%, 50%, 75% and 
100% of brake power output at the speed of 1500 rpm 
with modified inlet manifold to operate the engine in 
PPCCI combustion mode. The experiment was re-
peated with premixed ratios of 0.25 at various power 
outputs. 

In PPCCI mode the notations are used: 
D-20J mode – Diesel (manifold injection)-20% 

JOME and 80%. 
Diesel blends (main injection).
Rp – the ratio of energy of premixed fuel Qp to 

the total energy Qt.

Rp= Qp/Qt = (mp·CVp)/mp·CVp + md·CVd, 

where m is the mass of fuel and CV is the lower col-
orific value and subscripts p and d refer to premixed 
and directly injected fuel, respectively.

Table 1 – Test Engine Specifications

Engine Type 
Four stroke, Air cooled, 

stationary, constant speed, 
direct injection, CI engine

No. of cylinders 1

Maximum power 4.4 kW at 1500 rpm

Maximum torque 28 N-m at 1500 rpm

Bore 87.5 mm

Stroke 110 mm

Displacement 661.5cc

Compression Ratio 17.5: 1

Injection Timing 23.40 bTDC 

Loading type Swinging field dynamometer

Figure 1 – Experimental setup: 1 – diesel engine, 2 – electrical, 3 – dynamometer, 4 – pressure pickup, 
5 – charge amplifier, 6 – TDC position, 7 – TDC amplifier, 8 – A/D Card, 9 – personal, 10 – main injector, 

11 – premixed fuel, 12 – mixing chamber, 13 – air flow, 14 – settling chamber, 15 – thermocouple, 
16 – EGR cooler, 17 – EGR valve, 18 – back pressure, 19 – exhaust gas, 20 – AVL smoke 

Results and Discussion

In the present work, reduction of NOx and PM with 
partially premixed charge compression ignition (PPC-
CI) combustion was investigated. Diesel was used 
as a premixed fuel with premixed ratio of 0.25 along 
with 20% jatropha oil methyl ester (JOME) blend as 
main fuel with 10%, 20% and 30% EGR. Diesel fuel 
was injection into the intake manifold using a sole-
noid operated injector controlled by electronic control 
unit (ECU) to form premixed charge. The pre-mixed 
charge was burnt in the cylinder along with the fuel 
directly injected into the cylinder by a conventional in-
jection system [25]. To control the start of combustion 

and NOx emissions, EGR was adopted and the exhaust 
gas was varied from 10% to 30% in steps of 10%. 

Investigation of specific energy consumption and 
brake thermal efficiency

The variation of SEC and brake thermal efficien-
cy with brake power for CIDI mode and D-20J mode 
with premixed ratio of 0.25 without EGR and with 
10%, 20% and 30% EGR are demonstrated in fig.2, 
3. As the percentage of EGR increases, the SEC in-
creases and brake thermal efficiency decreases com-
pared to CIDI mode. When EGR is introduced the 
fuel air mixture is diluted and the decrease in the 
availability of oxygen retards the combustion. The 
heat release in combustion reactions is decreased and 
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the quantity of unburned fuel is relatively large. As 
EGR increases, the brake thermal efficiency decreas-
es [26, 27].

The SEC varies from 13,420 to 14,417 kJ/kWh 
in D-20J for premixed ratio of 0.25 without EGR and 

with 10%, 20% and 30% EGR compared to 12,661 
kJ/kWh in CIDI mode at rated power output. The 
brake thermal efficiency varies from 26.8 % to 25.0% 
in D-20J mode for above mode compared to 28.4% 
in CIDI mode. 

Figure 2 – Variation of specific energy consumption with brake power

Figure 3 – Variation of Brake Thermal Efficiency with Brake Power

Impact of temperature of exhaust gas 
Research the variation of exhaust gas tempera-

ture with brake power for D-20J with premixed 
ration of 0.25 with 10%, 20% and 30% EGR and 
without EGR compared with CIDI mode is shown 

in fig. 4. The combustion starts earlier resulting in 
higher in-cylinder temperature and pressure. These 
results in higher exhaust gas temperature at rated 
power output with premixed ratio of 0.25 without 
EGR compared to base line diesel mode. With EGR, 
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the specific heat capacities of re-circulated H2O and 
CO2 constituents increase resulting in lower peak 
combustion temperature. The effect is more pro-
nounced at higher EGR percentages. At rated power 

output, the exhaust gas temperature varies from 
444ºC to 431ºC with 10%, 20% and 30% EGR for 
premixed ratio of 0.25 compared to 485ºC without 
EGR in D-20J mode.

Figure 4 – Research the variation of temperature of exhaust gas with brake power

Studying unburnt hydrocarbon and emissions of 
CO 

Fig.5 shows the variation of UBHC with brake 
power for CIDI mode, for PPCCI mode with D-20J 
10, 20 and 30% EGR and without EGR. The vari-
ation of CO emissions is shown in figure 6 for the 
same operating conditions. Reduction of oxygen with 
EGR reduces the combustion reaction rate and tem-
perature inside the cylinder. The burned gas tempera-
ture is low which results in increased emissions of 
UBHC and CO compared to CIDI mode. The peak 
temperatures are also relatively low to complete the 
oxidation of CO to CO2 [28].

Because of lower inlet temperatures, premixed 
diesel fuel and in-cylinder injection of methyl ester 
blends are not completely evaporated which also 
leads to higher UBHC and CO [29, 30]. The effects 
of crevice volume and flame quenching may also be 
responsible for high UBHC and CO emissions. The 
UBHC emissions vary from 0.9 to 1.2 g/kWh in D-
20J for premixed ratio of 0.25 without EGR and with 
10%, 20% and 30% EGR compared to 0.7 g/kWh in 
CIDI mode at rated power output and the CO emis-
sions vary from 17.6 to 30.9 g/kWh in D-20J mode 
compared to 16.7 g/kWh in CIDI mode.

Research of NOx emissions
Fig. 7 shows the variation of NOx emissions with 

brake power for CIDI mode and PPCCI mode with 
D-20J with 10, 20 and 30% EGR and without EGR. 

The combustion starts earlier resulting in higher 
heat release rate, in-cylinder temperature and pres-
sure at rated power output. These results in higher 
NOx formation at rated power output for D-20J mode 
with premixed ratio of 0.25 without EGR compared 
to base line diesel mode. Recirculation of exhaust gas 
reduces the NOx emission at all the power outputs 
compared to CIDI mode as oxygen available for the 
formation of NOx is reduced when using EGR [31, 
32]. Peak combustion pressure and temperatures are 
reduced as EGR percentage increases. At rated power 
output in D-20J mode with 10%, 20% and 30% EGR 
the NOx emissions range from 6.2 to 3.33 g/kWh 
compared to 9.1 g/kWh without EGR. 

Investigation of soot emissions
The variation of soot emission with brake power 

for PPCCI mode of operation with D-20J with 10, 20 
and 30% EGR and without EGR is shown in fig.8. 
Soot emission in PPCCI mode with EGR is higher 
compared to that of without EGR. The increase in 
soot emission is due to reduction in oxygen content 
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and decrease in heat release rate with EGR at all 
power outputs [33]. 

It was found that with 10% EGR and 20% EGR, 
soot emissions are lower than that of CIDI mode but 
higher than PPCCI mode without EGR. Soot emis-
sions are higher than that of CIDI mode when EGR 
is creased beyond 20%. Hence, the quantity of EGR 

Figure 5 – Influence of variation of unburnt hydrocarbon with brake power

Figure 6 – Influence of variation of carbonmonoxide with brake power

that can be re-circulated in PPCCI mode with pre-
mixed ratio of 0.25 is limited to 20% in the present 
work. In PPCCI mode, the soot emissions in D-20J 
mode at rated power output vary from 82 to 208 mg/
m3 with 10%, 20% and 30% EGR while it is 75 mg/
mg3 without EGR compared to 166 mg/m3 in CIDI 
mode. 
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time delay between the LTR and HTR is named as 
negative temperature coefficient (NTC) region [34-
38].

The negative temperature coefficient regime is 
characterized by a decrease in the overall reaction 
rate even though in-cylinder temperature increases. 
This leads to a lower reactivity of the system. For 
diesel (lower octane number fuel) the heat release in 
the low temperature combustion (LTC) is predomi-
nant compared to gasoline (higher octane number 
fuel) [39].

Figure 7 – Variation of NOx with brake power

Research of heat release rate
Fig. 9 shows the heat release rate at rated power 

output for various premixed ratios in PPCCI mode 
compared to CIDI mode. It can be observed that the 
heat release curves show two peaks-one smaller mag-
nitude and another peak of greater magnitude near 
TDC. The first stage of heat release is associated 
with low-temperature kinetic reactions (cool flames) 
named low temperature reactions (LTR). The second 
stage of heat release rate is the main heat release and 
named as high temperature reactions (HTR). The 

Figure 8 – Variation of soot with brake power
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Fig. 10 shows the LTR, HTR and interval be-
tween LTR and HTR in D-20J mode at rated power 
output for premixed ratio of 0.25 without EGR and 
with 10, 20 and 30% EGR. It is observed that the 
peak LTR is not affected with increase in EGR per-

centage. But peak of HTR is significantly decreased 
as the percentage of EGR is increased. Increasing 
EGR percentage can delay both, the start of LTR and 
HTR. The EGR act as a thermal sink absorbing the 
heat present and lowers the heat release rate. 

Figure 9 – Variation of Heat Release Rate with Brake Power

Figure 10 – LTR, HTR and Interval between LTR and HTR with Various Percentages of 
EGR at Rated Power Output for D-20J mode

The peak heat release rates during HTR at rat-
ed power in D-20J are 115.8, 109, 101.2 and 95.2 
J/ºCA occurring at 11 to 7 ºCA bTDC for premixed 
ratios of 0.25 without EGR and with 10, 20 and 30% 
EGR while the peak heat release rates during LTR 
vary from 4.8 to 5.1 J/ºCA occurring at nearly 25ºCA 
bTDC for all premixed ratios. The time interval be-
tween LTR and HTR varies from 14 to 17ºCA.

Conclusions

Thus as a result of the performed experimental 
work it was found that brake thermal efficiency de-
creases with increase in EGR percentages. UBHC 
and CO emissions are higher in PPCCI mode. NOx 
emissions are lower and the percentage decreases are 
14.8%, 42.8% and 54.3% compared to baseline die-
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sel mode. Soot emission decrease up to 20% EGR 
and increases when EGR is increased above 20% 
compared to CIDI mode. In D-20J the peak pressure 
increases up to 20% EGR and decrease when EGR 
is increased to 30% compared to CIDI mode. The 
percentage increases in peak heat release rate in D-
20J are 40.6%, 30.6% and 22.8 % compared to CIDI 
mode. Premixed ratio of 0.25 with 20% EGR is ob-
served to be optimum in D-20J comparing the per-
formance, combustion and emission characteristics.
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Poly (DADMAC-co-  VEMEA): Synthesis and Flocculation Properties

Abstract: Flocculants are widely investigated chemicals, which can be utilized to remedy or purify waste 
water from industries including petroleum, fabric, mining. Although many types of flocculants have been 
explored, each flocculant has it’s merits and demerits. Thus, we investigated poly (N,N-diallyl-N,N-
dimethylammonium chloride) cationic flocculants. This work reports a novel flocculant which was developed 
based on the widely used flocculant, poly (N,N-diallyl-N,N-dimethylammonium chloride) (DADMAC) 
cationic polymers. This newly developed flocculant has not only enhanced flocculant performance, 
but also provided reusability of this polymer with insertion of crosslinking groups. The new developed 
copolymer, Poly (DADMAC-co- VEMEA), was synthesized via random radical polymerization approach 
and characterized by NMR and FTIR. The flocculation performance for these polymers were evaluated 
and studied by turbidity experiments and zeta-potential measurements. Their flocculation performance 
over poly (DADMAC) homopolymer can be improved by adding a VEMEA unit to the polymer chain 
and partially crosslinking the copolymer. This newly developed flocculant can provide new direction in 
developing flocculants potentially.
Key words: Flocculant, DMDAAC, VEMEA, Zeta potential, Turbidity

Introduction

The supply of pure water is still one of many ur-
gent matters which our society faces worldwide at 
present [1-3]. For example, based on the United Na-
tion’s statistics, one out of seven people do not have 
a proper clean water source to use [4]. Water con-
tamination is the main obstacle to accessing a pure 
water source, which is mainly caused by waste wa-
ter from fabric factories and petroleum oilfields, and 
leakage from mining and other industry failures [5]. 
Thus, water purification techniques have been devel-
oped based on the concept of distillation [6], filtration 
[7], reverse osmosis [6], and electrodialysis [3]. All 
treatment techniques can be utilized in terms of the 
nature of the contaminants. However, due to physi-
cal chemical properties of the contaminates, filtration 
membranes or permeable active barriers can be eas-
ily contaminated by different types of contaminates 
[6]. For examples, filtration membranes are easily 
blocked and lose performance due to the attachment 
of positively or negatively charged organic pollut-

ants. Therefore, it is very important to precipitate or 
remove via coagulants[8, 9] before filtration.

Polyelectrolytes have been broadly explored to 
neutralize colloidal contaminants or pollutants via a 
coagulation process [10]. The principle is that organ-
ic or inorganic colloidal contaminants can be precipi-
tated from waste water via addition of flocculants, 
which have high affinity to remove colloidal con-
taminates with physical forces such as electrostatic 
and other forces. This binding between colloidal 
contaminates and flocculants creates large particles 
of flocs, which further induce the precipitation of the 
pollutants. This treatment is usually applied before 
filtration of industrial waste water and other water 
treatment [10, 11]. In recent years, cationic floccu-
lants like poly (N,N-diallyl-N,N-dimethylammoni-
um chloride) (DADMAC) have been explored [8-9, 
12]. This flocculant is widely used in the treatment of 
pulp and paper mill industrial wastewater [13] .

In this work, to increase the flocculation per-
formance of P(DADMAC), we plan to synthesize a 
copolymer of N,N-diallyl-N,N-dimethylammonium 
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chloride (DADMAC) and vinyl ether of monoetha-
nolamine (VEMEA) (Scheme 1) and improve water 
purification performance based on the hypothesis that 
copolymers containing double amine groups can pro-
vide better flocculation properties (Scheme 2), and at 
the same time self-crosslinking between monomers 
further improve flocculation quality (Scheme 1). 
Regarding this, Cationic polystarch flocculant was 
investigated for flocculating activity, which was im-
proved until the optimal degree of crosslinking [14]. 
We used random radical polymerization techniques 
to synthesize copolymers of Poly (DADMAC-co- 
VEMEA) under different conditions, including vary-
ing monomer ratio, and characterized them using 
FTIR and NMR. The resulting polymers are further 
applied to test waste water containing bentonite. 
Flocculation performance was further evaluated and 
explained via turbidity measurements and zeta poten-
tial approaches. 

Materials and Methods  

Materials 
N, N-Diallyl, N, N-dimethyl ammonium chloride 

(65 wt % in water), ammonium persulfate (APS, 99.7 
wt% purity), Silver Nitrate (99.8 wt % purity), So-
dium Chloride (97 wt %), Hydrochloric Acid (37 wt 
%) were purchased from Sigma Aldrich Inc., (USA) 
and used without any further purification. The co-
monomer VEMEA was provided by JSC “Carbit” 
(Kazakhstan). Before use, it was purified by distil-
lation at temperature range 112-116ᵒC and its refrac-
tive index was recorded as 1.4382 at 298 K. Acetone 
was purchased from “Labchimprom” Ltd. (Kazakh-
stan) and used as it is. Ultra-high pure (99.995 wt %) 
purging gas, Argon was owned from “Ikhsan” Ltd. 
(Kazakhstan). During all synthesis and purification 
process of polymers, the Mili-Q water with resistiv-
ity at least 15 MΩ × cm at 298 K was used. For floc-
culation experiments Bentonite, main component of 
which is montmorillonite (90-100% conc.) was pur-
chased from Sigma Aldrich Inc., (USA).

Synthesis and purification of polymers 
Copolymers of DADMAC and VEMEA were 

synthesized at different monomer molar ratios and 

different initiator molar concentrations as mentioned 
in previous publications [1]. Initially the solution of 
monomers was purged for 15 minutes with ultra-high 
pure argon, which was sealed in a glass ampoule after 
adding a specific amount of initiator. The ampoule 
was kept in a water bath heated at 60°C for 5 hours. 
After 5 hours the ampoule was cooled immediately, 
and the product was precipitated with fresh acetone. 
After drying in the vacuum oven, the solid mass was 
placed in dialysis tubing with a molecular weight 
cut-off of 1200 Da for further analysis such as FTIR, 
NMR, and flocculation. Dialysis tubing with polymer 
was kept in water for three days while being stirred 
with a magnetic stirrer at 400 rpm. The water was 
replaced with pure water thrice a day. This part of 
the work was described in more detail in our previ-
ous publication[15]. For this work only two samples 
of polymers were selected: with initial monomer ra-
tio DADMAC: VEMEA 80:20 and DADMAC: VE-
MEA 95:5 and with molar concentration of initiator 
0.2% and 0.03% accordingly.

FTIR 
FTIR was carried out in a Vertex 70 FTIR using 

diffuse reflectance Fourier transform spectroscopy 
(DRIFT) mode where scan time was 64, and resolu-
tion was 4. Samples for this analysis were prepared 
in a 1:200 mass ratio where KBr is the diluent. The 
FTIR spectra was detected in the spectral range be-
tween 400 cm-1 and 4000 cm-1. The sample was char-
acterized in a powder state in the atmosphere of ni-
trogen gas. 

1H and 13C-NMR 
The 1H and 13C NMR analysis were performed 

using a Varian Unity INOVA 500 in D2O media at 
298 K. The solvent contained reference standard 1 
wt. % DSS (4,4-dimethyl-4-silapentane-1-sulfonic 
acid). The concentrations of sample were 10 mg and 
30 mg of sample per 1 g of solvent for 1H-NMR and 
13C-NMR analysis accordingly. 

Flocculation Measurements
For flocculation experiments, a 0.5 wt. % solu-

tion of bentonite with effective diameter 158.43 nm 
was prepared. The commercial bentonite received 
from Sigma Aldrich Inc. has following composition 
(Table 1):

Table 1 – Composition of Sigma-Aldrich bentonite

Components Al2O3 SiO2 TiO2 Fe2O3 MnO CaO K2O MgO Na2O P2O5 SO3

Wt. % 21 60.5 0.153 3.83 0.009 1.02 0.318 2.76 2.11 0.04 0.74
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Flocculants were purified by using dialysis tub-
ing with a MW cut-off 1200 Da. Flocculation of sus-
pensions were done in 40 ml graduated cylinders. 
Suspension of bentonite was tested at 3 different 
acidic pH’s (2, 3, 4) and with original polymer with-
out adding acid. For analysis two polymers were se-
lected with initial monomer concentrations of 80:20 
(0.2% APS) and 95:5 (0.03% APS). Dosage of floc-
culant solution varied from 1 ml to 7 ml per 40 ml of 
bentonite solution, where polymer concentration was 
0.1 wt. %. All flocculation experiments lasted 4 hours 
before measurement of residual turbidity and zeta po-
tential of supernatant of treated suspension. 

Residual Turbidity of supernatants of treated sus-
pension was measured by recording optical density 
before treatment and after treatment. For performing 
this experiment, the spectrophotometer Genesys 6 
(USA) was set for 740 nm wavelength and deionized 
water was used as a reference standard. The residual 
turbidity of treated samples was found using the fol-
lowing formula (1): 

�� � ������
������

∗ 100% ,  
  

                     (1)

where OD740s is optical density of supernatant and 
OD740i is optical density of initial suspension. 

Determination of zeta-potentials of treated solu-
tions

Zeta potentials of both suspension and superna-
tant of treated samples were measured in Brookhaven 
Nano Omni. An eluent solution of potassium chlo-
ride (0.1M) was used. The sample for zeta-potential 
measurement was prepared by adding one drop of 
supernatant to the 20 ml eluent which was filtered 
with a 0.1-micron syringe filter. The mixture was ho-
mogenized by sonicating for about 10 seconds. Af-
terwards, 3 ml of this mixture was placed in a plastic 
BI-SCP cell which was rinsed with the same mixture 
twice beforehand. All zeta potential measurements 
were performed at 298.15 K. The zeta potential of 
bentonite which was received from Sigma Aldrich 
doesn’t change significantly with the changing sus-
pension pH [16].

Since the zeta potential of bentonite changes 
with pH, it is essential to find out its zetapotential 
and isoelectric point for flocculation tests (2-4). The 
zeta potential of samples was calculated using the 
Smuluchovski model which has following formula 
(2): 

,  
  

                             (2)

where μe is electrophoretic mobility, ϵ is permittivity 
of vacuum and η is viscosity of liquid. 

 Scheme 1 – Possible reactions in the copolymerization of DADMAC with VEMEA

Scheme 2 – Interaction of amine group of the copolymer with hydrochloric acid
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Results and Discussion 

We plan to synthesize a copolymer of DAD-
MAC and VEMEA which not only provides densely-
packed positive ions, but also increases the collec-
tion efficiency of flocculants based on our hypothesis 
mentioned previously (scheme 1 and 2). As men-
tioned in our previous publication [15], the copoly-
mer based on DADMAC and VEMEA may have two 
possible molecular structures where DADMAC po-
lymerizes either by forming a five-membered cycle 
or a pendant group with double bond (Scheme 1). In 
the latter case, the pendant group with a double bond 
at high temperature can cause partial cross-linkage 
[17]. Additionally, the cross-linking degree increases 
with increasing initiator concentration in the initial 
reaction mixture.

