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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 (by prior 
agreement, after the process of their subsequent selection).

Creation of special International Journal of Biology and Chemistry is of great impor-
tance, since scientists worldwide, including other continents, might publish their articles, 
which will help to widen the geography of future collaboration.

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 various branches of biology, biotechnology, genetics, nanotechnology, etc.

We hope to receive papers from the leading 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, related to production of new materials, technologies 
and ecological issues.
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Isolation and characterization of camel milk proteins

Abstract: Camel milk is an important constituent of Kazakh diet. Populaces of several regions of the 
country used camels as one of the basic sources of nutrients for many centuries. Camel milk contains high 
amounts of the immune-active proteins – lysozyme, lactoferrin, lactoperoxidase, immunoglobulins. It is 
also rich in vitamin C. Like any other, camel milk is highly perishable, with losses occurring during work at 
farm and under industrial conditions. These losses can be associated with challenges in preservation of the 
camel milk caused by the inability to process it into the shelf-stable products. The process of freeze-drying 
may be applied in order to retain the nutritional properties as well as technical and functional characteristics 
of the camel milk. Assessment of the effects of the isolation procedure and following freeze-drying on the 
mass yield of dry camel milk caseins and whey proteins could be interesting in order to get consolidated 
processes, which may further be transferred to an industrial level. These findings will play a central role 
in future freeze-drying operations since the retention of important nutritional components is an important 
part of food processing. In order to reveal the possible hurdles and to get a consolidated procedure to 
produce functional foods for different purposes, it is important to study the preceding data on isolation and 
preservation of camel milk proteins, as well as study their characteristics. 
Key words: camel milk, caseins, freeze-drying, acid precipitation, SDS-PAGE, whey proteins. 

Introduction

Kazakh population consumes large amounts of 
animal-originated food, with 237.7 kg of milk and 
dairy products (from cow, camel, mare) per person 
in 2018 [1]. In arid areas of South and West Kazakh-
stan, camel milk is an important part of nutrition of 
the local population [2], as habitants of these regions 
use camels as one of the basic sources of nutrients for 
many centuries. The number of camels in Kazakhstan 
is growing; reached approximately 230,000 heads to 
this moment [1]. 

Camel milk differs from cow milk in composi-
tion, protein content and structure [3]. The main 
groups of milk proteins are caseins and whey pro-
teins. According to the literature data, caseins are the 
most common protein fraction, varying from 61.8 to 
88.5% of the total milk protein. The components of 
camel milk (CN) casein are homologous to cow milk 
casein: aS1-CN, aS2-CN, b-CN and k-CN. The pro-
portion of each casein component as follows: aS1-
CN 22%, aS2-CN 9.5%, b-CN 65% and k-CN 3.5% 
(w/w). Casein fractions in camel milk are quite simi-
lar to bovine casein. At the same time the total amount 

of casein in camel milk can be lower (52-87%) than 
in cow milk (80%) [4]. Whey proteins of camel milk 
make up to 20-25% of all proteins and mainly consist 
of β-lactalbumin, lactoforin (also called GlyCAM-1), 
IgG, lactoferrin and serum albumin. Accordingly, the 
ratio of whey protein fraction to casein fraction in 
camel milk is higher than in bovine milk, but lower 
than in breast milk [5]. Camel milk is characterized 
by the absence of β-lactoglobulin, one of the major 
allergens in bovine milk [6]. Finally, this milk con-
tains high concentrations of various minerals, large 
amount of immune-active proteins, and is three times 
richer in vitamin C than bovine milk. All these com-
ponents play an important role in the mechanisms of 
protection against diseases and are beneficial to the 
healing properties of camel milk [7]. 

The Food and Agriculture Organization (FAO) 
forecasts that global population will increase by third 
by 2050 [8]. The projections are such that with in-
crease in population size, the demand for food prod-
ucts rich in protein will grow, and this in turn will 
stimulate high demand for milk protein. Consequent-
ly, the global dairy protein market should grow by 
an average of 7.8% over the next decade, reaching 
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about $ 18.25 billion by 2025 [9]. Since prevailing 
part of the population of West, East African and Cen-
tral Asian countries have access to camel milk (60% 
of the dromedary population is concentrated in the 
countries of North-East Africa) [7], demand for cam-
el milk proteins will increase in these regions. 

Camel milk, like any other milk, is highly perish-
able, with losses occurring during work at farm and 
under industrial conditions. These losses can be as-
sociated with challenges in preservation of the camel 
milk caused by inability to process it into the shelf-
stable dairy products. The process of freeze-drying 
minimizes reactions of decomposition and supports 
physical, chemical and biological stability of the 
product for a long time storage at ambient tempera-
ture [10].

Freeze-drying or lyophilization is a technologi-
cal process used for soft drying of substances, dur-
ing which dried product is frozen, and then placed 
in a vacuum chamber for sublimation of the solvent. 
Being a cold process, freeze-drying is especially use-
ful for drying heat sensitive foods. Freeze-drying 
is recognized as the best method of water removal 
with final production of a highest quality dry materi-
als compared to other methods of food drying. This 
process can be used in order to retain the nutritional 
properties and techno-functional characteristics of 
the milk [11]. Disadvantage of freeze-drying is its 
expensiveness and time consumption. Nevertheless, 
it is an important drying procedure for milk, which 
allows preserving its taste, good flavour appearance, 
and nutritive properties [12; 13].

Assessment of the effects of the isolation proce-
dure and following freeze-drying on the mass yield 
of dry camel milk caseins and whey proteins could 
be interesting in order to get consolidated process-
es, which may further be transferred to an industrial 
level. These findings will play central role in future 
freeze-drying operations since the retention of im-
portant nutritional components is an important part 
of food processing [14; 15]. 

Materials and methods

Collection of milk samples. For the high repre-
sentativeness of the method of random selection 
three multiparous 10-year-old camels were selected 
from a commercial farm in Almaty region. Camels 
were placed on pasture keeping with the provision of 
additional feeding in the cold period of the year. The 
main source of food for camels were natural plants 
growing in places of grazing. Camel milk was ob-

tained by manual milking in accordance with gener-
ally accepted camel milking standards. During sam-
pling period, on average from February to December, 
camels were milked thrice a day (at 6 a.m., 2 and 6 
p.m.). Milk was collected jointly from the evening of 
the first day and from the morning of the next day. 
2 L of milk were collected from each animal. For 
conservation, sodium azide, which does not affect 
the structure of milk proteins, was added at 0.02%, 
immediately to the sampled milk before its transport 
to the laboratory in a cooler bag. All sampled milk 
has been transported in 5 hours after milking, kept at 
4°C until they reached the laboratory, then frozen and 
stored at 4°C until the analysis.

Preparation of camel milk proteins. Camel milk 
was defatted by centrifugation at 5,000 g at 4°C for 30 
min. After precipitation of skimmed milk by slowly 
adding 1M HCl to pH 4.4, the casein pellet was sepa-
rated from the whey proteins by centrifuging at 5,000 
g at 20°C for 30 min. Then, both separated protein 
fractions were neutralized with 1M NaOH and dia-
lyzed against ultrapure water for 96 hours. Dialyzed 
proteins were freeze-dried (Martin Christ Alpha 1-4 
LSC plus, Osterode am Harz, Germany) and stored at 
4°C until the analysis.

Estimation of protein concentration. Thermo Scien-
tific Pierce BCA Protein Assay Kit was used to check 
the protein concentrations. The Protein Assay was car-
ried out with 1:2 and 1:10 times dilution of proteins in 
dH2O on the 96-well microplate by keeping the micro-
plate in an incubator at 37°C for 30 min. The absorp-
tion was read at 570 nm by BMG FLUOstar Galaxy 
– Multi-functional Microplate Reader (MTX Lab Sys-
tems, USA) for 96-well (217×85 mm) microplates. 

Estimation of yield after freeze-drying. In the ab-
sence of data on protein fractions in the milk of the 
Kazakh breeds of dromedary (Camelus dromedari-
us), the obtained dry masses of each fraction were 
compared to reported concentrations of caseins and 
whey proteins in camel milk of dromedaries from 
Saudi Arabia, United Arab Emirates and Pakistan. 
In data, reported by Al-Alawi et al. [16], the mean 
value for protein content in the camel milk was 1.9% 
of caseins and 0.7% of whey proteins. However, this 
was slightly lower than the contents (2.1 and 0.8%, 
respectively) reported by Rafiq et al. [17]. Accord-
ing to Khaskheli et al. [18], the casein content was 
slightly higher (2.21 g per 100 g). In this regard, for 
further calculations, the average concentrations of 
proteins obtained from these three studies was used 
as a theoretically expected protein mass, namely 20.6 
g for casein and 7.5 g for whey protein per 100 g of 
camel milk. This ratio was expressed as follows:
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Yield (%) = (obtained dry mass of a considered 
protein fraction / Theoretical expected concentration)*100

Characterization of camel milk proteins by SDS-
PAGE. The purity and electrophoretic profiles of all 
proteins were checked by Bio-Rad’s SDS-PAGE 
System, following the method described by Laem-
mli, 1973 [17], with slight modification under reduc-
ing conditions on a 15% separation gel and 5% con-
centration gel. For preparing the separation gel for 
2 mini-gels 3.75 mL of acrylamide/bis-acrylamide 
(1:29) solution was mixed with 2.5 mL of Tris buffer 
pH 8.8 for separation gel with 2.5 mL of dH2O water, 
100 μL of 10% SDS, 5 μL of tetramethylethylenedi-
amine (TEMED) and 100 μL of solution of 100 mg/
mL ammonium persulfate in a tube and thoroughly 
mixed. The solution was poured between the spacer 
and short plates and then gel was isolated from the 
air by using distilled water on the surface. When the 
gel solidified well, the distilled water was poured off. 
The top of the gel was dried using the filter paper. 
Then, 0.65 mL of acrylamide/bis-acrylamide (1:29) 
solution was mixed with 1.25 mL of Tris buffer pH 
6.8 for separation gel with 3.15 mL of distilled water, 
50 μL of 10% SDS, 10 μL of TEMED and 50 μL 
of 100 mg/mL ammonium persulfate to compound 
the concentration gel. The mixture was then poured 
between the plates on the separation gel. When the 
concentration gel became solidified, it was washed 
with distilled water. The gel cassettes were loaded 
into electrophoresis tank, where 700 mL of electrode 
buffer (70 mL of 10x electrode buffer mixed with 
630 mL of dH2O) was poured. For sample prepara-
tion, 100 µg of each protein sample were incubated 
with the sample buffer at 1:1 ratio (50% glycerol, 
10% SDS, 2-mercaptoethanol, bromophenol blue) at 
100°C for 5 min and then loaded into the gel. Run 
time was approx. 35 min at 200 V. The gels were 
taken out carefully and put for 1 hour in 12% trichlo-
roacetic acid for fixation. Then, the gels stained over-
night with Sigma’s Coomassie brilliant blue R250 
(0.1% w/v). After discoloration, the gels were visu-
alized, and images were captured under the visible 
light.

Results and discussion

The results of obtaining a mass of camel milk 
proteins from three camels were studied according to 
the methods described above. As can be seen from 
the obtained data, the pH of raw camel milk ranges 
from 6.4 to 6.5 and it is in line with the pH values 
reported by other studies on the camel milk [18-20].

The resulting weight of caseins fraction and the 
volume of whey proteins fraction were measured 
after the protein isolation before dialysis (Tables 1 
and  2). 

Table 1 – Results of casein separation

Camel 1 Camel 2 Camel 3 
Quantity (L) 2

pH of raw milk 6.47 – 6.54 6.45 – 6.50 6.46 – 6.48
Weight (g) of wet 

proteins after separa-
tion

-- 403 g 278 g

Table 2 – Results of whey separation

Camel 1 Camel 2 Camel 3 

Quantity (L) 2

pH of raw milk 6.47 – 6.54 6.45 – 6.50 6.46 – 6.48

Volume (L) of        
wet proteins after 

separation
1.6 1.4 1.4

Due to the losses linked to a laboratory accident, 
the casein yield of Camel 1 has been excluded from 
the data analysis. In the case of whey proteins, the 
results obtained from the milk of three camels will be 
taken into account.

After obtaining separate protein fractions, to 
eliminate low molecular weight impurities and re-
duce the salt concentration, dialysis was carried out. 
The results obtained for dried caseins and whey pro-
teins of camel milk are presented in Table 3.

Table 3 shows the mass of dried proteins obtained 
from 1L of the camel milk. From 1L of the camel milk 
10.9 g of dry caseins and 3.1 g of dry whey proteins 
were obtained on average (Table 3). These quantifi-
cations would correspond to a yield between 32 and 
66% of theoretically expected proteins in camel milk. 
From the literature data, it follows that from the mass 
of total protein (33.5 g/L of camel milk) the propor-
tion of caseins was 61.8-88.5%, which is in terms of 
mass from 20.6 g to 29.6 g, and the proportion of 
whey proteins in turn, ranged from 11.49 to 38.82%, 
i.e. from 3.8 g to 13.0 g [5; 18]. The mass of pure ca-
seins obtained in this study (on average 10.9 g of dry 
caseins) was lower than the values from the literature 
data, while the obtained mass of whey proteins (on 
average 3.1 g of dry whey proteins) is comparable to 
the results shown by other researchers. 
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Table 3 – Yield of camel milk proteins

Camel 1 Camel 2 Camel 3 
Protein fraction whey proteins caseins whey proteins caseins whey proteins

Mass of freeze-dried protein fraction (g) 6.6 22.8 5.3 14.7 5.2
Proportion of pure protein (%)
(BCA-Pierce Dosage) 56.5 60.2 59.9 55.5 45.6

Dry weight of purified protein (g) 3.7 13.7 3.1 8.1 2.4
Yielda (%) 49.3 66.5 41.3 39.3 32.0

Note: a Yield (%) = (Obtained dry mass / Theoretically expected dry mass)*100

Nevertheless, our reference values have been 
taken from the same camel breeds – Camelus drome-
darius of Saudi Arabia and United Arab Emirates, re-
viewed by Al-Alawi et al. [16] and Pakistani breeds, 
reviewed by Khaskheli et al. [18], what allows us to 
suppose differences in protein contents in compari-
son to the camel milk of the local breeds. According 
to Konuspayeva et al. [23], the variability of camel 
milk composition is clearly dependent on geographi-
cal origin. In addition, such factors as dairy perfor-
mance, feeding conditions or the physiological stage 
of the animals can increase variations in milk pro-
tein content. As the growing conditions may affect 
the rate of the protein synthesis in a notable manner, 
revealed differences to theoretical values have to be 
taken with cautions. To increase the statistical reli-
ability, all experiments were performed in triplicate, 
after which the average values were taken. 

Unfortunately, no specific Protein Assay Kit 
for camel milk proteins is available on the market. 
The colorimetric detection and quantitation of total 
proteins content, i.e. to determine the pure protein 
concentration in the obtained fractions colorimet-
ric method performed with bovine serum albumin 
(SAB) is usually used as standard provided by the 
Pierce BCA Protein Assay Kit. The results of the col-
orimetric analysis (Figure 1) show that the obtained 
casein fractions contain from 48.5 to 60.2 (in average 
of 55%) of pure proteins. 

The question can be asked if this BCA-Pierce As-
say kit would allow the quantification of fully camel 
caseins. Our results show clear variations in protein 
yields between different individuals as well as pos-
sibility of non-negligible losses. Nevertheless, yield 
of approximately 50% of initially contained proteins 
can be expected for both major protein fractions. 

To determine the purity and homogeneity of each 
individual protein fraction (camel milk caseins and 
whey proteins) Bio-Rad’s SDS-PAGE was carried 
out. In the lines CMWP-A, CMWP-S and CMWP-U 

(whey protein fractions), shown on the Figure 2, the 
protein bands can be observed with an apparent mo-
lecular weight (MW) of 14,000; 30,000 and 65,000 
Da, which are identified as α-lactalbumin, IgGs1 and 
serum albumin. 

Figure 1 – The results of colorimetric analysis  
with caseins and whey proteins from all camel milk samples

These results are consistent with the data pro-
vided by Mati et al. [6], which showed that camel 
α-lactalbumin has a molecular weight of 14.4 kDa, 
while the molecular weight of IgGs1 and serum albu-
min is 30 and 67 kDa, respectively. 

In addition, in these lines protein bands were 
observed with an apparent Molecular Weight (MW) 
12,000 and 19,000 Da, which were identified as whey 
acidic protein (WAP) and peptidoglycan recognition 
protein-1 (PGRP-1). These results were comparable 
with the literature data reported by Beg et al. [24] 
and Kappeler et al. [25], who found that the MW of 
WAP and PGRP-1 are 12,534 Da and 19,143 Da, re-
spectively. In the lines CMC-A, CMC-S and CMC-U 
(casein fractions), protein bands were observed with 
an apparent MW of 21,000 and 24,000 Da, which 
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are identified as β-CN and α-S2-CN with MW of 
24,650.76 Da and 21,265.90 Da, respectively, match-
ing the data provided by Mati et al. [7]. After the 

performed electrophoresis, we were convinced that 
caseins and whey proteins from the camel milk were 
isolated correctly.

Conclusion

This work demonstrated that from 1L of camel 
milk it is possible to get 8.1-13.7 g (10.9 g/L in av-
erage) of pure caseins and 2.4-3.7 g (3.1 g/L in av-
erage) of pure whey proteins. The wide variability 
between the masses of the obtained protein fractions 
can be explained by the individual characteristics 
of each camel (geographical location, seasonality 
factor, physiological conditions, and health status). 
Separation of protein fractions by acid coagulation, 
classically used for cow milk, will work also in camel 
milk although an apparent yield of only around 50% 
has been achieved. Improvements in quality are pos-
sible on the stages of re-solubilization of the fractions 
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CMWP-S Whey protein Camel Saltanat (C-2) 
CMC-S Casein Camel Saltanat (C-2) 
CMWP-A Whey protein Camel Aktilek (C-1) 
CMC-A Casein Camel Aktilek (C-1) 
CMWP-U Whey protein Camel Ushinshi (C-3) 
CMC-U Casein Camel Ushinshi (C-3) 
Marker Sigma-Aldrich Catalog Number M3913 
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Figure 2 – Gel after SDS-PAGE with caseins and  
whey proteins from all camel milk samples

after separation as well as quality of dialysis, where 
the ratio between expected the protein mass and wa-
ter volume should be especially re-considered. More-
over, a specific identification of caseins and whey 
proteins from Camelus dromedarius can improve the 
calculated yields. 

Results of the present study are valuable for fur-
ther evaluation of the properties of proteins and pep-
tides of the camel milk, which have been studied for 
much less extent than such of the cow milk [15; 17]. 
Some studies were performed to study the properties 
of milk proteins of camels from the other countries 
[4-7]. However, since the geographic location plays 
an important role, the study of the properties of the 
camel milk proteins in Kazakhstani breeds is of par-



9

Int. j. biol. chem. (Online)                                                International Journal of Biology and Chemistry 12, № 1, 4 (2019)

A. Akindykova et al.

ticular interest, since this issue has not been studied 
in our country yet. Therefore, new research in this 
direction is of interest to the international scientific 
community, which increases the significance of this 
work. The results of this current study will form the 
basis for further research on the peptides and milk 
proteins of camels habituating on the territory of Ka-
zakhstan.
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Abstract: Development of mapping populations (MP) of any crop, including wheat, with its high-density 
genetics map is a crucial initial step in breeding programs aimed towards identification of quantitative 
trait loci for complex traits, such as yield. Current study is related to the field observations of hexaploid 
common wheat MP derived from a cross between the cultivars Pamyati Azieva (Russian Federation) and 
Paragon (UK). MP consisted of 98 recombinant inbred lines (RILs). It is the first mapping population to 
be constructed using one of the registered commercial cultivars in Kazakhstan. All 98 RILs were tested for 
four consecutive years (2015-2018) in the field conditions of the Kazakh Research Institute of Agriculture 
and Plant growing (KAZNIIZR). Field study suggests that the MP is a highly suitable genetic resource 
for wheat breeding projects, as the developed RILs showed a wide range of variation in yield related 
traits, including plant height (PH), number of fertile spikes (NFS), number of kernels per spike (NKS), 
and thousand kernel weight (TKW). The analysis of weight of kernels per plant (WKP) indicated that in 
total 40 RILs, including these five RILs: RIL48, RIL36, RIL83, RIL01, and RIL46, outperformed the local 
parent cultivar Pamyati Azieva. They showed averaged best yield values over the indicated period, which is 
highly correlated with PH, NFS, NKS, and TKW, as indicated by the Pearson correlation index. Individuals 
with favorable values for all yield-related traits were identified for their incorporation into the breeding 
studies. The GGE Biplot analysis allowed the separation of four trials to two mega-environments, possibly 
reflecting the amount of precipitation around flowering time and seed maturation time, which are crucial 
phases of wheat plant growth and development. These observations will be used to inform further studies 
related to genetic mapping of quantitative trait loci of yield components in common wheat.
Key words: wheat, recombinant inbred lines, mapping population, yield components, genotype-
environment interaction.

Introduction

Wheat (Triticum aestivum L.) is a member of 
the Poaceae family, comprised of the major cereal 
grains, including maize and rice [1]. Among the food 
crops, wheat is one of the most abundant sources of 
energy and proteins for the world population and its 
increased production is essential for food security of 
our country as well as on the global range. Wheat 
occupies about 17% of the total cropland and contrib-
utes around 35% of the common staple food in many 
countries [2].

Increased demand for wheat at the international 
as well as internal market is requiring improvements 
in Kazakhstani wheat breeding programs. The global 
food market incentivizes Kazakhstan as an important 
producer and exporter of wheat, strengthening its 

position and promoting wheat production [3]. How-
ever, Kazakh wheat production is conducted under 
adverse weather conditions, and therefore, yields are 
lower than in other major wheat producing coun-
tries [4]. In addition, producers seem to face other 
constraints, such as weak infrastructure, remoteness 
from principal markets and a restrictive institutional 
environment [5]. Relative wheat production has been 
declining in the last fifty years, conveying that Ka-
zakh wheat share has not been keeping pace with the 
global wheat production rates. Encouragingly, in the 
last decade, the rate of decline is slowing down, sug-
gesting improvements in the Kazakh wheat produc-
tion [6].

According to the data presented by the Ministry 
of Agriculture of the Republic of Kazakhstan, from 
the 2018 harvest, the total weight was 22.8 million 
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tons, and average yield was 15.1 t/ha. In general, the 
gross harvest of grain exceeds the last year’s level by 
760 thousand tons, or 3%, and the yield has inceased 
by 0.6 t/ha or 4% [7].

The success of wheat growth is also largely de-
pendent on the local breeding projects that focus on 
development of highly productive local cultivars. As 
agronomic traits of new cultivars, such as grain yield 
components, show continuous variation and are con-
trolled by quantitative genes, the analysis of quantita-
tive trait loci (QTL) is of great importance for plant 
breeders. The progress in genetic improvement of 
cereals over the last century was based mainly on the 
use of single genes with relatively clear-cut effects 
on the phenotype. Predicting genetic variances of bi-
parental populations has been a long-standing goal 
for plant breeders. The ability to discriminate among 
crosses with similarly predicted high means, but dif-
ferent levels of genetic variance should improve the 
effectiveness of breeding [8]. Although it is possi-
ble to start breeding programs using only phenotypic 
selection, understanding the number and genomic 
location of genes controlling agronomically impor-
tant traits can enhance the efficiency of selection [9]. 
The most widely used methods for identifying the 
marker-trait associations (QTL analysis) are genetic 
map construction, phenotyping and genotyping with 
the molecular markers, and use of differentiation 
populations [10; 11]. Experimental populations used 
for identifying the QTL in crops are F2, backcrossed 
(BC1F1), recombinant inbred lines (RILs), and dou-
bled haploid (DH) populations. DH populations are 
quicker to produce than RILs when methods to pro-
duce DH are available [12]. However, major disad-. However, major disad-
vantage of DH is that recombination rate is less than 
that of RILs [13]. 

In breeding programs designed to increase grain 
yield, it is particularly important to make selections 
based on components and traits affecting yield. The 
yield components, which develop during ontogen-
esis, are the factors that determine the productivity of 
a wheat crop [14]. The contribution of each of these 
components in estimating the grain yield, though 
influenced by the genetic properties of a particular 
cultivar, can change depending on growth and devel-
opment conditions, in particular under the influence 
of habitat and agronomic factors [15]. The individual 
yield components developed at different growth stag-
es and the conditions prevailing during these stages 
are directly translated into the quantitative param-
eters of these traits. 

Large number of quantitative traits in wheat, in-
cluding kernel yield, flowering time, and resistance 

to various diseases, demonstrate significant variabil-
ity in the manifestation of the genotype – environ-
ment interaction (GEI) [16]. Determining the nature 
of the ecological-genetic interaction or “genotype-
environment” is one of the key tasks, the resolution 
of which is possible through the establishment of the 
mechanisms of inheritance of the genetic components 
of this system. Obviously, the phenotypic manifesta-
tion of quantitative traits depends on both genetic and 
non-genetic components that influence the formation 
of an individual or population genotype. Classical 
studies of quantitative traits assess the genotype-
environment interaction, averaged, taking the action 
of the entire genome into account to a greater extent 
than the genome’s individual loci or QTL [17]. 

As stated above, the development of bi-parental 
mapping populations is essential for the development 
of regional wheat breeding projects. Therefore, as 
part of the international project “ADAPTAWHEAT” 
[18], the genetic map from the cross of Pamyati 
Azieva (Russian cultivar registered in Kazakhstan) x 
Paragon (UK cultivar) was developed. The mapping 
population (MP) consisted of 98 recombinant inbred 
lines (RILs) [19]. As GEI is enormously influential to 
the yield and yield components, it was important to 
test the MP in Kazakhstani field conditions. The aim 
of the study was to evaluate the morphological vari-
ability of RILs in the southeast of the country.

Materials and methods

The subject of the study is a common wheat bi-
parental mapping population (MP) from the cross of 
cultivars Pamyati Azieva (Russian Federation, reg-
istered in Kazakhstan) and Paragon (UK), hereafter 
referred to as Pam x Par. The Pam x Par MP consist-
ed of 98 recombinant inbred lines (RILs) developed 
from F2 generation by single seed descent method 
in greenhouse conditions by using facilities of the 
John Innes Centre (Norwich, UK) from the period 
of 2011-2015 yy. By 2015, 98 RILs were available 
at F8 generation for field trials in Kazakhstan. MP 
along with the parent plants have been grown in the 
experimental station of the Kazakh Research Insti-
tute of Agriculture and Plant growing (KAZNIIZR, 
southeast of Kazakhstan). The station’s GPS coordi-
nates are N 43°13’09” E 76°41’17”, altitude 740 m. 
The cultivar Pamyati Azieva provides a combination 
of drought resistance, resistance to powdery mildew, 
and contains a large number of kernels per spike, 
which ensures high productivity per spike. Paragon 
served both conventional and organic growers well, 
and is recognized as a high bread making cultivar. In 
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addition, Paragon has broad-spectrum disease resist-broad-spectrum disease resist- disease resist-
ance and good straw characteristics. The MP was de-
veloped under the project “ADAPTAWHEAT” [18].  

Ninety-eight RILs (F8 generation) have been 
planted on the field of the KAZNIIZR in two rand-
omized replications in 2015-2018 yy. The rows were 
spaced 15 cm apart and the distance between plants 
within a row was 5 cm. In total, the data for mean val-
ues of eight agronomic traits of the 98 RILs harvested 
in four-year trials was analysed. The studied traits 

included plant height (PH), peduncle length (PL), 
number of fertile spikes (NFS), spikes length (SL), 
number of kernels per spike (NKS), thousand ker-
nels weight (TKW), weight of kernels per main spike 
(WKS), and weight of kernels per plant (WKP). Soil 
in the experimental field is light chestnut (humus 2.0-
2.5%). Annual precipitation at the experimental site 
ranged from 51 to 103 mm during the experiment, 
while the average temperature varied from 23 to 27oC 
(Figure 1).

Figure 1 – Temperature (A) and Precipitation (B) data over the four years (2015-2018 yy.) 
at the KAZNIIZR breeding station

Statistical data analysis. Variability of key yield 
traits was assessed using Statistical Package for the 
Social Sciences Version 16.0 (SPSS software; In-
ternational Business Machines: New York, USA, 
https://www.ibm.com/products/software). The de-
scriptive statistics of all traits was measured during 
the experiment. The correlation analysis was calcu-
lated using GraphPad Prism Version 8.0 (GraphPad 
Software; La Jolla California, USA, https://www.
graphpad.com/). The genotype-environment inter-
action (GEI) analysis was calculated using GenStat 
software Version 19.1 (VSN International, Hemel 
Hempstead: UK, www.vsni.co.uk). 