The resulting copolymers from the above reac-
tion were further characterized by both NMR and 
FTIR. For the 1H-NMR, 13C-NMR and FTIR spectra 
analyses, the copolymer with initial monomer ratio 
of 80:20 with 0.2 wt.% initiator was selected. The 

1H-NMR spectrum (Figure 1) after purification with 
dialysis tubing still shows multiplet signals at rang-
es 5.89-5.90 ppm and 5.52-5.60 ppm which belong 
to hydrogens of carbons with double bonds. As the 
polymer partially cross-linked, the resulting product 
usually sophisticated with ability of water absorp-
tion and showed the presence of singlet 4.66 ppm 
which indicates some bound water due to strong in-
teraction of an amine group with D2O. Multiplets be-
tween 3.00-3.18 ppm corresponds to methyl groups 
which are located at positions 4 and 4’. Peaks at 0 
ppm, 0.50 ppm, 1.5-1.64 ppm, and 2.74-2.77 ppm 
belong to 4,4-dimethyl-4-silapentane-1-sulfonate 
which is a reference standard as the solvent. As 
hydrogens in the amine group of the vinyl ether of 
monoethanolamine are replaced with hydrogens of 
deuterated water, it is not possible to see hydrogens 
belonging to the amine group in 1H-NMR spectrum 
of the copolymer. Another important thing which is 
worthwhile to mention is the singlet corresponding 
to 3.69 ppm belongs to the peaks of hydrogens on 
positions 3 and 3’. 

Figure 1 – 1H-NMR spectra of poly (DADMAC-VEMEA 80:20 (0.2% in.))
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Figure 2 – 13C-NMR spectra of poly (DADMAC-VEMEA 80:20 (0.2% in.))

At the same time, it coincides with the peak of 
hydrogens on position 7, which makes it difficult to 
prove the involvement of VEMEA in the copolymer-
ization. The rest of the peaks on 1.38 ppm and 1.18 
ppm belong to hydrogens at positions 1, 1’, 5, 9’. In 
the case of cyclo-structure of DADMAC, hydrogens 
in positions 2 and 2’ can be located in such a way to 
form cis-trans isomers of the monomer unit, so the 
peaks 2.56 ppm and 2.14 ppm correspond to hydro-
gens which are trans and cis isomers of the monomer 
accordingly. The peak 2.56 ppm also covers the hy-
drogens on position 10. 

In 13C-NMR spectrum (Figure 2), peaks at 0 ppm, 
17.62 ppm, 21.77 ppm, and 57.07 ppm belong to the 
reference standard. The peaks at positions of 29.17 
ppm (1 and 1’ carbons), 40.81-41.27 ppm (2 and 2’ 
carbons), 52.03 ppm (4 and 4’ carbons), and 72.97 
ppm (3 and 3’ carbons) can be interpreted as signals 
of the carbons of the DADMAC unit. The copolymer 
containing carbons with double bonds shows singlets 
on position 126.91ppm and 131.68 ppm correspond 
to CH2=CH- group of DADMAC. In the case of the 
VEMEA monomer, the carbon at position 10 which 

is attached to the amine group appears at 46.11 ppm. 
Other peaks at 56.60-57.07 ppm and 68.69 ppm are 
characteristic to an ether group, indicating carbons at 
positions 6 and 7 correspondingly. The last peaks in 
the range 54.75-55.11 ppm belong to the carbon at 
position 5.

The FTIR spectrum of the copolymer (Figure 3) 
is clearer and easier to interpret for proving VEMEA 
involvement. The broad peak at 3434.2 cm-1 corre-
sponds to the O-H and N-H stretching vibration. As 
mentioned above, water peaks show up because of 
material hygroscopicity. The broad peak observed 
at 1629.6 cm-1 is assigned to the scissoring of amine 
groups and the stretching vibration of C=C. The sig-
nal for the double bond in the copolymer can be ob-
served at peak 800 cm-1, which was identified as the 
out of plane bending of =CH2. Peaks at 2868.7 cm-1, 
2931,7 cm-1, 2987.1 cm-1 belong to the stretching vi-
brations of CH3, CH2, and CH functional groups. The 
signal at 1472.9 cm-1 is related to the interaction of 
counterions in DADMAC unit [18]. The C-O stretch-
ing vibration of the VEMEA group corresponds to 
the broad peak at position 1037.7 cm-1.
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The selection of copolymer with a different por-
tion of VEMEA monomer is rationalized by the influ-
ence of the VEMEA unit on the flocculation ability of 
the copolymer based on our hypothesis. PolyDAD-
MAC is a very popular flocculating agent in differ-
ent areas of industry [13, 19-20]. The effect of cross 
linkage on the flocculating quality of the copolymer 
is another thing worth mentioning about the copoly-
mer of DADMAC. PolyDADMAC itself is a cationic 
polymer and is partially cross linked, so it swells at 
low pH [21]. At the same time, VEMEA reacts with 
acid-giving cations in aqueous media (Scheme 2). In 
overall, acidic media is preferred for the flocculation 
process with synthesized copolymers. 

Poly (DADMAC-VEMEA 80:20) (0.2% in.) 
is characterized with a higher content of VEMEA 
which gives a better effect at the lowest pH (Figure 
4). As initiator amount increases, the resulting co-
polymer contains higher cross-linkage and a higher 
content of VEMEA. As bentonite itself is stable at 
acidic pH, the efficiency of the copolymer at lower 
pH is only ascribed to the mentioned copolymer be-
haviors at lower pH. From the graph, it is shown that 
this copolymer works best at pH 2 in a 4-ml dosage. 

Poly (DADMAC-VEMEA 95:5) (0.03% in.) 
shows the best flocculation performance at pH 4 
(Figure 5), which is related to less cross-linkage as 
the polymer was synthesized with lower initiator 

concentration with respect to the previous one. Also, 
it doesn’t have much VEMEA, which is sensitive to 
acid presence. The polymer also has a higher molecu-
lar weight because of decreased initiator concentra-
tion. This copolymer works best at pH 4 with a 3-ml 
dosage, which shows that the copolymer with a high-
er molecular weight is preferred for the flocculation 
process. It was assumed that this copolymer, because 
of its higher molecular weight, swells in such a way 
that during attachment to bentonite particles, it pre-
cipitates earlier before becoming neutral. 

Pure solution of the above two copolymers works 
in the same way, but better efficiency was observed 
for the second one because of the higher molecular 
weight. Both samples in the case of pure copolymer 
solution show destabilization of suspension with a 
higher dosage of flocculant because of repulsion be-
tween copolymers in the solution [25-27, 29, 31]. 
From the zeta-potential measurements (Figure 6), it 
becomes clear that Poly (DADMAC-VEMEA 80:20 
(0.2% in.)) at pH 2 is more effective in terms of qual-
ity of supernatant and dosage amount than the pure 
solution of Poly (DADMAC-VEMEA 95:5 (0.03% 
in.)). Consequently, we can be more confident that 
the copolymer with some degree of cross-linkage 
and some amount of VEMEA monomer at lower pH 
works better than the copolymer with less cross-link-
age and decreased amounts of theVEMEA unit. 

Figure 3 – FTIR spectra of poly (DADMAC-VEMEA 80:20 (0.2% in.))
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Figure 4 – Flocculation property of poly (DADMAC-VEMEA 80:20 (0.2% in.))

Figure 5 – Flocculation property of poly (DADMAC-VEMEA 95:5 (0.03% in.))

Considering the above results obtained from floc-
culation experiments, we can propose a flocculation 
mechanism. Based on the widely accepted three floc-
culation mechanisms [22], two mechanisms can be 
used to explain the flocculation of bentonite suspension 
with DADMAC-VEMEA copolymer, which are charge 
neutralization and polymer bridging mechanisms (Fig-

ure 7). At low pH the VEMEA unit in the copolymer 
gains a positive charge in addition to DADMAC, which 
makes the copolymer more positively charged. 

As copolymers are cross-linked in some degree 
and swell under acidic pH, they overlap the suspend-
ed bentonite particles which precipitate due to gravi-
tational force [28, 30].
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Conclusion

From the results of performed experiments it 
can be concluded that the flocculation ability of poly 
(DADMAC) homopolymer can be improved by add-
ing a VEMEA unit to the polymer chain and making 
the copolymer partially crosslinked. As mentioned 
above, the VEMEA monomer becomes positively 
charged in acidic media, which is preferred in waste-
waters containing negatively charged mechanical par-
ticles, and the optimized cross linkage degree of the 
copolymer help to overlap large areas by the floccu-
lant, which initiates flocculation by bridging mecha-
nism. The copolymerization of DADMAC with a VE-
MEA-containing primary amine has big potential in 
developing effective flocculants, which can be utilized 
in the primary steps of wastewater purification, and at 

the same time partial cross linkage of the copolymers 
yield purified water with less residual polymer. 
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Chemical Constituents of Artemisia sublessingiana

Abstract. One of the main interests of research in the field of medicinal plants is based on the results of 
potentially active properties of medicinal plants, one of which is current plant – Artemisia sublessingiana 
known among the locals in Kazakhstan and other Central Asian countries as having healing properties. 
Definitely, detailed chemical constituents of this herb have not been explored yet. In this study, we have 
investigated the main bioactive contents of the whole plant A. sublessingiana in terms of its moisture content 
(10.00 %), total ash (12.42 %), and extractives (22.88 %), also have analyzed the chemical constituents. 
Therefore, eleven macro- and microelements were identified in the ash of A. sublessingiana by using the 
method of multi-element atomic emission spectral analysis, and the main elements were K (47.310 %), 
Ca (41.910 %), Fe (4.984 %), Zn (0.126 %), and Mg (0.3475 %). Moreover, 8 fatty and 20 amino acids 
were identified from the further chemical investigation of the medicinal plant. Among of them, linoleic 
acid and oleic acid were recorded as the main components of fatty acids at C18:2 (69.1 %) and C18:1 (18.3 
%) respectively, while glutamate, aspartate and alanine were the major contents of the amino acids at 640 
mg/100 g, 1120 mg/100 g and 890 mg/100 g respectively. 
Key words: Artemisia sublessingiana, bioactive constituents, macro-micro elements, GC-MS.

Introduction

Artemisia sublessingiana is a flowering plant of 
the family Compositae (Asteraceae).Within this fam-
ily, Artemisia is included in the tribe Anthemideae 
and comprises over 500 species, which are mainly 
widespread found in Asia, Europe and North Amer-
ica. Asia has the greatest concentration of Artemisia 
species, with 150 accessions for China, 174 in the 
ex-USSR, about 50 reported for Japan, 35 species in 
Iran and 81 species of the genus found in Kazakh-
stan [1-3]. The genus Artemisia is known for its 
medicinal and aromatic properties, and used for the 
production of essential oils beneficial in medicine, 
food and cosmetics. Based on the phytochemical and 
pharmacological studies, Artemisia is a valuable me-
dicinal source with neuroprotective, gastroprotective, 
anti-oxidative, anti-inflammatory, and anti-cancer 
effects. Farther, extensive studies on the chemical 
compounds composition of Artemisia have led to 
the identification of bioactive flavonoids, coumarins, 
sesqueterpen lactones, oxygenated monoterpenes, 
and sesquiterpenes [4-6]. 

Humans with inadequate or monotonous nu-
trition, poor quality of drinking water, decreased 
amount of mineral substances due to bleeding, dis-
ease, alcohol and some drugs that bind or cause loss 
of trace elements are the main causes of the lack of 
the biologically necessary essentials. At the same 
time, humans and animals can only acquire the ir-
replaceable essential nutrients (for example: niacin 
or choline) by feeding on plants or plant-based prod-
ucts. [7] . Minerals, amino acids, fatty acids and vita-[7] . Minerals, amino acids, fatty acids and vita- . Minerals, amino acids, fatty acids and vita-. Minerals, amino acids, fatty acids and vita-
mins are the essential nutrients for humans.

The importance of obtaining “mineral salts” with 
food lies in the fact that these elements are part of 
the enzymes and other substances necessary for the 
body – participants in biochemical reactions. Con-
sequently, in order to maintain optimal health, ap-
propriate levels of consumption of certain chemi-
cal elements are required. Minerals are extensively 
divided into major minerals (macro-minerals) and 
trace minerals (micro-minerals). Major minerals in-
clude calcium (Ca), magnesium (Mg), potassium 
(K), and iron (Fe) among others [8]. As a result of 
the deficiency of essential amino acids in the human 
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body, synthesis of proteins is violated, which leads 
to weakening of memory and mental abilities, and a 
decrease in immunity (resistance of the organism to 
diseases) [9]. Essential fatty acids are important for 
the cardiovascular system: they inhibit the develop-
ment of atherosclerosis, improve blood circulation, 
and have cardio protective and antiarrhythmic action. 
Polyunsaturated fatty acids reduce inflammatory 
processes in the body and improve the nutrition of 
tissues. The daily human need is estimated at 5-10 
grams [10-11]. All essential amino acids, fatty acids 
and minerals can be found in plants and plant-based 
foods. A suitable combination of vegetarian or vegan 
products provides a person with a sufficient amount 
of essential nutrients [12-15]. 

Herbal application of species Artemisia as a 
treatment tool have been known around from imme-
morial time with many of them being tested through 
several generations because of widely distributed 
genus of the plant family Asteraceae. Nowadays, 
Artemisia species are an estimable source of ses-
quiterpenes, essential oils and other pharmacologi-
cal active compounds which have been reported to 
carry various biological activities including, anti-
tumor, anti-oxidant, antibacterial, anti-viral, anti-
fungal, anti-cancer and to possibly solve some seri-
ous disease [16-17]. In addition, modern research 
in various fields of science, beside medicine, find a 
unique application of species Artemisia as a depu-
rative, disinfectant, insecticidal anti-feedant, diges-
tive and counteracting agent to insect poison [18-
20]. However, most species of Artemisia have not 
been fully explored.

In current study has been made the investigation 
of chemical constituents, in intent to determine the 
amount of essential substances as a natural source 
from Kazakh medicinal plant of A. sublessingiana 
grown in Almaty region of Kazakhstan for the first 
time.

 
Materials and Methods 

A. sublessingiana plants were collected in Sep-
tember 2017 at Kapchagay Lake of Almaty region, 
Kazakhstan and identified by Dr. Alibek Ydyrys. 
Voucher specimens (9358-S) were deposited in the 
Herbarium of Laboratory Plant Biomorphology, Fac-
ulty of Biology and Biotechnology, Al-Farabi Ka-
zakh National University, Kazakhstan. 

The quantitative and qualitative analysis of the 
biologically active constituents of the plant were 
carried out according to the methods reported in the 
State Pharmacopeia XI edition techniques.

The elemental constituents of the ash of A. subless-
ingiana were analyzed using multi-element atomic 
emission spectral analysis method in Shimadzu 6200 
series spectrometer. These experiments were carried 
out in the “Center of Physico-Chemistry methods of 
research and analysis” of the Republican State Enter-
prise Kazakh National Al-Farabi University. 

To determine the amino acid composition, ere-
now of the raw material was made using GC/MS 
device. GC-MS analysis involves the test of the 
aerial part of A. sublessingiana by Gas Chromato-
graph coupled with Mass Spectrometer using polar 
mixture of 0.31% carbowax 20 m, 0.28% silar 5CP 
and 0.06% lexan in chromosorb WA-W-120-140 
mesh column (400x3mm). The column temperature 
was programmed from 110 °C (held for 20min) at 
6°C/min from 110 °C to 180 °C at 32 °C /min from 
185  °C to 290 °C. When it reached 250 °C, it was left 
to stay constant till the end of the output of all amino 
acids. 

To determine the fatty acid composition of the 
raw material, dried plant extract of A. sublessingiana 
was extracted with a chloroform-methanol mixture 
(2: 1) for 5 minutes, the extract was filtered through 
a paper filter and concentrated to dryness. Then, to 
taken extract add 10 ml of methanol and 2-3 drops 
of acetyl chloride and undergo further methylation 
at 60-70° C in a special system for 30 minutes. The 
methanol was removed by rotary evaporation and the 
samples were extracted with 5 ml of hexane and ana-
lyzed for 1 hour using a gas chromatograph «CAR-
LO-ERBA-420» allocated in the Kazakh Academy 
of Nutrition. As a result, chromatograms of methyl 
esters of the fatty acids were obtained. 8 fatty acids 
were identified, by comparison with authentic sam-
ples by the time of exit from column.

Results and discussion

The moisture content (10.00 %), total ash 
(12.42  %), extractives (22.88 %) and the quantita-
tive-qualitative contents of the biologically active 
constituents of the aerial parts of A. sublessingiana 
were determined (Table 1). Ash content makes it 
possible to judge the content of organic and mineral 
substances in the sample qualitatively. As a rule, the 
lower the content of organic substances, the higher 
the ash content. The content of the ash substances 
reveals the dependence on the properties of the test 
sample to certain organs and tissues of plants. Thus, 
the proportion of the ash component is high in tis-
sues rich in catalytically active proteins using activa-
tor ions and ions in the cytosol composition. Mois-
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ture content is mostly water, with its participation, 
the dissolved nutrients enter the plant through the 
roots and move from one cell to another, in the aque-
ous medium, electrolytic dissociation of these com-
pounds occurs and the assimilation of ions containing 
the necessary elements of mineral nutrition by plants. 

The percentage of extractives gives an idea about the 
content of metabolic substances in the organic ex-
tract of the plant; this is the total amount of phenolic 
compounds, terpenes, and polysacharides, together 
with coumarins, sesqueterpen lactones, oxygenated 
monoterpenes, and sesquiterpenes. 

Table 1 – Quantitative analysis of the main bioactive contents of A. sublessingiana

Contents, %

Moisture content Ash Extractives Organic acids Flavonoids Duplicates

10.00 12.42 22.88 0.446 0.057 0.60

In the present study, eleven macro-, micro-
elements such as K (47.310 %), Ca (41.910  %), 
Fe (4.984 %), Zn (0.126%), Mg (0.347 %), Cu 
(0.081  %), Cd (0.010 %), Pb (0.060 %), Ni (0.00720 
%), Mn (0.347 %), and Na (4.890) were deter-
mined in the ash of A.sublessingiana (Table  2). 
Trace elements are necessary for living organisms 
to ensure normal life activity. With a lack of potas-
sium, there are disruptions in the work of the heart 
and skeletal musculature. Prolonged potassium 
deficiency can cause acute neuralgia. Prolonged 
deficiency of calcium and vitamin D in the diet 
leads to an increased risk of osteoporosis, and in 
infancy causes rickets. In living organisms, iron is 
an important microelement that catalyzes the pro-
cesses of oxygen exchange (respiration). The main 

intracellular depot of iron is the globular protein 
complex – ferritin. Lack of iron is manifested as 
a disease of the body: chlorosis in plants and ane-
mia in animals. Zinc is essential for the production 
of sperm and male hormones, is essential for the 
metabolism of vitamin E, important for the normal 
functioning of the prostate, involved in the synthe-
sis of various anabolic hormones in the body in-
cluding insulin, testosterone and growth hormone, 
and necessary for the breakdown of alcohol in the 
body, alcohol dehydrogenase. Magnesium is nec- Magnesium is nec-Magnesium is nec-
essary in maintaining the normal function of the 
nervous system and heart muscle, has a vasodila-
tion effect, stimulates bile secretion, and increases 
the motor activity of the intestines, which helps to 
eliminate cholesterol from the body.

Table 2 – Composition of macro-micro elements from the ash of A. sublessingiana

Element Cu Zn Cd Pb Fe Ni Mn K Na Mg Ca

% 0.0810 0.126 0.010 0.060 4.984 0.0072 0.347 47.31 4.89 41.91 10.82

In the composition of amino acids mainly was 
glutamate (2640 mg/100g), aspartate (1120 mg/100g) 
and alanine (890 mg/100g) (Table 3). Glutamic acid 
is used as a chiral building block in organic synthe-
sis, in particular, the dehydration of glutamic acid 
leads to its lactam-pyroglutamic acid (5-oxoproline), 
which is a key precursor in the synthesis of unnatural 
amino acids, heterocyclic compounds, biologically 
active compounds and so forth. Aspartate itself and 

its salts are used as components of medicines. For 
example, the drug containing aspartate of potassium 
and magnesium, is used in the therapy of cardiovas-
cular disorders. α-Alanine is part of many proteins, 
β-alanine is part of a number of biologically active 
compounds. Alanine is easily converted into the liver 
in glucose. This process is called the glucose-alanine 
cycle and is one of the main ways of gluconeogenesis 
in the liver.
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Table 3 – Amino acid contents of A. sublessingiana

№ Amino acids Molecular 
formula Structure MW Amount in plant, 

mg/100g

1 Alanine C3H7NO2 89 890

2 Glycine C2H5NO2 75 452

3 Leucine C6H13NO2 131 420

4 Isoleucine C6H13NO2 131 390

5 Valine C5H11NO2 117 342

6 Glutamate C5H9NO4 147 2640

7 Threonine C4H9NO3 119 320

8 Proline
C5H9NO2

115 760

9 Methionine
C5H11NO2S

149 115

10 Serine C3H7NO3 105 372
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№ Amino acids Molecular 
formula Structure MW Amount in plant, 

mg/100g

11 Aspartate
C4H7NO4

133 1120

12 Cysteine C3H7NO2S 121 56

13 Oxyproline C5H9NO3

 

131 7

14 Phenylalanine C9H11NO2 165 326

15 Tyrosine C9H11NO3 181 354

16 Histidine C6H9N3O2

 

155 270

17 Ornithine
C5H12N2O2

132 2

18 Arginine C6H14N4O2 174 486

19 Lysine C6H14N2O2 146 318

20 Tryptophan C11H12N2O2 204 100

Continuation of table 3
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Results of determining the quantitative compo-
sition of the fatty acids showed that in A. subless-
ingiana from the major contents were: linoleic acid 
C18:2 (69.1%) and oleic acid C18:1 (18.3%) (Table 4). 
Palmitic acid is used in the production of stearin, de-
tergents, cosmetics, lubricating oils and plasticizers; 
calcium palmitate is used as a component of the com-

positions for hydrophobization of tissues, skin, wood, 
emulsifier in cosmetic preparations, and lubrication 
in the production of tablets. Increased consumption 
of linoleic acid associated with dietary recommenda-
tions may reduce the risk of cardiovascular disease. 
Linoleic acid has a long-term positive effect on the 
prevention of type 2 diabetes mellitus.

Table 4 – Fatty acid contents of A. sublessingiana

№ Fatty acids Molecular 
formula Structure MW Amount in plant, 

%

1 Meristic acid C14:0 C14H28O2  
228 0.7

2 Pentadecanoic acid C15:0 C15H30O2 242 1.2

3 Palmitic acid C 16:0 C16H32O2 256 5,7

4 Palmitoleic acid C16:1 C16H30O2

 

254 0.3

5 Stearin acid C18:0 C18H36O2 284 4.2

6 Oleic acid C18:1 C18H34O2

 

282 18.3

7 Linoleic acid C18:2 C18H32O2 280 69.1

8 Linolenic acid C18:3 C18H30O2 278 0.5

Conclusion

In conclusion, we investigated the main bioactive 
chemical contents of the whole plant Artemisia sub-
lessingiana in terms of its moisture content (10.00 
%), total ash (12.42 %), and extractives (22.88 %) 
as well as identified the composition of the macro- 
and microelements from its ash. Eleven macro- and 

microelements in the ash of A. sublessingiana were 
analyzed using the method of multi-element atomic 
emission spectral analysis in the “Center of Physico-
Chemistry methods of research and analysis”, and 
the main elements were K (47.310 %), Ca (41.910 
%), Fe (4.984 %), Zn (0.126 %), Mg (0.347 %). Far-
ther, 8 fatty and 20 amino acids were identified from 
the chemical investigation of the medicinal plant. 
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Moreover, Linoleic acid C18:2 (69.1%) and oleic acid 
C18:1 (18.3 %) were recorded as the main components 
of the fatty acids, while glutamate (2640 mg/100g), 
aspartate (1120 mg/100g) and alanine (890 mg/100g) 
were determined as the main amino acid components.
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Development of a method for isolating carotenoids from tomato mass

Absract. The article discusses a method for isolating carotenoids from tomato paste unsuitable for use in 
the food industry. It is known that the content of lycopene in tomatoes of various varieties varies in wide 
ranges, therefore, to obtain a natural preparation of lycopene, it is necessary to select varieties of tomatoes 
with its high content. Carotenoids are practically the only and relatively affordable source of vitamin A 
(retinol), and in most cases, their use does not lead to an overdose of this vitamin. It should also be noted 
that despite the wide range of biological activity of carotenoids and the fact that the substances of this 
class are non-toxic, readily available and relatively cheap to obtain, only some foreign medicines based 
on β-carotene are known (usually in combination with vitamins E and C). However, the development of 
effective means of drug therapy based on this class of compounds requires a detailed comparative study of 
their biological activity. Currently, carotenoids such as beta-carotene, lycopene, lutein, and astaxanthin have 
been widely used as biologically active components. This is due to their antioxidant, immunostimulating, 
anticarcinogenic and other features. The difficulty of isolating carotenoids is that representatives of this 
class in the plant world are in the form of associates with various biopolymers. One of the important organic 
compounds of natural origin is a fat-soluble carotenoid – lycopene. It is a tetraterpene, which consists of 
eight isoprene units, a valuable food coloring and antioxidant. The special value of lycopene is that, being 
a strong antioxidant, it effectively helps to reduce the concentration of harmful cholesterol in the blood. 
Taking lycopene, a person enhances his defense related to the violation of acid-base balance in the body, as 
well as problems of the prostate and potency. Also, according to several studies, lycopene can slow down 
the aging process. We have developed a method for the isolation of lycopene and β-carotene from the 
tomato mass, selected the optimal extraction conditions. Of all the tested solvents, the optimal extractants 
were: methyl chloride, acetone and chloroform, since the carotenoids are most completely extracted in 
these solvents. The extraction process, the amount of carotenoids from the tomato mass was carried out 
by hot maceration. Also, methods of standardization of isolated substances have been developed; UV-
spectrometry has been selected as the most convenient and sufficiently accurate method.
Key words: tomato masses, carotenoids, lycopene, extraction, UV spectrometry

Introduction

Currently, it is well known that reactive oxygen 
species and free radicals are actively involved in 
the pathogenesis of many diseases. The flow of free 
radical reactions in the lipid phase of biomembranes 
leads to a violation of their physicochemical proper-
ties and changes in the operation of membrane en-
zyme systems.

Under normal conditions, aerobic organisms are 
protected from such effects by the coordinated func-
tioning of various antioxidant systems, as well as a 
certain correspondence between the rates of meta-
bolic processes and catabolism occurring in the cell. 

However, during shifts in the stationary course of 
radical processes, the modulation of the antioxidant 
status of the organism is required. In this regard, a 
great interest has recently manifested itself in carot-
enoids – natural pigments synthesized by plants and 
microorganisms.

Carotenoids are organic compounds made up of 
eight isoprene fragments. The activity of carotenoids, 
as antioxidants, is associated with the presence of a 
functional polyene chain in them. The main func-
tion of carotenoids in the plant cell is to protect its 
structures from the damaging effects of free radicals 
formed during photosynthesis. In animals, carot-
enoids are not synthesized in vivo; however, when 
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ingested with a plant diet and involved in cell me-
tabolism, they exhibit a certain biological activity. In 
addition to the provitamin function recently detected 
in P-carotene and other carotenoids, antioxidant ac-
tivity helps to explain their role in preventing the de-
velopment of cataracts, radiation damage, the occur-
rence and development of cardiovascular diseases, 
and in inhibiting mutagenesis and transformation of 
eukaryotic cells [1].

Carotenoids are practically the only and rela-
tively affordable source of vitamin A (retinol), and 
in most cases their use does not lead to an overdose 
of this vitamin, because the synthesis of retinol dur-
ing the metabolism of carotenoids is enzymatically 
limited [2].

It should also be noted that despite the wide range 
of biological activity of carotenoids and the fact that 
the substances of this class are non-toxic, readily 
available and relatively cheap to obtain, only some 
foreign medicines based on β-carotene are known 
(usually in combination with vitamins E and C ).

In the Republic of Kazakhstan, drugs, both on the 
basis of β-carotene, the most popular representative 
of the carotenoid class, and on the basis of its struc-
tural analogues, do not exist. Along with this, it is 
known that other carotenoids similar in structure to 
β-carotene, such as astaxanthin, canthaxanthin and 
lycopene, are stronger antioxidants [1].

However, the development of effective means of 
drug therapy based on this class of compounds re-
quires a detailed comparative study of their biologi-
cal activity.

Currently, carotenoids such as beta-carotene, 
lycopene, lutein, and astaxanthin have been widely 
used as biologically active components. This is due 
to their antioxidant, immunostimulating, anticarcino-
genic and other features.

The body’s need for a rational and balanced 
diet increases dramatically. An important role in the 
regulation of metabolic processes is played by such 
components of foodstuffs as biologically active lip-
ids, and, in particular, carotenoids. Existing methods 
for the isolation of drugs – the amount of carotenoids 
from plant materials are few. The difficulty of iso-
lating carotenoids is that representatives of this class 
in the plant world are in the form of associates with 
various biopolymers. One of the important organic 
compounds of natural origin is a fat-soluble carot-
enoid – lycopene. It is a tetraterpene, which consists 
of eight isoprene units, a valuable food coloring and 
antioxidant. The presence of 11 conjugated double 
bonds causes the light-absorbing property of lyco-
pene and its ability to easily oxidize, therefore, dur-
ing the oxidation of lycopene, epoxides of different 
composition are formed. Lycopene absorbs all wave-
lengths of visible light, so it has a red color [3].

Lycopene

The special value of lycopene is that, being a 
strong antioxidant, it effectively helps to reduce the 
concentration of harmful cholesterol in the blood. 
Taking lycopene, a person enhances his defense 
related to the violation of acid-base balance in the 
body, as well as problems of the prostate and poten-
cy. Also, according to several studies, lycopene can 
slow down the aging process. The main function of 
lycopene in the human body is antioxidant. Reduc-
ing oxidative stress slows down the development of 
atherosclerosis, and also provides DNA protection 
that can prevent oncogenesis. The consumption of 
lycopene, as well as lycopene-containing products 
leads to a significant decrease in markers of oxidative 
stress in humans. Lycopene is the most powerful an-

tioxidant carotenoid present in human blood. Several 
pilot studies suggest a signaling role for lycopene in 
relation to certain cell cultures. In particular, it is as-
sumed that lycopene can slow down cell proliferation 
as a signal metabolite [3-7].

Lycopene – refers to carotenoids and is synthe-
sized by plants, algae and fungi. It has a thick pink 
color, turning into a purple hue, which is of great 
interest for the food industry, which is in dire need 
of natural harmless dyes of this hue. The use of ly-
copene for imparting pink color to food products 
provides them with an improved presentation and al-
lows you to simultaneously enrich the products with 
valuable biological properties that contribute to the 
preservation of health [8-9].
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Materials and methods 

Tomato mass has a dark red color, with a specific 
smell.

The object of study is tomato paste with expired 
shelf life, prepared according to the following pro-
cedure:

Tomato paste was dried at room temperature for 
10 days;

the resulting product has a burgundy color. Fig-
ure 1 shows the object of study.

 

Figure 1 – Dried Tomato Mass

Selection of conditions for the isolation of carot-
enoids: To isolate carotenoids from the tomato mass, 
work was carried out to select the optimal extractant.

For the extraction process we have chosen the 
following solvents: Acetone, hexane, ethanol, chlo-
roform and methylene chloride

The extracts were prepared according to the fol-
lowing procedure: A tomato (exact weight) mass and 
extractant were placed in a 25 ml flask in a ratio of 
1:5, then the flasks were closed and placed in a cabi-
net without sunshine for 24 hours.

The extract obtained after infusion must be fil-
tered from the insoluble fraction.

Then the obtained extracts need to be placed in 
porcelain cups brought to constant weight and the ex-
tractant is completely evaporated, then, based on the 

weight of the dry residue, to calculate the proportion 
of extractives.

In parallel, according to a similar method, sam-
ples are prepared for qualitative and quantitative 
analysis by spectrometry and thin layer chromatog-
raphy.

Carotenoid separation and lycopene detection in 
the proposed extracts: To this end, we have carried 
out work on the selection of systems for dividing the 
sum of carotenoids. The following solvents were used 
to prepare the systems: chloroform, hexane, acetone, 
ethyl, butyl alcohol, methyl chloride and acetic acid.

The deceleration rate (Rf) is determined - a char-
acteristic of the relative speed of movement of a 
component in a thin layer (also known as retention 
coefficient (Rf) in planar chromatography). The de-
celeration factor is equal to the ratio of the distance 
from the sample application point to the center of 
the adsorption zone and the distance traveled by the 
solvent front from the sample application point. For 
chromatography, we used the solvent systems hexane 
- acetone and hexane - chloroform.

In addition, a quantitative analysis of carotenoids 
and lycopene was performed by UV spectrophotom-
etry by the following method:

Approximately 1 g (exact mass) of the drug is 
dissolved in a mixture of these solvents in a 50 ml 
volumetric flask, diluted to the mark with the same 
mixture and stirred.

The optical density of the solution is measured 
at a wavelength of 450 nm in a cuvette with a layer 
thickness of 10 mm, using as a reference solution a 
mixture of hexane-ethyl alcohol 96%.

In parallel, measure the optical density of the so-
lution with potassium dichromate.

Results and discussion

The results of the study of the extract content 
of substances from the tomato mass and data on the 
qualitative composition of carotenoids are presented 
in table 1 and in figure 2.

Table 1 – The effect of solvents on the quality of the extraction of carotenoids in tomato mass

Solvents
Indicators

The amount of 
extractives , % Carotenoids Lycopene Terpenes and other 

classes of compounds
Acetone 33,15  + +  + + + + +
Ethanol 34,20 + + ++ + 
Hexane 30,35 + + ++ +
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Solvents
Indicators

The amount of 
extractives , % Carotenoids Lycopene Terpenes and other 

classes of compounds
Chloroform 34,45 ++ ++ +++

Methyl chloride 38,25 + + + + ++ + ++
Note: “+” intensity of spots on a thin-layer chromatogram

Figure 1 – The yield of extractives from raw materials, depending on solvents

Figure 2 – Analysis of carotenoid concentrate from tomato mass by thin layer chromatography

Of all the tested solvents, the optimal extract-
ants were: methyl chloride, acetone and chloroform, 
since the carotenoids are most completely extracted 
in these solvents.

The extraction process, the amount of carotenoids 
from the tomato mass was carried out by hot maceration.

The basic flow chart of the production of the 
amount of carotenoids from tomato includes the fol-
lowing technological processes (TP):

TP.1 – harvesting plant materials;
TP.2 – drying of vegetable raw materials in a 

ventilated room at a temperature of 200 ° C without 
direct sunlight;

TP.3 – control of the good quality of crushed veg-
etable raw materials;

TP.4 – grinding of plant materials at the mill-
carved type SM 100 comfort with a 5 liter receiver, 
rotor and filter bag to a particle size of 1-2 mm;

TP.5 – supercritical fluid extraction using a Thar 
SFE-1000 instrument;

TP.6 – removal of ballast substances;
TP.7 – final purification (chromatographic analy-

sis) and isolation of the final product.
The extract obtained is concentrated and subject-

ed to chromatography on a thin layer of silica gel.
Carotenoid separation and lycopene detection in 

the proposed extracts. To this end, we have carried 
out work on the selection of systems for dividing the 
sum of carotenoids. The following solvents were used 
to prepare the systems: chloroform, hexane, acetone, 
ethyl, butyl alcohol, methyl chloride and acetic acid.

The deceleration rate (Rf) is defined as a char-
acteristic of the relative speed of movement of a 
component in a thin layer (also known as retention 
coefficient (Rf) in planar chromatography). The de-
celeration factor is equal to the ratio of the distance 

Continuation of table 1
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from the sample application point to the center of the 
adsorption zone and the distance traveled by the sol-
vent front from the sample application point.

Currently, we have studied about 40 systems, of 
which the best were: hexane – acetone (9: 1), hex-
ane – chloroform (9: 1) and it was established that in 

the system hexane – acetone (10: 0.5) lycopene has 
Rf  =  0.62.

In addition, a quantitative analysis of ca-
rotenoids and lycopene was performed by UV 
spectrophotometry.  

The research results are summarized in table 2.

Table 2 – The quantitative content of carotenoids in tomato mass (mg%)

λ, nm β-carotene Lycopene

474 - 13,30

474 - 13,37

474 - 13,36

450 15,14 -

450 14,86 -

450 14,88 -

It was established that at λ = 474 nm, the con-
tent of lycopene is 13.34 mg%, and the content of 
β-carotene at λ = 450 nm was 14.96 mg%.

Conclusions

– Thus, the tomato mass, obtained from tomato 
paste, which has expired, dried under a plaster, at 
room temperature for 10 days. Tomato mass has a 
dark red color, a specific smell.

– Tomato pulp was treated with hexane, ethyl al-
cohol, acetone – ethyl alcohol mixture at a ratio of (5: 
1) and methyl chloride. The most saturated extract is 
obtained by methyl chloride. The number of extrac-
tives in the studied solvents.

– Using the TLC method, a system was selected 
where it is possible to qualitatively determine the 
presence of lycopene and other carotenoids in the 
plant object.

– Quantitative analysis of carotenoids and lyco-
pene was determined by UV spectrophotometry.
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Phytochemical analysis of Petrosimonia sibirica grown in Kazakhstan

Abstract. In this study, complete phytochemical analyses of the component composition of Petrosimonia 
sibirica was conducted for the first time. Phytochemical screening showed the presence of a variety 
of primary and secondary metabolites. The data for quantitative determination of biologically active 
compounds were presented. The qualitative composition of amino, fatty acids of the plant Petrosimonia 
sibirica has been studied by using the method of paper chromatography (PC) and thin-layer chromatography 
(TLC), their quantitative composition of amino, fatty acids have been identified by gas chromatography. 
The composition of 20 amino, 8 fatty acids of Petrosimonia sibirica, family Chenopodiaceae have been 
established. The major amino acids in studied plant were glutamic acid (2.440%), alanine (0.618%), 
aspartic acid (1.254%), arginine (0.405%), tyrosine (0.340%), and proline (0.306%). The dominant fatty 
acids in plant with respect to quantity were oleic (48.3%) and linoleic (26.7%) acids. In order to optimize 
the extraction process technological parameters (extracting solvent, a ratio between solvent and solid plant 
material and process temperature) were selected. The most suitable solvent is 70% ethyl alcohol, solid – 
solvent ratio (1: 6-8), extraction time (3 days), and extraction temperature (20-25 oC). In addition, Kazakh 
species of Petrosimonia sibirica plant are valued as a rich source of saponins and flavonoids. Quercetin 
3-O-β-D-glucopyranoside (isoquercitrin) was isolated from Petrosimonia sibirica. Flavonoid glycoside 
was identified by 1H NMR, 13C NMR, and MS, and compared with the data in the literature. The results 
revealed the presence of medicinally important constituents in the studied plant. Therefore, extracts from 
these plants could be seen as a good source for useful drugs.
Key words: Petrosimonia sibirica, halophytes, amino acids, fatty acids, flavonoids, quercetin 3-O-β-D-
glucopyranoside (isoquercitrin).

Introduction

Despite the intensive growth of medicinal prod-
ucts, plants continue to occupy a significant place in 
the arsenal of medicines, since their lesser side effect, 
accumulation in the body, as well as the effective-
ness in the treatment of certain diseases, have been 
proved. 

The importance of plants is known to us well. The 
flora of the Republic of Kazakhstan has the richest re-
serves of plant resources, but it is not used enough in 
medical practice, which requires more in-depth study 
and introduction into the domestic medicine of effec-
tive medicines derived from plant materials.

Plant cells produce two types of metabolites: 
primary metabolites involved directly in growth and 
metabolism (carbohydrates, lipids, and proteins), and 

secondary metabolites considered as end products of 
primary metabolism and not involved in metabolic 
activity (alkaloids, phenolics, sterols, steroids, essen-
tial oils, lignins, and tannins, etc.). They act as de-
fense chemicals [1]. Secondary metabolites are also 
relevant to medicine and agriculture.

Therefore, the study of the chemical composition 
of the plant materials, development of methods for 
the isolation of biologically active substances and the 
study of biological activity in order to isolate new 
drugs and herbal remedies is an important task.

Plants of the family Chenopodiaceae, which 
occupy the predominant part of the landscape of 
the Republic of Kazakhstan, are of great interest. 
Chemical studies of most plants of this family indi-
cate their high nutritional value. From the literature, 
it is known that plants growing in arid zones have 
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an interesting chemical composition and practical 
significance.

Petrosimonia sibirica (Pall.) Bunge belongs to 
the family Chenopodiaceae, a family comprising of 
probably about 100 genera and 1400 species, which 
is represented in Kazakhstan by 47 genera and 218 
species. There are 11 species of the plant genus Petro-
simonia; 10 of these are indigenous to Kazakhstan. 
Petrosimonia is the basic fodder for camels in the au-
tumn [2, 3]. According to literary studies, phenolic 
compounds, an alkaloid, quinone, lactone, and esters 
have been isolated from plant Petrosimonia sibirica, 
which grown in China [4, 5]. However, there are no 
reports on phytochemical analysis of Kazakh species 
of the plant genus Petrosimonia.

The investigation of the chemical constituents 
from the aerial part of Petrosimonia sibirica was re-
ported for the first time.

Materials and methods

Melting points were determined in open capillary 
tubes on Buchi M-560 melting point apparatus and 
are uncorrected. NMR spectra were recorded using 
CD3ОD as solvent on Avance AV 400 MHz Instru-
ment (Bruker Co., Switzerland). Chemical shifts are 
given in δ (ppm), and coupling constants are reported 
in Hz. The 1H, 13C-NMR and ESI-MS spectra were 
recorded at HEJ Research Institute of Chemistry, 
University of Karachi, Pakistan. Thin layer chroma-
tography (TLC) was performed by using silica gel 
plates Alugram SIL G/UV 254 (Macherey-Nagel, 
Germany) and identification of the spots on the TLC 
plate was carried out by spraying ceric sulfate.

Plant material. The aerial part of Petrosimonia 
sibirica was collected during flowering period from 
saline soils at Karatal district of Almaty region, Ka-
zakhstan. The plant material was taxonomically 
identified, authenticated by professors of botany at 
Institute of Botany and Phytointroduction, Almaty. 
The aerial parts of the plant were air dried, powdered 
to particle size in the range 6.0-8.0 mm, according 
to regulatory documents, sieved, weighed and trans-
ferred into airtight containers with proper labeling for 
future use.

Extraction and Isolation. The air-dried and finely 
powdered aerial parts of the plant (1.0 kg) wad ex-
haustively extracted by maceration for 72 hrs. at 
room temperature with ethanol (70%) till complete 
exhaustion. Extraction is repeated twice. The etha-
nolic extract was concentrated under reduced pres-
sure using rotary vacuum evaporator to obtain a dark 
brown residue (130 g). The combined extract was 

dissolved in a least amount distilled water/alcohol 
mixture (9:1) and successively extracted with hex-
ane, chloroform, ethyl acetate, and n-butanol. Each 
extract was separately evaporated to dryness using 
rotary vacuum evaporator under reduced pressure 
at a temperature not exceeding 45 ºC. Each of the 
obtained fractions was subjected to thin layer (TLC) 
and paper (PC) chromatographic techniques and 
then column chromatography for isolation of its ma-
jor constituents. The ethyl acetate soluble extract of 
Petrosimonia sibirica (28 g) was chromatographed 
on silica gel column using different ratio of chloro-
form and methanol in gradient elution manner fol-
lowed by Sephadex LH-20 with MeOH to yield 17 
mg of compound 1.