Results and discussion

Yield performance of the MP. The value of 
WKP ranged from 2.3 g (RIL51) to 5.6 g (RIL48). 
The average WKP for the MP over the four years 
was 3.9±0.7 g and it was slightly less than WKP for 
Pamyati Azieva (4.1 g). In total, 40 out of tested 98 
RILs exceeded the WKP in comparison with the par-
ent cultivar Pamyati Azieva (Figure 2). 

Results suggest that developed MP Pam x Par is 
well adapted to the local environmental conditions. 
RILs with the best yield performance are listed in 

Table 1. The list suggests that those RILs can be suc-
cessfully introduced to further breeding studies in 
south-east of Kazakhstan. 

The WKP data from the Table 1 suggests that 
lines RIL48, RIL36, RIL83, RIL01, and RIL46 
should be selected for extended field trials with larger 
field plots.

The Pearson correlation analysis indicates that 
WKP significantly correlated with PH, NFS, NKS, 
and TKW (Table 2).

As can be seen from the Table 2, the correlation 
indices were positive for all four traits, the analysis 
suggests that most high yielding accessions should 
be tall, with greater NFS, NKS and TKW numbers. 
Since the productivity of the studied population is 
largely dependent on weather conditions, which dif-
fered by year, the yield components were studied 
separately in all four years (2015-2018 yy.). The 
highest average WKP values were registered in 2016 
and 2018. The average yield in 2016 was 4.6 ± 0.13 
grams per spike and 4.3 ± 0.11 grams per plant in 
2018. These results correlate with the amount of pre-
cipitation in July (Figure 1). Since wheat flowering 
and seed maturation occurs in July in south-east of 
Kazakhstan, precipitation in this month plays a cru-
cial role in the final grain yield.
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Figure 2 – The range of averaged WKP over the four years (2015-2018 yy.) in Pam x Par MP.  
Note: Pamyati Azieva – red colour, Paragon – green colour, RILs – blue colour.

Brown colour designates RILs with the highest WKP values

Table 1 – List of RILs that showed best average values over four years (2015-2018) for three studied yield components, WKS, WKP, 
and TKW

RILs WKS (g) RILs WKP (g) RILs TKW (g)
RIL83 1.8 RIL46 5.1 RIL98 33.3
RIL88 1.8 RIL01 5.2 RIL54 34.4
RIL25 1.9 RIL83 5.4 RIL57 34.6
RIL26 1.9 RIL36 5.4 RIL52 34.7
RIL52 1.9 RIL 48 5.6 RIL29 35.4
Pam 1.3 Pam 4.1 Pam 30.6

Paragon 1.7 Paragon 4.3 Paragon 25.7
Max* 1.93 Max* 5.6 Max* 35.4
Min* 0.97 Min* 2.3 Min* 19.6

Mean* 1.47 ± 0.02 Mean* 3.9±0.07 Mean* 28.6 ± 0.29
*Averaged data on bi-parental mapping population

Table 2 – Pearson correlation index for major yield-related traits in 98 RILs of Pam x Par MP

Trait PH NFS NKS WKS WKP TKW
NKS 0.35*** 0.12ns 1.00*** 0.68*** 0.47*** -0.14 ns
WKS 0.60*** 0.03 ns 0.68*** 1.00*** 0.66*** 0.49***
WKP 0.37*** 0.54*** 0.47 *** 0.66*** 1.00*** 0.40***
TKW 0.40*** -0.06 ns -0.14 ns 0.49*** 0.40*** 1.00***

Note: P – values are provided with significance level indicated by the asterisks; * P < 0.05, ** P < 0.001, *** P < 0.0001, ns – not 
significant
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Despite the fact that yield in 2015 and 2018 was 
highest for the MP in the four subsequent years, the 
WKP was not interrelated (0.133). However, in all 
other cases the WKP significantly correlated with 
other trials. This result matches the GGE biplot anal-
ysis that graphically shows the relationship between 
genotypes and environments (Figure 3). 

The genotype main effect and genotype x envi- genotype main effect and genotype x envi-genotype main effect and genotype x envi-
ronment interaction (GGE) Biplot analysis suggests 
that environmental conditions in 2015 and 2016 were 
similar and combined in the first mega-environment 
(ME), and conditions in 2017 and 2018 were pooled 
in the second ME. In addition, the separation of four 
years trials into two mega-environments reflects the 
amount of precipitation in June (Figure 1), which is 
the key month for heading time in the southeast of 
the country.

The GGE Biplot graph (Figure 3) also suggests 
that the most suitable accessions for the first ME 
were RIL11, RIL25, and RIL46, while in the second 
ME – RIL25, RIL36, and RIL26, which match the 
data in the Table 1 well.

Figure 3 – The scatter plot of the GGE Biplot graph 
 for 98 RILs of Pam x Par MP

Figure 4 – The binomial distributions of major yield-related traits averaged over the four years 
 (2015-2018 yy.) in Pam x Par MP. Note: A – plant height, B – number of fertile spikes, C – number of 

kernels per spike, D – thousand kernels weight 
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Variability in the main yield components. The 
Pearson correlation indices suggest that PH, NFS, 
NKS and TKW are major yield components for the 
studied region (Table 2), variation of these four traits 
was observed in the Pam x Par MP. It was found that 
PH ranged from 58.9 cm in RIL51 to 105.5 cm in 
RIL 49 (Figure 4.A). The PH of Pamyati Azieva was 
higher than in Paragon, and most of the RILs were in 
the range of 85 cm to 95 cm (Figure 4, A). The NFS 
ranged from 2.0 in RIL58 to 6.0 in RIL01, and the 
parents of the MP were similar in PH (Figure 4, B). 
However, when the parents were compared for NKS, 
Paragon (59.0) significantly outperformed Pamyati 
Azieva (42.0, P<0.0001) (Figure 4, C), which sug-
gests that UK standard is well suited to use in breed-
ing for PH, one of the important yield components. 
The TKW, another important yield trait, ranged from 
19.6 g in RIL22 to 35.4 g in RIL29 (Figure 4, D). 
In contrast with NKS, in study of TKW, the cultivar 
Pamyati Azieva (30.6 g) showed significantly higher 
value (P<0.0001) than Paragon (25.7 g). 

In overall, the assessment of the range of all four 
yield related components allowed the selection of 
valuable RILs that may play an important role in fu-
ture wheat breeding studies in the region. The study 
allowed the identification of high yield RILs that may 
significantly contribute to the improvement of yield 
in southeast of the country. In addition, the variation 
of the field data can be successfully used in further 
studies related to the identification and genetic map-
ping of quantitative trait loci of yield related traits. 

Conclusion

This study reports the field evaluation of the MP 
(98 RILs of Pam x Par) of common hexaploid wheat 
generated from the collaboration between Kazakh 
and British scientists. This is the first MP to be con-
structed by using one of the registered commercial 
cultivars in Kazakhstan. All 98 RILs were tested 
over the four consecutive years (2015-2018 yy.) at 
the KAZNIIZR breeding station. The fi eld study sug-KAZNIIZR breeding station. The fi eld study sug- breeding station. The field study sug-
gests that the MP is a highly suitable genetic resource 
for wheat breeding projects, as developed RILs show 
a wide range of variation in yield related traits, in-
cluding PH, NFS, NKS and TKW. The analysis of 
WKP indicated that in total 40 RILs outperformed 
the local parent cultivar Pamyati Azieva, including 
those five RILs (RIL48, RIL36, RIL83, RIL01, and 
RIL46) that showed averaged best yield values over 
the four years (2015-2018 yy.). The Pearson correla-
tion index indicated that the average yield over all 
the four years was highly correlated with PH, NFS, 

NKS, and TKW. Individuals with favorable values 
for all yield-related traits were identified for their 
incorporation into the breeding studies. The GGE 
Biplot analysis allowed the separation of four tri-
als to two mega-environments. It was hypothesized 
that the separation reflects the amount of precipita-
tion in flowering and seed maturation times, which 
are crucial phases of wheat plant growth. Finally, all 
obtained observations will be used for further studies 
related to genetic mapping of quantitative trait loci of 
yield components in common wheat.
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Myeloid poiesis stimulating activity of azaheterocycles compound  
of the dimethyl ether of P-(4-methoxyphenyl)-1-(4-phenylpiperazine) methyl]  

phosphonic acid 

Abstract: Development of new effective drugs with myeloid poiesis stimulating activity is highly relevant 
due to the increase in the number of patients with hematological disorders. Acquired hematological 
diseases are associated with unbalanced and inadequate nutrition, chronic blood loss, living in ecologically 
disadvantaged areas, extreme physical activity, use of cytostatic and cytotoxic drugs, chronic stress, and 
other. Azaheterocyclic compounds are perspective for search of new effective myeloid poiesis stimulating 
drugs. The incentive for this search was the manifestation of myeloid poiesis stimulating activity by 
azaheterocycles drug Prosidol (Propionylphenylethoxyethylpyperidine) in clinical practice. On the model 
cyclophosphamide myeloid depression high myeloid poiesis stimulating activity showed that compound of 
the dimethyl ether of P-(4-methoxyphenyl)-1-(4-phenylpiperazine) methyl] - phosphonic acid in laboratory 
coding of BIV-95. In a series of experiments showed myeloid poiesis stimulating activity at the level of 
comparison compound (2, 3, 5, 6-tetrahydro-6-phenylimidazo [2, 1-b] thiazole hydrochloride (Levamizol 
drug). The erythropoiesis stimulating activity exceeded the activity of the comparison compounds. The 
thrombocytopoiesis stimulating activity was at the level of the comparison compounds.  Leukopoiesis 
stimulating activity also was slightly higher than the activity of Levamizol drug. Recovery of granulocytic 
and agranulocytic leukocyte were no violations of immunoregulatory index in leukogram blood. The test 
compound is the dimethyl ether of P-(4-methoxyphenyl)-1-(4-phenylpiperazine) methyl]-phosphinic acid 
compound under the laboratory coding BIV-95 had low toxicity.
Key words: azaheterocyclic compound, erythropoiesis-stimulating activity, thrombocytopoiesis stimulating 
activity, leukopoiesis stimulating activity.

Introduction

Humans and animals’ immune system performs 
an important function to maintain the constancy of 
the body internal environment, carried out by recog-
nizing and eliminating alien substances of antigenic 
nature from the body.  This function of immune sys-
tem is carried out with the congenital and acquired 
immunity factors.  Different types of radiation, heavy 
metal salts, vitamin and micronutrient deficiency, 
stressful situations, age-related changes in the lymph 
myeloid complex, therapy with anti-tuberculosis, an-
tibacterial, hormonal, cytostatic drugs and a number 
of other factors lead to the development of immune 

diseases. These diseases treated with a set of immu-
notherapy methods, the use of immunostimulants is 
one of them. Today, immunostimulants distinguish 
such of microbial, thymus, bone marrow, cytokines, 
nucleic acids, vegetable and synthetic origin. Many 
immunostimulants have a wide range of side effects 
[1; 2]. Preparations from thymus cause severe allergic 
reactions [3; 4]. Preparations based on nucleic acids 
cause uncontrolled division of all cells of the body: 
benign, malignant, bacterial microflora [5; 6].  Prepa-
rations of plant origin require long-term systemic use 
[7].  With introduction of medicinal interleukins it is 
difficult to control the reaction of the body, which in 
a negative case can result in septic shock [5].
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In the Republic of Kazakhstan monitoring and 
synthesis of new synthetic myeloid poiesis stimulat-
ing and immunostimulants preparations is carried out 
in the laboratory of chemistry of synthetic and natural 
drugs of the JSC A.B. Bekturov Institute of Chemical 
Sciences [3]. Staff of chemistry of synthetic and natu-
ral drugs laboratory has accumulated vast experience 
in the field of synthesis and chemical transformations 
of 4-oxipiperidines, obtained new data, which allows 
making important conclusions about the relationship 
between the fine chemical structure of synthesized 
compounds and their reactivity, spectral characteris-
tics and biological activity. Drugs with high anesthet-
ic, antiarrhythmic, anti-allergic, immunostimulatory 
and other types of activity were discovered having 
substantial advantages over the conventional medi-
cines. The stimulus for the search among piperidine 
derivatives was the manifestation of immunostimu-
lating activity by the preparation Prosidol (propio-
nylphenylethoxyethylpyperidine), obtained in this 
laboratory [8].  The aim of the current study was to 
examine the myeloid stimulating activity and acute 
toxicity of dimethyl ester of P-[(4-methoxyphenyl)-
1-(4-phenylpiperazine) methyl] phosphinic acid 
compound under the laboratory coding BIV-95. 

Materials and methods

Dimethyl ester of P- [(4-methoxyphenyl)-1-(4-
phenylpiperazine) methyl] phosphonic acid com-
pound under the laboratory coding BIV-95 (chemical 
formula shown on Figure 1) was studied for leuko-
poiesis stimulating action and acute toxicity. 
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O
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Figure 1 – Chemical formula of BIV-95

In the experiment 30 healthy 16-18 weeks old, 
210-280 g albino laboratory female rats were used.  
The scatter in the groups according to the initial body 
weight did not exceed ± 10%.  Animals were taken 

from the nursery of the biological clinic of the Fac-
ulty of Biology and Biotechnology of the al-Farabi 
Kazakh National University. Before the experiment 
and during it, control and experimental animals were 
kept in the same standard conditions, on a standard 
diet, with six animals in each cage. Investigations 
were carried out in accordance with the “Rules for 
the pre-clinical (non-clinical) studies of biologically 
active substances” and “Ethical principles and guide-
lines for scientific experiments on animals” [9].  Ani-
mals were divided into 5 groups of 6 animals. Group 
1 was intact. Animals did not receive cytostatic and 
test compounds. On the 1st, 3rd, 5th day of the ex-
periment, all other groups received a cytostatic drug 
doxorubicin hydrochloride at a dose of 10 mg/kg of 
animal weight in a volume of 0.2 ml [10].  On the 8th 
day of the experiment, the number of cells in the pe-
ripheral blood was counted.  On the 8th, 10th, 12th day 
of the experiment the animals of the second group 
were injected with BIV-95 at a dose of 5 mg/kg intra-
peritoneally in a volume of 0.2 ml, saline used as sol-
vent.  On the 18th day of the experiment the number 
of cells in the peripheral blood was counted.  Third 
group of animals was given as placebo, i.e. saline in 
a volume of 0.2 ml.  Fourth group was used as con-
trol.  The animals of this group were injected with 
(2, 3, 5, 6-tetrahydro-6-phenylimidazo [2, 1-b] thia-
zole hydrochloride (Levamizole drug) at a dose of 1 
mg/kg intraperitoneally in a volume of 0.2 ml, saline 
used as solvent [11]. Fifth group after intoxication 
was not administered any compounds, which con-
trolled the physiological rate of blood cell recovery.  
Blood sampling was performed at 09:00 am from the 
orbital vein of rats in sterile hematologic tubes VF-
052SDK with 2 mL of EDTA (K2) under the mild 
anesthesia with ether. Blood tests were carried out 
on a hematology analyzer for animal blood Abacus 
junior VET (Diatron, Denmark).  Following param-
eters were analyzed: WBC – white blood cell count, 
LY – absolute lymphocyte count; MID – absolute 
monocyte-eosinophil value; GRA – absolute granu-
locytic value; LY – comparative lymphocytic value; 
MI – comparative monocyte-eosinophil value; GR 
– comparative granulocytic value; RBC – red blood 
cell count; HGB – hemoglobin; HCT – hematocrit; 
MCV – mean corpuscular volume; MCH – mean 
corpuscular hemoglobin; MCHC – mean corpuscular 
hemoglobin concentration; RDWC – red blood cell 
distribution width; PLT – total platelets volume; PCT 
– plateletcrit; MPV – mean platelet volume; PDWC – 
platelet distribution width.

For the dual cytological control, in order to count 
blood leukogram, blood smears were produced by Gi-
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emsa stain method, and counted under a microscope 
SA3300S immersion (magnification x100) with 100 
cells per each smear sample, afterwards the relative 
amount of each type of the cells converted into the 
absolute value [12].  Statistical data processing was 
carried out with the reduction of the Student’s confi-
dence factor. 

For the study of acute toxicity, groups of animals 
(by 6 in each) were injected intraperitoneally with the 
test compound in various doses and observed for 5 
days. External signs of intoxication, duration of toxic 
action and time of death were recorded. For the quan-
titative assessment of acute toxicity, the LD50 index 
was calculated (the dose that caused the death of 50% 
of the test animals).  The comparison compound was 
the (2, 3, 5, 6-tetrahydro-6-phenylimidazo [2, 1-b] 
thiazole hydrochloride (Levamizole drug) [11].  The 
toxicity grade of the drug was judged by LD50 in the 
experimental and control groups of animals.

Results and discussion

Data on myeloid poiesis stimulating activity. 
Control values obtained from intact animals enrolled 
in the experiment maintained within the physiologi-
cal norm.  Leukocyte indicator (11.1 ± 2.51) ·109/L of 
blood, with lymphocytic indicator (5.96 ± 1.44) ·109/L 
of blood, which was (53.72 ± 0.7) %.  Granulocyte 
leukocytes had a value (4.44 ± 0.9) ·109/L of blood 
with a percentage ratio in leukogram (40.0 ± 1.4) %.  
The lowest was a monocytic-eosinophilic index (07.0 
± 0.0) ·109/L of blood, which in relative value was 
(6.28 ± 0.4) %.  Erythrocyte and platelet counts were 
normal. The erythrocyte index was (6.5 ± 1.2) · 1012/L 
of blood with hemoglobin content (140.7 ± 1.9) g/L of 
blood and hematocrit (39.8 ± 1.5).  The platelet count 
was also normal (660.0 ± 122.2) · 109/L of blood, as 
well as thrombocrit was (0.44 ± 0.021). In overall, the 
main blood parameters were normal (Table 1).

Table 1 – Hemogram of blood after administration of doxorubicin hydrochloride

Complete blood count Control group Intoxication group Intact group Placebo group

Xavi. davi. Xavi. davi. Xavi. davi. Xavi. davi.

WBC, ·109/L 4.15 1.2 2.37 0.16 11.1 2.51 2.79 0.93

LY, ·109/L 2.57 0.83 1.12 0.2 5.96 1.1 1.41 0.9

MID, ·109/L 0.22 0.17 0.12 0.1 0.70 0 0.17 0.1

GRA, ·109/L 1.36 0.14 0.62 0.3 4.44 0.9 0.93 0.13

LY, % 62.04 3.93 47.2 1.8 53.72 0.7 50.65 1.65

MI, % 5.28 2.4 4.9 1.3 6.28 0.4 6.0 5.3

GR, % 32.68 4.6 26.18 4.5 40 1.4 43.35 9.3

RBC, · 1012/L 4.69 1.36 3.8 0.5 6.5 1.2 4.67 0.1

HGB, g/L 86.0 12.0 90.75 12 140.7 1.9 96.0 1.0

HCT, % 24.69 2.7 21.21 7.79 39.8 1.5 28.1 0.84

MCV, fl 52.5 1.5 52.75 1.25 55.0 1.3 50.0 11.3

MCH, pg 18.45 0.55 17.45 1.15 19.0 3.6 17.0 0.3

MCHC, g/L 349.25 4.0 347.25 3.0 350.6 2.8 342.5 6.5

RDWC 12.7 0.4 13.68 0.5 14.0 0.8 13.55 0.22

PLT, ·109/L 318.25 99.0 70.5 23.33 660.0 122.2 447.0 51.0

PCT, % 0.21 0.06 0.05 0.03 0.44 0.021 0.32 0.04

MPV, FL 6.63 0.3 5.28 2.0 7.9 0.8 7.1 0.0

PDWC 30.95 0.25 23.1 8.6 46 0.8 32.35 1.3

The directed myeloid depressive effect of the 
administered doxorubicin hydrochloride led to the 
myeloid depressive syndrome with a drop in blood 
counts on the 14th day after the last injection. The 

overall leukocyte index was (4.15 ± 1.2) · 109/L of 
blood, i.e. with a decrease of 2.67 times (p≤0.05) and 
on the 14th day after the injection, the level of leu-
kocytes was (2.69 ± 0.54) · 109/L of blood, which 
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amounted to 4.12-fold drop compared to with intact 
animals (p≤0.01).  According to the blood leuko-
gram, significant negative changes in the cell pools 
of lymphocytes, granulocytes, monocyte-eosinophil 
indicator can be noted. Indicators of immunocompe-
tent cells – lymphocytes from the control value (5.96 
± 1.1) · 109/L of blood decreased on the 3rd day to 
(2.46 ± 0.75) · 109/L of blood and reached (1.99 ± 
0.18) · 109/L of blood, i.e. 2.99 times less (p≤0.05) 
on the 14th day. Changes that are even more signifi-
cant occurred in the cell populations of granulocytes: 
the value of (4.44 ± 0.9) · 109/L of blood decreased 
by the 3rd day to (1.33 ± 0.18) · 109/L of blood, i.e. 
3.34 times less (p≤0.01). A significant decrease in the 
absolute index of granulocytes can be explained by a 
significant drop in the total leukocyte index, which 
affected the absolute indicators of blood cells (Ta-
ble  1).

On the 1st day after injection of doxorubicin hy-
drochloride increase in monocytes index was ob-
served, which can be explained by mass cell death 
and an increase in the functional load on monocytes. 
The monocyte index (6.0 ± 0.7) % by the 1st day after 
the injection of doxorubicin hydrochloride became 
(7.05 ± 1.6) %, but already on the 3rd day after the 
injection, it fell down to (0.6 ± 0.0) %, however, on 
the 14th day it was (16.6 ± 0.0) % (p≤0.01).

Myeloid depressive syndrome was recorded in 
red blood cells. Reduction of erythrocyte cells from 
(6.5 ± 1.2) · 1012/L of blood with a decrease on the 
1st day to (4.71 ± 1.37) · 1012/L by 1.38 times and 
a slight increase to (5.80 ± 0.27) · 1012/L on the 3rd 
day after the injection of doxorubicin hydrochloride. 
The trend in fluctuations of indicators on the first day 
and third day after injection of doxorubicin hydro-
chloride was observed in hemoglobin, hematocrit, 
mean red blood cell volume, average hemoglobin 
content in red blood cells, and the width of red blood 
cell distribution. The decline was observed on the 1st 
day of 1.2-1.6 times and then with a slight increase 
on the 3rd day and a further drop in all erythrocyte 
values of more than 1.7 times. Significant changes 
were recorded in platelet indices, which naturally 
affected the values of trombocrit, average platelet 
volume and platelet distribution. On the 1st day after 
injection of doxorubicin hydrochloride, the level of 
platelets immediately fell down to (345.0 ± 126.0) 
· 109/L blood with the value in intact animals equal 
to (660.0 ± 122.0) · 109/L blood, i.e. 1.91 times less 
(p≤0.05).  By the 14th day after injection, the platelet 
level decreased to (74.5 ± 39.5) · 109/L of blood from 
the baseline value (660.0 ± 122.0) · 109/L of blood, 
i.e. 8.85 times (p≤0.01) (Table 1).  This indicator is 

considered critical and is characterized by spontane-
ous intracavitary hemorrhage and other hemophilic 
disorders. 

It can be concluded that doxorubicin hydrochlo-
ride caused myeloid suppression syndrome and the 
most sensitive cells were leukocyte cells and plate-
lets. Among leukocyte cells, lymphocytes, granulo-
cytes, and then monocytes died first. Then, on the 
background of myeloid depressive syndrome, ani-
mals were injected with BIV-95. For myelostimulat-
ing activity, the following results were obtained.

Compound BIV-95 differed in average leuko-
poiesis stimulating activity. It stimulated leukopoi-
esis and the release of leukocytes from peripheral 
immune organs.  The common leukocyte index was 
(5.35 ± 0.8) · 109/L of blood, exceeding the indicators 
of the placebo group (2.79 ± 0.92) · 109/L of blood by 
1.92 times and the control group (4.15 ± 1.2) 109/L of 
blood by 1.29 times (Table 2). 

The relative indicators of blood leukogram were 
presented in the following form: the lymphocytic 
values in the group with injection of BIV-95 and the 
control group differed slightly and varied within the 
error range from (57.22 ± 0.9) % to (62.04 ± 3.93) %; 
granulocytic values were also similar to each other 
and ranged from (31.15 ± 0.2) % to (32.68 ± 4.6) 
%; monocytic-eosinophilic index was higher BIV-
95 group equal to (11.63 ± 0.1) %, which was 2.2 
times higher than the value in control group (5.28 ± 
2.4) %.  The absolute and relative indicators of lym-
phocytes and granulocytes were at the level of the 
control group or slightly exceeded.  The erythro-
cyte and platelet indices in the injection group of the 
compound BIV-95 were higher than in the injection 
group of the comparison drug.  Erythrocyte indices 
in BIV-95 group were (5.4 ± 0.1) · 1012/L against the 
same indicator of the control group (4.69 ± 1.36) · 
1012/L, which amounted to 1.15 times the difference. 
A significant difference was recorded in hemoglobin 
values of (105.0 ± 5.6) g/L versus the value of the 
control group of (86.0 ± 12.0) g/L. The average vol-
ume of erythrocytes differed slightly in the experi-
mental and control groups: (48.2 ± 0.6) vs. (42.5 ± 
1.5). The average hemoglobin content in the eryth-
rocytes of the experimental group was significantly 
different from the values of the control group: (17.2 
± 0.1) pg. vs. (8.45 ± 0.55) pg., i.e. 2.04 times higher.

Platelet indices in BIV-95 group and the control 
group were within an accepted error rate: (315.0 
± 9.6) · 109/L against (318.25 ± 99.0) · 109/L.  The 
number of platelets, the average volume of platelets 
and the width of the distribution of platelets in the 
control and experimental group did not differ much.
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Table 2 – Blood hemogram after administration of the test compounds

Indicators Intact group Toxic group BIV-95 Placebo group Control group

WBC, ·109/L 11.1±2.51 2.69±0.54 5.35±0.8 2.79±0.93 4.15±1.2
LY, ·109/L 5.96±1.1 1.44±0.18 2.98±0.1 1.41±0.87 2.57±0.83

MID, ·109/L 0.70±0.0 0.61±0.01 0.65±0.01 0.17±0.1 0.22±0.17
GRA, ·109/L 4.44±0.9 0.90±0.36 1.74±0.1 1.21±0.13 1.36±0.14

LY, % 53.72±0.7 49.65±8.6 57.22±0.9 50.65±14.65 62.04±3.93
MI, % 6.28±0.4 16.6±0.0 11.63±0.1 6.0±5.3 5.28±2.4
GR, % 40.0±1.4 33.75±8.6 31.15±0.2 43.35±9.3 32.68±4.6

RBC, ·1012/L 6.5±1.2 3.80±0.27 5.4±0.1 4.67±2.58 4.69±1.36
HGB, g/L 140.7±1.9 77.0±4.0 105.0± 5.6 86.0±1.0 86.0±12.0
HCT, % 39.8±1.5 30.85±0.9 45.2±0.5 28.10±0.84 24.69±2.7
MCV, fl 55.0±1.3 43.0±1.0 48.2±0.6 40.0±0.0 42.5±1.5

MCH, pg 19.0±3.6 18.45±0.2 17.2±0.1 17.0±0.3 8.45±0.55
MCHC, g/L 350.6±2.8 306.5±2.5 321.0±8.5 312.5±6.5 319.25±4.0

RDWC 14.0±0.8 13.85±0.1 14.5±0.5 13.55±0.25 12.7±0.4
PLT, ·109/L 660.0±122.2 74.5±39.5 315.0±9.6 107.0±51.0 318.25±99.0

PCT, % 0.44±0.021 0.05±0.07 0.34±0.01 0.032±0.04 0.31±0.06
MPV, fl 7.9±0.8 5.9±0.15 7.4±0.1 4.1±0.0 6.63±0.3
PDWC 46.0±0.8 29.5±29.5 36.2±0.9 22.35±0.65 30.95±0.25

As a result of studies, it was found that BIV-95 com-
pound showed leucopoiesis stimulating activity higher 
than the comparison compound (Levamizole drug).

Toxicity results. For the study of acute toxicity, 
groups of animals (by 6 animals each) were injected 
intraperitoneally with the test compound in vari-
ous doses and observed for 5 days. In mice, exter-
nal signs of intoxication, the duration of toxic action 
and the time of animals’ death were recorded.  For 
the quantitative assessment of acute toxicity, the 
LD50 index was calculated (the dose that caused the 
death of 50% of the test animals). The reference drug 
was the pharmaceutical drug (2, 3, 5, 6-tetrahydro-
6-phenylimidazo [2, 1-b] thiazole hydrochloride (Le-
vamizole drug). The degree of toxicity of the drug 
was judged by LD50 in the experimental and control 
groups of animals. The LD50 of dimethyl ester of P-
[(4-methoxyphenyl)-1-(4-phenylpiperazine) methyl] 
phosphonic acid compound under the laboratory 
coding BIV-95 was 721.7 mg/kg, which is 3.6 times 
lower than the toxicity of the reference compound 
(Levamizole drug).