Acid hydrolysis of the compound carried by 2% 
HCl on a boiling water bath, while mild acid hydro-
lysis was sampled at a certain time interval. The hy-
drolysis products were identified by m.p., PC, and 
TLC in appropriate solvent systems with authentic 
samples.

Fatty acids analysis. The composition of the sat-
urated and unsaturated carboxylic acids (fatty acids) 
in plants is determined by gas-liquid chromatography 
apparatus Carlo-Erba-4200 using helium as a carrier 
gas, flame ionization detector, carrier gas velocity 30 
ml/min, detector temperature 188 ºC, oven tempera-
ture 230 ºC, adsorbent Cellite 545 on Chromosorb 
WAW. The chloroform extract of plant species is 
added to 10 ml of methanol and 2-3 drops of acetyl 
chloride and then carried out methylation at 60-70 ºC 
in a special system for 30 minutes. Methanol was re-
moved using a rotary evaporator, and the samples are 
extracted with 5 mL of n-hexane and analyzed by gas 
chromatography for 1 hour [6].

Amino acids analysis. Analysis of amino acids 
was carried out chromatographically using helium 
as carrier gas, flame ionization detector 300 ºC and 
condenser temperature 250 ºC on Chromosorb WAW. 
Aqueous extract of the plant was hydrolyzed in HCl 
for 24 hours. The resulting hydrolyzate was evapo-
rated to dryness in a rotary evaporator at 40 ºC, after 
centrifugation at 2.5 thousand revolutions per min-
ute the resulting precipitate was dissolved in sulfo-
salicylic acid and amino acids are eluted through an 
ion exchange column Dausk-50. On freshly obtained 
elutes 2, 2-dimethoxypropane and propanol saturated 
with HCl were added. The resulting mixture is heated 
at 110 ºC for 20 minutes, then addition of a freshly 
prepared acylating reagent (1 volume of acetic anhy-
dride and 2 volumes of triethylamine and 5 volumes 
of acetone), evaporation of the sample to dryness, ad-
dition of ethyl acetate and saturated aqueous solution 
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of NaCl. Finally, the ethyl acetate layer is analyzed 
on the amino acid analyzer (Carlo-Erba) [7].

Vitamin analysis. The contents of vitamins A 
(retinol) and E (tocopherol) were determined by fluo-
rimetry on a spectrofluorometer (Hitachi, Japan). The 
vitamin C content in the biological samples was de-
termined by titration [8-10]. Fatty and amino acids, 
vitamin analyses were performed at the laboratories 
of The Kazakh Academy of Nutrition.

Results and discussion

The moisture content, total ash, extractives, 
qualitative and quantitative contents of biologically 
active constituents of Petrosimonia sibirica were de-
termined according to methods reported in the State 
Pharmacopoeia of the Republic of Kazakhstan I edi-
tion techniques [11].

Moisture content is an important factor because 
the appearance and stability of dried plants depend 
on the amount of water they contain and the pro-
pensity of microorganisms to grow depends on their 
water content. Medicinal plant materials should not 
contain moisture above the permissible norms; since 
at high humidity, during storage conditions are cre-
ated that contribute to a decrease in its quality. For 
most types of medicinal plant materials, the permis-
sible limit of moisture is usually 12–15%. The results 
in table 1 showed low moisture content of the aerial 
part in Petrosimonia sibirica (7.8%).

The amount and composition of ash remaining 
after combustion of plant material vary considerably 
according to the part of the plant, age, environment 
etc. The ash content is a measure of the total amount 
of minerals present within a plant, whereas the min-

eral contents are a measure of the amount of specific 
inorganic components present within it [12].

The extractives of medicinal plants convention-
ally called complex organic and inorganic substances 
extracted from plant material with an appropriate sol-
vent and quantified as a dry residue.

The methods of two- and one-dimensional chro-
matography on paper, as well as TLC in various sol-
vent systems established for the first time that the fol-
lowing main groups of biologically active substances 
are contained in the studied plant: flavonoids, amino 
acids, alkaloids, saponins, coumarins, and carbohy-
drates.

Vitamins are defined as relatively low-molecu-
lar-weight compounds which humans, and for that 
matter, any living organism that depends on organic 
matter as a source of nutrients, require small quanti-
ties for normal metabolism. There are more than 30 
such substances, and all of them are vital for the hu-
man body, entering into the composition of all tissues 
and cells, activating and determining the course of 
many processes. Vitamins increase the body’s resis-
tance to infectious diseases, inhibit the aging process, 
determine the activity of enzymes, participate in the 
metabolism of amino acids, fatty acids, hormones, 
microelements [10]. Vitamins are classified as either 
fat-soluble (vitamins A, D, E and K) or water-soluble 
(vitamins B and C). The results indicated that vitamin 
C dominated over vitamins E and A (table 1).

The data quantitative determination of Petrosi-
monia sibirica is shown in Table 1. The results re-
vealed the presence of biologically active compounds 
in the plant studied. 

From table 1, it could be seen the predominance 
of saponins and flavonoids in Petrosimonia sibirica. 

Table 1 – Qualitative and quantitative screening of the powdered aerial parts of Petrosimonia sibirica
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sibirica 7.8 24.7 52.9 0.6 2.0 0.1 0.4 4.2 3.5 0.3 0,00016 0,011 0,0022 
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It is known that amino acids occupy a special 
place in modern medicine. By their action, many 
of them belong to central neurotransmitters, both 
stimulating and inhibiting the transmission of nerve 
impulses in the synapses of the central nervous 
system, which determines their pharmacological 
orientation. In total, about 300 amino acids have 
been found in nature, however, only 20, which are 
called protein or proteinogenic amino acids, are 
found in proteins. Having a wide range of phar-
macological actions and the ability to enhance the 
digestibility of other substances, amino acids are 
attracting more and more attention of researchers 
as potential drugs. One of the most important func-

tions of amino acids is their participation in the 
synthesis of proteins that perform catalytic, regu-
latory, spare, structural, transport, protective and 
other functions [13, 14].

GC analysis of the amino acids constituents of 
the aerial part of Petrosimonia sibirica (table 2) re-
vealed the presence of twenty amino acids but dif-
fers in their percentages; the major amino acids in 
studied plant were glutamic acid (2.440%), alanine 
(0.618%), aspartic acid (1.254%), arginine (0.405%), 
tyrosine (0.340%), and proline (0.306%).

Petrosimonia plants can be used in autumn and 
winter as wild feed for sheep and cattle owing to the 
high contents of glutamic and aspartic acids.

Table 2 – Amino acids composition of Petrosimonia sibirica, %

Amino acids Relative percentage % Amino acids Relative percentage %
Alanine 0.618 Cysteine 0.032
Glycine 0.296 Oxyproline 0.001
Valine 0.274 Phenyl alanine 0.290

Leucine 0.380 Glutamic acid 2.440
Isoleucine 0.362 Ornithine 0.001
Threonine 0.202 Tyrosine 0.340

Serine 0.204 Histidine 0.260
Proline 0.306 Arginine 0.405

Methionine 0.060 Lysine 0.202
Aspartic acid 1.254 Tryptophan 0.094

Probably, the appearance of fatty acids in plant 
extract is associated with the hydrolysis of lipids in 
plants. Fatty acid glycerides are physiologically ac-
tive, especially glycerides of some unsaturated fat-
ty acids. These include linoleic and linolenic acids, 
which are necessary for the vital activity of a living 
organism (vitamin F factor) [15, 16].

Fatty-acid analyses for studied plant detected 
eight fatty acids (table 3). The dominant fatty acids 
in studied plant with respect to quantity were oleic 
(48.3%) and linoleic (26.7%) acids. This fact and 
the rapidly renewable properties together with high 
drought and freezing resistance and broad distribu-
tions on low and highly saline soils, i.e., those of little 
value for agriculture, supported our hypothesis about 
the feed value of Petrosimonia plants.

In order to optimize the extraction process of 
biologically active compounds from Petrosimonia 
sibirica technological parameters were selected. 
Extracting solvent, a ratio between solvent and solid 

plant material and process temperature are the most 
important optimum extraction parameters. A quan-
titative measure for this is the valuable compounds 
extraction yield from plant material. The most suit-
able solvent is 70% ethyl alcohol, solid – solvent 
ratio (1: 6-8), extraction time (3 days), and extrac-
tion temperature (20-25 oC), under these conditions, 
up to 60% of biologically active compounds are ex-
tracted.

Powdered plant material of Petrosimonia sibirica 
was soaked in 70% ethanol, and then ethanolic ex-
tract was concentrated. It was then divided into n-
hexane, chloroform, ethyl acetate, n-butanol, and 
aqueous fractions. 

The n-hexane fraction contains large amounts of 
chlorophyll which hindered the isolation of its con-
tents, together with fatty acids, sterols, and resins. 
The chloroform fraction has shown the presence of 
several secondary metabolites such as coumarins, 
alkaloids along with fat-soluble vitamins. The ethyl 
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acetate fraction was found rich in polyphenolics and 
terpenoids. Saponins were found in the n-butanol 
fraction.

Table 3 – Composition of the saturated and unsaturated carbox-
ylic acids (fatty acids) in Petrosimonia sibirica, %

Fatty acids Content, %
Linoleic acid [C18:2] 26.7

Oleic acid [C18:1] 48.3
Palmitic acid [C16:0] 14.7
Stearin acid [C18:0] 5.2

Palmitoleic acid [C16:1] 0.9
Pentadecanoic acid [C15:0] 1.6

Myristic acid [C14:0] 1.3
Linolenic acid [C18:3] 1.3

Since the purpose of this work is to isolate fla-
vonoids, ethyl acetate soluble fraction has been 
studied more deeply. The 1H NMR, 13C NMR spec-
trum of compound 1 revealed the characteristic 
signals of flavonol glycosides. Compound 1 was 
identified by ESI-MS, which gave molecular ion 
peak at m/z 464, corresponding to the molecular 
formula C21H20O12.

Compound 1 – yellow crystals, m.p. 230-232 ºС, 
have a dark glow in UV light. IR spectrum (KBr, νmax, 
cm–1): 3350-3256, 1645, 1115-1061. UV spectrum 
(MeOH, γmax, nm): 362, 264. The position on the two-
dimensional paper chromatogram (n-butanol–acetic 
acid–water (BAW), 40:12.5:29, 6 % acetic acid) of 
compound indicates their glycosidic nature [17]. 
From the products of acid hydrolysis of compound 
1, the corresponding aglycone was isolated, in the 
hydrolysate by the PC method using o-toluidine as 
a developer, glucose were identified in comparison 
with reliable samples.

In the products of alkaline destruction of the 
aglycone of compound 1, it has been found that rings 
A have the structure of phloroglucinol, i.e. in the C-5 
and C-7 positions, there are free hydroxyl groups, 
and ring B of compound 1 is defined as protocate-
chuic acid [18].

1Н NMR (500 MHz, CD3ОD, δ, ppm): 7.68 
(1Н, d, J=2.0, Н-2ʹ), 7.61 (1Н, d, Н-6ʹ), 7.30 (1Н, d, 
J=8.0, Н-5ʹ), 6.64 (1Н, d, J=2.0 Гц, Н-8), 6.45 (1Н, 
d, J=2.0, Н-6), 5.54 (d, J=8.0, Н-1ʹʹ).

From the data of 1H NMR spectroscopy, it fol-
lows that carbohydrate residue in compound 1 is in 

the β-form. To determine the place of addition of 
sugar, 13C-NMR and HMBC two-dimensional spec-
tra were taken. Based on modern spectral analysis 
methods and comparison with the literature data, ac-
cordingly, compound 1 was proved to be quercetin 
3-O-β-D-glucopyranoside (isoquercitrin) [19, 20].

 
Figure 1 – Quercetin 3-O-β-D-glucopyranoside  

(Compound 1)

Conclusion

A phytochemical study of Petrosimonia sibirica 
was carried out. The qualitative composition of ami-
no, fatty acids of the plant Petrosimonia sibirica has 
been studied by using the method of paper chroma-
tography (PC) and thin-layer chromatography (TLC), 
their quantitative composition of amino, fatty acids 
have been identified by gas chromatography.

Column chromatography of ethyl acetate soluble 
fraction obtained from the ethanolic extract afforded 
quercetin 3-O-β-D-glucopyranoside (isoquercitrin), 
which was identified by comparison of its NMR with 
reported data. Flavonoid glycoside was isolated from 
Petrosimonia sibirica for the first time.
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AMP and Ambersep 920 IRA anion exchange resins for recovery 
of uranium from productive solution

Abstract: In the process of uranium production, one of the most important stages affecting the completeness 
of uranium extraction from productive solutions is the sorption stage. In order to study the effectiveness of 
ion exchange resins under dynamic conditions, sorption and desorption characteristics of anion exchangers, 
which used for recovery of uranium from sulfuric acid production solutions were studied.
In laboratory conditions, sorption and desorption of uranium from productive solution on anion exchange 
resins of the brands Ambersep 920 IRA and AMP were carried out. During the research work, sorption 
and desorption characteristics were studied, as well as sorption capacity of the resins. Despite the fact 
that dynamic exchange capacities of the resins are equal, the sorption characteristics are different. The 
concentration of uranium in the desorption eluate for Ambersep 920 IRA and AMP was 856.00 and 268.00 
mg/l, respectively, which is 5 and 1.5 times higher than the initial concentration of uranium in the productive 
solution. The most efficient anion exchanger, Ambersep 920 IRA, has been identified, which has good 
sorption and desorption characteristics compare to AMP. 
Key words: uranium industry, ion exchange resins, underground leaching, sorption – desorption of uranium. 

Introduction 

In contemporary world, the need of electricity is 
growing every year. These days many countries are 
view nuclear power as acceptable. According to the 
IAEA, annual report [1] 447 nuclear power reactors 
are in operation nowadays. In nearest future 60 more 
reactors will be built in 15 countries. The global ca-
pacity of nuclear power plants will grow by 42% in 
2030, by 83% in 2040 and by 123% in 2050, as com-
pared to the level of 2016. The increases of nuclear 
power plants in the world lead to produce significant 
amount of nuclear fuel.

For present time, uranium is still recognized as a 
leading fission material. It is most often considered 
as the irreplaceable raw material for nuclear industry 
[2] and demand for uranium is expected to continue 
to rise in the near future [3].

Better separation of uranium from ores is one 
of the leading tasks nowadays. One of the most es-
sential stages in the processing of uranium ore is its 
sorption on ion-exchange resins. The ion-exchange 
resin plays an important role for the production of 
uranium. Today the market of ion-exchange resins is 
represented by a wide range of resins. The selection 
of ion-exchange resin which have the high sorption 

and desorption, as well as kinetic characteristics is an 
urgent task for ensuring the maximum performance 
of this technological process. The sorption of ura-
nium from sulphuric acid solutions by strongly basic 
anion exchange resin is widely described in literature 
[4-6]. Strongly basic anionic exchangers were often 
utilized in uranium industry and are even recognized 
as the most suitable ion exchangers for uranium re-
covery [7].

In this study we examined the sorption and de-
sorption characteristic of two brands of anion ex-
changers from productive solutions: AMP (Smoly 
State Company, Ukraine) and Ambersep 920 IRA 
(® ™Trademark of The Dow Chemical Company 
(“Dow”) or an affiliated company of Dow). In the 
study [5] during the investigation of resins of two 
brands was revealed that AMP exchanger was the 
one with preferred characteristics, whereas in the 
course of this work AMP showed worse results com-
paring with Ambersep 920 IRA exchanger.

Materials and Methods

Preparation of productive solution 
The laboratory agitation leaching was carried out 

for obtaining real uranium productive solution from 
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ore sample [8]. The sulfuric acid 2.5 % was used as 
a leaching reagent. The uranium productive solution 
with concentration of uranium equal to 173.12 mg/l 
was obtained as a result of leaching. 

Strongly based ion – exchange resins
The sorption recovery of uranium from sulfuric 

acid leaching solutions by strongly basic anion ex-
changers can be described by reactions of complex-
ation and ion exchange [9]:

(R4N
+)2SO4 + [UO2SO4]

0 = 

=(R4N
+)2[UO2(SO4)2]

0 

2(R4N
+)2SO4 + [UO2(SO4)2]

2- = 

=(R4N
+)4[UO2(SO4)3] + SO4

2- 

2(R4N
+)2SO4 + [UO2(SO4)3]

4- = 

=(R4N
+)4[UO2(SO4)3] + 2SO4

2- 

In our case, strongly basic ion exchange resins 
AMP and Ambersep 920 IRA were set in columns 
(0.5x3) (Figure 1) for investigation of sorption and 
desorption process of uranium under dynamic con-
ditions. The productive solution was passed through 
the resin (Figure 1) with a rate of 1 ml/min until the 
completely uranium saturation by the sorbent. 

Figure 1 – Scheme of sorption under dynamic condition

Since significant amount of sulfate anion com-
plexes of uranium formed at a pH of 2, as a result the 
pH of productive solution was brought to this value. 
The obtained fractions after sorption and desorption 
of uranium were collected every 5 ml of volume for 
establishing the breakthrough point. 1.8 M solution 
of ammonium nitrate was used as a desorbing solu-
tion [10]. 

Determination of uranium concentration 
The titanium-phosphate-vanadate titration meth-

od was used for determination of the uranium con-
centration in the sorption cells and desorption eluates. 

This measurement technique establishes a volu-
metric titrimetric titanium-phosphate-vanadate meth-
od of determination of the uranium concentration in 
uranium productive solutions in the range of mass 
concentrations from 0.001 g l to 1.00 g l.

An aliquot of the sample (2-10 ml), depending on 
the expected uranium concentration, was placed in a 
100 ml conical flask then distilled water was added to 
a total volume of 10 ml. 1-2 drops of urea were add-
ed, mixed, and then 10 ml of concentrated phosphor-
ic acid was added. After that, chloride of tetravalent 
titanium was added for appearing a violet color. The 
solution was cooled and a solution of sodium nitrate 
was added, the excess of which was destroyed by 
the addition of urea. Sodium salt of diphenylamine-
4-sulfonic acid was added as an indicator. The fol-
lowing reaction occurs as a result of titration:

U4+ + 2VO3- + 4H+ = UO22 + + 2VO2 + + 2H2O

The mass concentration of uranium (X) g/l calcu-
lated by the following formula: 

where: V1 is volume of ammonium metavanadic acid 
solution, consumed for titration of a blank sample 
with addition of Mohr salt, ml; V2 is volume of a so-
lution of ammonium metavanadic acid, spent on ti-
tration of uranium, ml; A is aliquot of the analyzed 
sample, ml; T is the titer of a solution of ammonium 
metavanadic acid in uranium g/ml.

Determination of the dynamic exchange 
capacity  

Determination of the exchange capacity of res-
ins under dynamic conditions fully represents the 
sorption process in practice. It makes possible to 
determine the working exchange capacity, which is 
equivalent of dynamic exchange capacity, before the 
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breakthrough point. Dynamic exchange capacity is 
calculated by the following formula [11]:

where: Vps is volume of the passed solution, l; Vresins 
is volume of the resins, cm3; С is concentration of the 
uranium in the productive solution, mg/l.

Results and discussions

Based on the obtained data (Table 1), after the 
titration of the sorption cells of uranium on the an-

ion exchange resin AMP, the dependence shown in 
Fig.  1 was constructed. 

According to the curve shown in Figure 2, the 
breakthrough point of uranium is observed in the 
first 5 ml of the volume of the productive solu-
tion. The concentration of the uranium slightly 
increases to equalize the concentrations in the 
influent and effluent solutions. The plateau was 
established on the volume of the passed solution 
equal to 200 ml. Desorption of the uranium from 
the ion exchanger was carried out after complete-
ly saturation of the resin. The uranium concentra-
tion in the desorption eluates was determined ti-
trimetrically (Table 2). The desorption curve was 
constructed (Figure 3).

Table 1 – Data obtained after titration of the sorption cells of uranium on the anion exchange resin AMP (measurement error is 0.25 ml).

Sample VPr,s., ml CU, mg/l
1 5 62.9
10 50 131.27
20 100 134.00
25 125 142.21
30 150 142.21
40 200 142.24
45 225 139.47
50 250 139.47

Figure 2 – The output curve of the uranium sorption  
on the anion exchange resin AMP (measurement error it 0.25 ml)
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Table 2 – Data obtained after titration of uranium desorption eluates on the anion exchange resin AMP (measurement error is 0.25 ml).

Sample Vdesorp.el., ml CU, mg/l
1 5 268.01
2 10 103.92
5 25 5.469
10 50 0

Figure 3 – The output curve of uranium desorption  
on the anion exchange resin AMP (error of measurement it 0.25 ml)

Figure 3 shows that uranium is elutriated first by 
5 ml of a desorbing solution. The maximum amount 
of uranium in the eluate was 268.00 mg/l, which is 
almost 1.5 times higher than the concentration of 
uranium in the initial productive solution. Accord-
ing to the data on the curve, the resin reaches a zero 
value of the uranium concentration when 50 ml of 
desorbing solution passes, this indicates a good 

desorption characteristic of the AMP resin. Based 
on the experimental data, the DEC (dynamic ex-
change capacity) was calculated, which was equal 
to 1.47  mg/cm3. 

Based on the obtained data (Table 3), after the 
titration of the sorption cells of uranium on the anion 
exchange resin Ambersep 920 IRA, the dependence 
shown in fig. 3 was constructed.

Table 3 – Data obtained after titration of the sorption cells of uranium on the anion exchange resin Ambersep 920 IRA (measurement 
error is 0.25 ml).

Sample VSorp.cells, ml CU, mg/l
1 5 13.67
10 50 87.51
15 75 84.77
20 100 101.19
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Sample VSorp.cells, ml CU, mg/l
25 125 131.27
30 150 139.47
35 175 123.07
40 200 134.00
45 225 131.27
50 250 155.88
55 275 150.41
60 300 164.09
65 325 134.00
70 350 150.41
75 375 150.41
80 400 161.31

Figure 4 – The output curve of the uranium sorption  
on the anion exchange resin Ambersep 920 IRA (measurement error it 0.25 ml)

Continuation of table 3

This curve shows a breakthrough point in the 
first 5 ml of the volume of the productive solution. 
The concentration of the uranium slightly increases 
to equalize the concentrations in the influent and ef-
fluent solutions. The plateau was established on the 
volume of the passed solution equal to 350 ml. The 
uranium was eluted from the column, and the data 
given in Table 4 were obtained. The uranium concen-
tration in desorption eluates was determined titrimet-

rically. The output desorption curve was constructed 
(Figure  5).

Figure 5 shows that uranium is elutriated first by 
5 ml of a desorbing solution. The maximum amount 
of uranium in the eluate was 856.00 mg/l, which is al-
most 5 times higher than the concentration of uranium 
in the initial productive solution. Based on the experi-
mental data, the DEC (dynamic exchange capacity) 
was calculated, which was equal to 1.47 mg/cm3. 
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Table 4 – Data obtained after titration of uranium desorption eluates on the anion exchange resin Ambersep 920 IRA (measurement 
error is 0.25 ml)

Sample VDesorp.el., ml CU, mg/l
1 5 856.00
5 25 147.68
7 35 103.92
10 50 24.6
15 75 8.2
20 100 2.7
25 125 0

Figure 5 – The output curve of uranium desorption  
on the anion exchange resin Ambersep 920 IRA (error of measurement is 0.25 ml)

Table 5 – Comparative characteristics of the obtained results

Ion – exchange resin DEC, mg/cm3 CU at the time of 
breakthrough point, mg/l

CU in the desorption 
eluates, mg/l

CU in the productive 
solution, mg/l

Ambersep 920 IRA 1.47 13.67 856.00
173.12AMP 1.47 62.90 268.00

Based on Table 5, it can be seen that the dynamic 
exchange capacity for both resins has the same value, 
but the value of the uranium content at the time of 
breakthrough for the resins is different. So, for the Am-
bersept 920 IRA, the concentration of uranium in the 
sorption cell at the time of the breakthrough is 13.67 

mg/l, while the same value for the anion exchanger 
AMP is 62.9 mg/l. In addition, it should be noted the 
preferential desorption characteristics of the ion-ex-
change resin Ambersept 920 IRA, where the uranium 
content in the desorption eluate is 3 times higher than 
the uranium content in the AMP desorption eluates.
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Conclusion 

Based on the sorption and desorption character-
istics of the strongly basic ion-exchangers AMP and 
Ambersep 920 IRA, it was found that the Ambersep 
920 IRA anion exchanger has greater sorption and 
desorption advantages in comparison with AMP 
exchanger. Thus, the final uranium content in the 
desorption eluate for Ambersep 920 IRA and AMP 
was 856.00 and 268.00 mg/l, respectively, which is 
5 and 1.5 times higher than the initial uranium con-
tent in the production solution. The breakthrough 
of uranium for the Ambersep 920 IRA resin is ob-
served with lower concentration of uranium than the 
AMP resin, which indicates better sorption ability 
of the resin. Thus, the results of the conducted stud-
ies show the prospects of using the Ambersep 920 
IRA anion exchange resin in the sorptional extrac-
tion of uranium from productive solutions of sub-
surface leaching.
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Adsorption and flotation of copper sulfide ore  
with diisopropyldithiophosphate collector 

Abstract: One of the topical problems of the enrichment industry is the evaluation of the influence of 
pulp chemistry on the sorption and flotation properties of sodium diisopropyl dithiophosphate. The 
affinity of the collector with respect to copper ore by the method of static sorption and flotation tests has 
been studied in this paper. The results of investigation adsorption mechanism of 
diisopropyldithiophosphate collector on the surface of the sulfide copper ore and flotation has been 
discussed.  The investigation of composition and structure of sulphide copper ore has been carried out 
by using FT-IR-spectroscopy, Х-ray diffraction spectroscopy and ICP-MS method.  Based on the results 
of the analysis, the main minerals of copper ore, chalcocite and bornite, were selected. Also the 
analytical expressions of the real solubility constants of chalcocite and bornite, which connect the 
product of the solubility of hydroxocompounds at the phase interface with the solubility of copper 
diisopropyldithiophosphates and the oxidation-reduction ability of minerals, were obtained taking into 
account that the results showed that sorption capacity of ore at pH 10.5-11.5 is a maximum. The role of 
the oxidation-reduction processes in fixing of diisopropyldithiophosphate ion on the surface of ore was 
established. It was shown that data of extraction of copper to concentrate and adsorption value of 
diisopropyldithiophosphate ion are correlating. The IR-Fourier spectroscopic analysis showed that 
collector is coordinated with the ions of the metal of the crystal lattice of copper-containing minerals 
through the sulfur atoms of the dithiophosphate group. 
Key words: sulfide copper ore; diisopropyldithiophosphate; adsorption; pulp chemistry; flotation. 

Introduction 

The polymetallic raw materials currently being 
processed are characterized by a fine dissemination 
of minerals and complex structural characteristics 
that make the flotation process more difficult. The 
diameter of the characteristic minerals – chalcosine, 
covellin, bornite in the copper sulfide ore varies: 
0.2 mm for chalcosine and to 0.03 µm for bornite. 
The chalcocite inclusions have equigranular 
structure [1]. Theoretical substantiations and 
experimentally confirmed optimal conditions for 
flotation enrichment processes of sulfide 
polymetallic ores are the basis for creating 
innovative flotation technologies and ensuring the 
efficiency and complexity of mineral raw materials. 
The provision of an optimal reagent enrichment 
regime is referred to the problems that need to be 
solved, namely, the influence of the composition of 
copper ore and flotation reagents on the process of 
its processing [2-9], and the features of the flotation 
agent fixing mechanism on the mineral surface [10-

13]. The purpose of this work is to study the 
flotation behavior of sulfide copper ore using 
sodium diisopropyldithiophosphate as a collector, 
to study the structure and composition of the ore 
and their effect on the interaction between collector 
and ore. 

Materials and methods 

Materials and reagents. Sulfide copper ore was 
obtained from a copper mine in Central 
Kazakhstan. The samples were wet-ground and 
elutriated. Size fractions were ±0.074 mm. The 
sodium diisopropyldithiophosphate  (the content of 
pure substance is 78%) was prepared in a 
laboratory by diluting to a concentration 
of 4.25·10-5 M and used as a main collector. 
Flotation reagent Oksal T-92 (mixture of 
polyhydric alcohols, aqueous solution) was used as 
a foam-forming agent (concentration 1·10-5 M). The 
sodium hydroxide (1 M) and hydrochloric acid (1 
M) of analytical purity were used as pH adjusters.
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Distilled water was used in all experimental  
studies. 

Adsorption tests. The amount of adsorbed 
collector on the ore was measured by 
potentiometric titration of the collector solution 
after the separation of the solid phase by the 
solution of copper (II) sulfate, Cu2S was used as the 
indicator electrode [14]. 1 g of ore was immersed 
into 50 ml of an aqueous solution, containing the 
main collector (4.25·10-5 М) at a fixed pH for 30 
min at 25°C. After that, the sample was centrifuged 
for 10 min at a rate of 9000 rpm/min. 

Flotation tests. Flotation tests for sulfide 
copper ore were conducted by using a laboratory 
FML-1 (237 AK) flotation machine with cell 
(volume of 0.5 L). 100 grams of a copper ore were 
firstly mixed with 0.5 L distillate water in the 
flotation cell for 1 min with an impeller speed of 
2000 rpm/min. The sodium hydroxide (1 M) or 
hydrochloric acid (1 M) was added to adjust the 
pulp pH to a predetermined pH. Collecting reagent 
and foam-forming agent were then added and 
conditioned for 8 min. The pulp pH was then 
adjusted slightly before flotation and was assumed 
to be the slurry pH at the end of flotation. The 
total flotation time was 9 min, and the 
concentrates were collected by manually scraping. 

Both the concentrates collected and the tailings 
remaining in the cell were dried and weighed for 
calculating flotation recoveries. All recovery 
results presented are the average of duplicate 
flotation tests.  

Characterization. FT-IR spectroscopic 
measurements were carried out by the device FSM 
1201. Х-ray diffraction spectroscopy (XRD) 
spectra of samples of initial ore and concentrates 
were carried out by the X-ray powder diffraction 
D8 Advance (Bruker, Germany) with the Cu-kα line 
of 0.15406 nm.  ICP-MS study of elemental 
composition of sulfide copper ore was carried out 
by the spectrometer ICP MS Agilent 7500.  

 
Results and discussion 
 
Investigation of composition and structure of 

ore. The chemical composition of sulfide copper 
ore was determined for its description. Quantitative 
data on the content of chemical elements of rock-
forming minerals were obtained by the method of 
inductively coupled plasma mass spectrometry 
(ICP-MS). Approximate values were obtained from 
the average of five test sites of each sample from 
heterogeneous rock materials. The results of the ore 
analysis are presented in Table 1. 

 
 

Table 1 – Elemental composition of sulfide copper ore by results of chemical analysis 
 

Element Amount, % Element Amount, g·t-1 Element Amount, g·t-1

Cu 1.99 Au <0.01 La 26.90
Pb 0.04 Ag 15.02 Ce 55.82
Zn 0.01 Be 1.50 Pr 6.69
S 0.58 Sc 17.80 Nd 26.50
 Ti 5938.10 Sm 5.20
 V 146.35 Eu 1.50
 Cr 83.10 Gd 4.80
 Co 25.40 Tb 0.74
 Ni 68.59 Dy 4.20
 Rb 21.80 Ho 0.83
 Sr 558.70 Er 2.20
 Y 18.83 Tm 0.32
 Zr 171.30 Yb 2.10
 Nb 12.90 Lu 0.31
 Cd 1.90 Hf 4.60
 Cs 0.86 Pb 11.30
 Th 6.62
 U 2.10
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The results of the chemical analysis show that 
the average copper content in the ore is 1.99%, and 
accordingly refers to the average. Besides copper, 
lead and zinc, the ore contains a relatively large 
amount of titanium, strontium, vanadium, 

zirconium. The presence of scattered elements was 
found in the sample. It also shows that ore contains 
lanthanides and actinides in a total amount of 
162.73 g·t-1. Table 2 contains data on the 
mineralogical composition of sulfide copper ore. 

 
 

Table 2 – Mineral composition of sulfide copper ore 
 

Mineral (-s) Mass fraction, % Mineral (-s) Mass fraction, %
Feldspar 65.71 Pyroxene

Rare grains 

Chlorites 19.12 Azurite
Quartz 7.82 Pyrite
Calcite 0.85 Galena

Epidotes 0.34 Magnetite
Hematite 1.74 Covellite
Bornite 1.01 Chalcopyrite

Chalcocite 1.69 Iron hydroxides
Malachite 0.09 Rutile, anatase

Apatite 0.95 Zircon
Totally 95.88  

 
 
It can be seen that rock-forming minerals are 

represented in the ore as feldspars, chlorites and 
quartz. Sulfide copper is presented in the form of 
chalcocite (1.69%) and bornite (1.01%), in the form 
of rare grains there are covellite and chalcopyrite.  

Copper is represented by 13.57% of oxides and 
84.92% of secondary sulfides, on 0.50% of primary 
sulfides. Sulfide copper ores consist mainly of ore 
minerals (containing 5.48%), rock-forming 
minerals (quartz, feldspar, chlorite and epidotes) 
with a content of 93.84%. Phase analysis was 
performed to establish the copper phases (Table 3) 
[15].  

The main mass of copper is concentrated in 
sulfide form (85.43%), which in turn is divided into 
primary sulfides (0.50%) and secondary copper sul-
fides (84.92%). Oxidized copper amounts 14.57%.  

The predominance of copper sulfides in the 
composition of the ore allows using of sulfhydryl 
collectors, namely sodium 
diisopropyldithio-phosphate at evaluating sorption 
and flotation in these systems. 

Flotation and Adsorption. The results of the 
investigation of sodium diisopropyldithiophosphate 
adsorption and flotation of copper sulfide ore are 
shown in Figure 1. 

 
 

Table 3 – Phase analysis of copper in the initial ore 
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Figure 1 - The effect of pH on copper recovery and the adsorption  

of sodium diisopropyldithiophosphate (C=4.25•10-5 mole•L-1) on copper sulfide ore 
 
 
Analysis of the data shown in Figure 2 showed 

that the maximum copper recovery into the 
concentrate and the sorption of 
diisopropyldithiophosphate ions on the surface is 
observed at pH 11; this is due to oxidation-
reduction processes involving sulfide minerals 
(chalcocite) and the replacement of sulfate ions by 
diisopropyldithiophosphate ions with the formation 
of less soluble compounds. The oxidation of sulfide 
ions occurs with low intensity at pH 8-10. Since in 
the ore the main copper-containing minerals are 
chalcocite and bornite, consideration of the 
equilibrium involving collectors will be carried out 
using the example of these minerals whose surface 

after immersion in aqueous solutions consists of 
three layers, the outer layer is represented by 
copper hydroxides, the middle layer - by elemental 
sulfur, the inner surface – by copper (I) sulfide. The 
outer layer dissolves at low and high pH of the 
medium; therefore, in the oxidation-reduction 
processes in the presence of oxygen, a layer of 
elemental sulfur participates. At low pH of medium 
1-6, the oxidation-reduction pair S2-/S 
predominates, at high pH 8-14, sulfur is oxidized to 
sulfate ions. Possible reactions (I-XIX) and 
equilibrium constants for the presented system are 
given in Table 4, where L is a 
diisopropyldithiophosphate ion (i-C3H7O)2PS2

-. 
 

 
Table 4 - Oxidation-reduction reactions and equilibriums in systems Cu2S-H3O+/OH- – L-, Cu5FeS4 - H3O+/OH- – L- 

 
Reactions The equilibrium constant /

Standard potential, V 
����(�) = 2��� � ���                                    (I) ���� = 10���.�� 
������� = 5��� � ���� � 4���                  (II)* ���� = 10����.�� 
���� � �� �� ���                                          (III) ���������� = 0.167 

��� � 2�� � ��                                              (IV) �������� = −0.48 

2��� � 3��� � 8�� � ������ � 6��           (V) �����������
� = −0.547 

��� � 8��� � 8�� � ����� � 4���         (VI) ����������
� = −1.23 

���� � ��� = �����                              (VII) �� = 10� 
���� � 2��� = ��(��)�                         (VIII) �� = 10��.�� 
���� � 3��� = ��(��)��                            (IX) �� = 10�� 
���� � 4��� = ��(��)���                          (X) �� = 10��.� 
���� � ��� = �����                                 (XI) �� = 10�.� 
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Reactions The equilibrium constant /
Standard potential, V 

���� � 2��� = ��(��)�                          (XII) �� = 10�.� 
���� � 3��� = ��(��)��                        (XIII) �� = 10�� 
���� � ���� = ��(��)���                       (XIV) �� = 10�� 
��(��)�(�) = ���� � 2���                       (XV) ���� = 10���.�� 
���� � �� �� ����                                     (XVI) �����/����� = 0.771 
����(�) = ���� � 2��                                 (XVII) ���� = 10���.�� 
����(�) = ���� � 2��                                 (XVIII) ���� = 10���.�� 
�� � ���� � �� � ���                             (XIX) �� = 10��.�� 

* The value of ���� is calculated by the method of comparative calculation from dependence (reaction (II)) 
−∆��̅���� = −1.0��� � �−∆��̅���� � � 11�.��, 

where: 
−∆��̅���� = (�.31� � 2.303 � 2�� � ������)/10 
−∆��̅���� (�������) = 32.2 kJ/moleatom [16] 

The equation is derived from the data on the solubility product for the following minerals: Cu3(OH)2(CO3)2 (azurite), FeS2 
(pyrite), Cu2S (chalcocite), CuFeS2 (chalcopyrite), Cu2(OH)2CO3 (malachite) and the average atomic energy of Gibbs. The 

correlation coefficient of the dependence is R = 0.99.
 
 
The mole fraction of the free anions of the 

precipitant (diisopropyldithiophosphate ions) [17]: 
 

�� =
���

[����]�

��� ��
[���]�

� = �
�����������

�
�             (1) 

 
where �� is the equilibrium constant of the reaction 
(XIX). 

The mole fraction of the free metal ions: 
 

��� = �
����[���]���[���]����[���]����[���]�

(2) 
 

where K1, K2, K3, K4 are the stability constants of 
metal hydroxocomplexes (reactions (VII-X) for 
Cu(II) ions , (XI-XIV) for Fe(II)). 

The real solubility constant of metal 
diisopropyldithiophosphates is: 

 

�������� = ������

������
                       (3) 

 
where ��� is the mole fraction of the free metal 
ions, �� is the mole fraction of the free anions of 
the precipitant (diisopropyldithiophosphate ions), 
������  is the solubility constant of metal (II) 
diisopropyldithiophosphate (reactions (XVII-
XVIII)). 

In acidic medium, copper sulfides are oxidized 
to elemental sulfur by reaction (IV), sulfide sulfur 
is oxidized to thiosulfate and sulfate ions in neutral 
(V) and alkaline (VI) mediums. Then the free 

concentration of metal ions not bound to a poorly 
soluble compound with a 
diisopropyldithiophosphate ion is: 

 
���� = �

��(�/�����
��� )[��]�                     (4) 

 
where ��������  is the real solubility constant of metal 
diisopropyldithiophosphates, [��] is concentration 
of diisopropyldithiophosphate-ions in solution.  

The mole fraction of hydroxide-ions, not 
bounded with metal ions, is: 

���� = �
���������� �

�                         (5) 

 
where �� is the ionic product of water. 

The real dissolution constant of copper (II) 
hydroxide is calculated by formula: 

 

���(��)�
��� = ���(��)�

�

��������                         (6) 
 

where ���(��)��  is the solubility constant of metal 
(II) hydroxide (reaction XV), ��� is the mole 
fraction of metal ions, not bounded to 
hydroxocomplexes, ���� is the mole fraction of 
hydroxide-ions not bounded with metal ions. 

The formation of the copper (II) hydroxide on 
the surface of the mineral is possible when 
chalcocine is dissolved in an alkaline solution. 
��(��)� in the presence of 
diisopropyldithiophosphate ions forms a slightly 

Continuation of table 4
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soluble copper (II) diisopropyldithiophosphate as a 
result of the substitution reaction: 

 
������� � ��� ��������� ���� � ����     (XX) 

 
The exchange constant (�����) is calculated by 

formula: 

����� = ����]
���] =

��������
���

�����
���                 (7) 

 

where ��������
���  is the real solubility constant of 

copper (II) hydroxide, �����
���  is the real solubility 

constant of copper (II) diisopropyldithiophosphate.  
From the data shown in Figure 2, it is evident 

that the most complete exchange process occurs at 
low pH of the medium from one to five pH units, in 
this medium, the mole fraction of copper (II) 
hydroxides is negligible, and copper (II) ions are 
bound to aqua-complexes. 

 
 

 
 

Figure 2 - The effect of pH on the exchange constant of hydroxide-ions  
on diisopropyldithiophosphate ions in the composition of a poorly soluble compound 

 
 
However, as a result of red-ox processes 

involving copper (I) ions and sulfide ions, the 
formation of significant amounts of copper (II) 
ions and, consequently, diisopropyldithio-
phosphate complexes on the mineral surface is 
hampered by the formation of a film of elemental 
sulfur that reduces access of ligand ions to the 
mineral surface. 

It was found that as the pH of the medium 
increases, the molar fraction of copper (II) 
hydroxides increases, this leads to a decrease in the  
 

exchange constant. However, the logarithm of the 
exchange constant at pH 14 is greater than zero, 
which indicates the predominance of the 
replacement of hydroxide ions by 
diisopropyldithiophosphate ions. 

In connection with this, the real oxidation-
reduction potential of the pair ����/���, was 
calculated, taking into account the influence of 
oxidation-reduction potentials of sulfide ions in 
acidic (8), neutral (9) and alkaline (10) mediums for 
chalcocite according to the equations: 

 
���� � ����� � �� � ���  (XXI)

�°�� = ����/��° � �����/���° � ����� � ����� � ������� � ����� � ����� � ��������  (8) 
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where �����  is the amount of Cu (II) ions’ moles, 
���������°  is the standard potential of reaction III. 

Chalcocite oxidizes in neutral medium by 
reaction: 

 
 

2���� + ���� � ����� + 
+������� + ��� − 12�� 

 
(XXII)

�°�� � �����
���
° + �0.059� � ∙ 

 

� ��
������� ∙ �����

�����

����� − �0.059 ∙ ������ � ∙ 
� �� + ����

�������
° + 

 
+�0.059 ∙ ����� ∙ �������� + 

 
+0.059 ∙ ����� ∙ ������� 

(9)

 
where �����  is the amount of Cu (II) ions’ moles, 
����� is the amount of hydroxonium ions’ moles 
according to oxidation-reduction reaction, z is the 
number of electrons by reaction. Chalcocite 
oxidizes in alkaline medium according to the 
reaction: 

 
���� + ���� � 2���� + 

+����� + ���� − 10�� 
 

(XXIII)

�°�� � �����
���
° + �0.059� � ∙ 

 

� �� ����
�� ∙ �����

���� − �0.059 ∙ ����

� � ∙ 
 

� �� + �0.�2� ∙ ����

� � + 

 
+����

������
° + +�0.059 ∙ ����� ∙ 

 
� �������� + 0.059 ∙ ����� ∙ ������� 

(10)

 
where �����  is the amount of Cu(II) ions’ moles, 
���� is the amount of hydroxide ions’ moles 

according to oxidation-reduction reaction, z is the 
number of electrons according to the reaction. 