Conclusion

The newly obtained compound dimethyl ether 
of P-(4-methoxyphenyl)-1-(4-phenylpiperazine) 
methyl]-phosphonic acid in laboratory coding BIV-
95 is promising for developing it as a new myeloid 
stimulating preparation. It shows high myeloid stim-
ulating activity on the model cyclophosphamide my-
eloid depression. Restoration of leukocyte, erythro-
cyte, platelet values is more effective than with the 
comparison compound (2, 3, 5, 6-tetrahydro-6-pheny-
limidazo [2, 1-b] thiazole hydrochloride (Levamizole 
drug). It effectively stimulates the regeneration of the 
leukocyte populations without disturbing the immu-
noregulatory blood indexes. The test compound had 
low level of toxicity 721.7 mg/kg, which is 3.6 times 
lower than the toxicity of reference compound. Test 
compound dimethyl ether of P-(4-methoxyphenyl)-
1-(4-phenylpiperazine) methyl]-phosphonic acid in 
laboratory coding of BIV-95 needs further studies of 
its pharmacodynamic and pharmacokinetic proper-
ties.
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Merlin tumor suppressor signaling  
in the neurofibromatosis type 2 tumorigenesis

Abstract: In this review a complex signaling in human neurofibromatosis type 2 (NF2) in nervous system and 
other tissues is discussed. The neurofibromatosis type 2 (Nf2) gene, known as a tumor suppressor, encodes 
a protein Merlin, which is closely related to the ezrin, radixin, and moesin (ERM) proteins of the band 4.1 
protein superfamily. Mutations of the NF2 gene cause an autosomal dominant disorder neurofibromatosis 
type 2 (NF2). Merlin’s function as a growth suppressor depends on its structural conversion from an inactive 
to an active form caused by changes in its phosphorylation status. Depending on its structural conformation 
Merlin binds to numerous interacting proteins, which are either required for Merlin’s tumour suppressor 
function or impair Merlin’s growth suppressor activity contributing to tumorigenesis. 
Despite significant progress made in the NF2 study for the last two decade, the molecular mechanisms 
of the tumor suppressor function of Merlin are still little understood. Loss of the Nf2 function leads to 
aberrant activation of receptor tyrosine kinases (RTK) and the downstream mitogenic signaling pathways. 
Overexpression of ErbB receptors has been reported in NF2-related and sporadic vestibular schwannomas 
(VS) and many other human cancers. Studies have shown that inhibition of the ErbB family RTKs can serve 
as an alternative approach for the treatment of sporadic and NF2-related VS through inhibition of ERK1/2 
and PI3K/AKT signaling pathways. Preclinical and clinical studies of the potential therapeutic targets for 
the treatment of VS, and other brain tumors are underway. A better understanding of Merlin’s deregulated 
signaling in NF2 can provide useful therapeutic strategies for treatment of human VS and other brain tug-
mors. 
Key words: Neurofibromatosis type 2, NF2, Merlin, vestibular schwannoma, receptor tyrosine kinases.

Introduction

Neurofibromatosis type 2 (NF2) is bilateral 
acoustic neurofibromatosis, a dominantly inherited 
autosomal disorder associated with the development 
of nervous system tumors [1]. The Nf2 gene encodes 
for Merlin (for moesin, ezrin, radixin-like protein), a 
member of the band 4.1 superfamily of membrane-
associated proteins [2]. Merlin is implicated in di-Merlin is implicated in di-is implicated in di-
verse processes at different stages of development 
and is critical for embryonic development of different 
cell types [3]. Loss of Nf2 function was lethal for em-s lethal for em-
bryonic mice, while heterozygous Nf2-mutant mice 
developed metastatic tumors [4]. The Nf2 disfunction 
in the liver resulted in an expansion of progenitor 
cells, suggesting that Merlin is involved in regula-
tion of stem-cell renewal [5; 6]. Numberous studies 
have shown that Merlin functions as a negative regu-Merlin functions as a negative regu-
lator of cell growth and proliferation [7; 8]. Mutation 

in the Nf2 leads to the development of the nervous 
system tumors, such as schwannomas, meningiomas, 
and ependymomas [4; 9], as well as cancers of non-
nervous system, mainly mesotheliomas [10], glio-, mainly mesotheliomas [10], glio- [10], glio-, glio- glio-
blastomas [11] and in rare cases to other solid tumors 
[12]. In addition, sporadic non-germline loss of NF2 
function has been observed nearly in all vestibular 
schwannomas, meningiomas, and to a lesser extends 
in ependymomas.

The band 4.1 superfamily proteins are cytoskel-e band 4.1 superfamily proteins are cytoskel- band 4.1 superfamily proteins are cytoskel-are cytoskel-cytoskel-
etal linker proteins, which are involved in the cyto-, which are involved in the cyto- involved in the cyto-
skeleton organization. Merlin has high homology 
with the ERM (for ezrin, radixin, moesin) family pro-
teins and shares a common structural organization: 
the global N-terminal FERM (fourpoint-one, ERM) 
domain (NTD), the central α-helical domain and the 
C-terminal domain (CTD) (Figure 1). In contrast to 
other ERM family proteins, Merlin lacks the actin-
binding motif at the CTD region. Despite the struc-
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tural similarities, Merlin is the only protein of this 
family, which possesses growth-suppressive activity. 
The Nf2 gene encodes two isoforms such as Merlin 
(or Merlin-1), which has the CTD, and Merlin-2, 
which lacks the CTD. The isoform 1 contains exon 
17 and lacks exon 16, while the isoform 2 contains 
exon 16, followed by a termination codon that pre-
vents the translation of exon 17. It has been gener-It has been gener-
ally accepted that the isoform 2 does not possess the 
tumor suppressor activity. Nevetheless, studies have 
shown that both isoforms possess the tumor suppres-

sor activity [13]. Most of mutations within the FERM 
domain lead to cell proliferation and tumorigenesis. 
This indicates that the FERM domain in Merlin is 
crucial for contact inhibition and tumor suppression. 
It was believed that Merlin acquired tumor suppres-
sive activity, by adopting a closed growth-suppressive 
conformation through the intramolecular association 
of its NTD and the CTD [14]. However, subsequent 
studies have revealed a more complex regulation of 
Merlin’s growth suppressive function, which will be 
discussed in this review.

Figure 1 – The structure of the ERM family is composed of three structural regions an amino termi-an amino termi-
nal domain (FERM), an α-helix domain, and a carboxyl terminal domain (CTD). The FERM domain 
consists of the three sub-domains F1, F2 and F3. The two Merlin isoforms. A - Isoform 1 (Merlin or 
Merlin-1), and B - Isoform 2 (Merlin-2). C – The ERM family proteins share high homology with 

Merlin and contain F-actin region at the end of the CTD, which is absent in Merlin.

Merlin is localized at the cortex and contact-de-localized at the cortex and contact-de- at the cortex and contact-de-
pendent membrane domains to organize cell junctions 
[7].  The “Blue box motif”, the conserved region cor-Blue box motif”, the conserved region cor-”, the conserved region cor- cor-
responding to residues 177-183 in the F2 subdomain 
of the FERM domain has been shown to be critical 
for Merlin growth suppressive function. Merlin’s as-growth suppressive function. Merlin’s as- suppressive function. Merlin’s as-function. Merlin’s as-Merlin’s as- as-
sociation with actin is not required for growth inhibi-for growth inhibi- growth inhibi-growth inhibi-
tion, but is necessary for its localization at the plasma 
membrane in the phosphorylated, so-called dormant 
state. Loss of Merlin’s growth suppressive function 
results in an impairment of contact-dependent inhibi-inhibi-
tion of proliferation and formation of stable adherens 
junctions (AJs).  It has been shown that Merlin forms 
an association with adhesion proteins and other AJ 
components and controls the cadherin-mediated for-
mation of cell-cell adhesions.  Cadherins maintain 
AJs between adjacent cells via interaction with intra-
cellular proteins such as catenins and the actin cyto-

skeleton.  Thus, the main functions of Merlin include 
contact inhibition of proliferation and tumor suppres-
sion.

Merlin’s tumor suppressor activity is regulat-
ed by phosphorylation 

The structural transformation of Merlin from an 
inactive to an active state is regulated by changes in its 
phosphorylation status. Recent studies have resolved 
the contradiction between the structure and function 
of Merlin. Classical studies considered that dephos-dephos-
phorylated Merlin functions as a tumor suppressor in 
a closed conformation.  However, recent studies have 
shown that phosphorylated or mutated Merlin has a 
more closed form, leading to impaired growth inhi-d form, leading to impaired growth inhi-growth inhi-
bition, while more open forms have active growth 
inhibiting activity [13; 15].  Merlin can be inacti-g activity [13; 15].  Merlin can be inacti-.  Merlin can be inacti-Merlin can be inacti-
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vated by phosphorylation at serine 518 by the p21- 
activated protein kinases (PAKs) or by the cAMP-
dependent protein kinase A (PKA). PAKs belong to 
a serine/threonine protein kinase family, which are 
involved in the Rac/Cdc42 signaling pathway. It has 
been shown that PAK1 phosphorylates Merlin on ser-Merlin on ser-on ser-ser-er-
ine 518 and abolishes its growth suppressor activity 
[16]. In turn, Merlin can inhibit PAK1 in a contact-
independent manner preventing its activation by Rac 
[17].  In addition, it was shown that cadherin inacti-
vates PAK, which implies contact-independent acti-
vation of PAK [18]. Phosphorylation on serine 518 
disrupts Merlin association with the actin cytoskel-Merlin association with the actin cytoskel- association with the actin cytoskel-
eton, resulting in Merlin intracellular relocalization 
from the plasma membrane to the cytoplasm [19]. In 
addition, phosphorylation of Merlin at serine 518 dis-of Merlin at serine 518 dis-serine 518 dis-erine 518 dis- 518 dis- dis-
rupts its interaction with the integral membrane hy-
aluronan receptor CD44 [20] and hepatocyte growth 
factor-regulated tyrosine kinase substrate HRS [21], 
which impairs Merlin’s growth suppressive activity. 
The binding of Merlin to CD44 is associated with hy-
pophosphorylation of Merlin and growth inhibition, 
while the ERM proteins, competing with Merlin for 
CD44 binding, prevent the growth suppressive activ-
ity of Merlin and contribute to tumorigenesis. 

PKA has been shown to phosphorylate Merlin 
at serine 518 [22]. It has been suggested that phos- serine 518 [22]. It has been suggested that phos-serine 518 [22]. It has been suggested that phos-erine 518 [22]. It has been suggested that phos-
phorylation of Merlin at serine 518 can convert Mer-Merlin at serine 518 can convert Mer-erine 518 can convert Mer-
lin into a growth-permissive form through heterodi-through heterodi- heterodi-
merization between Merlin and ezrin, while serine 
10 phosphorylation plays a role in the cytoskeletal 
organization and cell motility. Activation of cAMP/
PKA signaling leads to growth proliferation and cell 
cycle progression in Schwann cells. Conversely, 
dephosphorylation of serine 518 by MYPT-1-PP1δ 
restores Merlin tumor suppressive function [20; 23]. 

The serine/threonine kinase AKT, also known as 
protein kinase B (PKB), is regulated by phosphoryla-is regulated by phosphoryla-
tion at threonine 308 by phosphoinositide-dependent 
kinase 1 (PDK-1) and is fully activated by additional 
phosphorylation at serine 473 [24]. AKT has been 
shown to phosphorylate Merlin at threonine 230 and 
serine 315, which abolishes Merlin tumor suppressor 
activity leading to the degradation of Merlin through 
polyubiquitination [25]. In turn, Merlin suppresses 
PI3K/AKT signaling through direct binding to PIKE-
L. Studies have demonstrated that phosphorylation of 
Merlin on serine 10 by AKT leads to Merlin targeting 
for ubiquitination by the E3 ubiquitin-protein ligase 
complex and subsequent proteasome-mediated deg-
radation [26]. This requires multistep phosphoryla- [26]. This requires multistep phosphoryla-
tion of Merlin on serine 318 by PAK or PKA and sub-
sequent phosphorylation on serine 10 by PKA that 

leads to a fully open conformation of Merlin resulting 
in its degradation and ubiquitination. It has been sug-
gested that Merlin phosphorylation on serine 10 by 
hyperactivated AKT occurs in malignant cells, which 
leads to Merlin degradation and consequent activa-
tion of the PI3K/AKT signaling pathway. Jacob and 
co-workers have shown that AKT phosphorylation 
at the serine 308 and threonine 473 sites promoted 
cell growth and proliferation, indicating activation of 
the PI3K/AKT signaling pathway in HMS-97 cells 
and Schwannoma vestibular cells [27]. Although 
Merlin’s tumor suppressor function has been shown 
to depend on its conformation and phosphorylation 
status, it is possible that multiple mechanisms may 
modulate Merlin’s growth suppressive activity. 

Receptor tyrosine kinases in NF2 signaling

Receptor tyrosine kinases (RTKs) are implicated 
in regulation of the Ras/Raf/MEK/ERK and PI3K/
AKT signaling pathways. The ErbB family of re-signaling pathways. The ErbB family of re- pathways. The ErbB family of re-. The ErbB family of re- The ErbB family of re-
ceptor tyrosine kinases (RTKs) is a family of trans-
membrane RTKs, including epidermal growth factor 
receptor (EGFR), ErbB2/HER2, ErbB3, and ErbB4. 
RKTs are implicated in cell differentiation and prolif-
eration in Schwann cells and expressed in both ves-
tibular nerve and VS. The EGFR activation starts by 
binding its specific ligands, such as epidermal growth 
factor (EGF) and transforming growth factor α (TGF 
α) to activate Ras/MAPK signaling pathway. Upon li-) to activate Ras/MAPK signaling pathway. Upon li-
gand binding, RTK inactive monomers activate their 
cytoplasmic tyrosine kinase domain by dimerization. 
Merlin inhibits Src binding to ErbB2 and consequent-
ly ErbB2-mediated phosphorylation, which prevents 
downstream mitogenic signaling [28]. 

Merlin regulates cell-to-cell contact inhibition 
of proliferation by regulating the accumulation of 
EGFR, ErbB2, ErbB3, PDGFR and IGF1R growth 
factors at the plasma membrane in Schwann cells [8; 
29]. Activation of ErbB receptors has been linked 
to increased proliferation, and consequently to the 
downstream mitogenic signaling [29]. Overexpres-
sion of ErbB receptors has been reported in many 
other human cancers such as human breast and ovar-
ian cancers, as well as transitional cell carcinoma of 
the bladder [30; 31]. 

Current study has shown activation of ErbB re-
ceptors in human VS and paired normal vestibular 
nerves using phospho-RTK arrays [32]. Activation 
and aberrant signaling of ErbB receptors, such as 
ErbB3 and to a lesser extend activation of EGFR, 
ErbB2 and ErbB4 have been observed in VS tumors 
compared to the normal vestibular nerve from the 
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same patients. High levels of EGFR phosphoryla-
tion have been observed compared to the normal 
Schwann cells in primary VS culture and human 
malignant schwannoma HMS-97 cells. In addition, 
fibroblast growth factor receptor-2α (FGFR-2α), 
insulin receptor, macrophage-stimulating protein 
receptor (MSPR), PDGFR-β, C-RET, and Ephrin 
type-A4 receptor (EphA4) were upregulated in VS 
compared to the paired vestibular nerve. Other stud-
ies have shown activation of EGFR and ErbB2 in 
VS and Schwann cells [33; 34]. Lallemand and co-
workers have observed activation of ErbB2, ErbB3, 
insulin-like growth factor 1 receptor (IGF1R), and 
platelet-derived growth factor receptor-β (PDGFR-β) 
at the plasma membrane in Merlin-defi cient confl u-Merlin-deficient confl u-conflu-
ent but not sub-confluent Schwann cells [29]. The 
level of EGF was elevated in all NF2-related VS, but 
not in the sporadic VS, while ErbB ligand was el-
evated in most of sporadic VS but only in few NF2-
related VS [33]. Activation of FGFR and PDGFR has 
been linked to VS growth and progression [35]. The 
NF2 gene overexpression inhibits schwannoma cell 
proliferation through promoting PDGFR degradation 
[36]. Thus, inhibition of RTK aberrant signaling can 
serve as a potential therapeutic strategy for the treat-therapeutic strategy for the treat-
ment of nervous system tumors and other tumors. 
Therapeutic approaches to the treatment of sporadic 
and NF2-related VS, as well as other brain tumors 
will be discussed in the latter part of this review. 

Merlin regulates numerous signaling path-
ways 

It was previously reported that Merlin is local-
ized on the plasma membrane through the FERM 
NTD and is associated with microtubules and the 
cortical actin cytoskeleton [13]. Mutations in the 
NTD impair the interaction of Merlin with the actin-
cytoskeleton, which leads to its translocation from 
the plasma membrane into the cytoplasm [37]. It 
has been generally accepted that changes in Merlin’s 
localization at the plasma membrane disrupts Mer-
lin’s suppression of mitogenic signaling and cause 
the development of NF2 tumors. Later studies have 
shown that Merlin’s tumor suppressor function does 
not require its association with the actin cytoskeleton 
[13; 37]. At the plasma membrane, integrins bind 
to intracellular matrix components and form a mul-
tiprotein complex consisting of RTK, growth factor 
receptor-bound protein 2 (Grb2), SOS, ERM-actin 
and Ras [38]. The ERM proteins serve as a scaffold, 
promoting Ras activation and signaling. Merlin sup-sup-
presses a variety of signaling pathways by regulat-a variety of signaling pathways by regulat-signaling pathways by regulat-pathways by regulat-

ing integrins and tyrosine receptor kinases (RTKs) 
and the downstream mitogenic signaling of Ras/Raf/
MEK/ERK [20], Rac/PAK/JNK [17; 19], PI3K-Akt 
[25; 26], mTORC1 [9], FAK-Src [10], Wnt/b-catenin 
[39] and the EGFR-Ras-ERK pathway [8].

Studies reveal interaction of Merlin with numer-tudies reveal interaction of Merlin with numer-Merlin with numer-erlin with numer-numer-
ous proteins, which can affect Merlin growth sup-proteins, which can affect Merlin growth sup-Merlin growth sup-erlin growth sup-
pressor function (Table 1). It has been reported that 
many putative binding partners interact with Merlin 
including proteins involved in translation, cell-cy-ing proteins involved in translation, cell-cy- proteins involved in translation, cell-cy-proteins involved in translation, cell-cy- involved in translation, cell-cy-involved in translation, cell-cy-translation, cell-cy-
cle transit, cytoskeletal organization, and signaling 
[40]. Merlin regulates cell growth and proliferation 
through an interaction with proteins of focal adhe-
sion junctions [7], actin [13], βII-spectrin [40], mi-[7], actin [13], βII-spectrin [40], mi-, actin [13], βII-spectrin [40], mi-βII-spectrin [40], mi-II-spectrin [40], mi-
crotubules [41], CD44 [20], HRS [21], PIKE-L [42], 
eIF3c [40], paxillin [43], VprBP [44] (also known as 
DCAF1), angiomotin [45] and other proteins. As de-, angiomotin [45] and other proteins. As de-ngiomotin [45] and other proteins. As de- [45] and other proteins. As de-
scribed above, Merlin interacts with several protein 
kinases, including PAK, PKA, AKT and phosphatase 
MYPT-1-PP1δ. The phosphatase MYPT-1-PP1δ 
dephosphorylates Merlin and restores Merlin’s anti-
proliferative function by inhibiting Ras-dependent 
signaling pathway. The inhibition of MYPT-1-PP1δ 
with the oncoprotein CPI-17 can induce phospho-
rylation of ERM proteins and Ras activation [20; 23]. 

Using coimmunoprecipitation, phosphoprotein 
enrichment, and liquid chromatography coupled with 
tandem mass spectrometry (LC-MS/MS), several 
proteins interacting with Merlin have been identified, 
most of which belong to DNA and chromatin func-
tion group, DNA damage response (DDR) proteins, 
DNA replication and transcription (Davletova et al., 
unpublished data). Some of these proteins have been 
reported to be involved in various types of cancer and 
can serve as both diagnostic and prognostic biomark-both diagnostic and prognostic biomark- diagnostic and prognostic biomark-and prognostic biomark- prognostic biomark-
ers of cancer. Further research is needed to better un-of cancer. Further research is needed to better un- cancer. Further research is needed to better un-. Further research is needed to better un- to better un-
derstand the role of proteins interacting with Merlin 
in human VS and other types of brain tumors.

In addition to Merlin’s localization at the cell 
cortex and the contact-dependent membrane, Merlin 
plays a role in the cytoplasm. In the cytoplasm, Mer-er-
lin associates with actin and tubulin and regulates the 
dynamics of the cytoskeleton and vesicular transport 
[13]. Recently, Merlin’s tumor suppressor activity 
has been shown in the nucleus [37]. The FERM do-The FERM do-
main of Merlin has been reported to be necessary for 
its nuclear localization. The dephosphorylated form 
of Merlin, which, as has been demonstrated, has an 
tumor suppressive activity, is preferentially localized 
in the nucleus. In the nucleus, Merlin directly inter-
acts with CRL4DCAF1E3 ubiquitin ligase leading to 
suppression of oncogenic signaling [37; 45].  Merlin 
inhibition of CRL4DCAF1E3 ubiquitin ligase is linked 
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to its tumor suppressor function in contact-inhibited 
cells. Indeed, mutations abolishing Merlin-DCAF1 
binding lead to disruption of nuclear localization and 
subsequently to tumorigenesis. It has been shown 
that Merlin’s binding to the E3 ubiquitin ligase com-the E3 ubiquitin ligase com-ubiquitin ligase com- ligase com-
ponent DCAF1 has been abolished after serine 10 
phosphorylation, resulting in Merlin’s targeting to 
proteasome-mediated degradation [26]. Therefore, 

Merlin is involved in various signaling pathway and 
can play different roles during cell development and 
tumorigenesis. The mechanisms that regulate Mer-The mechanisms that regulate Mer-
lin’s function as a cell growth suppressor still need 
to be better understood in order to develop effective 
therapeutic approaches for the treatment of numer-
ous destructive and debilitating tumors of the nerv-
ous system.

Table 1 – Proteins interacting with Merlin and the sites of interaction on Merlin extended to the NTD and/or CTD regions (see refer-
ences in [40] if not shown otherwise; ND – not identified)

Protein NTD Protein CTD

Protein kinases/phosphotases affecting Merlin suppressive actiivity

PAK1 [16; 17] 1-313

PKA [22] ND

MYPT-1-PP1δ [23] 312-341

Structural proteins supporting Merlin suppressive activity

Microtubules 122-302 βII-spectrin 469–590

Actin 178-367

Growth activators suppressed by Merlin

CD44 1-50 TRBP 288-595

RalGDS 1-228 HEI10 306-339

eIF3c 1-304 EG1/Magicin 340–590/595

Ezrin 1-313 Syntetin 566-595

Radixin ND Angiomotin [45] ND

Moezin 1-332

Layilin 1-332

PIKE-L [42] 1-332

NHERF 1-332

N-WASP 1-332

RhoGDI 1-341

VprBP [44] ND

Growth inhibitors supporting Merlin suppressive activity

RhoGDI 1–341 HRS [21] 453–557

NGB 1–52; 288–344

DCC 1–341

MAP 288–595

Paxillin [43] 50–70; 425–450

Proteins interacting with Merlin with unclear effect 

Myelination 1–314 RIβ 463–480

SCHIP-1 1–27; 280–323 CRM1/exportin 539–551
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Therapeutic strategies for the treatment of VS 
and other brain tumors

Currently, there are no medical therapies availa-
ble for the treatment of NF2-related and sporadic VS 
and other nervous system tumors. The current stan-he current stan-
dard of treatment remains local tumor control by sur-
gical excision and stereotactic radiation, which can 
often cause complications from damage to nervous 
and CNS structures [4]. Moreover, radiation treat-[4]. Moreover, radiation treat-. Moreover, radiation treat- Moreover, radiation treat-
ment can lead to malignant transformation and el-
evated growth of tumors [46].  Merlin plays a role as 
a cell growth suppressor and interacts with a number 
of proteins involved in various signaling pathways. 
Deregulation of one of the components in these sign-
aling pathways can cause tumor formation. Targeted 
small molecule inhibitors may serve as potent thera-mall molecule inhibitors may serve as potent thera-serve as potent thera-potent thera-
peutic agents for the treatment of these tumours.

The PI3K/AKT signaling pathway is deregulated 
in VS and other tumors. A novel celecoxib-derivative 
OSU-03012 (developed by Dr. C.-S. Chen at Ohio 
State University, also called AR-12) lacking cycloox-also called AR-12) lacking cycloox-lacking cycloox-ing cycloox- cycloox-
ygenase (COX2) inhibitory activity has been tested 
in several types of cancer cells [24] and is current- cells [24] and is current- and is current-
ly undergoing Phase I clinical trial as an anticancer 
agent in patients with solid and liquid tumors. The 
mechanism of OSU-03012 is partly modulated via 
direct inhibition of 3-phosphoinositide-dependent 
protein kinase-1 (PDK-1) within the PI3K/AKT path-(PDK-1) within the PI3K/AKT path-
way. Another anticancer mechanism of OSU-03012 
involves endoplasmic reticulum (ER) stress signal-endoplasmic reticulum (ER) stress signal-
ing via activation of PKR-like ER kinases (PERK), 
downregulation of HSP70 family chaperone GRP78/ 
BiP/HSPA5, and a caspase-independent, cathepsin-
dependent autophagy-dependent form of cell death 
[47]. It has been shown that activation and phospho-
rylation of AKT has been linked to cell proliferation 
and VS tumor formation [48].  A dose-dependent in- dose-dependent in-
hibition of cell proliferation and apoptosis induced by 
OSU-03012 was observed both in benign human VS 
and malignant schwannoma cells, as well as mouse 
Nf2-deficient Schwann and schwannoma cells. OSU-
03012 potent anti-tumor activity was demonstrated 
in malignant schwannoma xenografts in SCID mice. 

Current study revealed aberrant activation of 
ErbB family RTKs in human VS [32]. The treatment 
with EGFR inhibitor Erlotinib and EGFR/ErbB2 in-
hibitor Lapatinib inhibited cell proliferation in VS 
and schwannoma cells. Erlotinib treatment was more 
potent in growth inhibition compared to Lapatinib 
and resulted in a decreased level of phospho-ErbB 
receptors including EGFR in primary VS, as well as 
ErbB3, and ErbB4 in human malignant schwannoma 

cells. Although Lapatinib was not very potent in in-. Although Lapatinib was not very potent in in-Lapatinib was not very potent in in- was not very potent in in-
hibiting cell growth, it is possible that the combined 
action of this inhibitor with OSU-03012 might pro-OSU-03012 might pro- might pro-
vide a better outcome and is currently being tested. 
Several studies have demonstrated the application of 
RTK inhibitors as an effective therapeutic approach 
for the treatment of human VS and other nervous 
system tumors [33; 34]. The treatment with OSU-
03012 and the inhibitor of ERBB1/2/4, Lapatinib, 
or the HSP90 inhibitor 17-N-Allylamino-17-deme-the HSP90 inhibitor 17-N-Allylamino-17-deme-
thoxygeldanamycin (17AAG) reduced expression of 
ERBB1/2/4 growth factor receptors in glioblastoma 
and medulloblastoma cells [47]. Therefore, targeting 
ERBB growth factor receptors could reduce cell pro- could reduce cell pro-
liferation through inhibition of ERK1/2 and PI3K/
AKT signaling pathways. 

Preclinical and clinical studies of the potential 
therapeutic targets, such as lapatinib, everolimus, 
erlotinib and bevacizumab have been reported for 
the treatment of VS, NF2 and other brain tumors 
[49-51]. Other potential targets for therapeutic strat-
egies include inhibitors of small GTP binding pro-
teins, and GTPases that can inhibit Ras, Rac, and 
MAPK signaling pathways and have been used 
for certain types of cancer. Several PAK inhibitors 
have been tested and may be useful for treating VS 
and NF2 related tumors [52; 53]. The inhibition of 
mTORC1 signaling had a direct inhibitory effect on 
VS growth. The Phase II study of mTORC1 inhi-
bition by everolimus has shown delayed growth of 
NF2-schwannomas [54]. A better understanding of 
deregulated signal transduction pathways is crucial 
in exploring therapeutic options and preclinical test-
ing of effective chemical agents for treating tumors 
of the nervous system. 