Analogous calculations of the real oxidation-
reduction potential of the Cu(II)/Cu(I) pair, taking 
into account the oxidation of sulfide and 
diisopropyldithiophosphate ions, the reduction of 
Fe(III) ions were carried out for bornite in acidic 
and weakly acidic mediums (11, 12) [18], neutral 
and alkaline mediums (13) [19]: 

 
������� + �� � 5���� + 

+���� + �12� �� + ��� + 1��� 
 

(XXIV)

�°�� � ����
��
° + �����

���
° − �����

����
° + � �����

° + 

 

+�0.059� � ∙ ����� ∙ ������� + 

 

+�0.059� � ∙ ����� ∙ ��������� + 

 

+�0.059� � ∙ ����� ∙ ������� + 

 

+�0.059� � ∙ ����� ∙ ��������� − 

 

−��� ∙ �
0.059
� � ∙ ��������� 

 

−��� ∙ �
0.059
� � ∙ �������  

(11)

 
where �������°  is the oxidation-reduction potential 
of pair of diisopropyldithiophosphate-ion – 
disulfide equals to 0.196 В, ��� is the mole fraction 
of not bounded ligands, �����  is the activity 
coefficient of ligand in the solution, ��� is the 
number of ligand moles, participating in the 
reaction, ����������°   is the standard potential of 
reaction XVI. 

In weakly acidic medium pH 2-5 bornite 
oxidizes according to the reaction: 

 
������� + �� � 2��� + 2�� + 

+����� + ���� + �12� �� + 9�� 
(XXV)
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�°�� = �����
���

° − �����
����

° + � �����
° + 

 

+ �0.059
� � ∙ ��

������ ∙ �����
�����

1 − 

 

− �0.059 ∙ �����

� � ∙ �� + ����
���

° + 

 
+ ��.���

� � ∙ ����� ∙ �������� + ��.���
� � ∙ ����� ∙ 

 

· ������� + �0.059
� � ∙ ����� ∙ ������� + 

 

+ �0.059
� � ∙ ����� ∙ ������� � − ��� ∙ �0.059

� � ·
 

∙ ����� − ��� ∙ �0.059
� � ∙ �������  

(12)

 
For bornite, the process of surface oxidation 

under the action of dissolved oxygen in the pH 
range 5-14 proceeds according to the reaction: 

 
(�������)�� ∙ 2��� + 2��� + 

 
+�� =  ��� + ���� + ��(��)� + 

 

+2�� + �1
2� �� + 5�� 

(XXVI)
 

 

�°�� = �����
���

° − �����
����

° + � �����
° + �0.059

� � · 
 

∙ ��
�����

�����

1 − �0.059 ∙ �����

� � ∙ �� + ����
���

° +
 

+ ��.���
� � ∙ ����� ∙ ������� + ��.���

� � ∙ ����� ∙ 
 

· ������� � − ��� ∙ �0.059
� � ∙ ����� − 

 

−��� ∙ �0.059
� � ∙ �������  

(13)

 
 

The real potential of the oxidation-reduction 
process depends on the molar fraction of the 
potential-determining ions, copper (II) ions, which 
are not bound to a poorly soluble compound, 
calculated by formula (2) and the mole fraction of 
sulfide ions, which is calculated according to the 
formulas (14-16): 

рН 1-6 

���� = 1

1 + 10
��°����������° �∙�

�.���

 (14)

 
where �°�� is the real standard potential of pair 
��������, �������°  is the real standard potential of 
pair ������, z is the number of electrons 
participating in the oxidation of sulfide sulphur. 

рН 7 

���� = 1

1 + 10
��°��������������° �∙�

�.���

 (15)

 
where �����������°  is the real standard potential of 
pair ����������. 

pH 8-14 

���� = 1

1 + 10
��°�������������° �∙�

�.���

 (16)

 
where ����������°  is the real standard potential of 
pair ���������. 

For bornite the mole fraction of sulfide ions at 
рН 1-14 is calculated by formula: 

 
���� = �

����
��°����������° �∙�

�.���

  (
17)

 
Since an insoluble compound is formed on 

the surface of the chalcocite, the real solubility 
constant which is calculated taking into account 
the influence of the pH of the medium, in 
formula (3), instead of the solubility constant of 
copper (II) diisopropyldithiophosphate, the 
solubility constant of chalcocite is used, and the 
mole fraction of the anion is replaced by the 
mole fraction of the sulfide ion, manifesting as a 
precipitator. 
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The real solubility constant of copper (I) 
sulfide: 

�����
��� = ������

����� ����
                      (18) 

 
where ������  is the solubility product of copper 
sulfide (I) (reaction I),  ���� is the mole fraction of 
sulfide ions (14-16), ����  is the mole fraction of 
copper (I) ions, determining by equation: 

 
���� = �

����
��°������������° ���

�����

                 (19) 

 
where z is the number of electrons participating in 
the reaction I.  

����� is calculated by equation: 
 

����� = ���������
���                      (20) 

 
The real solubility constant of bornite: 
 

��������
��� = ��������

�

����� ����������                 (21) 

where ��������
���  is the solubility product of bornite 

(reaction II), ����is the mole fraction of sulfide ions 
(17), ���� is the mole fraction of copper (I) ions 
(19).  

����� is the mole fraction of iron (III) and 
calculated by equation: 

 
����� = �

����
�����������° ��°�����

�����

              (22) 

 
 
where z is the number of electrons participating in 
the reaction XVI.  

����� is calculated by equation: 
 

����� = ������������
���                  (23) 

 
The results of calculating the changes in the real 

solubility constant (pKs,r) of chalcocite and bornite 
in the presence of a flotation agent - sodium 
diisopropyldithiophosphate from the pH of the 
medium are shown in Figures 3-4. 

 
 
 

 
 

Figure 3 – Dependence of the real solubility constant (pKs,r) of chalcocite in the presence  
of a flotation agent (C=4.25•10-5 mole•L-1) on the pH of the mineral suspension 

 
 
Analysis of the real solubility constant (pKs,r) 

showed that the stability of chalcocite in the 
presence of sodium diisopropyldithiophosphate 
with increasing pH of the solution in acidic media 
remains constant up to pH 3, in the pH range 4-7, 
chalcocite stability increases. The maximum 
solubility constant for chalcocite is observed at pH 

7, which is associated with oxidation to thiosulfate 
ions in the presence of oxygen, since copper (II) 
thiosulfate is less soluble. In the transition to a 
slightly alkaline medium pH 8, the real solubility 
constant decreases sharply, this process 
corresponds to the formation of sulfate ions and 
copper (II) ions on the chalcocite surface, followed 
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by the replacement of diisopropyldithiophosphate 
ion and the formation of copper (II) ion complexes 
that are physically adsorbed. At pH 8-14, there is an 

increase in solubility of chalcocite pKs,r, associated 
with the formation of sparingly soluble copper (II) 
diisopropyldithiophosphates. 

 

 
 

Figure 4 – Dependence of the real solubility constant (pKs,r) of bornite in the presence  
of a flotation agent (C=4.25•10-5 mole•L-1) on the pH of the mineral suspension 

 
 
It is shown that in an acid medium pH 1-2 

bornite has minimal solubility due to the presence 
of elemental sulfur on the surface. Increasing pH of 
the solution to 5 leads to an increase in solubility 
due to the formation of iron (III) hydroxide, which 
forms iron (III) diisopropyldithiophosphate, then 
this compound disproportionates to iron (II) 
diisopropyldithiophosphate and disulfide. Covellite 
is also formed on the surface of bornite particles at 
pH 5. 

It is shown that in the pH range 6-14, the iron 
(III) diisopropyldithiophosphate formed enters 
oxidation-reduction reactions, the product of which 
is the disulfide, which is fixed on the surface by 
means of van-der-Waals bonds, this causes the 
sorption of the collector. 

Therefore, flotation of chalcocite and bornite in 
acidic and neutral mediums is impossible, flotation 
ability of chalcocite and bornite increases in the pH 
range 8-12. This also indicates the dependence of 
the reactivity of the mineral on the pH of the 
solution. Further, infrared spectra of flotation 
agents on the surface of the ore were removed. 

FT-IR spectroscopy. To explain the mechanism 
of adsorption of the flotation agent on the surface of 
the ore, the IR spectra of the flotation agent, ore 
and ore after the sorption of the flotation agent were 
considered (Figure 5). 

The IR spectrum of sodium 
diisopropyldithiophosphate there are absorption 
bands in the region of 2888-2963 cm-1, which 
corresponds to stretching vibrations of CH-bonds. 
The dithiophosphate radical is characterized by 
absorption bands at 520-560 cm-1 and 630-680 cm-

1, related to the (P-S) and (P=S) coordinated 
PS2-groups, respectively. IR-Fourier spectrum 
(cm-1): 1458, 1430, 1307 (CH2); 1085, 1034, 990 
pl., 966 (C-O); 778, 736 pl. (P-O), 2370 cm-1 
(S-H). The absorption bands at 989 and 969 cm-1 
are characteristic for the P-O-R fragment 
oscillation. The figure also shows the IR-Fourier-
spectrum of sulfide copper ore. The spectrum 
contains a broad absorption band in the region of 
3000-3500 cm-1, which corresponds to OH-groups, 
absorption bands at 1105, 983 cm-1 are 
characteristic for SO4

2- groups, 879 cm-1 for CO3
2-

groups, 1080 cm-1 for PO4
3- groups. Analysis of 

the IR Fourier spectrum of the ore treated with a 
flotation agent solution showed that there is an 
absorption band at 1000 cm-1 that is characteristic 
of the P-O-R fragment oscillation. In the region of 
2800-3000 cm-1, new absorption bands appear 
which characterizes the trace amounts of a 
flotation reagent of an organic nature. Perhaps this 
flotation agent has not entered into a chemical 
interaction with the mineral, but only physically 
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adsorbed on the surface of its particles. After 
contact of the ore with 1·10-5 M solution of 
dithiophosphate in a weakly alkaline medium, the 
maxima of the characteristic frequencies of the 
P=S (680,669 cm-1) and PS (590, 560, 525.5 cm-1), 
toward low frequencies by 10 cm-1 for P=S bond 
and by 2-5 cm-1 for PS bond, on the basis of which 
it is possible to assume the formation of bidentate-
cyclic coordination of ligands with a metal via 
both sulfur atoms. The formation of additional 
bands with maxima in the frequency range of 610  
 

and 575 cm-1 indicates, possibly, the formation of 
bonds of ore components with sulfur atoms of the 
reagent. The position of these bands is shifted in 
comparison with the position of similar bands in 
the IR spectrum of the flotation agent this 
indicates the coordination of (i-C5H11O)2PS2

--ions 
on the ore surface. The position of the bands 
(PS2) is shifted by 3-4 cm-1 to the low frequency 
region, and the position of the bands (P-O-R) has 
shifted by 6 cm-1 and 31 cm-1 to the high-
frequency region. 

 

 
Figure 5 – FT-IR spectra of collector, sulfide copper ore and sulfide copper ore  

treated with collector after treatment 
 
 
Conclusion 
 
Elemental analysis of samples of copper sulfide 

ore was carried out, copper content in ore equals to 
1.99%. According to the results of the 
mineralogical analysis, copper-containing sulfide 
minerals contain chalcocite, bornite. It is shown 
that the sorption capacity increases with increasing 
pH of the medium from 10.5-11.5. It has been 
established that oxidation-reduction processes play 
the main role in fixing the collector of 
diisopropyldithiophosphate ion. In a weakly 
alkaline medium, the sorption of the collector does 

not change with increasing pH, which is due to the 
formation of copper (II) complexes, as well as the 
disulfide fixed through Van-der-Waals bonds. 
While in the alkaline medium the collector anion 
forms strong coordination bonds with the metal 
ions of the crystal lattice of the mineral. Correlation 
of extraction of copper in concentrate during 
flotation enrichment with the value of sorption is 
revealed, which indicates a high sorption capacity 
of the collector at pH 10.5-11.5. FT-IR-
spectroscopic analysis of ore samples was 
conducted, according to which it was established 
that the collector is coordinated with the ions of the 
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metal of the crystal lattice of copper-containing 
minerals through the sulfur atoms of the 
dithiophosphate group. 
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Self-propagating high-temperature synthesis  
of nial intermetallic compounds

Abstract. In this work, the self-propagating high-temperature synthesis (SHS) method was utilized for the 
synthesis of the B2 NiAl compound. Elemental nickel and aluminum powders were mixed, die-pressed, 
and pre-heated in a furnace in which the SHS reaction was initiated and propagated. The influence of 
pre-heating temperature was evaluated against the final composition, phase formation, microstructure 
and hardness of the final compact. Conditions were found under which, the final product forms through 
solidification from the melt and (irrespective of the furnace temperature) consists only of the B2 NiAl. The 
NiAl compacts formed consisted of a core which is essentially pore free and accounts for ~80% of the total 
volume and a high porosity shell around it. The microstructure consists of large, equiaxial grains with linear 
grain boundaries indicative of high phase stability. Finally, it was found that as the pre-heating temperature 
increases the hardness of the NiAl compact decreases; a transient temperature analysis enabled to interpret 
this observation.
Practical significance of the results: NiAl is an extremely useful industrial material with many high 
temperature applications.
Key words: self-propagating high-temperature synthesis, NiAl

Introduction

The B2 ordered intermetallic NiAl compounds 
exhibit a wide range of physical and mechanical 
properties which show promise for applications rang-
ing from high-pressure turbine blades to buried inter-
connects in electronic components [1]. NiAl forms 
an adherent film on oxidation in air at temperatures 
up to 1200oC, indicating good corrosion resistance as 
demonstrated by its use as a base for some protective 
coatings on nickel-based superalloys. The structure 
remains fully ordered up to the melting point, imply-
ing a resistance to diffusion-controlled processes, 
such as precipitation, grain growth, oxidation and 
creep deformation. The large phase width of NiAl 
suggests a potential for substitutional alloying to im-
prove strength and oxidation resistance. NiAl is ap-
proximately 30% less dense than nickel (a common 
superalloy base) and has a melting point 200oC high-
er. On the other hand, drawbacks of this type of inter-
metallics include low ductility and toughness [1,  2].

Conventionally intermetallics are fabricated by 
processes such as vacuum arc melting and their final 

microstructure is refined by several thermomechani-
cal treatments. To reduce costs and complexity, Self-
Propagating High-Temperature Synthesis (SHS) and 
thermal explosion, has also been used [3-7]. In the 
SHS method, the exothermic reaction between the 
powder constituents is initiated and becomes self-
sustaining to yield the final product progressively 
without requiring additional heat. Compared to con-
ventional processing methods, the main advantages 
of SHS are: (i) higher purity products because of the 
high reaction temperature which can volatilize and 
hence “remove” low boiling point impurities, (ii) 
simplicity since there is no need for expensive pro-
cessing facilities and equipment, (iii) low operating 
and processing costs due to the short exothermic re-
action times, (iv) ability to fabricate non-equilibrium 
or metastable phases because of the high thermal gra-
dients and rapid cooling rates and (v) capability for 
producing a wide range of inorganic materials con-
solidated into a final product in one step by utilizing 
the chemical energy of the reactants [8-10]. However, 
there are some disadvantages of the method such as 
high porosity (which may be reduced by simultane-
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ous compression [11]), microstructural inhomogene-
ities, etc. Several reviews of the combustion synthe-
sis technique and its prospects have appeared in the 
literature [12-22].

Thermodynamics
During the combustion synthesis reaction 

there are four important temperatures which af-
fect the process of the reaction and the properties 
of the final product: 1) the initial or preheating 
temperature To, which is the temperature of the 
powder compact of the reactant sample before the 
reaction is initiated, 2) the ignition temperature 
Tig, which represents the point at which the SHS 
reaction is spontaneously activated without fur-
ther external heat supply, 3) the adiabatic com-
bustion temperature Tad, which is the maximum 
combustion temperature achieved under adiabatic 
conditions and (4) the actual combustion temper-
ature Tc, achieved normally under non-adiabatic 
conditions [23].

The amount of heat, H(R) required to raise the 
temperature of the reactants from the initial tempera-
ture To to the ignition temperature Tig (i.e. the tem-

perature at which the exothermic reaction initiates) is 
given by the following equation:

   i
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where ni, Cp(Ri), and L(Ri) represent the reaction stoi-
chiometric coefficients, heat capacities and the phase 
transformation enthalpies (if the reactants go through 
a phase change such as from solid to liquid) of the 
reactants respectively. At a certain distance from 
the heat source, the reactant compact reaches steady 
state conditions; in this state the heat of the reaction 
∆H(Tig) is only used to heat the adjacent layer from To 
to Tig. At this point, the amount of heat available to be 
absorbed by the products under adiabatic conditions 
is, therefore, H(P), which raises the temperature from 
Tig to the adiabatic temperature Tad(To), i.e. 

∆H(Tig) = – [H(R) + H(P)]               (2)

where H(P) is given by:
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where nj, Cp(Pj), and L(Pj) represent the reaction 
stoichiometric coefficients, heat capacities and the 
phase transformation enthalpies (if the products 
go through a transformation phase change) of the 
products respectively. The increase of the initial 
(average) temperature To will decrease H(R) and 
increase both H(P) and the adiabatic temperature. 
Increasing To to Tig, will decrease H(R) to zero and 

all of ∆H(Tig) will be available to be absorbed by the 
products [14,23].

Materials and Methods

Processing and synthesis
Used in the experiments Ni powder characteris-

tics presented in table 1.

Table 1 – Nickel Powder Characteristics

Composition
C Mn Cu Fe S Si Ni

0.017 <0.01 <0.01 0.04 0.0002 0.31 Bal.

Size Distribution
Mesh Size +100 +120 +140 +200 +270 +325 -325

Percent 4.2 3.0 6.1 15.2 15.9 13.7 41.9

Aluminum powder MERCK, max. particle size 125 micron, purity 99.5%.
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Stoichiometric fractions of elemental powders to 
produce the NiAl phase (38.5wt%Ni + 61.5wt%Al) 
were mixed thoroughly and die-pressed at a pressure 
of 30 bars to form cylindrical compacts (diameter c. 
15 mm and height c. 20 mm) of green density about 
60% of theoretical. The cylindrical specimens were 
then pre-heated in a furnace where the exothermic re-
action between the Ni and the Al particles initiates as 
soon as any area of the compact reaches the ignition 
temperature. In all of our experiments, the reaction 
was initiated at the top surface of the specimens af-
ter exposure to the furnace temperature for a period 
between 1 and 4 minutes, depending on pre-heating 
temperature. As the SHS combustion zone moves 
through the specimen, a series of reactions take place 
and the compact melts, since the combustion temper-
ature (approaching 2000 oC is well above the melting 
temperature of the NiAl phase (1640 oC). Once the 
SHS reaction is completed, the specimen is removed 
from the furnace and air-cooled.

The microstructure of the NiAl product, its 
chemical homogeneity and its mechanical properties 
usually depend on the processing conditions as well 
as the compact geometry, because of their effect on 

the actual average compact temperature at the time of 
ignition and on the cooling rate of the NiAl melt. The 
dimensions and the initial density of the specimens 
were kept fixed, while the furnace temperature Tfur 
was varied from 700 to 1000oC. The time to reaction 
initiation tin was not constant in the experiments but 
decreased with increasing the furnace temperature as 
the initiation temperature was reached quicker.

Characterization
The NiAl materials synthesized were charac-

terized by a number of techniques including X-ray 
diffraction, optical and scanning electron micros-
copy, electron dispersive spectroscopy, and hardness 
testing. 

Results and Discussion

Modelling of the compact temperature
The time to ignition tin, defined as the period that 

the specimen remains inside the furnace until the re-
action initiates depends upon the initial temperature 
of the furnace. The variation of tin versus the furnace 
temperature Tfur as determined from the SHS experi-
ments is shown in Figure 1. 

Figure 1 – The variation of initiation time tin as a function of the furnace temperature Tfur

It is seen that as the furnace temperature increases 
the initiation time decreases because the ignition tem-
perature (on the top surface of the sample) is reached 
faster. After ignition, the time required to propagate 

the reaction front along the specimen is less than 1 
second, i.e. the reaction speed is quite high1*. Thus, 

1 *in fact, earlier work[16] on the synthesis of the 50% Ni 
– 50% Al system it was measured as being equal to XXX m/sec
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with regard to the microstructure formation and evo-
lution, it we accept that at the end of the reaction and 
prior to solidification, the material is at the liquid 
state. The microstructure obtained from the solidifi-
cation process is dependent upon the difference be-
tween the temperature of the melt (which is related 
to the combustion temperature of the reaction) and 
the furnace temperature. Therefore, to interpret the 
microstructural features the combustion temperature 
(or likewise the average compact temperature) must 
be estimated.

As mentioned above in the section of “Thermo-
dynamics”, the maximum adiabatic temperature de-

pends upon the average temperature of the compact. 
Evidently, the latter should be related to the furnace 
temperature and the time of exposure inside the fur-
nace tin. In order to gain a comparative estimate of the 
average compact temperature right before the reac-
tion initiation for the various Tfur and tin, a transient 
temperature analysis was conducted. In particular, 
the temperature at the center of the compact Tcen for 
the specific Tfur and tin was calculated following the 
procedure which is outlined in the Appendix.

The variation of the temperature at the center of 
the compact versus the furnace temperature is shown 
in Figure 2. 
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Figure 2 – The temperature at the center  
of the compact versus the furnace temperature

It is seen that, within the limits of the estimation er-
ror (which mainly arises from factors such as the accu-
racy of the calculation of the thermal properties of the 
porous compact) Tcen does not appear to vary with the 
furnace temperature. In other words Tfur and tin are com-
bined such that the temperature of the specimen’s center 
has the same temperature irrespectively of the process-
ing conditions. Therefore, since the temperature at the 
center of the specimen reflects its average temperature, 
it is deduced that the combustion temperature was the 
same for all of the experimental conditions. Given the 
fact that the ignition temperature (which in the experi-
ments of this work was first reached on the top surface 
of the specimen) is dependent only upon the composi-

tion of the compact, the above analysis is important as 
it provides an indication that the average temperature 
of the specimen right before the ignition does not vary 
with the furnace temperature.

Characterization

a. X-ray Diffraction (XRD)
Figure 3 shows the XRD spectrum of a material 

fabricated by self-propagating synthesis of nickel 
and aluminum powder under the following process-
ing conditions: furnace temperature 1000 oC, green 
compact density 60% of the theoretical, and initial 
dimensions 20 mm diameter and 15 mm height. 
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In order to eliminate possible effects of the tex-
ture developed during the solidification of the melt, 
the specimen was pulverized, and its powder was 
used for the XRD characterization. All peaks that 
appear in the graph correspond to the NiAl interme-
tallic phase; no other intermediate phases between 
nickel and aluminum, or any oxides were detected, 
and no further elemental aluminum and nickel are 
present. In addition, materials synthesized under 
different processing conditions (i.e. furnace tem-
perature, time exposed inside the furnace, etc.) were 
also examined by XRD, giving identical spectra to 
that shown in Figure 3. Therefore, in all cases pure 
monophase NiAl with the B2 ordered cubic struc-
ture with a lattice parameter α = 2.88Å was fabri-
cated.

Earlier characterization work on the formation of 
NiAl compounds using differential thermal analysis 
(DTA) and synchroton radiation techniques revealed 
that during the SHS synthesis several intermediate 
phases such as Ni3Al and Ni3Al2 are formed prior 
to the formation of the final, stoichiometric NiAl 
phase[23-24]. The formation as well as the presence 
of residues of the intermediate phases depends upon 
the combustion temperature. In particular, the pro-
portion of the Ni3Al and Ni3Al2 phases decreases as 
the combustion temperature increases. Therefore, the 
above results indicate that a high combustion tem-
perature was achieved in our experiments.

Microstructure
As mentioned above, the NiAl formation pro-

ceeds through the formation of a melt. Examination 
of the microstructure at lower magnifications showed 
that the final product comprises two regions, a core 
which accounts for ~80% of the total volume of the 
compact. and a “shell” of high porosity (of the order 
of 20%) material around the core. This outer shell, 
whose microstructure is shown in Figure 4, owes its 
formation to the gravitational flow of a small portion 
of the liquid, since in our experiments the specimen 
stood free inside the furnace, thus flow of the melt 
was possible. 

It is observed that the structure comprises large 
(~150 µm) grains of equiaxed shape. The fact that the 
NiAl grains have linear grain boundaries with no cur-
vature indicate the high stability of the formed com-
pound, the absence of secondary phases, and a very 
rapid crystallization of the primary melt. Although, 
no pores can be discerned from this micrograph; the 
higher magnification micrograph in Figure 6 shows 
that there are a few spherical with a size of less than 
10 µm inside the material.

Although at low magnifications the microstruc-
ture of the core appears to be quite uniform, micro-
structural nonuniformities may be distinguished at 
higher magnifications. In particular, the SEM micro-
graph of Figure 6 reveals the presence of spherical 
particles within a fine grained matrix. 
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Figure 3 – Typical XRD spectra of NiAl produced by self-propagating high-temperature synthesis
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 A typical, low magnification, optical micrograph 
of the core is shown in Figure 5. 

In conjunction with the XRD results it can be de-
duced that both the particles as well as the fine ma-
trix are of pure NiAl. It is also seen that the pores 
are mainly located at the particle/matrix boundaries, 

which indicated that the large particles solidified first 
inside the matrix which was in the liquid state.

Hardness
The Vickers hardness of the NiAl compounds 

versus the furnace temperature at which they were 
synthesized is presented in Figure 8. 
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Figure 4 – Microstructure of NiAl-rich outer shell
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Figure 5 – Microstructure of the core
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The particles have a wide distribution of sizes 
ranging between 4 and 15 µm. The chemical com-
position of the particles as well as the composition 
of the matrix were determined by EDS analysis. The 
EDS spectra shown in Figure 7 do not reveal any es-
sential differences on the peaks of nickel and alumi-
num between the particles and the matrix. 

The results revealed a trend of decreasing hard-
ness with increasing the furnace temperature. This 
hardness variation can be interpreted with regard to 
the cooling rate of the NiAl melt which is proportion-
al to the difference ∆T between the temperature of 
the melt Tm and the temperature of the furnace Tfur. If 
it is assumed that the temperature of the melt is near 
the combustion temperature, (which as discussed in 

the previous sections is essentially constant for all 
conditions used) then ∆T increases as the furnace 
temperature decreases. Therefore, at lower Tfur the 
cooling rate is higher, resulting to a more brittle and 
harder microstructure. SEM micrographs of the frac-
ture surface of NiAl compacts fabricated at furnace 
temperatures of 700 and 1000 oC are shown in Fig-
ures 9a and b respectively. The micrograph of Figure 
9a shows a brittle type of fracture, while areas which 
have undergone plastic deformation are observed in 
Figure 9b. Interestingly, NiAl fibres were also found 
to have formed inside pores and are also visible in 
Figure 9a and b. This is the first time such fibres have 
been observed and the exact conditions of formation 
and characteristics are under investigation at present.

 

 
 
  

 20μm 
 

Figure 6 – Microstructure of semi-spherical particles within a fine grained matrix

Figure 7 – The EDS spectra of the particles (left) and 
 the matrix (right) showing that they have almost identical elemental composition



161G. Xanthopoulou, G. Vekinis 

International Journal of Biology and Chemistry 11, № 2, 154 (2018)

Figure 8 – The Vickers hardness of the NiAl compounds versus the furnace temperature.

Figure 9 – SEM of SHS NiAi (initial mixture 60%Al- 40% Ni). Brittle fracture  
with some localized areas where limited plastic deformation are visible. NiAl fibres are also visible

In summary, the low sensitivity of the mate-
rial hardness (and hence strength) upon the furnace 
temperature represents a significant technologi-
cal advantage of the process from the industrial 

point of view, because it does not pose great dif-
ficulties in scale-up, and also the material quality 
does not vary greatly with the processing furnace 
temperature. 
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Summary and conclusions

The SHS method was used to synthesize the B2 
NiAl compound from elemental nickel and aluminum 
powders. The main conclusions of this work may be 
summarized as follows:

1. X-ray diffraction showed that the NiAl is the 
only phase formed (through solidification of a melt) 
when the powder compacts are processed at a furnace 
temperature is at the 700-1000 oC range.

2. The microstructure consists of large equiaxed 
grains with linear grain boundaries. The latter indi-
cate the high stability of the compound synthesized 
and a very rapid crystallization of the primary melt.

3. The hardness of the final product was fount to 
decrease with the increase of the furnace temperature 
because of the lower cooling rate of the melt.

4. The process used has shown that NiAl fibres 
can form inside pores of the material.

Ackowledgements

We’d like to thank Dr P. Nikolaou for his contri-
bution in this work.

References

1. C.T. Liu and K.S. Kumar, Ordered Inter-
metallic Alloys, Part I: Nickel and Iron Aluminides, 
JOM, May 1993, pp. 38-41.

2. R.D. Noebe, R.R. Bowman, and M.V. Na-
thal, Review of the Physical and Mechanical Proper-
ties and Potential Applications of the B2 Compound 
NiAl, NASA Technical Memorandum 105598.

3. D.E. Alman, J.A. Hawk, A.V. Petty, and 
J.C. Rawers, “Processing Intermetallic Composites 
by Self-Propagating, High Temperature Synthesis”, 
JOM, March 1994, 31-35.

4. A. Varma, C.R. Kachelmyer, and A.S. Ro-
gachev, Mechanistic Studies in the Combustion 
Synthesis of Aluminides and Silicides, Int. J. of 
Self. Prop. High-Temp. Synth., vol. 5, No 1, 1996, 
pp.  1-25.

5. T.S. Dyer and Z.A. Munir, The Synthesis 
of Nickel Aluminides by Multilayer Self-Propagat-
ing Combustion, Metall. Mater. Trans. B, vol. 26B, 
1995, pp. 603-610.

6. Z.A. Munir, Reaction Synthesis Processes: 
Mechanisms and Characteristics, Metall. Trans. A, 
vol. 23A, 1992, pp. 7-13.

7. B. Michelic, M. Dakic, R. Djekic, and D. 
Uskokovic, Processing of Compact Materials by the 

Use of Self-Propagating High-Temperature Synthe-
sis and Pseudo-Hot Isostatic Pressing, Mater. Lett., 
vol. 13, 1992, pp. 391-395.

8. H. Doty and R. Abbaschian, Reactive Hot 
Compaction of NiAl with in situ Alumina Reinforce-
ment, mat. Scie. Eng. A, vol. A195, 1995, pp. 101-
111.

9. J.J. Moore, D.W. Ready, H.J. Feng, K. Mon-
roe, and B. Mishra, The Combustion Synthesis of 
Advanced Materials, JOM, November 1994, pp. 72-
78.

10. D.E. Alman, C.P. Dogan, J.A. Hawk, and 
J.C. Rawers, Processing, Structure and Properties of 
Metal-Intermetallic Layer Composites, Mater. Scie. 
Eng. A, vol. A192/193, 1995, pp. 624-632.

11. Z.P. Xing, J.T. Guo, G.Y. An, and Z.Q. Hu, 
Hot Pressing Aided Exothermic Synthesis and Den-
sification of NiAl and NiAl-TiC Composite, Int. J. 
of Self. Prop. High-Temp. Synth., vol. 5, No 1, 1996, 
pp. 51-56.

12. A.G. Merzhanov, Worldwide Evolution and 
Present Status of SHS as a Branch of Modern R&D, 
Int. J. of Self. Prop. High-Temp. Synth., vol. 6, No 2, 
1997, pp. 119-163.

13. 15. J.J. Moore and H.J. Feng, Com-
bustion Synthesis of Advanced Materials: Part 
II.Classification, Applications and Modeling, Prog. 
Mater. Scie., vol. 39, 1995, pp. 274-316.

14. Z.A. Munir, Synthesis of High Tem-
perature Materials by Self-Propagating Combus-
tion Methods Ceram. Bull., vol. 67, No 2, 1988, 
pp.  342-349.

15.  Shushan Dong, Ping Hou, Haiyong Cheng, 
Haibin Yang and Guangtian Zou, Fabrication of in-
termetallic NiAl by self-propagating high-tempera-
ture synthesis reaction using aluminium nanopowder 
under high pressure, 2002 J. Phys. Condens. Matter 
14 11023

16. Effects of TiC addition on combustion syn-
thesis of NiAl in SHS mode YEH C. L., SU S. H., 
CHANG H. Y., Journal of alloys and compounds 
2005, vol. 398, pp. 85-93

17. Iris V. Rivero, Michelle L. Pantoya, Karthik 
Rajamani, Simon M. Hsiang, Correlation of reactant 
particle size on residual stresses of nanostructured 
NiAl generated by self-propagating high-tempera-
ture synthesis Materials Research Society, v.24, n.6, 
pp.  2079- 2088

18. Roy, S. K. and Biswas, A’Combustion of 
Powder Mixtures Forming Reaction Products -Syn-
thesis of NiAl’, Mineral Processing and Extractive 
Metallurgy Review, 22: 2, 567 – 596.(2001)



163G. Xanthopoulou, G. Vekinis 

International Journal of Biology and Chemistry 11, № 2, 154 (2018)

19. D. Tingaud, L. Stuppfler, S. Paris, D. Vrel, 
F. Bernard, C. Penot and F. Nardou, Time-resolved 
X-ray diffraction study of SHS-produced NiAl and 
NiAl-ZrO2 composites Int.Journal SHS, 2007, Vol-
ume 16, Number 1, Pages 12-17

20. V. I. Vershinnikov and I. P. Borovinskaya, 
Fine TiAl and NiAl powders by SHS with a reduction 
stage Int. Journal SHS, 2009, Volume 18, Number 2, 
Pages 97-101

21. A. Biswas , S.K. Roy, Comparison between 
the microstructural evolutions of two modesof SHS 
of NiAl: key to a common reaction mechanism, Acta 
Materialia 52 (2004) 257–270

22. A. Shchukin, D. Vrel, A. Sytschev, Interac-
tion of NiAl Intermetallic During SHS Synthesis with 
Ta Substrate, February 2018, Advanced Engineering 
Materials DOI: 10.1002/adem.201701077

23. J.J. Moore and H.J. Feng, Combustion Syn-
thesis of Advanced Materials: Part I. Reaction Param-
eters, Prog. Mater. Scie., vol. 39, 1995, pp. 243-273.

24. M.C. Dumez, R.M. Marin-Ayral, and 
J.C.  Tedenac, La Synthese Auto-Propagee Haute 
Pression Appliquee aux Intermetalliques de Type 
Nickel-Aluminum, Mater. Res. Bull. vol. 29, No 6, 
1994, pp. 611-617.

25. A.V. Luikov, A.G. Slskov, L.L. Vasiliev, 
and Y.E. Fraiman, Int. J/ Heat Mass Transf., vol. 11, 
pp.  117-125, 1968

26. W.D. Kingery, H.K. Bowen, and D.R. Uhl-
mann, Introduction to Ceramics, 2nd Edition, J. Wi-
ley & Sons, New York, 1976.

27. A.D. Brailsford and K.G. Major, Br. J. Appl. 
Phys., vol. 15, 1964, pp. 313-320.

28. G.H. Geiger and D.R. Poirier, Transport Phe-
nomena in Metallurgy, Addison-Wesley Publishing 
Co, Reading MA, 1973.

29. F. P. Incropera and D.P. DeWitt, Fundamen-
tals of Heat and Mass Transfer, 2nd Edition, J. Wiley 
& Sons, New York, 1985

30. D. Tingaud, L. Stuppfler, S. Paris, D. Vrel, 
F. Bernard, C. Penot and F. Nardou, Time-resolved 
X-ray diffraction study of SHS-produced NiAl and 
NiAl-ZrO2 composites, Int. Journal SHS, 2007, Vol-
ume 16, Number 1, Pages 12-17

31. V. I. Vershinnikov and I. P. Borovinskaya, 
Fine TiAl and NiAl powders by SHS with a reduction 
stage Int. Journal SHS, 2009, Volume 18, Number 2, 
Pages 97-101

32. A. Biswas, S.K. Roy, Comparison between 
the microstructural evolutions of two modesof SHS 
of NiAl: key to a common reaction mechanism, Acta 
Materialia 52 (2004) 257–270

33. A. Shchukin, D. Vrel, A. Sytschev, Interac-
tion of NiAl Intermetallic During SHS Synthesis with 
Ta Substrate, February 2018, Advanced Engineering 
Materials DOI: 10.1002/adem.201701077



© 2018 al-Farabi Kazakh National University                                  Printed in Kazakhstan

International Journal of Biology and Chemistry 11, № 2, 164 (2018)

IRSTI 61.33.39

1О.A. Yessimova, 1А.О. Adilbekova, M.Zh. Kerimkulova,  
2G.D. Isenova, 3B. Lozowicka, 1K. Sagymbekova

1Al-Farabi National Kazakh University , Almaty, Kazakhstan
2LLP “Kazakh Institute of Protection and Quarantine of Plants named after Zh. Zhiembayev», Almaty, Kazakhstan

2Institute of Plant Protection, Poznan, Poland
e-mail: Orinkul.Esimova@kaznu.kz

Influence of mixed aqueous solutions  
of polyhexamethylene guanidine hydrochloride and  

OP-10 on vegetable crop seeds

Abstarct. The effect of bactericidal and fungicidal polymer polyhexamethylene guanidine hydrochloride 
(PHMGH) and its mixture with non-ionic surfactant oxyethylated isooctylphenol (OP-10) on the germination 
of seeds of tomatoes, cucumbers and sugar beet was studied. PHMGH is known disinfectant. It is odorless, 
colorless, non-corrosive and non-toxic for humans, PHGMH can be applied to make an innovative product 
in the disinfection of plants and vegetables and preservation of food products, . Vegetable seeds were 
treated with aqueous solutions of PHMGH, OP-10 and mixed solutions of PHMGH/OP-10. Tests were 
made in relation to the growth and development of plants treated with bactericids. PHGMH (0.05 %) 
aqueous solution favors for cucumber seed growth (the germination percentage equals to 94 %), PHGMH/
OP-10 complex (at a ratio of 1:1 at initial component concentrations equaled to 0.01%) for tomato seeds 
(90% ). The mixture of PHMG/OP-10 was effective on the growth and development for all of the studied 
vegetable crops (stem and leaf length). The effect of aqueous solutions of PHMGH, OP-10 and PHMGH/
OP-10 on the content of chlorophyll in the leaves of the studied objects was studied. The increasing of 
chlorophyll amount was observed after treatment with PHGMH complexes that results in resistance of 
vegetables to action of environmental factors.
Key words: polyhexamethylene guanidine hydrochloride, oxyethylated isooctylphenol, bactericidal 
complexes, fungicidal complexes, germination, chlorophyll, seeds, surfactant.

Introduction

The consumption of fresh vegetables increases 
every year in our country. Wide using of chemicals 
on plant protection leads to the negative environmen-
tal, sanitary and other consequences. With the accu-
mulation of negative impact factors, the development 
of improving methods and means of plant protection, 
the alternative ways preventing diseases of vegetable 
crops are growing. For this reason, the importance of 
the development and production of new bactericidal 
and fungicidal complexes increases [1].

Vegetable crops as other plants are exposed to 
diseases, which in turn interfere to obtaining of a 
stable and high yield. Traditional methods of crop 
increasing are complex, long-lasting and not always 
effective [2-3].

Recently, a method of film based on polymers has 
been successfully used in vegetable growing. This 

method allows bactericidal and fungicidal complexes 
to fix on the surface of the culture, providing them 
the high germination, as well as further development 
of a plant. Moreover, the use of such agents elimi-
nates the negative impact of microorganisms, being 
safe for the environment [4].

Currently, the environmentally correct, non toxic 
preparations are necessary for agriculture. In this 
perspective, complexes with high biological activity 
based on polyhexamethylene guanidine hydrochlo-
ride (PHMGH) and PHMGH/surfactant were used 
to improve the germination of vegetable seeds. Poly-
meric gunidinines are widely used as disinfectants 
[5-8]. The many physical and chemical characteris-
tics of this product: odorless, colorless, non-corrosive 
and non-toxic for humans with a neutral pH make an 
innovative product in the disinfection of plants and 
vegetables and preservation of food products. The 
antimicrobial activity of this product was shown on 
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many bacteria [9]. Also, PHMGH has a fungicidal 
activity on various fungal species [10]. Non-ionic 
surfactant OP-10 was used due to their surface prop-
erties and ability to wet the surface of plants (stem, 
leaves).

The main aim of this study was to show oppor-
tunity of using of polyhexamethylene guanidine hy-
drochloride with respect to the some vegetable crops 
cultivated in our country such as tomatoes, cucum-
bers and sugar beet. Therefore, the biological activity 
of PHGMH and its complexes with non-ionic surfac-
tant was tested for the above vegetable cultures.

 
Materials and Methods

Materials. The water-soluble polymer PHMGH 
was used for the preparation the new bactericidal 
and fungicidal compounds. Polyhexamethylene gua-
nidine hydrochloride (PHMGH) is an antimicrobial 
biocide of the guanidine group, produced in Russia 
at the Pokrovsky Plant of Biopreparations, Mη = 1.7 · 
103, has the following structural formula: 

It is known that PHMGH is polyelectrolyte of 
cationic type and it keeps the bactericidal and fungi-
cidal properties at interaction with other polyelectro-
lytes and surfactants [11-13].

As a surfactant, the oxyethylated isooctylphenol 
(ОP-10) was used. OP-10 is a nonionic surface active 
agent, product of joining of ethylene oxide to the al-
kylphenol with formula C8H17C6H4O (CH2CH2O)10H 
(C7H17-C6H4-O-(CH2-CH2O-)n). Also the complexes 
of PHMGH/ ОP-10 at a ratio of 1:1 were tested for 
the investigation.

Methods. The germination of seeds was studied 
in accordance with GOST 12038-84 “Seeds of ag-
ricultural crops. Methods for determination of ger-
mination”. Four samples per 100 seeds of vegetable 
cultures were taken. Seeds were placed on moistened 
filter papers in Petri dishes. Petri dishes were previ-
ously sterilized in a in a desiccator SNOL 58/350 
“Abutenos Elektrotechnika”. The limit of reproduc-
ible temperatures ranges from 20 to 300 ºС, the error 
of temperature stabilization is ± 2 ºС for 1 hour at 
a temperature of 130 ºС. Petri dishes wrapped in a 
tracing paper were placed in a thermostat for three 
days at a temperature of 27 ° C. Germination of seeds 
was determined as a percentage. For the result of the 

analysis, the arithmetic mean results of determin-
ing the germination capacity of all analyzed samples 
were taken.

The main regularities of plant growth and de-
velopment were studied within thirty days by the 
standard method [14]. The length of the aerial part 
of the plants was measured during the experiment 
and a change of the external characteristics of the 
plant was observed. The thickness of the stalks of 
germinated plants was measured with the help of a 
caliper SHZ I – 125 mm, the division price 0.1 mm, 
class 2.

The chlorophyll content was determined on a 
SPEKOL 1500 spectrophotometer. The measuring 
error was ± 0.3% according to biochemical methods 
for plant physiology study [15].