Conclusion

Merlin negatively regulates cell growth and 
proliferation and is involved in multiple signaling 
pathways. It has been shown aberrant activation of 
ErbB family receptor tyrosine kinases (RTK) in hu-
man VS. Current study has shown that inhibition of 
receptor tyrosine kinases can serve as an alternative 
approach for the treatment of sporadic and NF2-
related VS. Other potential targets for therapeutic 
strategies include chemical agents that can inhibit 
deregulated mitogenic pathways such as Ras, Rac, 
and MAPK signaling pathways. A better understand- signaling pathways. A better understand- pathways. A better understand-. A better understand-A better understand-nderstand-
ing of the mechanisms underlying VS tumorigenesis 
can help to develop novel potent, effective and non-
toxic chemical agents to supress tumor growth and 
metastasis. Several preclinical and clinical trials are 



30 Merlin tumor suppressor signaling in the neurofibromatosis type 2 tumorigenesis 

Int. j. biol. chem. (Online)                                               International Journal of Biology and Chemistry 12, № 1, 25 (2019)

underway as the potential therapeutic targets for the 
treatment of VS and NF2-related tumors.
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Analysis of soybean world collection in conditions  
of south-eastern Kazakhstan

Abstract: The study of the phenotypic variability of the world crop collections in various conditions 
is an important step for identification of genetic factors (genes, quantitative trait loci), associated with 
yield and its components in order to increase the effectiveness of genetic and breeding programs. Current 
paper presents some results from the comparative analysis of the phenotypic data from the soybean world 
collection (originators – Kazakhstan, Russia, Canada, France, Sweden, Switzerland, Serbia, Belarus, 
Poland, Ukraine, Moldavia, Bulgaria, Belgium, Czech Republic, Slovakia, USA, China, Japan, Uzbekistan, 
Kyrgyzstan). The collection consisted of 192 cultivars and lines grown on the experimental plots of the 
Kazakh Research Institute of Agriculture and Plant Growing (KAZNIIZR, Almalybak v., Almaty region, 
Kazakhstan) in 2017 and 2018 yy. A number of key yield-associated traits, including plant height, pod 
insertion height, number of branches, nodules and seeds per plant, yield per plant and thousand seed weight 
were studied. It was noted that the yield over the two years of trials positively correlated with the above-
mentioned traits. The soybean accessions were ranked based on all the studied traits. As a result of the study 
of the yield components, several high-productive cultivars were identified. Cheremosh (Ukraine), Agassiz 
(USA), Iskra (Kazakhstan) and Evrika (Kazakhstan) showed high stable results in both years. The obtained 
results will be used in the genome-wide association study to identify the significant relations between DNA 
markers and complex quantitative traits to be applied in further genetic and breeding programs.
Key words: soybean, collection, cultivar, yield, correlation, economically valuable traits.

Introduction

Cultivated soybean (Glycine max (L.) Merrill) is 
an annual plant that belongs to the genus Soya (Gly-
cine), family Fabaceae. Due to its rich biochemical 
composition, soybean is considered as a universal ag-
ricultural crop cultivated with the aim of producing 
food, technical raw materials and feed for livestock 
[1-3].

World soybean production over the past 10 
years has increased by 65%. According to the Unit-
ed States Department of Agriculture (USDA), in 
2017 y., 346.9 million tons of soybeans were pro-
duced worldwide [4]. The main producers of soy-
beans are the United States, Argentina and Brazil, 
whose total output makes around 87% of the world 
production [5].

The lands under soybean in Kazakhstan increase 
from year to year. The total sowing area for this crop 
over the past 10 years has expanded to 129,000 in 

2017, compared to 50,000 hectares in 2007. Soybean 
is grown mostly in Almaty, Kostanay and East Ka-
zakhstan regions with about 83% of this crop grown 
in Almaty region [6].  

The ecological trails of cultivars from different 
origins have an important role for modern agricul-
ture. A wide range of soybean genotypes with stud-
ied traits in conditions of southeastern Kazakhstan is 
the basis of successful breeding programs. Nowadays 
more research is being conducted with the aim of up-
bringing early-maturing and high-protein soybean 
cultivars for cultivation in northern and eastern re-
gions of the country [7; 8].

For refinement of cultivars with high yield and 
quality, it is important to consider the variation and 
association of morphometric and productivity traits 
[9; 10]. In this regard, the actual aim of this work 
was to analyze the world soybean collection of lo-
cal and foreign origins in the conditions of southeast 
Kazakhstan in 2017 and 2018.
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Materials and methods

The experimental material comprised 192 cul-
tivars and lines from different countries of Eastern 
and Northern Europe (France, Sweden, Switzerland, 
Serbia, Russia, Belarus, Poland, Ukraine, Moldavia, 
Bulgaria, Belgium, Czech Republic and Slovakia), 
North America (Canada, USA), East Asia (China, 
Japan), Central Asia (Kazakhstan, Uzbekistan, Kyr-
gyzstan) was studied in conditions of southeast Ka-
zakhstan in 2017 and 2018 [7; 11]. The cultivar (cv.) 
Zhansaya bred by the Kazakh Research Institute of 
Agriculture and Plant growing (KAZNIIZR) was in-
volved into the study as a standard cv. for Almaty 
region [11].

Field experiments were conducted on experimen-
tal sites of KAZNIIZR, located at an altitude of 740 
meters above the sea level, 43°15’ N, 76°54’ W. This 
territory is characterized by the continental climatic 
conditions: mild and cool winters, cool spring, hot 
and dry summers, warm and dry fall. The soil cover 
is represented by light chestnut, loamy, or less often 
sandy soils [8].

The seeds of soybean accessions were sown in 
April of 2017 and 2018 according to Dospekhov 
[13], without any soil fertilizers. Structural anal-

ysis was conducted using the guidelines of The 
State Commission for Variety Testing of agricul-
tural crops [12]. Plants were selected to record the 
observations during the maturation period, prior to 
plots harvesting. For each accession the following 
traits were analyzed: Plant height (PH), cm; Pod 
insertion height (PIH), cm; Number of branches 
per plant (NBP); Number of nodules per plant 
(NNP), No.; Number of seeds per plant (NSP), 
No.; Yield per plant (YP); Thousand seeds weight 
(TSW), g [14].

Data processing was performed using Statistical 
Package for the Social Sciences (SPSS 16.0; https://
www.ibm.com/analytics/data-science/predictive-an-
alytics/spss-statisticalsoftware).

Results and discussion

The world soybean collection grown in southeast 
Kazakhstan (KAZNIIZR) in 2017 and 2018, was an-
alyzed by complex of morphometric and yield traits. 
Correlation analysis showed significant association 
between two years of field experience, with Pearson 
correlation coefficient r= 0.34, P<0.001. 

Table 1 represents data showing the variability 
ranges of the studied traits.

Table 1  – The variability ranges of morphometric and yield-associated traits

Trait
2017 2018

Min Max Mean Min Max Mean
PH 22.7 132.6 75.8±2.1 21.7 123.8 59.3±1.4
PIH 3.0 26.2 10.1±0.3 2.5 14.4 6.7±0.2
NBP 0.0 3.1 1.4±0.0 0.0 4.8 1.8±0.1
NNP 7.6 26.8 15.1±0.3 6.9 40.0 17.4±0.4
NSP 1.5 103.6 35.2±0.9 15.0 101.8 41.1±1.2
YP 2.5 19.3 10.6±0.3 3.0 30.5 13.8±0.5

TSW 90.0 218.0 159.8±1.4 124.0 268.0 179.0±1.7
Notes: PH – plant height, cm; PIH – pods insertion height, cm; NBP – number of branches per plant; NNP – number of nodules per 
plant; NSP – number of seeds per plant; YP – seed yield per plant, g; TSW – thousand seed weight, g

Yield per plant (YP) is one of the key compo-
nents of soybean productivity, which is dependent 
on the weather and/or agro ecological conditions 
(~80%) and cultivar’s genotype (~20%) [14]. In ana-
lyzed collection YP ranged as 2.5-19.3 g in 2017 and 

3.0-30.5 g in 2018, with an average of 10.6 and 13.8 
g, respectively (Table 1). It was found that the yield 
of 54% of accessions was higher than in standard cv. 
Zhansaya in 2017, while about 44% of the collection 
exceeded standard during the next year (Figure 1). 
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Top ten soybean cultivars with the highest YP 
values observed in 2017 and 2018 in Almaty region 
are presented in Table 2. It was observed that cul-
tivars Renta, Agassiz, Cheremosh, Iskra, Ana and 
Renta had a stable high YP in both years.

Correlation analysis illustrated that yield per 
plant had positive correlation with all studied traits, 
particularly with productivity components. Signifi-
cant correlation with the highest coefficient between 
YP and the number of seeds per plant, NSP (r=0.84, 
P<0.001) and the number of nodules per plant, NNP 
(r=0.79, P<0.001) were found (Table 3).

The number of seed per plant (NSP) is 
also a major component of productivity.  
This trait is directly related to the yield of soybean 

[15]. In the first year of field trials, NSP varied from 
10 to 103.6 seeds per plant (Table 1), for Zhansa-
ya – 35 seeds per plant, about 46% of the collection 
showed higher value than standard cv., and among 
them were Zispida 641 (Belgium) – 103.6, Slavia 
(Russia) – 93.7, Agassiz (USA) – 62.7, Misula (Ka-
zakhstan) – 61 and Ana (Serbia) – 60 seeds per plant. 
In the second year, 30% of collections were higher 
than standard (47.9), including Vesta (Russia) – 
101.8, Agassiz (USA) – 96.0, Cheremosh (Ukraine) 
– 87.5, Vilana (Russia) – 80.2 and Bystritsa 2 (Rus-
sia) – 78.0 seeds per plant (Figure 2, a). It was no-
ticed that cultivars Agassiz, Iskra, Zhalpaksai (Ka-
zakhstan) and Vilana showed stable high NSP in both 
years.

Figure 1 – Distribution of soybean world collection accessions by yield per plant  
in 2017 and 2018 yy. Note: YP – yield per plant. The arrow indicates the data for the standard cv. Zhansaya

Table 2 – Soybean cultivars with the top ten maximal ranks of yield per plant in 2017 and 2018

Culivar name YP, g (2017) Culivar name YP, g (2018)

Slavia (Russia) 19.3 Evrica (Kazakhstan) 30.5

Agassiz (USA) 19.1 Vilana (Russia) 30.0

Cheremosh (Ukraine) 18.7 Agassiz (USA) 28.9

Misula (Kazakhstan) 18.3 Lira (Russia) 28.7

Iskra (Kazakhstan) 18.2 Renta (Russia) 28.5

Xinjiang D09-676 (China) 17.9 Parker (USA) 27.7

Ana (Serbia) 17.5 Xinjiang D10-130 (China) 27.7

Venera (Serbia) 17.4 Vesta (Russia) 27.6

Renta (Russia) 17.3 Lybid (Ukraine) 26.0

Runo (Russia) 17.3 Xinjiang D11-252 (China) 26.0

Standard cv. Zhansaya 10.1 Standard cv. Zhansaya 13.4
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Table 3 – Correlation links between key elements of yield structure

Traits PH PIH NBP NNP NSP YP TSW
PH 1
PIH 0.63*** 1
NBP 0.17*** 0.09 1
NNP 0.46*** 0.17*** 0.77*** 1
NSP 0.52*** 0.20*** 0.59*** 0.86*** 1
YP 0.45*** 0.18*** 0.48*** 0.79*** 0.84*** 1

TSW -0.18*** -0.15*** 0.08 0.04 -0.01 0.25*** 1
Notes: PH – plant height,cm; PIH – pods insertion height, cm; NBP – number of branches per plant, No.; NFN – number of nodules 
per plant, No.; NSP – number of seeds per plant, No.; YP – seed yield per plant, g; TSW – a thousand seeds weight, g; *** – P<0.001, 
** – P<0.05, * – P<0.01

Figure 2 – Distribution of soybean accessions by number of seeds, nodules, and branches per plant and thousand seed weight  
in 2017 and 2018. Note:  NSP – number of seeds per plant; NNP – number of nodules per plant; 

 NBP – number of branches per plant; TSW – thousand seed weight, g. The arrow indicates the data for the standard cv. Zhansaya
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The number of nodules per plant (NNP) corre-
lated with all studied traits, except TSW (Table 3). 
It should be noted, that the NNP values range was 
higher in 2018 (from 6.9 to 40.0), than in the previ-
ous year (7.6 – 26.0), respectively (Table 1, Figure 
2, b). The highest NNP values were observed for the 
following accessions: Evrika (Kazakhstan) – 26.0, 
Runo (Russia) – 26.8, 362/2 (Eastern Beauty) – 24.3, 
Niva 70 (Russia) – 23.1 and Misula (Kazakhstan) 
– 22.9 in 2017, and Agassiz (USA) – 40.0, Vesta 
(Russia) – 39.1, Cheremosh (Ukraine) – 36.4, Vilana 
(Russia) – 35.9 and Parker (USA) – 32.3 in 2018. 
In both years the stable high NNP showed cultivars 
Iskra, Cheremozh and Agassiz.

The number of branches per plant (NBP) is de-
pendent on plant genotype and environment condi-
tions. In our collection in the second year of field 
trails soybean plants NBP value increased to 4.5, 
comparing with 3.5 in 2017 (Figure 2, c). Some re-
searchers, studying the number of branches, believe 
that the more branches on a plant, the more nodes and 
beans develop; therefore the higher the seed produc-
tivity is. Others consider that it is necessary to breed 
cultivars with a small number of branches – single-
stem cultivars, the productivity of which is increased 
by rising of the plant density [10; 16]. The results 
of trails in Almaty region in both years showed that 
soybean plants with NBP more than one branch per 
plant had higher value of YP and it is similar to the 
first point of view. In addition, there was the high 
significant correlations between NBP and NNP (r= 
0.77, P<0.001), NBP and NSP (r = 0.59, P<0.001), 
and NBP with YP (r=0.48, P<0.001) (Table 3).

The thousand seed weight (TSW) is a very impor-
tant trait of seed quality, which is dependent on the 
seed size and fullment. According to the literature, in 
conditions of water deficiency, genotypes with larger 
seeds have advantage in high yield production due 
to their better absorbing ability [15; 17]. In analyzed 
collection TSW varied from 90.0 to 218.0 g in 2017, 
and from 124.0 to 268.0 g in 2018 (Table 1). TSW in 
the first year of field experiments were recorded for 
Xinjiang a don 1 (China) – 218 g, Soer 345 (Russia) 
– 211.3 g and Agassiz (USA) – 208 g, in the second 
year – Almaty (Kazakhstan) – 268 g, Nikko (Serbia) 
– 255 g and Lambert (USA) – 239.5 g. More than 
half of the collection exceeded the results of Zhansa-
ya (148.7 and 173 g in 2017 and 2018, respectively) 
(Figure 2, d). 

Correlation analysis of TSW indicated negative 
correlation with PH. r=-0.18, P<0.001) and the pod 
insertion height, PIH, (r=-0.15 (P<0.001). On the 

other hand, there was a positive correlation with the 
yield per plant, r=0.25 (P<0.001). In addition, corre-
lation was found neither between TSW and NLB, nor 
TSW and NFN (Table 3).

Plant height (PH) is a major morphometric trait 
in breeding practice as it linked to the soybean lodg-
ing score [18]. PH in analysed accessions varied from 
22.7 to 132.6 cm in 2017 and from 21.7 to 123.8 cm 
in the next year with an average equal to 75.8±2.1 
and 59.3±1.4, respectively (Table 1). The standard 
cv. Zhansaya also showed the tendency of the stem 
shortening in second year in comparison with the 
2017 (99.6 in 2017 vs 77.1 cm in 2018). Determinant, 
indeterminate and semideterminate types of soybean 
plant habitat were observed. As it is shown in Fig.3, 
in 2018 almost the entire soybean collection showed 
average or short PH, compared with data of 2018 
(Figure 3, a).

Another morphometric characteristic used in the 
field trials was the pod insertion height (PIH). This 
trait plays an important role in the harvesting period. 
The higher the first pod insertion, the less likely the 
soybean stem is to break. Plants with especially low 
insertion of pod led to loses of seed at harvest. PIH 
varies from environmental conditions [19; 20]. 

The standard cv. Zhansaya showed PIH of 
13.5 cm and 9.1 cm in 2017 and 2018, respec-
tively. Just 21% and 9.1% of the soybean col-
lection showed higher values than Zhansaya  
(Figure 3, b). PIH had positive and significant cor-
relation with PH, r=0.63 (P<0.001) and negative cor-
relation with TSW, r= -0.18 (P<0.001) (Table 3). 

ANOVA analysis (analysis of variance) made it 
possible to identify significant affect of environmen-
tal conditions to all studied traits of soybean collec-
tion, with the highest effect on PIH (84.19%), then 
on TSW (74.62%), PH (41.71%) and YP (34.36%) 
(Table 4).

It is clear that the weather and growing condi-
tions affect to the grain yield. According to the lit-
erature, even with the great combination of genetic 
resources and agronomic factors, the environmental 
stresses like high temperature, humidity, salinity 
and so on, can sharply decrease soybean yield.  The 
stresses negatively effect on the cellular function of 
plant and its metabolic activity [21]. The soybean va-
rieties and lines harvested in Almaty region in 2018 
showed higher results for major productivity compo-
nents (YP, NSP, NNP, TSW) comparing with 2017, 
which might be consequented with better environ-
mental conditions during soybean maturation stage 
in 2018 (Figures 1-3).
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Table 4 – Analysis of variance by one factor

Traits df Mean square F

Plant height (PH), cm 383 26053.5 41.71***

Pods insertion height (PIH), cm 383 1110.4 84.19***

Number of branches per plant (NBP) 383 14.6 20.88***

Number of nodules per plant (NNP) 383 511.0 19.57***

Number of seeds per plant (NSP) 383 3243.3 15.87***

Seed yield per plant (YP), g 383 943.7 34.36***

Thousand seed weight (TSW), g 383 35305.0 74.62***

Note:  ***–P<0.001

Figure 3 – Distribution of soybean collection by plant height and pod insertion height  
in 2017, 2018 yy. Note: PH – plant height, PIH – pod insertion height.

The arrow indicates the data for the standard cv. Zhansaya

Therefore, the world collection of soybean cul-
tivars and lines from Eastern and Northern Europe 
(France, Sweden, Switzerland, Serbia, Belarus, Po-
land, Ukraine, Moldavia, Bulgaria, Belgium, Czech 
Republic, Slovakia), North America (Canada, USA), 
East Asia (China, Japan), Central Asia (Kazakhstan, 
Uzbekistan, Kyrgyzstan) countries were tested in Al-
maty region.

The collection was ranged based on seven yield-
associated traits. More valuable highly productive 
genotypes were revealed. The obtained data may be 

used in genome-wide association studies and soy-
bean breeding programs.

Conclusion

The world soybean collection consisted of 192 
cultivars and lines both local and foreign breeding 
were evaluated in the field conditions of southeast 
Kazakhstan in 2017 and 2018. It was determined that 
the yield per plant had positive correlation with all 
studied traits, particularly with productivity compo-
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nents. Significant association with the highest coef-
ficient were found between traits YP – NSP (r=0.84, 
P<0.001) and YP – NNP (r=0.79, P<0.001). Over 
a two years period Cheremosh (Ukraine), Agassiz 
(USA) and Iskra (Kazakhstan) showed the maximum 
values for three most important yield traits – yield per 
plant, number of seeds and nodules per plant. In addi-
tion, it was revealed that Kazakh cv. Evrika prevailed 
on NFN and NLB in both years; while in 2018 it was 
one of the best on YP. In total, 10 soybean accessions 
were determined as high-productivity and valuable 
cultivars for breeding programs. 

Obtained results on the phenotypical and produc-
tivity traits variability of the world soybean collection 
will be used in the future genome-wide associations 
studies in order to identify marker-trait associations 
and search for reliable links between DNA markers 
and quantitative traits.
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The effects of aqueous extracts of Cuminum cyminum L. and 
Pimpinella anisum L. seeds on the improvement of irritable bowel syndrome

compared with Loperamide in rats

Abstract: Irritable bowel syndrome (IBS) is a common disorder of the digestive system.  In this study, the 
effects of aqueous extracts of Cuminum (C.) cyminum L. and Pimpinella (P.) anisum L. seeds in improving 
IBS in rats were studied in comparison with Loperamide, selective drug frequently used for the treatment of 
IBS in Iran.  For induction of IBS, rats were anesthetized 24 hours after fasting, after which 1 ml of acetic 
acid was injected intrarectally at a point 8 cm from the proximal rectum, the intestine was stimulated and 1 
ml of phosphate buffer was injected into the same point to dilute acetic acid.  Healing process was studied 
in five groups: control, false control, positive control, aqueous C. cyminum extract-treated and aqueous P. 
anisum extract-treated.  C. cyminum extract at 300 mg/kg reduced the movements of the gastrointestinal tract 
significantly, when compared to the control group.  To analyze the mean differences between the groups, 
statistical analysis was performed by the Statistical package for the social sciences (SPSS) using continuous 
multivariate method.  P values of less than 0.05 were regarded as statistically significant.  According to 
the results, the most substantial improvement was observed in aqueous C. cyminum extract-treated group, 
which allows us to propose its advantage compared to other treatments.  Probably one of the reasons for the 
beneficial effect of these plants on IBS is the presence of antioxidant substances in these plants.
Key words: irritable bowel syndrome, plant seeds, Cuminum cyminum L., Pimpinella anisum L., 
Loperamide.

Introduction

Gastrointestinal disease is one of the most im-
portant and common chronic noncommunicable dis-
eases.  Gastrointestinal disease imposes a heavy bur-
den on society and healthcare system in developed 
and developing countries [1; 2]. Among the types of 
gastrointestinal disorders, recurrent abdominal pain 
and irritable bowel syndrome (IBS) have been more 
frequently addressed [1].  Small intestine is the site 
of the final digestion of food, absorption of nutrients 
and secretion of hormone.  This hollow tube is com-
posed of four layers: mucosa, submucosa, muscularis 
and serosa [2-4].  The bowel may develop a number 
of disorders, including IBS.  Although the causes of 
IBS are not definitely known, diet, intestinal infec-
tions and psychiatric disorders are risk factors for 
this disorder. The frequency of depression, anxiety 
and other major psychiatric disorders is high in peo-
ple with IBS [5]. Diagnosis of this disease is made 
based on symptoms such as chronic pain and changes 

in bowel habits in the absence of any organic cause 
[6]. IBS accounts for 12% of referrals to gastroenter-
ologists in Europe [7].  The pathophysiology of this 
disease remains unknown. Genetic and environmen-
tal factors are likely to contribute to developing the 
disease [8].  Some studies have reported abnormal 
movements of the gastrointestinal tract, visceral ir-
ritability, psychological impairment, and emotional 
stress to be involved in IBS development [7; 8].  
Stress, anger, intravenous injection of cholecystoki-
nin and colonic perfusion with deoxycolic acid have 
also been reported to increase bowel movements in 
patients with IBS. Increased sensitivity of the bowel 
due to psychological factors, causing pain and emer-
gency in defecation after balloon expansion in the 
rectum [9], and increased brain cortical activity after 
rectal dilation [10] are also observed in IBS.  These 
findings reveal the relationship between the psy-
chological factors and the sensitivity of the visceral 
neurotransmitters. The brain mediators that have 
been used include bradykinin, tachykinin, serotonin, 
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calcitonin gene-related peptides, and neurotrophins 
[11].  Most patients with IBS suffer from anxiety and 
depression, and patients with IBS show more severe 
psychosis than healthy people [12].

The prevalence of IBS in the United States is 
12%, and its prevalence is between 3% and 20% in 
Europe and in the rest of the world with comparable 
prevalence rates in other parts of the world, but the 
actual prevalence rate is estimated to be compara-
tively higher, as this prevalence is reported for clients 
referring to health centers, while in fact, many pa-
tients do not refer to the centers [13; 14].  It has been 
shown that negative emotions and emotional states 
such as anger are associated with a decrease in in-
testinal motor activity in IBS patients. These patients 
report more stressful events in their daily lives and 
also throughout their lives than healthy people and 
may be more sensitive to stress-induced gastrointes-
tinal function changes [15]. The approach to using 
plant compounds for the production of new drugs 
that are more effective, stronger and more compat-
ible with the body of living beings is on the agenda 
of researchers in the pharmaceutical, medical and 
veterinary sciences, which, given the public inter-
est in herbal drugs and the potentials of plants, such 
research seems essential.  One of the methods that 
have recently been considered for treatment of IBS is 
the use of herbal drugs and medicine. Study showed 
turmeric consumption significantly improved IBS 
symptoms, especially abdominal pain, and improved 
quality of life [13]. 

The use of medicinal plants is common in tradi-
tional Iranian medicine.  Traditionally, Cuminum (C.) 
cyminum L. and Pimpinella (P.) anisum L. are used to 
treat gastrointestinal disorders. P. anisum is a peren-
nial and high plant from the Umbeliferae family that 
is very fragrant and has pink-shaped green, and small 
seeds. The upper part of the plant is sharp with five 
striking lines easily observed on it.  The most impor-
tant ingredient of the plant is its essential oil, which 
accounts for 1.5-5% of the plant. The most important 
compound in the essential oil is the trans-anethole 
(80-90% of the essential oil).  Coumarins are other 
important compounds of P. anisum [19].  P. anisum 
seeds are used as an analgesic in migraine, and are tra-
ditionally used as a fragrant, disinfectant and diuretic 
agent, and the extract obtained from its distillation 
also serves these purposes. It has also antibacterial, 
antispasmodic, anti-inflammatory, digestive, hepa-
totonic, laxative, sedative, stimulant and gastrotonic 
properties. The pharmacological effects of P. anisum 
are more closely related to the anethole in its essen-

tial oil, whose formulation is similar to those of cate-
cholamines (including adrenaline, adrenaline and do-
pamine) [20]. Green cumin, C. cyminum L., belongs 
to the Umbeliferae family, and is an aromatic plant.  
Its major ingredients include sabinene, flavonoids, 
polysaccharides, coumarin, cuminaldehydes, pinene 
and terpinene, vitamins B1, B2, B3, B9, C, E, and K, as 
well as various minerals such as calcium, iron, mag-
nesium, phosphorus, potassium and sodium. Green 
cumin has a very warm and dry nature. In the treat-
ment of gastrointestinal diseases, C. cyminum acts 
as an anti-inflammatory agent and facilitates diges-
tion, and is also used in pulmonary diseases for the 
treatment of cough [21]. Cumin, of any kind, serves 
as a tonic and energizing agent for the body. These 
properties are enhanced when cumin is mixed with 
honey [22]. C. cyminum is effective for the treatment 
of gastrointestinal disorders, gastrointestinal tract 
weakness, bloating, and heartburn.  In fact, consum-
ing C. cyminum will strengthen the stomach.  It is the 
strongest herbal carminative agent and reduces the 
spasm of the intestinal smooth muscles [22].  

Cumin plant contains such compounds as sabine, 
flavonoids, polysaccharides, coumarin, cumin alde-
hyde, pinen and terpinene, which have antioxidant 
properties. P. anisum has flavonoids and phenols 
that have antioxidant properties [19-21]. Therefore, 
this study was conducted to investigate effects of C. 
cyminum and P. anisum seed aqueous extracts on the 
improvement of IBS in rat model.

Materials and methods

Loperamide (Eksir-danesh Co., Iran) is a type of 
opioid receptor agonist, used to treat symptomatic 
acute diarrhea (especially gastroenteritis, inflamma-
tory bowel disease, and irritable bowel syndrome).  It 
affects the onset of the middle cerebral nervous sys-
tem of the intestine, decreasing the smooth muscle 
length of the intestine, thereby slowing down the 
intestinal activity and thus decreasing the amount of 
water and salt in the body. 

Extraction.  Plant material for study was obtained 
from the Agricultural Research Center of Lorestan 
province, Khorramabad city, southwest of Iran.  The 
aqueous extract was prepared by maceration from 
plant material dried at 23±2°C.  For this purpose, 
100 g of seeds were weighed, put in 100 ml of water 
(so that the seeds were completely under the water 
surface), poured into a large Erlenmeyer flask and 
placed on a heater to boil.  Then, they were boiled for 
15 minutes, cleaned with a clean cloth, filtered with 
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filter paper, and poured into a crystallizer and dried 
on a Bain Marie.  Due to the long drying time of the 
extract, exceeding 72 hours, it was stored in the re-
frigerator during the drying intervals.  Drying contin-
ued until the weight of the extract became constant.  
After preparation and drying, the lid of the extract 
container was covered with aluminum foil and the 
container placed in the refrigerator until subsequent 
tests.