The effect of mixtures of PHMGH, OP-10 and 
PHMGH/OP-10 on seed germination was investigat-
ed by two methods:

1) Direct influence method on seeds.
Seeds were treated with mixtures of water so-

lutions of PHMGH, OP-10 and PHMGH/OP-10 of 
0.01%; 0.05 %; 0.1 % and 0.2 % concentrations. To 
determine the germination, the treated seeds were 
placed in a climatic chamber at a temperature of + 28 
° C for 3-7 days;

2) Method of sprout watering. After germination 
of seeds in the soil, the irrigation was carried out with 
mixtures of PHMGH, OP-10 and PHMGH/OP-10 in 
water with 0.01 %; 0.05 %; 0.1 %; 0.2 % concentra-
tions (50 ml).

Results and Discussion

One of the methods for assessment of the sow-
ing quality of vegetable crops is to determine their 
productivity. In conditions of poor productivity, the 
possibility of obtaining a high yield reduces. There-
fore, before sowing the crop, it becomes necessary to 
treat the seeds with bactericidal and fungicidal prepa-
rations.

1. Effect of fungicidal and bactericidal complex-
es on the germination of vegetable seeds.

The results of the studies of the effect of PHMGH, 
OP-10 and mixed solutions of PHMGH/OP-10 on 
seed germination are shown in Figures 1-3.

According to Figure  1, the best results were 
achieved by means of processing with a mixture of 
0.05 % solution of PHGMH. Germination of seeds of 
cucumbers reached 90%.

The results of analyzes carried out with respect to 
tomato seeds are provided in Figure 2.
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Figure 1 – The germination of cucumber seeds treated by solutions  
of PHGMH, OP-10 and PHMGH/OP-10 

Figure 2 – The germination of tomato seeds treated by solutions  
of PHGMH, OP-10 and PHMGH/OP-10 

Figure 3 – The germination of sugar beet seeds treated by solutions  
of PHGMH, OP-10 and PHMGH/OP-10 
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As seen in Figure 2 the germination reached to 
90  % after the treatment by PHGMH/OP-10 mixed 
solutions of 0.01 % at a ratio of 1:1 (vol.) of 0.01  % 
solutions. In the next experiment with respect to 
sugar beet seeds the concentrations of components 
were changed according to optimal data obtained 

previously (Figure 3). As can be seen in Figure  3 
the best results was observed after treatment by 0.2 
% PHGMH.

Figure 4 presents the germination of seeds un-
treated and treated with mixed solutions of PHMGH/
OP-10 at a ratio 1:1 (vol.)

1 2

3 4

5 6

Figure 4 – Vegetable seeds untreated and treated with mixed solutions of PHMGH/OP-10 at a ratio 1:1
(1 – untreated cucumber seeds, 2 – treated cucumber seeds, 3 – untreated tomato seeds,  
4 – treared tomato seeds, 5 – untreated sugar beet seeds, 6 – treated sugar beet seeds) 
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2. The influence of bactericidal and fungicidal 
complexes on the growth and development of veg-
etable crops.

To observe the growth and development of cul-
tures, we carry out the following experiments: the 
seeds were planted in 500 g soil in four replicates. 
After emergence of seeds, the sprouts were watered 
with solutions of PHGMH, OP-10 and PHGMH/OP-

10 by 50 ml with different concentrations equaled to 
0.01 %; 0.05 %; 0.1 %; 0.2 %. The results of the data 
obtained are presented in Figures 5-7.

As shown in Figure 5 the best results were 
reached after watering by PHGMH/OP-10 at initial 
concentrations of components equaled to 0.01 %. 

Similar tests were carried out with relation to to-
matoes (Figure  6). 

Figure 5 – Influence of solutions of PHGMH, OP-10 and PHMGH/OP-10 on growth and development of cucumber 

Figure 6 – Influence of solutions of PHGMH, OP-10 and PHMGH/OP-10 on growth and development of tomatoes 
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According to the results of the analysis of to-
mato samples, it can be seen from Figure  6 that the 
watering with complex of PGMG/OP-10 of 0.01% 
initial aqueous solutions positively influenced on the 

growth of the stem length, the length and width of the 
leaf of the plant.

Similar results were obtained during experiments 
with sugar beet. The results are shown in Figure 7.

Figure 7 – Influence of solutions of PHGMH, OP-10 and PHMGH/OP-10 on growth and development of sugar beet 

Figure 7 shows that good results as in previous 
tests complexes of PHGMH/OP-10 (0.05 %) exerted 
with respect to sugar beet growth.

3. Determination of chlorophyll on the leaves of 
cultures

Determination of the amount of chlorophyll in 
plants gives us the opportunity to assess their resis-
tance to environmental factors. To determine the con-
centration of chlorophyll it is necessary to separate 
the pigment from the suspended filtrate of the sub-
stance. From the filtrate the chlorophyll concentra-
tion was determined by means of analysis conducted 
on a Spekol spectrophotometer. The results of the 
studies are presented in Figures 8-10.

As can be seen from Figure  8 that the amount 
of chlorophyll is most abundant in samples treated 
with PHGMH complexes (0.05%; 0.1%) and OP-10 
(0.01%).

The following experiments were conducted in re-
lation to tomato shoots (Figure  9).

As can be seen in Figure 9, a large amount 
of chlorophyll was detected in the leaf samples 
treated with PHGMH (0.01 %) and PHGMH/
OP-10 (0.01  %), equaled to2.6 and 2.97, respec-
tively.

The results on determining the amount of chlo-
rophyll in the leaves of sugar beet are shown in Fig-
ure  10. 

Figure  10 shows that the most quantity of chlo-
rophyll in the leaves of sugar beet was determined at 
processing with PHGMH (0.05 %) and OP-10 (0.1 
%), equaled to 19.83 and 19.17%, respectively, when 
in the control sample while the chlorophyll content 
was 13.74%. The results of experiments confirmed 
that the crop shoots treated with aqueous solutions 
of PHGMH, surfactant and their mixture are resis-
tant to environmental factors due to bactericidal and 
fungicidal activity of guanidine component while 
non-ionic surfactant provides the surface activity of 
composition [16-18]. 
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Figure 8 – Chlorophyll amount in cucumber leaf treated with PHGMH, OP-10 and PHGMH/OP-10 solutions 

Figure 9 – Chlorophyll amount in tomato leaf treated with PHGMH, OP-10 and PHGMH/OP-10 solutions 

Conclusions

PHGMH, OP-10 and PHGMH/OP-10 complex 
influence on the germination of vegetable seeds was 
studied. PHGMH (0.05 %) aqueous solution was 
more favorable for cucumber seeds (the germination 

percentage equals to 94 %), PHGMH/OP-10 complex 
(at a ratio of 1:1 at initial component concentrations 
equaled to 0.01%) for tomato seeds (the germination 
percentage was 90%), and 0.2 % aqueous solution of 
PHGMH with respect to sugar beet seeds (the germi-
nation percentage was 23%).



171О.A. Yessimova et al.

International Journal of Biology and Chemistry 11, № 2, 164 (2018)

The mixture of PHMG/OP-10 was effective on 
the growth and development for all of the studied 
vegetable crops (stem and leaf length). Thus, the 
sprouts of cucumbers and tomato show good results 
after treatment with a complex with initial concentra-
tion equaled to 0.01 % and sugar beet sprouts – at 
treating with 0.05% of complex of PHGMH/OP-10.

The amount of chlorophyll in the cultivated 
shoots of vegetables was determined after treatment 
with disinfectant and their complexes. The amount of 
chlorophyll was significantly higher in comparison 
with the control sample leaves (without treatment) of 
tomato, cucumber and sugar beet.

The results of the studies showed that the seeds 
treated with preparations are highly productive and 
show the increasing of the chlorophyll amount in the 
leaves providing the resistance of cultures to environ-
mental factors.
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Peroxide Oxidative Desulfurization  
of Crude Petroleum in the presence of fatty acids

Abstract. Oxidative desulfurization of crude petroleum with hydrogen peroxide in the presence of fatty 
acids has been studied. A procedure for the recovery of oxidized sulfur-containing compounds from the 
petroleum by extracting the oxidation products with acetone has been selected. The influence of fatty acid 
on the residual sulfur content and oil viscosity was determined. As a result of oxidative desulfurization, up 
to 45% of total sulfur is recovered from petroleum, with the viscosity decreasing of crude oil.
Key words: petroleum, oxidative desulfurization, hydrogen peroxide, viscosity, fatty acids.

Introduction

Due to constant growth in the consumption of pe-
troleum refinery products, the sulfur content in oil is 
subject to strict limitation. Nowadays is essential the 
search for costefficient technologies for decreasing 
the total sulfur content in refinery products and vis-
cosity of crude oil [1]. Sulfur-containing compounds 
have a negative influence on many performance 
characteristics of petroleum products: stability and 
response to additives of motor gasolines decrease 
and their sooting tendency and corrosion activity in-
crease; the service life of oil-refining equipment and 
transportation pipes decreases [2-4]. 

In the process of oxidative desulfurization with 
hydrogen peroxide, sulfur-containing compounds 
are oxidized first to sulfoxides and then to sulfones. 
This method allows to achieve low levels of sulfur 
in crude oil with a very simple technological design 
process [5] with the removal of chemically inactive 
benzothiophene derivatives and dibenzothiophene 
[6-8]. Currently, hydrogen peroxide is one of the 
most suitable oxidizing agents for the process of oxi-
dative desulfurization. This is due to the fact that it 
has the highest percentage of active oxygen (47.1%), 
in addition, it has such technological and econom-
ic advantages as relatively low cost, environmental 
friendliness and commercial availability [9,10]. As 
additives to hydrogen peroxide, carboxyl compounds 
are effectively used, which significantly acceler-
ate the oxidation of organic sulfur compounds and 
increase the degree of desulfurization of the feed-

stock [11, 12]. The combination of hydrogen perox-
ide with complexes of various metals also provides 
a high degree of petroleum fractions organic sulfur 
compounds oxidation[13–15]. Removing of oxidized 
sulfur-containing compounds from raw materials is 
carried out by extraction from oxidized oil fractions 
with polar solvents.

The reduction of viscosity is especially important 
for the transportation of oils with increased viscosity, 
since the process of pumping them requires an in-
crease in the power of pumping units. The processing 
of such oil requires the improvement of technologi-
cal schemes at all stages, which leads to an increase 
in the cost not only of its transportation, but also of 
production and refining [16]. The main characteris-
tics that determine the technological processes as-
sociated with the oil processing with high viscosity 
are structural and mechanical properties, which are 
particularly influenced by the content in the oil of 
high-molecular compounds, including asphaltenes. 
In low-paraffinic oils, the important reason for high 
viscosity of oil is the presence of asphaltenes [17, 
18]. To improve the rheological characteristics of 
viscous and highly viscous oils and increase their 
stability against delamination, synthetic surfactants, 
such as fatty acids, as well as specialized technologi-
cal processes, such as aquatermolysis, are used [19]. 
The aim of this work was to develop a method for 
transferring oil from the medium-sour class to the 
low-sour class, without affecting the basic physico-
chemical parameters, such as viscosity and density, 
applying the principles of oxidative desulfurization.
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Materials and Methods

Crude oil from the Moscow refinery with a sul-
fur content of 1.24% was used in the study. This oil 
belongs to the medium and low-viscosity. The main 
physicochemical parameters are presented in table 1.

Table 1 – Physicochemical parameters of the crude oil

Parameter Initial oil
Density, kg/m3 872.7

Kinematic viscosity, cSt 2.623
Dynamic viscosity, mPa•s 2.3

Total sulfur, ppm 12400
Mercaptan sulfur, ppm 8

Asphaltenes, wt % 2.5
Water, vol % 0.1

Aqueous solutions of hydrogen peroxide (Prime 
Chemicals Group) were used as an oxidizing agents; 
formic acid (88% aqueous solution, analytical grade, 
Component-reagent), oleic (reagent grade, Reachim), 
stearic (97 %, Acros Organics) and lauric acid (re-
agent grade, Mas Albion). The following metal salts 
were used: Na2MO4·2H2O, Na2WO4·2H2O (Aldrich 
Chemical), (NH4)2MoO4 (AMX Line), C10H14MoO6 
(molybdenum acetylacetonate, DALHIM), Mo(CO)6 
(reagent grade, Reachim). Extractants served as sol-
vents: acetone (analytical grade), methanol (reagent 
grade), N, N-dimethylformamide (reagent grade), 
acetonitrile (reagent grade), methyl ethyl ketone, 
dimethyl sulfoxide (reagent grade), N, N- dimeth-
ylacetamide (reagent grade). N-hexane (analytical 
grade, Ecos-1) was used as a solvent for determining 
the mass fraction of asphaltenes.

The sulfur content in the samples before and after 
desulfurization was determined on an ASE-2 X-ray 
energy dispersive sulfur analyzer (Burevestnik) with 
the relative error of no more than 5% and concentra-
tion range from 50 to 50000 ppm.

Crude oil desulfurization was carried out accord-
ing to the following scheme: the required volume of 
the oxidizing system was added to a 10 ml sample 
of crude oil based on the molar ratios S: H2O2: acid: 
Me from 1: 1: 0: 0 to 1: 4: 1: 0.02. The reaction was 
carried out with constant stirring at 20 ° C for 2 to 6 
hours. 10 mL of the oxidized petroleum were rinsed 
with 10 mL of water, extracted with 12 mL of the ex-

tracting agent with 20 vol % water, and the extracting 
agent and petroleum were separated by centrifuga-
tion. The operation was repeated twice, after which 
petroleum was rinsed with 10 mL of water, and the 
petroleum after extraction was analyzed for sulfur. 

Determination of kinematic and dynamic of 
crude oil viscosity was carried out according to the 
method GOST 33-2016 using a glass viscometer at 
room temperature.

Fractional composition was determined by distil-
lation according to GOST 2177-99.

Asphaltenes determination in the initial and oxi-
dized crude oil was carried out according to the fol-
lowing procedure: 5 – 10 g of the sample were dis-
solved in 40-fold amount of n-hexane and left in the 
darkness for 18 – 20 h to precipitate asphaltenes. 
The solution was filtered, the precipitate was washed 
with hexane until the oil stains on the filter disap-
peared and until the flowing hexane wascompletely 
transparent. After that, the filter cake was dissolved 
in hot benzene and placed in a suspended flask, and 
benzene was distilled off to obtain a constant mass of 
the flask with an error of 0.01% [20]. The content of 
asphaltenes was found by the formula:

Asphaltenes = 100 * (a / A), wt. %

a – weight of the obtained sediment, A – weight 
of the sample.

Results and discussion

The process of oxidative desulfurization of hy-
drocarbon feedstock generally includes two steps: (1) 
oxidation of sulfur compounds present in the fraction 
and (2) the recovery of oxidation products from the 
fraction. Adsorption, extraction, or thermal methods 
are used to selectively remove oxidation products of 
sulfur compounds [21]. Previous studies have shown 
that the most effective method for extracting oxidized 
sulfur-containing compounds is extraction with polar 
solvents [5]. At the initial stage of work, the evalu-
ation of extractants of various chemical nature was 
carried out.

The data obtained (Fig. 1) show that acetone and 
N, N-DMF most oxidized sulfur-containing com-
pounds are extracted from oil, which is most likely 
due to the high polarity of the extracted compounds. 
Due to the simplicity of its regeneration and the best 
result on the residual sulfur content, acetone was 
used as extractation agent for oxidative products.



175R.A. Fedorov et al.

International Journal of Biology and Chemistry 11, № 2, 173 (2018)

Aqueous solutions of hydrogen peroxide were 
used as oxidizing agents. To ensure optimal desul-
furization conditions, the effect of the amount and 
concentration of hydrogen peroxide on the residual 
sulfur content was studied.

According to the data obtained (Table 2), 5 
and 10% aqueous solutions of hydrogen peroxide 
are advisable to use in a molar ratio of 1: 1 for 

10% hydrogen peroxide and 4: 1 and 2: 1 for 5% 
hydrogen peroxide. These solutions in combina-
tion with 88% formic acid and subsequent extrac-
tion can reduce the residual sulfur content in the 
oil to 5500 ppm. This is most likely due to the 
fact that at high concentrations of hydrogen per-
oxide, the mainly oxidized compounds which are 
difficult to extract.

Figure 1 – Dependence of residual sulfur content on the nature of the extractant.  
(Conditions: S: H2O2 (50%): HCOOH = 1: 10: 6 (mol.), 20 ° C, 6 hours)

Table 2 – The dependence of the residual sulfur content on the concentration and amount of hydrogen peroxide. (Conditions: S: 
HCOOH = 1: 1 (mol.), 20 ° C, 2 hours)

Molar ratio 
H2O2 : S

Residual sulfur content, ppm
Hydrogen peroxide concentration, vol %

50 37 24 10 5
4 : 1 9000 8400 7800 8000 5500
2 : 1 8700 8700 7700 7600 6000
1 : 1 8000 8700 7800 7000 7700

It is known from the published data [11,12] 
that desulfurization in an acidic medium provides 
positive results on the residual sulfur content in the 
feedstock, and the use of fatty acids has a positive 
effect on the viscosity of oil. During the work, the 
effect of carboxylic acids on the residual content of 
oxidized sulfur-containing compounds, the mass 
fraction of asphaltenes and the viscosity of oil were 
investigated.

The data obtained indicate that the use of fatty 
acids can reduce the viscosity of oil, but does not pro-
vide oxidation of sulfur-containing compounds of oil 
compared with formic acid. The increase in the mass 
fraction of asphaltenes in oxidized oil is most likely 
due to the increase in the proportion of the fraction of 
insoluble asphaltenes.

The published data suggest that salts of transi-
tion metals forming peroxo complexes with H2O2 
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contribute to the reduction of the content of sulfur-
containing compounds in the feedstock [22]. Sodium 
molybdate and sodium tungstate were used as salts 
containing transition metals.

Based on the data obtained, the use of sodium 
molybdate in the oxidative system in combination 

with oleic acid can reduce the residual sulfur content 
to 6000 ppm as compared with tungstates.

In connection with obtaining a positive effect 
from the use of molybdenum as a catalyst for the oxi-
dation of sulfur compounds of oil, various molybde-
num salts were used in the work.

Table 3 – Effect of carboxylic acids on the residual sulfur content and oil viscosity. (Conditions: S: H2O2 (10%): acid = 1: 1: 1 (mol.), 
20 ° C, 2 h, * – conditions: S: H2O2 (10%): mixture of acids = 1: 1: 2 (mol .), 20oC, 2 hours)

Acidd Residual sulfur content, ppm Kinematic viscosity, cSt Asphaltenes, wt %
Formic 7300 2.76 6.17
Acetic 8300 2.64 5.3
Stearic 9066 2.23 4.16
Oleic 9500 2.30 4.38
Lauric 11000 2.34 4.46

Stearic + formic* 9700 2.05 5.9
Oleic + formic* 8800 2.13 5.34
Lauric + formic* 9400 2.21 6.23

Figure 2 – The effect of transition metal salts and fatty acids on the residual sulfur content.  
(Conditions: S: H2O2 (10%): acid: Me = 1: 1: 1: 0.02 (mole), 20 ° C, 2 hours)

Based on the data obtained (Fig. 3), the use of 
sodium molybdate in a molar ratio of sulfur to 1: 
200 is preferable compared with other salts of mo-
lybdenum and sodium molybdate in a molar ratio 
of 1: 100.

The work also determined the fractional com-
position of the original oil, oil after oxidation with 

an excess of hydrogen peroxide and formic acid, as 
well as oil after its oxidation. The oxidizing system 
in the presence of oleic acid and sodium molybdate 
was used, followed by extraction of sulfur-containing 
compounds of oxidation products, as well as the of 
total sulfur content in each of the oil fractions was 
determined (Table 4).
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Table 4 – Fractional composition of the original and oxidized oil. (Conditions: 1) S: H2O2 (50%): HCOOH = 1: 10: 6 (mole), 20 ° C, 
6 h; 2) S: H2O2 (10%): oleic acid: Me = 1: 1: 1: 0.02 (mole), 20 ° C, 2 hours)

Fraction
Initial crude oil Oxidized oil (Conditions 1) Oxidized oil (Conditions 2)

Volume, 
ml

Sulfur content, 
ppm

Volume, 
ml

Sulfur content, 
ppm

Volume, 
ml

Sulfur content, 
ppm

Petrol (38оС – 180оС) 9 600 7.6 220 9 350
Diesel (180оС – 360оС) 16.5 6690 14.5 158 15 3200

Residue 24 19400 27 9800 25 12800
Oil 50 12400 50 4000 50 4500

Figure 3 – The effect of molybdenum salts on the residual sulfur content and asphaltene content.  
(Conditions: S: H2O2 (10%): oleic acid: Me = 1: 1: 1: 0.02 (mole.), 20 ° C,  

2 h, * – S: H2O2 (10%): oleic acid: Me = 1: 1: 1: 0.01 (mole), 20 ° C, 2 hours)

The data obtained from table 4 indicate that the 
oxidation composition in an excess of hydrogen 
peroxide and formic acid changes the oil fractional 
composition. The decrease in the residual content of 
oil sulfur-containing compounds and in each of the 
fractions was also observed. When using a 10% so-
lution of hydrogen peroxide, oleic acid and sodium 
molybdate, the residual sulfur content in the fractions 
is higher than when using an excess amount of hydro-
gen peroxide and formic acid.

Conclusion

The use of fatty acids in oxidizing systems allows 
to reduce the viscosity of oil by 10 – 15%, but not 
in all cases it allows to reduce the sulfur content to 
acceptable parameters specified when using the oxi-

dizing system with hydrogen peroxide (10%): formic 
acid (88%) 1: 1. The oxidative system with hydro-
gen peroxide (10%): oleic acid: sodium molybdate 
in a molar ratio of 1: 1: 0.02 able to transfer oil from 
medium-sulfur to low-sulfur and reduce kinematic 
viscosity by 12%.
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