Studied animals and experiment procedure. In 
this study, 40 male Wistar rats weighing 220-250 
g were used. They were collected from the Animal 
House of Razi Herbal Medicines Research Center of 
Lorestan University of Medical Sciences, Khorram-
abad city, Lorestan province, Iran.  Rats were housed 
in the animal room under controlled conditions with 
respect to temperature and light, with free access to 
water and food as follows: 12/12 hours of light and 
darkness, standard food and water, 40±10 % r.h., 
22±2 °C.

Induction of IBS. For induction of IBS, rats were 
anesthetized with ether after 24 hours fasting, after 
which 1 ml of 4% acetic acid was injected intrarec-
tally at a point 8 cm from the proximal rectum, the 
intestine was stimulated and 1 ml of phosphate buf-
fer was injected into the same point to dilute acetic 
acid.  The protocol of this study fully conformed to 
the ethical principles regarding the use of laboratory 
animals in research.

Animals were randomly divided into 5 groups:
– control group: after stress induction, normal 

saline was intrarectally injected to rats;
– false control group: after stress induction, ace-

tic acid was intrarectally injected to rats and distilled 
water (10 mg/kg) was orally administered (by ga-
vage) for 26 days (21 days before stress induction 
until 4 days after);

– positive control group: Loperamide (10 mg/kg) 
was orally administered (by gavage) for 26 days (21 
days before stress induction until 4 days after);

– P. anisum extract-treated group: aqueous P. 
anisum seed extract (150 and 300 mg/kg) was orally 
administered (by gavage) for 26 days (21 days before 
stress induction until 4 days after);

– C. cyminum extract-treated group: aqueous 
C. cyminum seed extract (150 and 300 mg/kg) was 
orally administered (by gavage) for 26 days (21 days 
before stress induction until 4 days after).

Measuring bowel movements. The rats were sep-
arately exposed to immobility stress (at certain times) 
and the number of stools for 1 hour was determined 
to be used as measure of bowel movement. Finally, 

the comparison was made with the corresponding re-
sults in the control group.

Measuring myeloperoxidase (MPO) activity. 
Myeloperoxidase activity in the intestinal tissue was 
measured in order to determine intestinal inflamma-
tion.  8 cm piece was removed from the distal intes-
tine and homogenized in 1 ml of phosphate buffer 
(pH 6.0), containing 14 mM of hexadecyl trimethyl-
ammonium bromide.  Put into freezer.  Centrifuged 
for 2 minutes. Finally, the absorbance of the samples 
in all groups was read by a spectrophotometer at a 
wavelength of 480 nm.

Measuring lipid peroxidation. Lipid peroxida-
tion was evaluated by determining the concentration 
of thiobarbituric acid reactive substances (TBARS).  
In order to evaluate lipid peroxidation, malondialde-
hyde levels in the intestinal tissue were measured by 
spectrophotometer at a wavelength of 532 nm.

Statistical data analysis. To analyze the mean dif-
ferences between the groups, statistical analysis was 
performed by the Statistical Package for the Social 
Sciences (SPSS 16.0; https://www.ibm.com/analyt-
ics/data-science/predictive-analytics/spss-statistical-
software), using continuous multivariate method.  P 
values of less than 0.05 were regarded as statistically 
significant.

Results and discussion

Based on our results, regarding the movements 
of gastrointestinal tract, the mean (±SD) number of 
stools in the false control group (29±2.34) compared 
to the control group (8.67±3.74), indicates develop-
ment of certain symptoms in comparison with the 
control group in which the number of stools was 
higher. The mean number of stools in the positive 
control group was 11. ±5.53, in C. cyminum seed 
extract (300 mg/kg)-treated group 18.88±5.12, and 
in P. anisum seed extract (300 mg/kg)-treated group 
24±1.92, with significant changes when compared 
to the control group (8.67±3.74).  According to our 
results, there was a significant improvement in rats 
treated with 300 mg/kg of C. cyminum seed extract. 
Comparison of the group treated with 300 mg/kg of 
C. cyminum extract and false control group showed 
in the group receiving the C. cyminum extract, the 
number of stools significantly decreased (P<0.01). 
In general, the results showed that treatment with 
aqueous C. cyminum extract (300mg/kg) for 26 days 
significantly reduced the symptoms of the disease 
(Table 1).
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Table 1 – Summative analysis of effects of cumin and anise plant extracts on gastrointestinal tract

Test Control False control Positive control Cumin extract Anise extract ANOVA P value

Activity and movement of 
the colon 8.67±3.74 29±2.34 11±5.53 18.88±5.12* 24±1.92** 0.002

Peroxidation of lipids 1.05±0.12 3.36±1.08 0.47±0.04 1.16±0.28* 1.96±0.34 0.076

Measurement of 
mylioproxidase 15.42±1.33 45.21±1.75 25.18±1.07 19±1.52* 31.76±1.57** 0.008

* P < 0.05:; ** P < 0.01, compared to false control group 

The number of stools in the false control group 
at all 1 hour intervals and the total number of stools 
per hour in comparison with the control group, in-
dicated the development of IBS, while in the group 
treated with 300 mg/kg of C. cyminum seed extract 
(P<0.01) and positive control group (P<0/05), stool 
numbers at all intervals were significantly lower than 
false control group, which can be indicative of the 
prevention of IBS development.

The rate of lipid peroxidation in the false con-
trol group (3.36±1.08) was higher than the control 
group (1.05±0.12), and in the positive control group 
(0.47±0.04) and the group receiving 300 mg/kg of    
P. anisum extract (1.96±0.34) was significantly lower 
than false control group.  In the group receiving 300 
mg/kg of the C. cyminum extract (1.616±0.28), lipid 
peroxidation was significantly lower than the false 
control group (3.36±1.08) and approximately equal 
to the control group (Table 1).

The MPO activity in the groups receiving C. 
cyminum extract (19±1.52) and P. anisum extract 
(31.76±1.51) significantly decreased in comparison 
with the false control group (45.21±1.75).  The cor-
responding decrease in C. cyminum extract-treated 
group was also significant when compared to the 
control group (15.42±1.33).  The results shown in the 
Figure indicate that the C. cyminum extract decreases 
MPO activity significantly compared to the false con-
trol group (Table 1).

The results of this study show that the C. cymi-
num extract at 300 mg/kg reduces movements of gas-
trointestinal tract significantly compared to the con-
trol group, which is comparable to the standard drug 
Loperamide, reducing the movements compared to 
the control group. However, the P. anisum extract did 
not show a significant inhibitory effect on the move-
ments of gastrointestinal tract contents compared to 
the C. cyminum. Although the extract of the C. cymi-
num reduces the frequency of diarrhea, its antidiar-
rheal mechanism remains unknown. Medicinal plants 
are of great value and importance in providing health 

care to communities, in terms of both treatment and 
prevention of diseases.  The P. anisum is a gastroton-
ic plant and therefore can be effective in preventing 
some gastrointestinal problems.  Due to its carmina-
tive effect, the plant is also used in the formulation 
of some gastrointestinal antispasmodic antiflatulent 
drugs.  From the perspective of traditional Iranian 
medicine, P. anisum seeds have anti-inflammatory 
and analgesic properties and can used to prevent 
and treat many of diseases in which inflammation is 
a main factor [28]. C. cyminum is known as helpful 
medicinal plant in Iran [29].  From the ancient times 
in traditional medicine, C. cyminum seeds have been 
used to treat diseases, such as bloating, abdominal 
colic, pulmonary inflammation and gastritis [31].  In 
addition, aqueous and oily extracts of the plant have 
antioxidant properties and are used as natural antioxi-
dants to reduce oxidative stress levels and increase the 
levels of antioxidant agents [32].  A study has shown 
that essential oil, containing 26% γ-terpinene (com-
pound of C. cyminum essential oil) has antioxidant 
and antimicrobial properties [33].  γ-terpinene also 
decreases the linoleic acid peroxidation [34].  Some 
compounds present in C. cyminum essential oil, such 
as z-ß-ocimene, limonene and carvone, have antibac-
terial and antifungal effects and are effective in the 
treatment of infections caused by various pathogenic 
fungi and bacteria such as Candida albicans [35]. 
In the study of Sabbaghian et al. [36], the effect of 
aqueous Aloe vera extract on the intestinal and brain 
water content and gastric acid secretion was investi-
gated after acetic acid-induced gastric ulcer in male 
rats.  Their results showed that the use of Aloe vera 
produced an inhibitory effect on gastric acid secre-
tion. The inhibitory effect of Aloe vera is due mainly 
to the formulation and gastroprotective activity of the 
plant.  Improved tissue conditions also indicated the 
healing properties of this plant [36]. 

Cruz et al. [37] and Ismaili et al. [38], found that 
oral intake of silymarin (a flavonoid combination 
derived from Silybum marianum) improves bowel 
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tissue inflammation and damage. Factors such as in-
creased vascular permeability, long-term infiltration 
of neutrophils, and increased mediators of inflamma-
tion that play a role in the onset of human colitis are 
also associated with the formation of colitis [39]. The 
anti-inflammatory effects of sulfasalazine and its me-
tabolite, 5-amino-salicylic acid, are well known [40]. 
The use of Hypericum perforatum extract has been 
reported as effective in improving the symptoms of 
IBS in rats [17].  The property of turmeric property 
in IBS improvement has been demonstrated [18]. 
Inflammatory bowel disease has been considered 
an important public health issue due to its impact 
on young people, recurring and progressive clinical 
course, and impact on the quality of life and social 
status of individuals, and the ability to work and edu-
cation [41-43].

Conclusion

Although irritable bowel syndrome is a benign 
condition and definitely not life threatening, the du-
ration of this illness is long and the likelihood of its 
recurrence is high.  It is a functional gastrointestinal 
disease with a high population prevalence. The disor-
der can be debilitating in some patients, whereas oth-
ers may have mild or moderate symptoms.  Probably 
one of the reasons for the effect of aqueous extracts 
from Cuminum cyminum L. and Pimpinella anisum 
L. seeds on IBS is the presence of antioxidant sub-
stances in these plants.  It has been found that these 
two herbs contain active substances that have anti-
oxidant activity.  In the prospective future, there is 
hope for a better understanding of the disease and 
therefore its treatment.  
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Investigating the effect of various methods  
of soaking from Vicia ervilia in water and alkaline, acid and  

salt solutions on reduction of anti-nutritional compounds

Abstract: Vicia (V.) ervilia, commonly termed as bitter vetch, produces grains belonging to legumes 
family. One of the factors limiting the usage of V. ervilia is the existence of large amounts of anti-nutritional 
factors in the grains thereof. Considering the importance of the anti-nutritional factors, the present study 
investigated the effect of different methods of soaking from V. ervilia grains on the reduction of anti-
nutritional factors rates. All of the soaking methods were found considerably reducing the anti-nutritional 
factors rates in all treatments as compared to V. ervilia grain flour. It was also found out in the present 
study that alkaline treatment, provides for the highest reduction of hydrolysable and dense tannin, phenolic 
ingredients in contrast to the other methods. Moreover, considerable increase in canavanine ooze-out from 
V. ervilia was documented for aqueous and saline treatments. Among different treatments, the highest 
reduction in total phenolic compounds and tannins was observed in alkaline maceration, followed by acidic, 
aqueous and salt saline. Also the lowest amount of canavanine was observed in aqueous treatment and the 
highest amount in alkaline treatment. The results show that treatment method can be selected depending on 
the type of need to remove anti-nutritional compounds of V. ervilia seeds. So soaking in water and use of 
saline solutions is preferred to soaking in basic and acidic solutions for the latter damages to some nutrients 
under basic and acidic conditions.
Key words: Vicia ervilia, water, alkaline, anti-nutritional, tannin, phenol, canavanine.

Introduction

Legumes are plants from Fabaceae (Legumi-
nosae) family comprised of 16 to 19 thousand spe-
cies and nearly 750 genera. Legumes are enumer-
ated amongst the most important plant sources rich 
in proteins and valuable nutritional biogenic com-
pounds can be prepared from them when combined 
with cereals for the fact that they contain a consid-
erable amount of high-grade protein (17-38%). The 
protein rate in legumes crude grains is two to three 
times higher than that of the cereals (10-15%). Thus, 
legumes can be used as rich sources of protein in 
the production of plant protein byproducts in the 
form of flour (50-65% protein), concentrates (65-
90% protein) and/or protein isolates (over 90%) [1; 
3]. Efforts for finding alternative and cheap sources 
of protein for human nourishment have led to vari-

ous researches regarding the use of some such less-
known legumes in developing countries. The reason 
for such vast studies is the abundance and cheapness 
of the legumes as potential protein sources for the 
people of these countries who have less financial af-
fordability in supplying protein from animal sources. 
V. ervilia, commonly termed bitter vetch, belongs to 
legumes family and the grains of this plant look red 
lentil when broken [2-5]. According to the produc- [2-5]. According to the produc-[2-5]. According to the produc-
ibility of this plant in Iran and its high percentage of 
protein content, its flours and protein byproducts can 
be evaluated in terms of performance characteristics 
and usability in food industry. Approximate analy-
sis of V. ervilia is indicative of the idea that it has 
a chemical composition almost similar to legumes. 
Investigations performed on V. ervilia made it clear 
that carbohydrates account for a large quotient of V. 
ervilia grains volume. Protein, lipid, fiber, organics 
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(potassium, phosphorus, copper, iron and calcium) 
and vitamins are other ingredients constituting V. er-
vilia grains [3-6]. 

The majority of the legumes grains is relatively 
toxic and contains proteins or lipids controlling and 
inhibiting digestive enzymes and the proper process-
ing methods or varieties breeding methods should 
be applied to overcome such a problem [6-9]. Like 
the majority of legumes grains, V. ervilia grains con-
tain useful nutritional ingredients plus considerable 
amounts of anti-nutritional biologically active ingre-
dients amongst which phenolic compounds, tannin, 
canavanine, gallic acid, ellagic acid and galloyl de-
rivatives or hexahydroxydiphenol can be pointed out 
[9-11]. Furthermore, V. ervilia grains contain such 
toxic amino acids as canavanine (0.035% to 0.11%), 
cyanogenic glycoside and trypsin inhibitor (2.14 
mg/g dry matter) [12]. Annually, a large amount of V. 
ervilia grains is produced in western and northwest-
ern regions of Iran and, unfortunately, there is made 

no other useful application of this natural nutritional 
source in our country other than its limited use for 
feeding livestock and poultry. One factor restricting 
the use of V. ervilia is the existence of a large amount 
of anti-nutritional factors in the grains thereof. Be-
sides having adverse health effects, anti-nutritional 
ingredients cause a bitter and astringent taste nega-
tively influencing its agreeability by the consumer 
[5-12]. The present studys objective in the first stage 
is the determination of the amount of anti-nutritional 
factors existent in V. ervilia grains flour and various 
treatments; in a second stage, four methods of soak-
ing from V. ervilia grains are compared so as to make 
it clear which soaking method is capable of exuding a 
higher rate of phenolic compounds, tannin and cana-
vanine from the V. ervilia. The determination of an 
easy and less costly method with a high efficiency 
for reducing anti-nutritional factors is deemed as sig-
nificant a step as possible in making use of V. ervilia 
grains (Table 1).

Table 1 – Some physical processes common for the reduction or elimination of the anti-nutritional factors existent in legumes (Bravo, 
1998)

Physical process Explanations
Autoclaving, cooking under pressure, 
vaporing

Heating using high temperatures (over 100ºC): the efficiency of the method depends on 
temperature, moisture and medium pressure

Blanching Mild boiling (75ºC-95ºC) for deactivating the internal enzymes and prevention of complete 
cooking

Normal cooking Before using this method, such pretreatments as skinning, soaking, germination, 
fermentation and other normal home-based methods are applied.

Extrusion In this process, high temperature is exerted within a short time (HTST). The process is a 
combination of high temperature and use of pressure and shear process.

Parching Dry heating (120ºC-250ºC)
Using chemical processes along with 
chemical modification (addition of 
chemical materials)

Using such chemicals as thiols, sulfites, copper salts, ascorbic acid-chemical modification 
via acylation and succinylation 

Materials and methods

In the present study V. ervilia grains were pro-
cured from Agricultural Jihad branch of Lorestan 
Province. The grains were grounded in a laboratory 
mill. To make uniform flour particles, the flour was 
passed through a 1mm sieve and kept in a refrigerator 
until the application time. Then, different solutions 
were used to evaluate the effect of the process of 
soaking from V. ervilia on the reduction of anti-nutri-
tional compounds. In all treatments, 100 ml of vari-
ous solutions of sodium hydroxide and acetic acid 0.5 
M, sodium chloride 5% and water solvent were added 

to 10 g of the sample separately. The samples were 
soaked for 24 hours at ambient temperature in these 
conditions. After 24 hours, the water used, as well as 
acidic, alkaline, and salt solutions were discarded and 
the samples were washed several times with distilled 
water to remove any remaining soluble residue. The 
specimens were dried for 12 hours to constant weight 
at 50 ºC [13; 14].  

Measuring phenolic ingredients total rates. 
To retrieve the crude extract, samples were firstly 
vacuum-dried in an oven in 50 ºC. Then, the dried 
samples were grounded following which 20 ml 80% 
methanol was poured on 0.2 g of the dried and milled 
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sample and the mixture was shaken thoroughly and 
placed for 2 hours in bain marie in 50 ºC following 
which the extracts were passed through filter paper 
and increased in volume using 80% methanol solvent 
in a 20-ml volumetric flask. The total phenolic ingre-
dients rates were measured in mg/g gallic acid based 
on Folin-Ciocalteau reagent using spectrophotometer 
at 765 nm [15; 16].

Measuring the hydrolysable tannin rate. To ex-
tract the hydrolysable tannins, 5 g of the milled and 
dried specimen was weighed. Extraction was carried 
out using 80% methanol. After remaining in room 
temperature for 24 hours and following the com-
plete evaporation of methanol, 50ml boiled water 
was poured on each of the dried specimens and the 
sediments were separated from the containers and 
each were separately poured in 100-milliliter Erlen-
meyer flasks. Then, ether was added and the solu-
tion was completely stirred. Next, the etheric phase 
was separated using decanter and discarded and the 
rest of the process continued with the aqueous phase 
in such a manner that the aqueous solution was 
poured inside two 50 ml Erlenmeyer flasks to which 
normal soda and normal hydrochloric acid had been 
respectively added. The contents of the flasks were 
correspondingly made completely acidic and basic. 
Then, both of the flasks were sealed using foil and 
placed inside hot water bath (bain marie) in 100ºC 
for a period of time between 20 min to 40 min. In 
the end of the process, following the cooling of both 
solutions, normal 6 M hydrochloric acid was added 
to the one that had become basic and the contents of 
both of the flasks were eventually mixed. Twenty 
milliliter ether was added to the obtained mixture 
for two to three times, each time separating the bi-
phasic solution using decanter. The etheric phase 
containing hydrolysable tannin was poured inside a 
previously weighed container and allowed to be va-
porized. Tannin measurement was carried out using 
Folin-Ciocalteau reagent in a spectrophotometer at 
743 nm [13-16].

Measuring dense tannin rates. To extract dense 
tannins, 5 g of the dried and milled specimen was 
poured in 100 milliliters of 70% acetone solution and 
the mixture was placed in a 37 ºC hot water bath (bain 
marie) for 24 hours. After having the solution passed 
through filter paper, the sediments were washed two 
or three times using acetone. Then, ether was poured 
on the obtained solution twice or thrice and the so-
lution was each time separated using decanter. The 
separated etheric solution contains dense tannin. To 
measure the amounts of the dense tannin, the etheric 
solution was dried in open air and dissolved in 10 ml 

ether. Out of the obtained etheric extract, 0.5 ml was 
poured inside a vial and 3ml butanol hydrochloric 
acid solution (95 parts butanol + 5 parts 37% hydro-
chloric acid) was poured thereon along with 0.1 ml 
ferric reagent (2% ferric ammonium sulfate in nor-
mal 2 M hydrochloric acid). Then, the mixture was 
stirred and the vial was sealed following which it was 
boiled in bain marie for 60 minutes. Afterwards, the 
solution was allowed to cool down. Then, the absorp-
tion rates of the obtained solutions were measured at 
550 nm [13-16].

Measuring canavanine rates: preparing sodium 
pentacyanoaminoferrate reagent. 10g of sodium ni-
troprusside was dissolved in 55ml of condensed 32% 
ammonia solution. The obtained solution was kept in 
darkness and 0ºC for 24 hours. The yellow-greenish 
sediment containing sodium pentacyanoaminoferrate 
II and III was filtered and treated using absolute eth-
anol so that complete sedimentation could happen. 
The sediment was combined with the preliminary 
sediment and washed in absolute ethanol till am-
monia was entirely removed. After partial omission 
of ethanol by filtering, the sediment was dried using 
sulfuric acid and kept along with calcium chloride in 
darkness in desiccator. The mixture has to be used 
within 48 hours after being prepared because penta-
cyanoaminoferrate begins breakdown after that time 
hence it loses its characteristics and becomes brown-
ish green in color. 

Preparing V. ervilia specimens. 2 g of sample 
was subjected to extraction using 0.1 M hydrochloric 
acid in a sample-acid ratio of 1:25 weight-volume. 
The mixture was stirred on a magnetic stirrer for 6 
hours and kept at room temperature for one night. 
The solution was subsequently centrifuged in 1000 
rpm for 20 min, the unsettled part (overlying solu-
tion) was stored, and the remaining (deposited) part 
was exposed to a secondary extraction stage for 6 
hours under conditions similar to the first stage. The 
mixed extracts were set at pH values and final vol-
umes of 7 and 100 ml, respectively, using 0.1 M soda 
solutions.

Measuring canavanine rates. 1 ml standard cana-
vanine solution (1 mg/ml) was diluted by 0.1 M hy-
drochloric acid so that concentrations in a range from 
0.005 to 0.08mg/ml of canavanine could be obtained. 
In a 10 ml volumetric flask, 6.5 ml 0.2 M potassium 
phosphate buffer (pH 7), 1 ml 1% potassium persul-
fate and 0.5 ml 1% pentacyanoaminoferrate solution 
(kept in dark) were added to 1 ml diluted canavanine 
solution and the obtained mixture was diluted to 10 
ml using distilled water. The mixing process lasted 
15 min and the absorption rates were measured at 520 
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nm. Similarly, a good volume of the sample solution 
was used instead of standard canavanine solution for 
quantitative determinations. Using standard curves, 
canavanine concentration rates in samples were de-
termined based on dry matter weight [17]. 

Statistical data analysis. All methods of soaking 
from V. ervilia grain and the entire experiments were 
replicated thrice and the results offered herein are 
the mean values of the three repetitions. The present 
study investigated the effects of various treatments of 
soaking from V. ervilia grains on the anti-nutritional 

factors existent in V. ervilia within a completely ran-
domized statistical design in three replications. The 
results were analyzed using SPSS 16 software.

Results and discussion

One of the factors limiting the usage of V. ervilia 
is the existence of large amounts of anti-nutritional 
factors in its grains. Percent chemical composition of 
V. ervilia grain flour based on dry matter is presented 
in Table 2. 

Table 2 – Percent chemical composition of V. ervilia grain flour based on dry matter in the present study

Protein Fat Carbohydrate Moisture Ash Crude fiber
25.36±0.25 4.50±0.2 52.56±0.3 6.30±0.2 3.64±0.19 6.83±0.12

In this regards, anti-nutritional factors existent in 
V. ervilia grain flour were as shown below.

Total phenolics content. The total phenolic ingre-
dients existent in various plant food materials are dif-
ferent even in various varieties belonging to a single 
genus and they cover a vast range (Table 3) [19]. 
The total phenolic compound rates of V. ervilia grain 
flour have been obtained in equivalent gallic acid, 
408.46±0.33mg/100g. 

Table 3 – The amount of polyphenolic ingredients in various 
foodstuff based on dry matter (mg/100g) 

Foodstuff Total phenolic ingredients
Legumes 34-1710
Cereals 22-102.6

Nuts (kernels) 0.04-38
Vegetables 6-2025

Fruits 2-1200
Tea 150-210

The obtained values are higher than the rates re-
ported by Golchin-Gelehdooni et al. (2014) of V. er-
vilia grain flour (202.1 mg/100g) has found amounts 
equal to 34-1710 and 22-102.6mg/100g for polyphe-
nolic compounds in legumes and cereals based on dry 
weight [18]. Results presented in the current research 
paper are consistent with the other studies [19-21] 
and the amounts of phenolic ingredients found herein 
are in a range reported for polyphenolic compounds 

in legumes. In the study undertaken on oak, it was 
made clear that the fruits contain 12.33% phenolic in-
gredients out of which tannin and gallic acid account, 
respectively, for 9.06% and 0.142% [22]. It has been 
reported the total phenolic ingredients of crude oak 
fruit of Quercus persica to be 2.01% [23]. In addi-
tion, it was found total phenolic ingredient equal to 
1.49% in such legumes as Canavalia cathartica and 
reported the total phenolic ingredients of such cereals 
as sorghum and wheat in a range between 1 and 2.3% 
and 0.07 and 1.4%, respectively [24; 25]. 

Total tannin (hydrolysable and dense tannins). 
Content of hydrolysable and dense tannins in the 
studied V. ervilia grain flour equaled to 232.54±0.29 
mg/100g and 297.51±0.2 mg/100g, respective-
ly.  Amount of anti-nutritional factors in V. ervilia 
grain flour in the present study based on dry weight 
(mg/100g) is presented in Table 4.

Table 4 – Phenolics in V. ervilia grain flour based on dry weight 
(mg/100g)

Total phenolic 
content (gallic 

acid)

Hydrolysable 
tannin

Dense/
compact 
tannin

Canavanine

408.46±0.33 232.54±0.29 297.51±0.2 98.72±0.22

Golchin-Gelehdooni et al. [18] acquired 188.3 
mg/100g and 230.2 mg/100g values for hydrolys-
able and dense tannins. As can be seen from the 
Table 4, corresponding values were lower than that. 
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Furthermore, in the other studies, the amounts of 
dense tannin in V. ervilia grain have been reported 
as 670mg/100g; 402mg/100g and in a range from 
325mg/100g to 591mg/100g [26; 27]. In all of these 
studies, the amounts reported for dense tannins are 
higher than what was obtained herein. It can be re-
lated to weather conditions of the place that plants 
growth.

Canavanine. In the present study, the canavan-
ine content of V. ervilia grain flour was equal to 
98.72±0.22mg/100g. The other studies found cana-
vanine rates of V. ervilia grain in ranges between 
40 and 110 mg/100g, 10 and 170mg/100g, 5 and 
110mg/100g and 10 and 260mg/100g [28-30]. 

As it can be observed in table 5, the amount of 
canavanine obtained in the present research paper is 

in the range reported by the other researchers hence 
consistent therewith (Table 5). 

In other studies [25; 26] values equal to 
76mg/100g and 78.5mg/100g correspondingly for 
canavanine rates of V. ervilia grain were reported. 
Their results are lower than what has been calculated 
herein. Generally, the difference in the amounts of 
anti-nutritional factors in V. ervilia grains, in contrast 
to what has been highlighted in the other studies, can 
be attributed to the effects of some climatic, environ-
mental, soil and genetic conditions. Furthermore, the 
amount of anti-nutritional factors removal in soaking 
method is subject to factors like solution type, soak-
ing duration, type of food material, solid to liquid 
phase ratio, temperature and solubility of the ingre-
dients in the applied solutions [31; 32].

Table 5 – Amount of anti-nutritional factors in V. ervilia grain flour in various studies based on dry weight (mg/100g)

Total phenolic content Hydrolysable tannin Dense tannin Canavanine References 
202.1 188.3 230.2 78.5 [25]

- - 670 78.5 [26]
- - 402 76 [27]
- - 325-591 40-110 [28]
- - - 70-110 [28]
- - - 5-110 [29]
- - - 10-260 [30]

The content of anti-nutritional compounds in 
different soaking treatments.  

Total phenolics content. The analysis of the re-
sults of the present study indicated that there is a sig-
nificant relationship between the method of soaking 
from V. ervilia grain and the total phenolics content 

extracted in a 5% level (P<0.05). Results, presented 
in Table 6, also demonstrate significant difference 
between all four soaking methods in terms of reduc-
tions in the amounts of total phenolic contents of dif-
ferent treatments as compared to what was scored for 
the evidence sample.

Table 6 – The effect of various methods of soaking from V. ervilia grains in water and alkaline, acid and salt solutions on the anti-
nutritional factors contents (mg/100g)

Treatment
Total phenolic 

content/gallic acid
Hydrolysable tannins Dense/compact 

tannins
Canavanine

Unprocessed V.ervilia grains (control) 408.46±0.33a 232.54±0.29a 297.51±0.2a 98.72±0.22a

Soaking in sodium hydroxide o.5 M e48.35±0.28 e28.29±0.06 e34.58±0.24 b32.49±0.3
Soaking in acetic acid 0.5 M d63.49±0.34 e35.59±0.32 d47.72±0.22 c27.55±0.26

Soaking in water c97.58±0.29 c58.41±0.25 c67.41±0.2 e11.43±0.18
Soaking in sodium chloride 5% b131.45±0.27 b77.51±0.16 b87.73±0.24 d19.51±0.16

Note: Numbers with at least one similar letter are not statistically significant (P<0.05), where: a, b, c, and d are statistically significant 
(P<0.05), so that there is a difference significant between them.
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As can be seen from the Table 6, the highest re-
duction in phenolic content of different soaking treat-
ments has been obtained in basic-acidic-aqueous-
salty soaking methods, respectively. Basic and acidic 
solutions break down the plant tissues cell walls and 
cause the maximal discharge of anti-nutritional fac-
tors in comparison to saline and aqueous solutions.

Alkaline soaking method. Alkaline soaking meth-
od from V. ervilia based on offered the lowest total 
phenolic content (48.35±0.28 mg/100g) in contrast 
to those on other methods. According to the results 
obtained in various investigations, the extractability 
of the majority of phenolic ingredients, including 
phenolic acids and tannins, is increased in basic pH 
values attribute the reduction in the amount of the 
phenolic ingredients in basic environments to the 
loss of the cell walls integrity in plant tissues under 
basic conditions hence increase in the solubility and 
dispersion speed of these ingredients into the periph-
eral environment. Another reason for the reduction 
of the amounts of the phenolic ingredients and insta-
bility of them in basic environments is the essential 
changes created in the phenolic compounds struc-
tures as a result of absorbing electron. These changes 
in the phenolic compounds structure can be related 
to the phenolic ingredients tendency for interacting 
with proteins and forming complexes with them. 
Under basic conditions, the electrostatic interactions 
between polyphenols with positive charges and pro-
teins with negative charges is increased linearly with 
the increase in pH as a result of which amounts of 
these compounds exude in the form of soluble pro-
tein-phenol complexes from plant tissues [13; 14]. 
Xu and Diosady [33] showed that concentration and 
condensation of simple phenolic ingredients is accel-
erated under basic conditions. The results obtained 
by the other researchers in using basic solutions for 
removing phenols and other anti-nutritional factors 
confirm what has been found herein. In an investiga-
tion of the effects of soaking in water and in normal 
basic 0.5 and 1 M sodium hydroxide on the reduction 
of the phenolic ingredients in two oak varieties [34] 
showed that normal 1 M sodium hydroxide solvent 
has the highest effect on the reduction of the amounts 
of phenolic ingredients in both Iranian oak species. 
To put it differently, in this study, the reductions in 
total phenol content were found respectively higher 
in soaking with various solvents, including normal 
1M sodium hydroxide, water and normal 0.5 M so-
dium hydroxide. In another study, Ghaderi et al. [35] 
investigated the effect of soaking two Iranian oak va-
rieties in water, 1M acetic acid, 1 M soda and 5% so-
dium chloride for the purpose of eliminating phenolic 

compounds from oak fruits. The results indicated that 
all of the processes considerably reduce the phenolic 
ingredients in both of the oak varieties in respect to 
evidence group. The highest amounts of phenolic in-
gredient removal from both of the oak varieties were 
observed respectively for soda, acetic acid, sodium 
chloride and water treatments and this is in compli-
ance with what has been documented herein. Applied 
various concentrations (5% and 10%) of soda for re-
ducing anti-nutritional factors from coffee indicated 
that the increase in soda concentration from 5% to 
10% is followed by the omission of higher amounts 
of phenolic and tannin ingredients [36]. In other stud-
ies, the reductions equal to 21% and 64% in poly-
phenolic compounds were obtained for two types of 
plants, namely Vigna aconitifolia and Vigna sinensis, 
after six hours of soaking in sodium bicarbonate solu-
tion. The reductions in the polyphenolic compounds 
were attributed to the instability of these ingredients 
in higher (basic) pH values [13; 14]. Other research-
ers, as well, used basic solutions for the removal of 
anti-nutritional factors from plant food materials and 
delivered similar results. To eliminate polyphenolic 
ingredients from black-eyed peas and increase the 
digestibility of protein, these grains were soaked in 
various basic solutions like sodium hydroxide, po-
tassium hydroxide, sodium carbonate and sodium 
bicarbonate for 48 hours. The highest amounts of re-
ductions in the soaked specimens were respectively 
observed for sodium hydroxide, potassium hydrox-
ide, sodium carbonate and sodium bicarbonate. In 
diluted basic solutions, parts of phenolic compounds 
are extracted in the form of soluble sodium phenate 
complexes. In line with the increase in the base con-
centration, hydroxyl groups of phenolic compounds 
are ionized hence other phenolic compounds become 
incapable of forming complexes with proteins and 
sodium hydroxide [37].

Acid soaking method. In this study, the ob-
tained amount of total phenolic ingredients of the 
acid soaking method from V. ervilia grain was 
63.49±0.34mg/100g. With a significant difference in 
5% level, the acid treatment contains higher amount 
of phenolic ingredients as compared to that alkaline 
treatment. It attributed the reduction in the amount of 
phenolic ingredients in basic and acidic solutions to 
the loss of plant tissues cell wall integrity under basic 
and acidic conditions hence increase in their solubility 
and dispersion speed into the peripheral environment 
[13; 14]. Basic and acidic solutions can break the cell 
walls of the plant tissues thereby to release pheno-
lic compounds. According to the obtained results, it 
seems that the basic treatment, in comparison to acid-
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ic treatment, acts more intensively in breaking and 
destroying the plant tissues cell walls and resultantly 
maximal releasing of the phenolic ingredients. Possi-
bly, this is one reason for the low amount of phenolic 
compounds in basic treatment in comparison to that 
in acidic treatment. The results obtained by the other 
researchers in using acidic solutions for removing 
phenols and other anti-nutritional compounds affirm 
the findings of the present research paper. Towo et al. 
[38] indicated that 70, 28, 38, 37 and 8% following 
24 hours of soaking in lactic acid (0.02%) reduce the 
amount of phenolic ingredients extractable from red 
sorghum, millet, peas, mung bean and red bean, re-
spectively. These researchers attributed the observed 
reductions to anthocyanidine breakdown into simpler 
phenols like flavan-3-ols. The results obtained by 
Laurena et al. [39], as well, is suggestive of the idea 
that various concentrations of acidic solutions like 
acetic acid, hydrochloric acid, sulfuric acid and home 
vinegar exert a large deal of effect on the reduction of 
phenolic ingredients in black-eyed peas. In between, 
the highest reduction (61%) was obtained after 24 
hours of soaking in home vinegar. Acetic acid solu-
tions, 0.05 moles, hydrochloric acid and sulfuric acid, 
0.5 moles, and vinegar, 0.005 moles, have the highest 
effects on the exudation of these compounds and the 
increase in their concentrations brings augments the 
percentages of these grains polyphenol residues. The 
researchers also asserted that disregarding the per-
colation of the phenolic compounds from plant tis-
sues into the acidic solution subject to concentration 
gradient and acceleration of soluble tannin-protein 
complexes formation in lower PH values, the for-
mation of phenolic oligomers is another factor con-
tributing to the reduction in the amounts of phenolic 
compounds in acid-soaked specimens because these 
compounds are insoluble hence immeasurable using 
ordinary methods. These findings are in accordance 
to the results obtained in the present paper. In a few 
number of the studies, acidic and basic and aqueous 
solutions were simultaneously used for the removal 
of phenolic or tannin compounds. A brief summary 
of these studies is provided as follows: It applied 
various solvents (sodium hydroxide, hydrochloric 
acid, sodium chloride and sodium sulfite) for the re-
moval of phenolic compounds from sunflower seed 
cake [40]. The results indicated that sodium hydrox-
ides, hydrochloric acid, sodium sulfite and sodium 
chloride respectively reduce phenolic ingredients 
from 4270mg/100g to 50 mg/100g, 220 mg/100g, 
1995 mg/100g and 2905mg/100g. As it can be seen 
in table 6, the highest reduction in phenolic ingredi-
ents has been obtained in basic-acidic-saline media, 

respectively. In the another study, it used sodium hy-
droxide, hydrochloric acid and water to reduce the 
amounts of anti-nutritional factors in acacia leaves 
[41]. The results indicated that the highest reduc-
tions in polyphenols were found caused by sodium 
hydroxide, acid and water solutions and that these 
treatments reduced polyphenols for amounts equal 
to 74%, 69.6% and 40.9%, respectively. In another 
study, Shimelis et al. [42] soaked Phaseolus vulgaris 
grains in an acidic solution (citric acid), a basic solu-
tion (sodium bicarbonate) and water. These research-
ers stated that the highest reductions of tannin and 
total polyphenolic compounds in the aforesaid grains 
belong to basic, acidic and aqueous environments, 
respectively. The results of all the explored research 
sources approve the findings of the present study. As 
it is clear from the investigation of the results of the 
present and the other studies, the reductions observed 
in the amounts of phenolic compounds and tannins 
are higher in basic and acidic solutions than in aque-
ous solution. One of the most important reasons for 
these results pertains to the loss of cell wall integrity 
in acidic and basic environments hence increase in 
their solubility and diffusivity from the plant tissues 
into the peripheral environment [13; 14]. Under acid-
ic conditions, enzymatic oxidation of phenolic com-
pounds occurs in a lower speed. In addition, hydroly-
sis of polymeric phenols as well as the discharge of 
the ingredients bonded to the compounds existent in 
the cell membrane, like hydrocinnamic acid deriva-
tives, are accelerated under such conditions. Soaking 
plant tissues under acidic and even aqueous condi-
tions is accompanied by the formation of insoluble 
phenol oligomers. These compounds remain inside 
the plant tissue and their values are not taken into ac-
count in the measurements, Table 6 [43].

Methods of soaking in water and salt solution: In 
the present study, the total phenolic contents in the 
soaking procedures in water and salt solution, were 
respectively found equal to 97.58±0.29 mg/100g 
and 131.45±0.27mg/100g. As it can be seen, salt 
treatment contains the highest rate of total phenolic 
compounds, 131.45±0.27mg/100g, in contrast to the 
other treatments. 

In the soaking procedures in water and salt solu-
tion, the observed reduction in phenolic compound 
rates can be attributed to the softening of the cell 
walls by aqueous solvent that is usually followed 
by an elevation in solubility of the bonded phenolic 
compounds [44]. Another reason for the reduction of 
phenolic compounds during soaking in water is the 
high solubility of the phenolic compounds in water 
and their diffusion into the aqueous environment (sa-
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line solution) subject to the effect of concentration 
gradient hence enhancement of the cell membranes 
permeability [45]. Moreover, polymerization of phe-
nolic compounds with low molecular weights and 
formation of insoluble compounds hence the obstruc-
tion of their exudation from the plant cells are other 
reasons for the observed reductions in the amounts of 
phenolic compounds in saline solutions. It ascribed 
the reductions in phenolic compounds following 
soaking in water to the interaction between polyphe-
nol ingredients and proteins, carbohydrates and the 
subsequent formation of insoluble complexes and 
their conversion into an immeasurable form [13; 14]. 
Furthermore, these researchers pointed to the poly-
phenol oxidase activation and decomposition of phe-
nolic compounds by this enzyme as another reason 
for the reduction of these ingredients during soaking. 
The results obtained by the other researchers in using 
saline solutions or aqueous solvents for the removal 
of phenols and other anti-nutritional factors confirm 
the findings of the present study. In another study that 
was conducted by Towo et al. [46], it was pointed 
out that red sorghum and millet grains respectively 
lose 23% and 19% of their phenolic compounds af-
ter 24 hours of soaking in water. These researchers 
considered high solubility of phenolic compounds in 
water and their diffusivity in aqueous medium as the 
most important reasons for the reductions in pheno-
lic compounds of the specimens during soaking. The 
salts efficiency in extraction of phenolic compounds 
depends on their abilities in interfering with the ionic 
bonds formed between phenolic compounds and pro-
teins and, in between them, bivalent salts exhibited 
larger effects.

Tannins (hydrolysable and dense tannins). The 
analysis of the results of the present study indicated 
that there is a significant relationship in a 5% level 
between the type of the method used for soaking 
from V. ervilia grains and the amount of tannins 
(P<0.05). The obtained results showed with a signifi-
cant difference that all four methods of soaking re-
duce the amounts of tannins in different treatments as 
compared to the evidence specimen (V. ervilia grain 
flour). As it can be observed in table 6, the highest 
tannin reductions in different soaking treatments, has 
been obtained in basic-acidic-aqueous -salty soaking 
methods, respectively (Table 6).

It expressed that the total tannin rates of V. 
aconitifolia and V. sinensis are reduced by 57 and 
74%, respectively, following six hours of soaking in 
sodium bicarbonate basic solutions. These research-
ers ascribed the reduction in tannin rates to their in-
stability in higher PH values [13; 14]. In a research 

paper reported that such basic solutions as sodium 
carbonate and sodium bicarbonate are capable of re-
ducing tannins by 40% to 50% in sorghum. It stated 
that oxidative polymerization of condensed tannins is 
accelerated under basic conditions [33].

Acid soaking method: In this study, hydrolys-
able and dense tannin rates of acid treatment, were 
35.59±0.32mg/100g and 47.72±0.22mg/100g, re-
spectively. It ascribed the reductions in total tannin 
of the basic and acidic solutions to the loss of plant 
tissues cell wall integrity under basic and acidic con-
ditions hence increase in solubility and diffusivity 
of them into the peripheral environment. Basic and 
acidic solutions can break down the plant tissues cell 
walls thereby to discharge tannins [13; 14]. Accord-
ing to the results, it seems that the basic treatment, in 
respect to acidic treatment, acts more intensively in 
breaking and destroying the plant tissues cell walls 
and the consequent maximal discharge of tannins. 
This is possibly one reason for the low amount of 
tannins in alkaline treatment as compared to those 
in acidic treatment. On the contrary, the acidic treat-
ment contains lower amounts of tannins in compari-
son to the aqueous and salty treatments with a sig-
nificant difference in a 5% level. As it was explained 
previously, basic and acidic solutions break down the 
plant tissues cell walls and maximally release tannins 
in contrast to the saline and aqueous solutions hence 
they are more powerful in tannin extraction while the 
destruction of the plant tissues cell walls, playing a 
major role in releasing of the phenolic compounds 
and tannins, has been less frequently seen in aqueous 
and saline solutions.

Methods of soaking in water and salt solution: In 
this study, the amounts of hydrolysable tannin in aque-
ous and saline solutions were 58.41±0.25mg/100g 
and 77.51±0.16mg/100g, respectively. Further-
more, the amounts of dense tannins in aqueous 
and saline solutions were 67.41±0.20mg/100g 
and 87.73±0.24mg/100g, respectively. As it is ob-
served in table 6, saline treatment contains the high- contains the high-contains the high-
est amount of total tannins (total hydrolysable and 
dense tannins), 165.24mg/100g, as compared to the 
amounts evidenced for the other treatments. One rea-
son for the reductions in tannins rates during soak-
ing in water is their solubility in water and diffusivity 
into the aqueous environment (saline solution) sub-
ject to concentration gradient hence elevation of the 
plants membrane permeability [47]. It applied such 
solutions as sodium hydroxide, hydrochloric acid 
and water to reduce anti-nutritional factors in acacia 
leaves [48]. Their results showed that the highest tan-
nin reductions were respectively obtained for sodium 
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hydroxide, acid and water and that these treatments 
brought about reductions by 74.9%, 70.9% and 
40.9%, respectively (Table 6). 

Canavanine: The analysis of the present study 
results indicated that there is a significant difference 
in a 5% level between the type of the method used 
for soaking from V. ervilia grain and the amount of 
canavanine (P<0.05). The results also showed with a 
significant difference that all four methods of soak-
ing reduce canavanine rates in different treatments in 
contrast to the evidence specimen (V. ervilia grain 
flour). As it can be seen in table 6, the highest rates 
of canavanine reduction in various treatments cor-
respondingly belong to aqueous-saline-acidic-alka-
line treatments. With a significant difference in 5% 
level, the lowest amount of canavanine reduction, 
11.43±0.18mg/100g, was observed in aqueous treat-
ment and the highest amount of canavanine reduc-
tion, 32.49±0.3mg/100g, was evidenced for alkaline 
treatment. The reduction in canavanine amounts in 
aqueous treatment, 11.43±0.18mg/100g, and in sa-
line treatment, 19.51±0.16mg/100g, can be ascribed 
to the very high solubility of canavanine in water. The 
higher reduction in canavanine rates in aqueous treat-
ment as compared to saline treatment is due to the 
very high solubility of canavanine in water (Table  6). 

It soaked (drenched) V. ervilia grains in 1% ace-
tic acid solutions in 40 ºC for 24 hours. These re-
searchers reported that the actual digestion of lysine 
and arginine in acetic acid-treated V. ervilia grains 
is increased due to the canavanine extraction in 1% 
acetic acid [49]. The results obtained in these stud-
ies affirm what has been found herein. Although one 
of the effective and applied methods for reducing or 
eliminating anti-nutritional compounds in legumes is 
the use of thermal processes, these methods do not 
enable omission or reduction of canavanine from and 
in legumes due to its being inherently resistant to 
heat. On the contrary, canavanine readily dissolves 
in acidic and basic, especially aqueous, solutions. 
Therefore, canavanine rates can be reduced or elimi-
nated in plants (legumes) by soaking and drenching 
them in water and acidic and basic solvents. Due to 
very good solubility of canavanine in water, drench-
ing of plants in water has been put forth as one of 
the most effective methods of canavanine extraction 
and elimination from the plants [50]. Of course, it 
should be noted that overheating in processes and 
use of concentrated basic and acidic solutions for 
the maximal removal of anti-nutritional factors is 
not recommended for the degradation of the quality 
of such nutrients as proteins. Thus, the proper dura-
tion and temperature for the maximal elimination of 

these compounds should be selected so as to reduce 
the damage or wastage of the nutrients to the least 
possible extent [51].

Conclusion

Among different treatments, the highest reduc-
tion in total phenolic compounds and tannins was 
observed in alkaline maceration, followed by acidic, 
aqueous and salt saline. The alkaline soaking yield-
ed the lowest amount of total phenolic compounds 
(48.35±0.28 mg/100g) and the saline soaking did 
the highest total phenolic compounds (131.45±0.27 
mg/100g). In our study, the lowest amount of hy-
drolysable (28.29±0.06 mg/100g) and compact tan-
nins (34.58±0.24 mg/100g) was observed in alkaline 
treatment, and saline treatment yielded the highest 
amount of total (hydrolysable and compact; 165.24 
mg/100g) tannins compared to other treatments. Ac-
cording to the results of various studies, the reduction 
in the amount of tannins in alkaline environments is 
attributed to the loss of cell wall integrity of plant tis-
sues in alkaline conditions and, consequently, to in-
creased solubility and release rate of these compounds 
into the surrounding environment. In this study, the 
lowest amount of canavanine was observed in aque-
ous treatment (11.43±0.18 mg/100g) and the highest 
amount in alkaline treatment (32.49±0.3 mg/100g). 
Reducing the amount of canavanine in aqueous treat-
ment can be attributed to the very good solubility of 
canavanine in water. 

Generally, common processes for the reduction 
or removal of anti-nutritional factors from plants are 
heating and drenching or soaking in diluted basic 
and acidic solutions, saline solutions and water. In 
the current research paper, all of the soaking methods 
were found considerably reducing anti-nutritional 
factors in different treatments in contrast to V. ervilia 
grain flour. It was figured out herein that alkaline 
treatment significantly reduces such anti-nutritional 
factors as phenolic compounds and dense and hydro-
lysable tannins in a rate higher than the other meth-
ods.  Furthermore, aqueous treatment was found with 
a significant increase in the amount of canavanine 
exudation from V. ervilia compared to other meth-
ods. Basic and acidic solutions break down the plant 
tissues cell walls and cause the maximal discharge 
of anti-nutritional factors in comparison to saline and 
aqueous solutions hence they enjoy a higher extract-
ability of anti-nutritional factors whereas the plant 
tissues cell wall destruction that plays a special role 
in releasing of the phenolic compounds and tannins 
was less frequently seen in aqueous and saline solu-
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tions. From nutritional perspectives, soaking in water 
and use of saline solutions is preferred to soaking in 
basic and acidic solutions for the latter damages to 
some nutrients under basic and acidic conditions.
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The characteristics of miRNA binding sites  
with mRNA of MYB plant transcription factors

Abstract: miRNA regulates the expression of a large number of genes, including plant transcription 
factors.  It is important to reveal miRNA associations with the corresponding targets in order to increase 
plant productivity and resistance to biotic and abiotic stresses. One of such targets is the group of MYB 
transcription factor genes, involved in the regulation of some of the most important physiological processes. 
The search for miRNA target genes was performed using the MirTarget program, which calculates the free 
energy (ΔG) of miRNA binding with mRNA; position and schemes of the potential binding sites.  The 
relative amount of free energy (ΔG/ΔGm) was used as a comparative criterion for evaluating the degree of 
interaction of miRNA and mRNA. The binding sites for tae-miR1127b-3p, tae-miR159a,b-3p, tae-miR164-
5p, tae-miR171a-3p, tae-miR319-3p, tae-miR397-3p, tae-miR444a,b-3p, tae-miR5084-3p, tae-miR531-5p, 
tae-miR5384-3p, tae-miR9652-5p, tae-miR9663-5p, tae-miR9666a-3p, tae-miR9676-5p, tae-miR9778-
5p, tae-miR9779-3p, tae-miR9780-3p were found in mRNAs of 258 MYB family genes in Triticum (T.) 
aestivum. miRNAs orthologs of T. aestivum, Arabidopsis thaliana, Zea mays and Oryza sativa had binding 
sites in mRNAs of MYB family genes of these and other plant species. tae-miR159a,b-3p binding sites 
are located in the CDS and encode the WSSIRSK oligopeptide, conserved in the proteins of the MYB 
transcription factors of 22 plant species. Аmino acid sequences of the MYB family proteins containing 
ELPSNQ oligopeptide are encoded by tae-miR159a,b-3p binding sites located in the third open reading 
frame in the mRNAs of the other 20 plant species. For each miRNA, groups of target genes of transcription 
factors are established. The schemes of interaction of the nucleotide sequences of the studied miRNAs 
with the nucleotide sequences of the mRNA genes of the transcription factors of the MYB family were 
constructed. Considered associations of miRNAs and genes can be used as markers of control of plant 
physiological processes in plant growth selection and regulation. 
Key words: miRNA, mRNA, gene, binding site, oligopeptide, plant, transcription factor, MYB.

Introduction

Regulation of gene expression on transcriptional 
level facilitates large number of important biological 
processes, including responses to different kinds of 
biotic and abiotic stresses, growth and development, 
differentiation, metabolism and other [1-5].  Tran-
scription factors (TFs) play significant role in regula-
tion of cellular processes. MYB proteins are among 
the most well-known, characterized by their highly 
conserved domains.  A number of studies has shown 
that miRNAs can influence physiological processes 
in plants by miRNAs [6-10].  The established regu-
latory roles of miRNAs in gene expression unveil 
new opportunities to control plant productivity and 
resistance [11-14].  Nevertheless, in these works, no 

direct association of miRNAs with mRNAs of MYB 
transcription factors was not established.  Therefore, 
the principal goal of our research was to establish 
miRNA associations and their MYB target genes us-
ing bioinformatic approaches, which in turn leads to 
significant reductions in material costs of search for 
such associations.  

The MirTarget program that we created allows us 
to work with a large number of genes and miRNAs, 
predicting with high precision the associations of 
miRNAs and their target genes [15; 16].

In the present work, we focused on identification 
of miRNAs that have potential to bind to the mRNA 
genes of the MYB family in Triticum (T.) aestivum, 
Oryza (O.) sativa, Arabidopsis (A.) thaliana and Zea 
(Z.) mays.
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Materials and methods

Nucleotide sequences of MYB genes of T. aes-
tivum, O. sativa, A. thaliana and Z. mays were ob-
tained from Plant Transcription Factor Database v.4.0 
(http://planttfdb.cbi.pku.edu.cn/index.php; http://
www.ncbi.nlm.nih.gov).  Nucleotide sequences of 
miRNAs in genomes of studied plants were obtained 
from the database miRBase v.22 (http://www.mir-
base.org/). The search for miRNA target genes was 
determined using the MirTarget program [15; 16]. It 
calculates the free energy (ΔG, kJ/mole) of miRNA 
binding, the relative value of free energy (ΔG/ΔGm, 
%), the position and schemes of potential binding 
sites (BSs).  The ΔGm for miRNA binding was de-
fined as the free energy of miRNA binding to the 
fully complementary nucleotide sequence.  Relative 
amount of free energy (ΔG/ΔGm) was used as a com-
parative criterion to evaluate the degree of interaction 
of miRNA and mRNA.  Unique properties of Mir-
Target program include consideration 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 [17; 18].  The distance 
between A-C and G-U is equal to distance value be-

tween G-C and A-U.
List of abbreviated names of plant species of 

the following transcription factors were used in this 
work: Aegilops tauschii – Ata, Aethionema arabicum 
– Aar, Arabidopsis halleri – Aha, Arabidopsis lyra-
ta – Aly, Arabidopsis thaliana – Ath, Arabis alpina 
– Aal, Boechera stricta – Bst, Brachypodium dis-
tachyon – Bdi, Brachypodium stacei – Bsa, Brassica 
napus – Bna, Camelina sativa – Csa, Dichanthelium 
oligosanthes – Dol, Eragrostis tef – Ete, Leersia per-
rieri – Lpe, Musa acuminata – Mac, Oryza barthii 
– Oba, Oryza brachyantha – Obr, Oryza glaberrima 
– Ogl, Oryza glumaepatula – Ogu, Oryza longistami-
nata – Olo, Oryza meridionalis – Ome, Oryza nivara 
- Oni, Oryza punctata – Opu, Oryza rufipogon – Oru, 
Oryza sativa subsp. japonica – Osa j, Panicum hallii 
– Pha, Raphanus raphanistrum – Rra, Raphanus sa-
tivus – Rsa, Setaria italica – Sit, Setaria viridis – Svi, 
Sorghum  bicolor – Sbi, Tarenaya hassleriana – Tha, 
Triticum aestivum – Tae, Zea mays – Zma.

Results and discussion

Study of 125 miRNAs binding to mRNAs of 258 
MYB family genes of T. aestivum revealed that only 
34 genes were targets for 19 miRNA (Table 1).  

Table 1 – Characteristics of miRNA BSs in CDS mRNA of MYB transcription factors genes of T. aestivum

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

nt
Traes_2BL_79F1B50DF.1 tae-miR1127b-3p 706 -96 87 21
Traes_2AL_41B71F83C.1 tae-miR1127b-3p 691 -96 87 21
Traes_6DS_A0EC5D808.1 tae-miR159a,b-3p 688 -100 90 21

TRAES3BF027700010CFD_t1 tae-miR159a,b-3p 956 -98 88 21
Traes_2DL_912473A86.1 tae-miR159a,b-3p 54 -98 88 21
Traes_2BL_855A1170C.2 tae-miR159a,b-3p 141 -98 88 21
Traes_2AL_0A21FB42C.1 tae-miR159a,b-3p 141 -98 88 21
Traes_6AS_5562B97F7.1 tae-miR159a,b-3p 760 -96 87 21
Traes_1BL_CF98E922B.1 tae-miR159a,b-3p 839 -96 87 21

TRAES3BF034000040CFD_t1 tae-miR164-5p 629 -102 87 21
Traes_2BL_7CEC6A8D7.1 tae-miR164-5p 545 -102 87 21
Traes_2BL_03F3475CD.1 tae-miR164-5p 545 -102 87 21
Traes_2AL_AF9357B4C.1 tae-miR164-5p 548 -102 87 21
Traes_2AL_962A9D448.1 tae-miR164-5p 545 -102 87 21
Traes_1DS_5EEED86AD.2 tae-miR171a-3p 232 -96 87 21
Traes_1BS_403DBC53C.1 tae-miR171a-3p 577 -96 87 21
Traes_1AS_61D017632.2 tae-miR171a-3p 577 -96 87 21

TRAES3BF027700010CFD_t1 tae-miR319-3p 955 -102 89 21
Traes_1BL_CF98E922B.1 tae-miR319-3p 838 -102 89 21
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Gene miRNA Start of
site, nt ΔG, kJ/mole ΔG/ΔGm, % Length, 

nt
Traes_4DS_7BFAC49C2.1 tae-miR397-3p 206 -104 89 21

TRAES3BF024100110CFD_t1 tae-miR444a,b-3p 707 -100 87 21
TRAES3BF012200030CFD_t1 tae-miR444a,b-3p 1151 -100 87 21

Traes_3B_934488D20.1 tae-miR444a,b-3p 1106 -100 87 21
Traes_3AL_152A7186A.1 tae-miR444a,b-3p 1052 -100 87 21
Traes_7DS_E27ECBC6E.1 tae-miR5084-3p 464 -106 86 24
Traes_7BS_D28CCE3B8.1 tae-miR5084-3p 413 -106 86 24
Traes_7AS_A337F362A.1 tae-miR5084-3p 413 -106 86 24

TRAES3BF026500080CFD_t1 tae-miR531-5p 157 -110 90 21
Traes_2DS_61B920833.1 tae-miR5384-3p 502 -108 89 21

TRAES3BF063000030CFD_t1 tae-miR9652-5p 214 -93 86 22
TRAES3BF026500080CFD_t1 tae-miR9663-5p 652 -96 87 21

Traes_2BL_361925B62.1 tae-miR9666a-3p 407 -106 88 21
Traes_7DL_5BD0D4BD1.1 tae-miR9676-5p 439 -104 87 22
Traes_7AL_04D939077.1 tae-miR9676-5p 439 -104 87 22
Traes_5BL_C1D4586B1.2 tae-miR9778-5p 431 -98 87 21

TRAES3BF012200020CFD_t1 tae-miR9779-3p 284 -96 92 20
Traes_2DS_3F5D36630.1 tae-miR9780-3p 958 -115 90 21

Continuation of table 1

tae-miR1127b-3p, tae-miR159a,b-3p, tae-
miR164-5p, tae-miR171a-3p, tae-miR319-3p, tae-
miR397-3p, tae-miR444a,b-3p, tae-miR5084-3p, 
tae-miR531-5p, tae-miR5384-3p, tae-miR9652-5p, 
tae-miR9663-5p, tae-miR9666a-3p, tae-miR9676-
5p, tae-miR9778-5p, tae-miR9779-3p, tae-miR9780-
3p bind with mRNAs of these genes. For tae-mi-
R159a, b-3p, there are 10 target genes with ΔG/ΔGm 
value ranging from 86 to 92%. tae-miR164-5p and 
tae-miR444a,b-3p had five and four target genes with 
ΔG/ ΔGm value of 87%. tae-miR171a-3p and tae-
miR5084-3p bind to mRNAs of  three MYB genes. 
ΔG/ΔGm value of interaction of tae-miR171a-3p 
and tae-miR5084-3p with mRNA of these genes was 
87% and 86%, respectively. tae-miR1127b-3p, tae-
miR319-3p tae-miR9676-5p had BSs in the mRNA 
of two target genes. The remaining miRNAs had only 
one target genes with a ΔG/ΔGm value ranging from 
87 to 92%. The miRNA BSs in the mRNA genes of 
the MYB family of T. aestivum are located only in the 
coding sequence (CDS).

Not only MYB family genes of T. aestivum, but also 
genes of other plant species were targets for miRNAs. 
For instance, tae-miR159a,b-3p has binding sites in 
the mRNAs of T. aestivum Traes_2DL_912473A86.1, 
Traes_2BL_855A1170C.2,  Traes_2AL_0A21FB42
C.1 genes as well as in O. sativa LOC_Os04g46384.1 

gene, A. thaliana AT3G60460.1 gene, and Z. mays 
GRMZM2G311059_P01, GRMZM2G046443_P01 
genes, which are the members of the MYB family of 
these plant species (Table 2).

Since the characteristics of miRNA159-3p in-
teraction with mRNA genes of different plant spe-
cies were close, here we provide data only for the 
miR159-3p family.  The interaction patterns of the 
nucleotide sequences of miRNA with the mRNAs of 
these genes are presented in Figure 1.

It is important to note that the nucleotide se-
quence of tae-miR159a,b-3p is similar in the T. aes-
tivum, O. sativa, A. thaliana and Z. mays genomes in 
which it was found (miRBase). 

Six miRNAs of the zma-miR159a,c,d,f,j,k-3p 
family were bound to mRNAs of GRMZM2G311059_
P01 and GRMZM2G046443_P01 genes with a ΔG/
ΔGm value of 87 – 89%. Three members of ath-
miR159a,b,c-3p family were bound to mRNA of 
AT3G60460.1 gene with a ΔG/ΔGm value of 86% 
and above.  Two miRNAs of the osa-miR159a.1,f-
3p and tae-miR159a,b-3p had two and three target 
genes, respectively (Table 2).  The tae-miR159a,b-3p 
binding sites are located in the CDS and encode the 
WSSIRSK oligopeptide, which is conserved in the 
27 proteins of the MYB transcription factors for 22 
plant species (Table 3).
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Table 2 – Characteristics of miR159-3p BSs in CDS mRNA of MYB transcription factors genes of T. aestivum, O. sativa, A.thaliana, 
Z. mays 

Gene miRNA Start site, nt ΔG, kJ/mole ΔG/ΔGm, %
Traes_2DL_912473A86.1 tae-miR159a,b-3p 54 -98 88
Traes_2BL_855A1170C.2 tae-miR159a,b-3p 141 -98 88
Traes_2AL_0A21FB42C.1 tae-miR159a,b-3p 141 -98 88

LOC_Os04g46384.1 osa-miR159f-3p 199 -100 90
LOC_Os04g46384.1 osa-miR159a.1-3p 198 -98 88

AT3G60460.1 ath-miR159a-3p 182 -98 90
AT3G60460.1 ath-miR159c-3p 182 -98 88
AT3G60460.1 ath-miR159b-3p 182 -93 86

GRMZM2G311059_P01 zma-miR159a,f,j,k-3p 1393 -98 88
GRMZM2G311059_P01 zma-miR159c,d-3p 1394 -100 89
GRMZM2G046443_P01 zma-miR159c,d-3p 292 -100 89
GRMZM2G046443_P01 zma-miR159a,f,j,k-3p 292 -96 87

Figure 1 – Schemes of miR159-3p interaction with mRNAs of MYB 
transcription factor genes in T. aestivum, O. sativa, A.thaliana, Z. mays
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Table 3 – The variability of amino acid sequences of the MYB family proteins containing oligopeptide WSSIRSK encoded by the 
binding sites of miR159-3p in the mRNA of genes

Gene Abbreviated names Region of transcription factor 
containing oligopeptide WSSIRSK

GRMZM2G311059_P01 Zma LLRHVLVHGPRDWSSIRSKGFLPRTGKSCRL

GRMZM2G046443_P01 Zma LRRHVMENGPREWSSIRSKGLLPRTGKSCRL

LOC_Os04g46384 .1 Osaj LLEHVRTHGPMDWSSIRSKGLLPRTGKSCRL

Traes_2DL_912473A86.1 Tae LLEHVRTHGPRDWSSIRSKGALQRTGKSCRL

Traes_2BL_855A1170C.2 Tae LLEHVRTHGPRDWSSIRSKGALQRTGKSCRL

Traes_2DL_912473A86.1 Tae LLEHVRTHGPRDWSSIRSKGALQRTGKSCRL

Traes_2BL_855A1170C.2 Tae LLEHVRTHGPRDWSSIRSKGALQRTGKSCRL

Traes_2AL_0A21FB42C.1 Tae LLEHVRTHGPRDWSSIRSKGALQRTGKSCRL

AT3G60460.1 Ath LINHVKRYGPRDWSSIRSKGLLQRTGKSCRL

Bradi5g17600.2.p Bdi LLEHVRTHGPCDWSSIRSKGILPRTGKSCRL

Brast09G163900.1.p Bsa LLEHVRAHGPCDWSSIRSKGILPRTGKSCRL

Do012459.1 Dol LLEHVRAHGPCDWSSIRSKGLLPRTGKSCRL

462873087 Ete LREHVRTHGPRDWSSIRSKGLLPRTGKSCRL

LPERR04G16870.1 Lpe LREHVRTHGPREWSSIRSKVGLPRTGKSCRL

GSMUA_Achr1P01660_001 Mac LMEYVRKHGPRDWSSIRSKGLLARTGKSCRL

OBART04G20790.1 Oba LLEHVRTHGPMDWSSIRSKGLLPRTGKSCRL

OB04G27810.1 Obr LLQHVRAHGPMDWSSIRSKGLLPRTGKSCRL

ORGLA04G0178400.1 Ogl LLEHVRTHGPMDWSSIRSKGLLPRTGKSCRL

OGLUM04G20730.1 Ogu LLEHVRTHGPMDWSSIRSKGLLPRTGKSCRL

KN540032.1_FGP006 Olo LLEHVRTHGPMDWSSIRSKGLLPRTGKSCRL

OMERI04G17240.1 Ome LLEHVRTHGPMDWSSIRSKGLLPRTGKSCRL

OPUNC04G18480.1 Opu LLEHVRTHGPMDWSSIRSKGLLPRTGKSCRL

ORUFI04G22380.1 Oru LLEHVRTHGPMDWSSIRSKGLLPRTGKSCRL

Pahal.F00780.1 Pha LLRHVREHGPREWSSIRSKGLLPRTGKSCRL

Sobic.006G169700.1.p Sbi LLEHVRVHGPRDWSSIRSKGFLPRTGKSCRL

Seita.6G211500.1.p Sit LLRHVREHGPREWSSIRSKGLLPRTGKSCRL

Sevir.6G218900.1.p Svi LLRHVREHGPREWSSIRSKGLLPRTGKSCRL

The zma-miR159c,d,e,f,j,k-3p family consists 
of zma-miR159c,d-3p, zma-miR159e-3p and zma-
miR159f,j,k-3p different in 5’ and 3’ ends of nucle-
otide sequences.  Therefore, their binding sites are 
identical.  Table 4 shows the binding characteristics of 
mir159-3p with the mRNA of MYB family genes.  All 
sites are located in the CDS of the mRNA target.  The 
binding characteristics of miR159-3p in the mRNAs 

CDS of Traes_6DS_A0EC5D808.1, AT2G32460.1, 
AC217264.3_FGP005,   GRMZM2G070523_P01 
genes are shown on Figure  2.  

The nucleotide sequences of miR159-3p inter-
acted along the entire length with the corresponding 
mRNA.  Data from the analysis of miR159-3p bind-
ing to the mRNA of 23 genes in 20 plant species are 
listed in Table 5.  
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Table 4 – Characteristics of miR159-3p BSs in CDS mRNA of MYB transcription factors genes of T. aestivum, O. sativa, A.thaliana, 
Z. mays

Gene miRNA Start site, nt ΔG, kJ/mole ΔG/ΔGm, %
AT2G32460.1 ath-miR159a-3p 1016 -100 92
AT2G32460.1 ath-miR159b-3p 1016 -96 88

LOC_Os06g46560.1 osa-miR159d-3p 1064 -100 89
Traes_6DS_A0EC5D808.1 tae-miR159a,b-3p 688 -100 90
Traes_6AS_5562B97F7.1 tae-miR159a,b-3p 760 -96 87

AC217264.3_FGP005 zma-miR159a-3p 1377 -96 87
GRMZM2G070523_P01 zma-miR159a-3p 1044 -96 87
AC217264.3_FGP005 zma-miR159c,d-3p 1377 -98 87

GRMZM2G070523_P01 zma-miR159c,d-3p 1044 -98 87
AC217264.3_FGP005 zma-miR159e-3p 1377 -110 100

GRMZM2G070523_P01 zma-miR159e-3p 1044 -110 100
AC217264.3_FGP005 zma-miR159f,j,k-3p 1377 -96 87

GRMZM2G070523_P01 zma-miR159f,j,k-3p 1044 -96 87

Figure 2 – Schemes of miR159-3p BSs interaction in CDS of 
T. aestivum, A.thaliana, Z. mays MYB transcription factor genes mRNAs

Table 5 – The variability of amino acid sequences of the MYB family proteins containing oligopeptide ELPSNQ encoded by the bind-
ing sites of miR159-3p in the mRNA of different plant genes

Gene Abreviated 
names

Region of transcription factor 
containing oligopeptide ELPSNQ

AC217264 .3_FGP005 Zma LPPLSPSPGPRVELPSNQYGQPAPPTSAAA
GRMZM2G070523_P01 Zma PPLSPSPCPRVVELPSNQYAQPTPPASAAA

AT2G32460.1 Ath SSFPLGLDNSVLELPSNQRPTHSFSSSPII
Traes_6DS_A0EC5D808.1 Tae PGMPPLVPPAVQELPSNQSPADAGGPLEML

Traes_6AS_5562B97F7.1 Tae LGMPPLVPPSAQELPSNQSPADAGGPLEML
LOC_Os06g46560 .1 Osaj SSGLPPLPNRPRELPSNQFETATSGGGGGC

KFK31122.1 Aal GMIKPTSFPLGLELPSNQTPTHSFTSNTIL
AA32G00526 Aar NITPNSFLLQNLELPSNQTTSNTNKNGVFL

Araha.1971s0002.1.p Aha SSFPLGLENSVLELPSNQTPTHSFSSNPIL
482173 Aly SSFPLGLENSVLELPSNQTPTHSFSSNPIL
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GSBRNA2T00006425001 Bna SYFSLGLDTTVLELPSNQTPCTSNIMHDNN
XP_013634909.1 Tha SYFSLGLDTTVLELPSNQTPTQSCTSNIML
Csa05g024410.1 Csa SSFPLGLENTVLELPSNQTTIDSFTSNPIL

Bostr.23794s0867.1.p Bst SSFPLGLGNTVLELPSNQTPTHSFTSNPIL
RrC14648_p1 Rra SYFSLGLDNTVLELPSNQTPTQLCTSNIML

Rsa1.0_01027.1_g00010.1 Rsa SYFSLGLDNTVLELPSNQTPTQLCTSNIML
ORUFI06G26670.1 Oru HAXLPPLPNRPRELPSNQFETATSGGGGGC
ONIVA06G28020.1 Oni SSGLPPLPNRPRELPSNQFETATSGGGGGG
OMERI06G24960.1 Ome SPSASQANSPPRELPSNQFETATSGGGGGD
OGLUM06G26120.1 Ogu SSGLPPLPNRPRELPSNQFETATSGGGGGG

Do015678.1 Dol YSGLPPLPTRPQELPSNQFDTSSSGGGGAG
EMT12896 Ata LPGLPPLPTRPRELPSNQIETASCSGGADG
EMT06644 Ata PGMPPLVPPAVQELPSNQSPADAGGPLEML

Continuation of table 5

This data indicates that the relationship between 
miR159-3p and mRNA of target genes arose millions 
of years ago, which suggests its important functional 
significance.

The nucleotides of miR159-3p binding sites are 
homologous, but encode different oligopeptides (Fig-
ure 3 A, B).  

A

B

Figure 3 – Variability of amino acid region of MYB family 
proteins  on the example of tae-miR159a,b-3p binding sites.  

Note: (A) – oligopeptide WSSIRSK encoded  
by tae-miR159a,b-3p binding sites in mRNAs  

of different plant species; (B) – oligopeptide ELPSNQ encoded  
by tae-miR159a,b-3p binding sites located in the third open 

reading frame in the mRNAs of other plant species

The data in Figure 3 is explained by the fact that 
mRNA nucleotide sequences can encode different 
oligopeptides in different reading frames. Therefore, 
miRNA binding sites in mRNA can also encode dif-
ferent oligopeptides. The binding sites of some miR-
NAs have homologous nucleotide sequences that can 
be read in different open reading frames. For exam-
ple, the nucleotide sequence of miR159j-3p binding 
sites UGGAGCUCCAUUCGAUCCAAA in the first 
reading frame will encode the WSSIRSK oligopep-
tide, and in the third reading frame, miR159e-3p will 
encode the ELPSNQ oligopeptide (Figure 4).

Figure 4 – Scheme of zma-miR159j-3p and zma-miR159e-
3p interaction with mRNAs of GRMZM2G311059_P01 and 

AC217264.3_FGP005 genes.  Note: A – WSSIRSK and ELP-
SNQ oligopeptide coding scheme by zma-miR159j-3p and zma-
miR159e-3p binding sites, respectively (yellow color indicates 
codons in different open reading frames); В – scheme of zma-
miR159j-3p interaction with mRNA of GRMZM2G311059_
P01gene; С – scheme of zma-miR159e-3p interaction with 

mRNA of AC217264.3_FGP005 gene.

Thus, on the example of interaction of zma-
miR159j-3p and zma-miR159e-3p, having homolo-
gous nucleotide sequences, with mRNAs of the tran-
scription factor genes of numerous plants, miRNAs 
binding is observed independently of the reading 
frame in which mRNA nucleotide sequence is trans-
lated. Similar data was obtained when analyzing the 
binding sites of miRNAs in animal mRNAs [19; 20]. 

Conclusion

Current work has shown that miRNA families 
can interact with mRNAs of MYB transcription fac-



67A.K. Rakhmetullina et al.

Int. j. biol. chem. (Online)                                                International Journal of Biology and Chemistry 12, № 1, 4 (2019)

tor genes and regulate their expression. In mRNAs 
of MYB genes of Triticum aestivum, Oryza sativa, 
Arabidopsis thaliana, Zea mays all binding sites to 
mir159-3p were located in protein coding part. These 
binding sites were homologous and encoded oligo-
peptides WSSIRSK and ELPSNQ.  It is important 
to note that miRNA binding to CDS of the mRNAs 
encoded by the transcription factor genes is not ac-
cidental. Such localization of miRNA binding sites in 
mRNAs indicates conserved relationship for a many 
millions of years of divergence in the studied plant 
species. Analysis of interactions of miR159-3p with 
the different plants of MYB indicates the conserved 
structure of miRNA binding sites. A high ΔG/ΔGm 
ratio of miRNAs binding to miRNAs shows that 
the expression of genes of MYB family can be sup-
pressed strongly by miR159-3p. The established as-
sociations of miRNAs and target genes can be used to 
create plant varieties that are highly productive and 
resistant to abiotic and biotic stresses.
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Current state of natural ecosystems of Western Tanirtau (Tien Shan) and  
taxonomical structures of the region’s dendroflora

Abstract: Special reports on the Western Tanirtau dendroflora are currently absent. The essence of the 
floristic analysis given in this paper is identification of taxonomical structure of the Western Tanirtau 
dendroflora at the level of superfamily groups, families and genera. The objectives of the study are 
identification of the current state of natural ecosystems in the region. The study of the Western Tanirtau 
dendroflora was conducted from 2008 to 2017. The study was conducted in the region of the Kazakh part of 
the Western Tanirtau in the south of Kazakhstan. Collection and processing of materials was carried out by 
the method of A.K. Skvortsov. All species of hardy-shrub plants observed on all mountain altitudinal belts, 
including ranges, gorges and anthropogenically-urbanized ecosystems were recorded.  During the analysis 
of the materials collected in the Western Tanirtau territory and review of previously collected materials 
identified 396 taxa of dendroflora belonging to 130 genera and 50 families. The proposed material is actual 
reflection of the current state of the Western Tanirtau dendroflora within Kazakhstan and for the first time a 
floristic spectrum of hardy-shrub plants was developed at the modern level of taxonomy and nomenclature. 
For the first time, the most complete list of the Western Tanirtau dendroflora, numbering 396 species of 
the hardy-shrub plants, is given. The data of the conducted researches testify that the Western Tanirtau 
dendroflora is a large center for enrichment of the genofond of plants in Kazakhstan. The complete list of 
the species is recommended for use in the compilation of the Plant Identifier in the vicinity of Shymkent 
city, as well as in the theoretical analysis of the Western Tanirtau flora. In addition, the results of the study 
are proposed for use in the development of resource and environmental activities in the region.
Key words: floristic spectrum, dendroflora, Western Tien Shan, flora, Kazakhstan.

Introduction

Development of scientific foundations for the 
optimal and sustainable use of natural resources and 
effective conservation of nature is impossible with-
out multi-vector study of the plant world, as the plant 
world is the basic and functional basis for the exis-
tence of the biosphere, both on planetary and regional 
scales [1-5]. In this regard, the study of phytobiota, 
including in-depth floristic studies of individual natu-
ral regions and individual groups of plants, is very 
important. Concerning the issues of bioresources, it 
is necessary to emphasize the imperishable impor-
tance of dendroflora in the composition of the general 
flora of a particular region. 

The mountain vegetation of Central Asia and 
Kazakhstan has attracted the attention of many sci-

entists, therefore it is no accident that many works 
are devoted to the history of mountain forests and 
their genesis [6-9]. Almost all researchers recognize 
that the modern forests of Central Asia and southern 
Kazakhstan are the result of the successive develop-
ment of tertiary vegetation and represent “depleted 
forest refugium” [6; 10].  M.G.Popov [6] expressed 
a complete and demonstrative idea of   the decisive 
role of the process of xerophilization of tertiary veg-
etation and transformation of subtropical forests of 
the Ginkgo flora into xerophilic forests of the An-
cient Middle-earth, which resulted in the formation 
of wild fruit plants, including apple tree. According 
to his concept, subtropical forests in the Neogene 
have experienced three stages of transformation 
into xerophilic forests: walnut, oak, juniper-pista-
chio [11]. 
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According to its plant diversity among the moun-
tain systems of Central Asia the Tien Shan takes a 
special place. In the works of such scientists as Ka-
melin R.V. [5], Berg L.S. [12] the Tien Shan is di-
vided into three parts: western, central (internal) and 
northern. 

The natural conditions of the Western Tanirtau 
are described in great detail in the works of V.N. Pav-
lov [13]. In the geographical nomenclature, onomas-
tics and toponomy of modern sovereign Kazakhstan, 
the original name Tanirtau is used instead of the term 
Tien Shan [3]. In the first works of P.P. Semenov, 
later P.P. Semenov-Tianshansky, called these moun-
tains “the heavenly range” [14]. 

The Western Tanirtau is one of the most interest-
ing, original and distinctive regions of Kazakhstan. 
The peculiarity and originality of the region is prede-
termined by the following factors: 

– the Western Tanirtau is the richest floristic 
mountain ecosystem of Kazakhstan [15], here biocli-
matic zones from deserts to glaciers are represented 
in all diversity; 

– the generic flora coefficient of the Western 
Tanirtau is the highest in Kazakhstan and reaches 
4.12 [5; 13]. At the same time this indicates a high 
degree of autonomy and originality of the Western 
Tanirtau flora.

– the Western Tanirtau is located in the middle of 
the Central Asian center of origin of cultivated plants 
[16], therefore it is ancient center of civilization.  

One of the main characteristics of flora are spec-
tra of floras, which express the main features of sys-
tematic composition, as well as botanical-geographi-
cal patterns [3; 4]. 

The floristic spectrum of the Western Tanirtau 
dendroflora is compiled according to the system of 
A.L. Takhtadzhyan [1; 2], which formed the basis of 
the concept of the second edition of “Flora of Ka-
zakhstan” [3]. This work does not give the charac-
teristics of the entire Western Tanirtau dendroflora 
within Kazakhstan. 

There are no special reports on the Western Tanir-
tau dendroflora. Scientific data and characteristics of 
the regional hardy-shrub plant species are given in 
Flora and reports of Kazakhstan and Central Asia as 
a whole [7; 8; 16-23].

Floristically, the most studied area is Aksu-Zha-
bagly Reserve with 1312 species [24]. Taking into 
account flora of western spurs of Talas Alatau, 1491 
species are known (which constitute 28% of the flora 
of the vascular plants of Kazakhstan) [25]. Recently, 
for the South-Western Tien Shan (part of Uzbeki-
stan) Tadjibayev K.Sh. described 2056 species [26]. 

Kamelin R.V. [5] determined about 1500 plant 
species for the Mashat Mountains. 

According to the data of V.N. Pavlov, the entire 
flora of the Western Tanirtau has 2844 species [13]. 
If proceed from this figure, then the dendroflora of 
the Kazakh part of the Western Tanirtau is 13.92% 
of the entire Western Tanirtau flora, i.e. in the flora 
of the region, each “seventh” species is represented 
by the life form of trees, shrubs and semishrubs, and 
according to C. Raunkier’s system – phanerophytes 
and chamephytes [27]. According to Ye.P. Korovin 
[7; 8], the dendroflora of the whole Central Asia has 
500 species. Thus, the Western Tanirtau dendroflora 
represents 79.20% of the total species composition of 
the hardy-shrub plants in Central Asia, which charac-
terizes the region as one of the most significant and 
important centers of the rich diversity of the phytoge-
nofond of Central Asia, as well as Kazakhstan. 

The flora of Kazakhstan for the Western Tanirtau 
comprises more than 2 700 species, from 587 genera, 
from 118 families [17]. The first report for the den-
droflora of Kazakhstan gives for the region under the 
study 729 species, from 145 genera, from 46 fami-
lies [28; 29]. In 1993-1999, the flora of the Kazygurt 
Mountain was studied [30; 31], the results of which 
provided significant data on the Western Tanirtau 
dendroflora. In addition, N. Aralbay [3] supplement-
ed these data in the compilation of the State Cadaster 
of Plants of the South Kazakhstan Region.

The analysis of the flora is based on a program 
of floristic studies of varying degrees of activity [4]. 

Due to the study and analysis of the urban flora of 
Shymkent city, information on the Western Tanirtau 
dendroflora was supplemented with completely new 
data [32]. 

But nevertheless, in these studies, the Western 
Tanirtau dendroflora within Kazakhstan was not 
thoroughly studied. This served as the basis for de-
termining the current state of the natural ecosystem 
and taxonomical structure of the dendroflora.

The essence of our floristic analysis is identifica-
tion of taxonomical structure of the flora at the level 
of superfamily groups, families and genera (floristic, 
family and generic spectra). Identification of these 
parameters is necessary for assessing the flora’s iden-
tity and developing a scheme for floristic zoning [33]. 

The object of the study is the species composition 
of the hardy-shrub plants collected and noted in all 
natural, anthropogenically-urbanized ecosystems of 
the Western Tanirtau. 

The objectives of the study are identification of 
the current state of natural ecosystems in the region; 
inventory of the species composition of the Western 
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Tanirtau dendroflora; compilation of floristic spec-
trum of the dendroflora; determination of its posi-
tion in the Western Tien Shan system of the Afghan-
Turkestan province.

The area of the study is characterized by the fol-
lowing parameters: 

Relief. The Western Tanirtau includes a number 
of mountain ranges, which are part of the Tanitrau 
Mountains system. The axial range of this part is 
the Talas Alatau up to 74º30\ of the east longitude 
[13;14]; it also has the highest altitude (the Manas 
Mountains, 4882 m). The most western low part of 
the range is called the Mashat Mountains. The spurs 
of the southern slope of the range bear parallel to 
each other, forming as a whole the angle, open to the 
west – the “western corner” of M.G. Popov [6]. The 
most western position is occupied by the Karzhantau 
Range, further to the east are Ugam, Pskem (with the 
eastern Koksu spur), Chatkal with Kuramin and Mo-
goltau, Atoinak and Uzunakhmat ranges. 

The Western Tanirtau territory has complex re-
lief, in which powerful mountain ranges alternate 
with deep intermountain valleys. Geomorphologi-
cally, the entire complex system of the Western 
Tanirtau ranges is grandiose branching structure 
on the western end of the Talas Alatau, forming a 
single geoblock – arched block massive [13; 14; 34; 
35]. 

The Karzhantau range stretches from the north-
east to the south-west (Figure 1). With its northern 
part, it joins with Ugam, forming at the junction 
Sairam plexus of mountains (Sairam peak – 4227 
m). The northern part of the range is the highest, the 
range falls to the south-west and has height of about 
2000 m in the middle, flattened leveled ridge and low 
gradient soft slopes. On the southern segment, the 
ranges rise again (near Mynbulak peak to 2840 m), 
the ridge in this part of the range is rocky, the slopes 
are steep and stony. The total length of the range is 
about 80 km [13; 14]. 

Figure 1 – Schematic map of the Western Tanirtau

The higher Ugam Range stretches to the east of 
Karzhantau. The southern edge of the range for about 
10 km is relatively low (900-1100 m) and flat, the 
soft slopes are now mostly plowed. Further to the 
north-east, the ridge of the range increases rather 
sharply and at a great extent in the middle part its 
height is not lower than 2800-3000 m, and separate 

peaks are even higher – 3504 (the Tepar Mountain), 
3627, 3729 and 3812 m (the Ayutyur Mountain). In 
its middle part, the Ugam Range is asymmetric – the 
north-west slope is flat, the south-east – steep and 
more stony [13; 14].

The height of the snow line in the Western Tanir-
tau varied between 3450-4000 m. There is a regular 
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increase in the snow line from the west to the east 
from the periphery into the depths of the mountain 
ridges. Despite the great absolute heights of the snow 
line, the snow banks persist on the northern slopes 
(2000-3000 m) until the end of June and the middle 
of July, and longer in the long snow years [13; 14; 
35]. 

Climate. The climatic features of the Western 
Tanirtau are due to its location on the border between 
the moderate and subtropical climatic zones [13; 14; 
36]. The dendroflora’s richness is explained by the 
subtropical belt and location of axes of the ridges. 
For the subtropical belt, the air masses of temper-
ate latitudes predominate in winter over its territory 
(with the exception of cases of separate northern oc-
currences), in summer – tropical masses. However, 
in mountainous conditions these common climatic 
features are transformed under the influence of relief 
and other local causes. The most important direction 
of the axes of the mountain ridges in relation to the 
winds of the western quarter of the horizon, which 
is due to penetration of moist air masses deep into 
the system and precipitations on the slopes. In gen-
eral, the climate is sharply continental [13; 14]. It is 
expressed in relatively large fluctuating amplitudes 
of air temperature, both winter and summer, and day 
and night. The absolute maximum reaches +35÷38ºC, 
and the minimum (-25)÷(-29)ºС. The average annual 
air temperature varies between 9÷11ºC. As noted by 
some authors [13; 14; 37; 38], the atmospheric circu-
lation, expressed in the cyclonic activity of the West 
Asian (Iranian) branch of the polar front, plays im-
portant role in the seasonal heat distribution in the 
Western Tanirtau [13]. The above cyclonic activity 
also determines the amount of precipitation and its 
seasonal distribution. On average, in the study area, 
the average annual rainfall rises with the spring mini-
mum of cyclonic activity in Central Asia [13; 14; 38]. 

There are differences in climatic parameters (air 
temperature, amount of precipitation, soil moisture, 
etc.) on the slopes of the northern and southern ex-
posures. Thus, the slopes of the north-western ex-
position are most moistened in comparison with the 
south-eastern ones. In general, the Western Tanirtau 
is characterized by climatic heterogeneity. Increased 
solar radiation, contrast of temperatures, irregular 
precipitation and local phenomena of atmospheric 
circulation create conditions for variegated mosaic of 
vegetation cover [13; 14]. 

The annual heat balance in the Western Tanir-
tau territory is approaching 45-50 kcal/cm2 [39]. The 
highest values were recorded at altitudes of up to 
1200 m, higher they naturally decrease. 

Typical for all mountainous Central Asia, the 
climatic continentality in the Western Tanirtau is 
expressed in high summer temperature peaks, ob-
served to high altitudes. The absolute maximum of 
the lowest part (-41.2°C) differs from the known 
maxima of high points (+32.4°C) by less than 10°C 
[13; 14]. 

The atmospheric circulation plays important role 
in seasonal heat distribution. The Western Tanirtau is 
located in the cyclonic zone of the West Asian (Ira-
nian) branch of the air front [38]. Due to the pres-
ence of ridges of latitudinal strike, which protect it 
from the invasion of the European cold masses, the 
Western Tanirtau is characterized by mild winters. 
The average temperature in January in Pskem, Chim-
gan is not lower than -5°C, which is only 2-4°C less 
than in the same months in Tashkent and Shymkent, 
although the difference in the heights of these places 
reaches 1300 m [13; 14]. 

The cyclonic activity determines the amount and 
seasonal distribution of precipitation. The annual 
precipitation amounts in various parts of it fluctu-
ate within considerable limits: from 134 to 996 mm. 
The amount of precipitation naturally increases with 
the ascent, while the rate of increase by 100 m varies 
with altitude on the slopes of different ridges and in 
different areas [13; 14]. 

For the Western Tanitau, a long period of sum-
mer drought is associated with the annual minimum 
of precipitation. As the ascent increases, the duration 
of the dry period decreases. The annual amounts of 
precipitation change regularly from the west to the 
east [13; 14; 40].

In the Western Tanirtau, differences in climatic 
indices in the northern and southern exposures are 
clearly evident. Especially significant is difference 
in soil moisture regime at different exposures and 
slopes. On the southern slopes, a considerable part of 
the moisture is lost due to rapid melting of the snow 
(partially evaporating), since in the spring melt wa-
ters form solifluction streams and rapid ground water 
runoff [13; 14; 41; 42]. In general, it is possible to 
speak about significant climatic heterogeneity of the 
Western Tanirtau. This explains diversity of vegeta-
tion cover, including dendroflora. If culture of some 
subtropical plants is possible in the southern and 
western parts when watering [43], even tomatoes do 
not ripen in the upper part of the mountain valleys 
[13; 14]. 

Soil cover. As noted by V.N. Pavlov [13; 14], 
in the mountains the most important factors of soil 
formation are, on the one hand, altitude zonality and, 
on the other hand, exposure of slopes, emphasizing 
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that these phenomena are of different order and they 
cannot be countered. 

According to V.N. Pavlov [13; 14], the main ver-
tical belt spectrum of soils of the Western Tanirtau is 
as follows: 

I. Low mountains – ordinary (typical) and dark 
gray soils (in the upper part mountain gray-brown, 
ordinary soils and dark gray dry steppe – on the 
slopes of the northern exposures); 

II.  Middle mountains – light and dark-brown 
(black-brown) soils, brown and dark brown (black-
brown), in some places (under spruce-fir forests) – 
mountain dark-colored forest; 

III. Uplands – mountain light-brown, meadow-
steppe, brown, chernozem soils under subalpine 
meadows and meadow-steppes, mountain meadow 
sod semi-peaty leached, mountain sod-brown dry 
steppe [6; 13]. 

It should be noted that many studies by other re-
searchers have been devoted to the belt distribution of 
the Western Tanirtau [5; 7-9; 44]. In the most modern 
work [31; 45], the authors, using the classification of 
K.Z. Zakirov [46], offer the following classification 
of soil and vegetation belts of the Western Tanirtau: 

Shol (Chul). Foothills and low mountains (500-
800 m, sometimes up to 1300 m). Ephemeral des-
ert steppes, grass-sagebrush deserts, gypsophilous 
shrubs and semi-shrubs are characteristic for this type 
of vegetation. The climate is very hot, extra-arid. The 
soils are gray soils, in some places low-carbonate 
gray soils. 

Adyr. The type of vegetation in the interval 800 
(1300)-1700 m of absolute altitude. The main domi-
nants of this belt are grasses and a variety of dry grass 
(semi-savannas), as they move upwards they are re-
placed by xerophilous shrubs and trees (shiblyak, 
badal). The climate is arid and subarid. The soils are 
light brown, rank and stony.

Tau. The type of vegetation, characteristic of ab-
solute altitude of 1700-2800 m. From the phytoce-
notic point of view, this belt is very rich and diverse. 
This belt is characterized by all the unique features of 
the Western Tanirtau. Steppe groups, subarid, humid, 
petrophilic groups, mesophilic walnut forests, mixed 
forests, juniper stands and spruce, conifer forests, 
mesophilous shrubs, meadows and meadow grounds, 
petrophilous cenoses, etc. are found nearby. The up-
per boundary of this belt is characterized by subal-
pine and alpine meadows. The climate is subhumid 
(in the lower part) and humid. The soils are brown 
and rank or rank dark brown. 

Zhailau (yailau). The vegetative type of the zone 
is 2800-3400 (above 3500) m of absolute height. The 

main type of vegetation is alpine meadows. The cli-
mate is cryophilic-humid. The soils are cryohydro-
morphic, in the nival belt – low-power and incom-
pletely-formed. 

In this paper, we recognize the chorologic rank 
of the Western Tanirtau as a phytogeographical prov-
ince. And the internal division into districts take ac-
cording to V.N. Pavlov [13; 14]. 

According to V.N. Pavlov [13; 14], in the natu-
ral boundaries of the Western Tanirtau, nine districts 
are naturally and clearly distinguished according 
to the complex natural and climatic characteristics: 
I – Aksu-Zhabagly; II – Talas-Uzunakhmat; III – 
Badam-Keles; IV – Upper Chirchik; V – Parkent; 
VI – Santalash-Chatkal; VII – Aflatun-Karasu; VIII 
– Kuraminsk; IX – South Chatkal. 

The Kazakh part of the Western Tanirtau is rep-
resented within the Aksu-Zhabagly, Talas-Uzunak-
hmat (partially) and Badam-Keles districts. There-
fore, during the floristic analysis of the Western 
Tanirtau dendroflora, we studied only in these three 
districts (Figure 1). 

Materials and methods 

The study of the Western Tanirtau dendroflora 
was carried out by us in different seasons with nu-
merous field visits conducted during the period from 
2008 to 2017. The basis of the study was the outline 
of the Western Tanirtau dendroflora [47]. Collection 
and processing of material for the present work was 
carried out according to the generally accepted meth-
od of A.K. Skvortsov [48]. 

All species of hardy-shrub plants observed on all 
mountain altitudinal belts, including ranges, gorges 
and agrocenoses, anthropophytons were recorded. 
The studies were carried out by the route-reconnais-
sance method.

The study was conducted in the region of the 
Kazakh part of the Western Tanirtau in the south of 
Kazakhstan (68° of the north latitude, 42° of the east 
longitude), where the flora stretches over a vast area, 
about 13200-13800 km2 (selected areas I, II and III 
in Figure 1). 

The floristic analysis of the dendroflora was car-
ried out on the basis of the ecology-system approach, 
theoretical aspects of which in Kazakhstan for the 
last 20-30 years are widely reflected in the works [49-
53]. 396 taxa of the dendroflora have been identified 
during the identification of materials collected dur-
ing the expedition in the Western Tanirtau territory, 
as well as viewing of previously collected material 
stored in the Herbarium of the Institute of Botany and 
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Phyto-Introduction of the Ministry of Education and 
Science of the Republic of Kazakhstan, the Institute 
of the Genetic Fund of Flora and Fauna of the Acad-
emy of Sciences of the Republic of Uzbekistan. 

Results and discussion

396 species of hardy-shrub plants from 130 gen-
era and 50 families, presented in Table 1, were re-
corded within the Kazakh part of the Western Tanir-

tau, based on the study of herbarium funds in Almaty, 
Shymkent (Kazakhstan), Tashkent (Uzbekistan), lit-
erature data and own research.

It should be noted that 205 species from of 396, or 
51.76% of them are characteristic of oases, agrophy-
tocenoses, urbanized ecosystems, altered under the in-
fluence of anthropogenic impact, i.e. for anthropophy-
ton. The floristic spectrum was compiled according to 
the system of A.L. Takhtadzhyan [1; 2], taking into 
account the latest nomenclatural changes [23].

Table 1 – Floristic spectrum of the Western Tanirtau dendroflora

Taxa Genera Species
Section MAGNOLIOPHYTA
Group MAGNOLIOPSIDA
Subclass А. Magnoliidae:
Magnoliaceae 2 2

2 2
Subclass В. Ranunculiіdae
Berberidaceae 1 7
Ranunculaceae 2 6

3 13
Subclass С. Caryophуllidae:
Chenopоdiaceae 2 2
Pоlygonaceaе 2 9
Limoniaceae 1 2

5 13
Subclass D. Hamamelididae:
Platanaceae 1 1
Fagaceae 2 7
Betulaceae 3 8
Juglandaceae 3 6

9 22
Subclass Е. Dilleniidae
Tamaricaceae 2 7
Salicaceae 2 23
Capparaceae 1 1
Ebenaceae 1 1
Brassicaceae 1 1
Tiliaceae 1 4
Malvaceae 1 1
Ulmaceae 2 8
Celtidaceae 1 5
Moraceae 4 1

16 52
Subclass F. Rosidae
Saxifragaceae 1 2
Grossulariaceae 2 7
Rosaceae 21 106
Fabaceae 17 31
Sapindaceae 1 1

Aceraceae 1 12
Hippocastanaceae 1 2
Rutaceae 1 1
Simarubaceae 1 1
Anacardiaceae 3 5
Celastraceae 1 5
Rhamnaceae 3 4
Eleagnaceae 2 4
Vitaceae 2 5
Punicaceae 1 1
Cornaceae 2 5
Araliaceae 1 1
Caprifoliaceae 2 18
Viburnaceae 1 2
Sambucaceae 1 2

65 215
Subclass G. Lamiidae
Rubiaceae 2 3
Oleaceae 5 15
Solanaceae 2 3
Bignoniaceae 1 3
Lamiaceae 7 22

17 46
Subclass H. Asteridae
Asteraceae 5 11

5 11

Total: 122 374
Section Pynophyta
Group Gnetopsida
Ephedraceae 1 3

1 3
Group Ginkgoopsida
Ginkgoaceae 1 1

1 1
Group Pinopsida
Pinасеае 3 8
Cupressaceae 3 10

6 18
Total: 8 22
Total: 50 families 130 396
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This floristic spectrum shows the main features of 
the systematic structure of the Western Tanirtau den-
droflora, which is expressed in the following: the den-
droflora is represented by representatives of only two 
divisions of the plant world, while the entire regional 
flora consists of representatives of five plant sections.

According to our results, almost 95% (94.44%) 
of the dendroflora species composition are represent-
ed by taxa of Magnoliophyta section, i.e. flowering 
plants, the distinctive feature of the floristic spectrum 
is the fact that all Magnoliophyta are in their entirety 
and completely representatives of the group Magno-
liopsida – dicotyledons. There is no one representa-
tive of Liliopsida, monocotyledons, even in cultural 
cenoses – anthropophyton they are not recorded. In 

classical florogenetic analyzes the ratio of dicotyle-
dons and monocotyledon is important botanical-geo-
graphical indicator. Thus, in the regional flora of the 
Western Tanirtau [13; 14], the ratio of dicotyledons 
and monocotyledons is 4.4:1. For comparison – a 
similar ratio in Zaisan hollow is 4.5:1 [49]. 

In general, such ratio of dicotyledons and mono-
cotyledons is characteristic of the territory of the east-
ern part of the Ancient Middle-earth [9]. Complete 
absence of monocotyledons in the formation of the 
Western Tanirtau dendroflora indicates that, mainly, 
the dendroflora consists of boreal, moderately warm 
species. In more detail, this can be traced by consid-
ering the ratio of the large systematic groups of the 
flora under the study (Table 2). 

Table 2 – Ratio of the main systematic groups of the Western Tanirtau dendroflora

Systematic groups
Amount of % from the total number 

of speciesfamilies genera species
I. Pynophyta 4 8 22 5.55
Gnetopsida 1 1 3 0.75

Ginkgoopsida 1 1 1 0.25
Pinopsida 2 6 18 4.54

II. Magnoliophyta 46 122 374 94.44
Magnoliopsida 46 122 374 94,44
Magnoliidae 1 2 2 0.50

Ranunculiidae 2 3 13 3.28
Caryophyllidae 3 5 13 3.28
Hamamelididae 4 9 22 5.55

Dilleniidae 10 16 52 13.13
Rosidae 20 65 215 54.29

Lamiideae 5 17 46 11.61
Asteriidae 1 5 11 2.77

Total: 50 130 396 100

As can be seen, from the Table 2, gymnosperms 
in the Western Tanirtau dendroflora are represented 
by only 22 species and compose weakly noticeable 
share of only 5.55%. From Magnoliophyta, a large 
number of species are concentrated in the subclasses 
of, Dilleniales, Lamiales and Hamamelinaceous, in 
each of which there are 1-2, rarely more families, 
abundant genera and species. It should be empha-
sized that among the major subclasses is Rosidae, 
which exceeds according to the number of species 
other subclasses by 5-9 times. More than half of 

the species of the Western Tanirtau dendroflora are 
concentrated in this subclass. This gives grounds for 
confident assumption that many large families and 
genera of the Western Tanirtau dendroflora will be in 
this subclass. This also indicates that the dendroflora 
formation history can be largely related to the phy-
logeny of families and genera of Rosales of Rosidae 
subclass. 

The species diversity of Salicaceae, Lamiaceae, 
Caprifoliaceae, Oleaceae exceeds the average from 
2 to 3 times (Figure 2).
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The average level of species diversity of the 
Western Tanirtau dendroflora families is 7.92, or on 
average for each family there are almost 8 species. 
The average level of species diversity is 2.60, i.е. on 
average for each family there are about 3 genera. 

From 10 leading families, 4 – Rosaceae, Faba-
ceae, Caprifoliaceae, and Aceraceae, represent the 
subclass Rosidae. They contain 167 species or 42.5% 
of the species composition of the regional dendro-
flora. Hyperpolymorphous family of the Western 
Tanirtau dendroflora is Rosaceae, the species diver-
sity of which exceeds the average level by more than 
13 times.  A very polymorphous family is Fabaceae, 
species diversity of which exceeds the average level 
by a little more than 3 times.

A special feature of the species diversity of Ro-
saceae family plants is that from 106 species 51 
(48.1%) are represented by anthropophyton – agro-
cenoses, cultural landscapes, urbanized ecosystems 
and oases. The species composition of such genera 
as Malus, Crataegus, Cerasus, and Sorbus in the 
Western Tanirtau dendroflora exceeds the species 
composition of these genera in the natural flora of 
Kazakhstan by 1.1-3.7 times, eg. Malus by 3.7 times, 
Crataegus by 1.2 times, Cerasus by 1.1 times, Sor-
bus by 1.75 times. The aforementioned species com-
position is primarily represented by fruit-bearing and 
beautifully flowering trees and shrubs, the majority 
of species belongs to Anthropophyton. 

The species composition of such genera as Acer, 
Berberis, Quercus, Ulmus and Fraxinus in the West-

ern Tanirtau dendroflora exceeds the species compo-
sition of these genera in the natural flora of Kazakh-
stan by 1.1-6.5 times, eg. Acer by 6.5 times, Berberis 
by 1.1 times, Quercus by 6 times, Ulmus by 3 times, 
Fraxinus by 3 times.

This allows to make affirmative conclusion about 
the enrichment of phytogenous fund of the Western 
Tanirtau and Kazakhstan as a whole.  The data of the 
conducted research testifies that the Western Tanir-
tau dendroflora is a large center for enrichment of the 
gene fund of Kazakhstani plants.

Conclusion

The proposed material is actual reflection of the 
current state of the Western Tanirtau dendroflora 
within Kazakhstan.  For the first time the floristic 
spectrum of hardy-shrub plants was developed by us 
at the modern level of taxonomy and nomenclature. 
For the first time, the most complete list of the West-
ern Tanirtau dendroflora, numbering 396 species of 
the hardy-shrub plants, belonging to 130 genera and 
50 families, is given.  The data presented in the pa-
per is recommended for use in the preparation of the 
Kazakhstan National Strategy for Conservation and 
Balanced Use of Biological Diversity, and under dis-
cussion for inclusion in the “Plant Identifier of the 
Republic of Kazakhstan”. The complete list of the 
species is recommended for use in the compilation of 
the Plant Identifier in the vicinity of Shymkent city, 
as well as in the theoretical analysis of the Western 

Figure 2 – Spectrum of the leading families of the Western Tanirtau dendroflora
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Tanirtau flora. In addition, the results of the study are 
proposed for use in the development of resource and 
environmental activities in the region. 
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Anatomy of the vegetative organs of rare and  
endangered species Crambe tatarica Sebeok. (Brassicaceae) growing  

in the conditions of the Aktobe region

Abstract: The article presents the results of a study of the anatomy of the vegetative organs (roots, leaves 
and petioles) of rare and endangered plant species Crambe tatarica Sebeok, growing in the Aktobe region 
of Kazakhstan. The studied plants were collected from two populations: the first population was found 
in the chalk mountains of Akshatau, in the vicinity of the village of Koktogay, the Wilsky district, and 
the second population was found in the chalk mountains of Ishkargantau, the village of Karabulak, the 
Khobdinsky district. This species belongs to mesoxerophytes and calcephytes. According to the available 
literature, in Kazakhstan C. tatarica has the status of 3b (R) – rare, relict species.  Some representatives 
of the genus Crambe L. are important economic species because they are oilseed, melliferous, fodder and 
medicinal plants.  Study of the roots of C. tatarica revealed the presence of the phloem parenchyma, radial 
rays, xylem parenchyma and cells of a mechanical tissue, brachisclereids. In the internal structure of leaf 
numerous starch grains were noted in the parenchyma; brachisclereides were often found on periphery of 
the leaf, and sclerenchyma cells were apparent in the center of vascular bundles. Large number of vascular 
bundles was noted in the petioles; the outer wall of the epidermis cells was thickened.  In the studied organs, 
no large cells with a liquid content were found. The obtained information on features of the anatomical 
structure of roots, leaves and petioles of C. tatarica will be used in the future for diagnostics of the raw plant 
material, and in the studies of its phytochemical composition.
Key words: anatomical, morphological features, vegetative organs, rare, endangered species.

Introduction

Study of the biology of rare and endangered plant 
species as the most vulnerable elements of changing 
ecosystems is closely related to the conservation of 
biological diversity.  Such species are carriers of a 
valuable biological information; they are good indi-
cators of a scientific value of a certain territory for 
its further assignment to the status of specially pro-
tected.  One of such species is Crambe (C.) tartarica 
Sebeok.

Genus Crambe L. has a broad area of distri-
bution, from the Macaronesian archipelago to the 
west of China and North India and from the Arctic 
Polar Circle on the Scandinavian Peninsula to 5º 
Latitude South in the north of Tanzania. This ge-
nus is represented in Macaronesia, Euro-Siberian, 
Mediterranean, Sindico-Sahara, Iranian-Turkish, 

and Sudan-Zambezian (Ethiopia and Tanzania) re-
gions [1]. 

A critical review of the species composition 
of the genus Crambe is presented in the works of 
I.I.  Khalilov [2]. According to the author, genus 
includes 33 species belonging to 7 sections and 6 
subsections. Prina [3] provided a taxonomic review 
of 16 species and 5 intraspecific taxa of the genus 
Crambe encountered from Eastern and Northern Eu-
rope to Central Asia.  In Kazakhstan, there are four 
species of Crambe: C. tatarica, C. kotschyana Boiss., 
C. edentula Fisch. et C.A. Mey. ex Karelin, and C. 
orientalis L. [4], but only one species, C. tatarica, 
is included in the latest edition of the Red Book of 
Kazakhstan as a rare species of the IInd category [5].

C. tatarica is a southern European and Mediter-
ranean species. This is a perennial polycarpic, up to 
90 cm tall.  Root 60-120 cm long, fusiform, juicy.  
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Plants single- or multi-stemmed, stems erect, with 
sparse short stiff hairs, later naked.  Leaves fleshy, 
grey-green in colour; basal leaves large, on petioles, 
up to 30 cm in length and 20 cm in width, twice 
pinnate, with oblong-linear, toothed or incised 
lobes, with stiff hairs, especially on the abaxial 
side, later exposed; the uppermost leaves are linear, 
entire.  Flowers in dense paniculate inflorescence, 
with honey smell; white, 4.5-5 mm in length.  Pods 
spherical, the upper segment of the pod is 4-5 mm 
in diameter, tetragonous, mesh-rugose, with four 
sharply prominent ribs, on the stalks up to 10 mm 
in length. Dispersal is by seeds. Flowers are pro-
duced in April – May, fruits in June – August. The 
species occurs in steppes, on stony-gravelly slopes, 
and chalky outcrops.  In Kazakhstan, it is found 
in the Northern Pre-Caspian, Aktobe, Atyrau and 
Kostanay regions, where the eastern border of its 
range is located. Outside of Kazakhstan, the species 
is found in the south of the European part of the for-
mer USSR, in the Crimea, Caucasus, Western Sibe-
ria (exclusively as an alien species) and in southern 
Europe [5-8]. 

The rarity of the species, its vulnerability to an-
thropogenic impact resulted in the inclusion of C. ta-
tarica in the Red Books of the Ukraine, Moldova and 
southern regions of Russia (Kursk, Belgorod, and 
Volgograd regions) [9; 10].  

Some members of the genus Crambe L. are of 
great importance as oilseeds, melliferous, fodder and 
medicinal plants, eg., C. abyssinica Hochst.  The pro-
tein content of the seeds of this species is 45-50%, 
and the oil content is up to 35%; the latter contains 
55-60% of erucic acid [11]. Such characteristics 
make it a valuable plant material in the production 
of animal feed, biodiesel, and for some industrial and 
pharmaceutical applications.  As a consequence, this 
species has been well studied [11-16].

Among Central Asian species, C. orientalis L. 
and C. kotschyana Boiss. have been studied in Uz-
bekistan [17; 18]. 

C. tatarica has been studied in the Crimea and 
the Lugansk natural reserve [6; 7]. The composition 
of the oil obtained from the seeds of C. orientalis and 
C. tataria var. tataria from Turkey and the chemical 
composition and properties of the fibers [19; 20] have 
also been studied. In their studies, scientists from the 
Czech Republic compared the biochemical composi-
tion of C. tatarica plants obtained from the Ukraine 
and grown in vitro and in vivo [21].  

Due to the above, this species is of scientific and 
practical interest, which justifies its further study.  It 

should be noted that anatomical studies of the Ka-
zakhstani species C. tatarica have been carried out 
for the first time.

Materials and methods

As a result of the field surveys in Aktobe region, 
two C. tatarica populations were found: popula-
tion 1, in the chalk mountains of Akshatau, in the 
vicinity of Koktogai settlement, Uilsky district; and 
population 2, in the chalk mountains of Ishkargan-
tau, Karabulak settlement, Hobdinsky district.  The 
studied species belongs to the Pliocene desert-steppe 
relics and is represented in the calcephylic floristic 
complex of the Aktobe region [22-24].  C. tatarica 
belongs to mesoxerophytes and calcephytes. Accord-
ing to the information on rare and endangered plants 
of the Aktobe region, the species has the status of 3b 
(R) – rare, relict species [25]. 

Anatomical preparations were produced follow-
ing the methods accepted in plant anatomy [26]. For 
microscopic examination, the vegetative organs of C. 
tatarica were taken. The microscopic studies were 
conducted using plant material, which has been fixed 
in a mixture of 96% ethanol, glycerine and water in 
a ratio of 1: 1: 1.  

In accordance with the guidelines, the cross sec-
tions of the vegetative organs were produced in the 
flowering phase, since it is in this phase that the 
structural anatomical elements of the plant organs 
have the greatest integrity. 

The root sections were produced in the basal part 
of the roots, every 2-3 cm along their entire length.  
For the study, plants of a certain age were taken, but 
the main attention was paid to the middle-aged gen-
erative plants, which provide the bulk of the raw ma-
terial for the study of the species. 

Anatomical preparations were produced using 
a microtome with an OL-ZSO freezing device (In-
medprom, Russia), and also by hand using ordinary 
razors with a biconcave blade. The thickness of the 
anatomical sections was 10-15 microns. For quan-
titative analysis, morphometric parameters were 
measured using an MOV-1-15 eyepiece micrometer 
(LOMO, Russia); with a lens x 10; magnification x 
10, 20).  Microphotographs of anatomical sections 
were taken on an MC 300 microscope (Micros, 
Austria) with a CAM V400 / 1.3M video camera 
(jProbe, Japan).

 Descriptions of morphological and anatomical 
characteristics were made in accordance with the re-
quirements of the State Pharmacopoeia XI [27; 28].
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Results and discussion

As a result of the field trips in the Aktobe region 
during the spring-summer of the growing season of 
2018, two populations of C. tatarica were found and 
surveyed.

Anatomical studies of the vegetative organs 
of C. tatarica showed the following results.  In the 
anatomical structure of a root (cross section) with 
10x10 and 10x20 magnification, the primary cortex 
and central cylinder were clearly visible. The outer 
layer was represented by a loose layer of periderm 
cells. Cells with lateral appendages, that is, root 
hairs, were noticed.  The primary cortex consisted of 
thin-walled cells of the parenchyma, oval in shape 
and closely spaced. The primary sclerenchyma was 
located along the edges of the primary cortex and 
represented by groups of brachisclereid (isodiametric 
sclereides) with lignified walls. The conductive ele-
ments of the secondary phloem were thin-walled, po-
lygonal, and brownish in colour; they were arranged 
in small groups. The gaps between the conductive 
elements were filled with parenchymal cells.  Next 
to the phloem was the cambial ring. The xylem was 
represented by vessels forming radial rays. The pri-
mary xylem was of a diarch type. The xylem vessels 
were arranged in cords along the radii of the root in 
the form of rays. The larger vessels were located in 
the center of the root, and next to them, towards the 
surface of the root, were the vessels with a smaller 
diameter. The biometric indicators were as follows: 
the thickness of the primary cortex was 134.17 ± 2.80 
μm, the diameter of the central cylinder, 85.61 ± 7.86 
μm, the area of the xylem vessels, 133.25 ± 10.10 
μm2. In the center of the root there was a core pa-
renchyma consisting of small loosely arranged cells; 
round-shaped starch-containing inclusions were also 
present (Figure 1). 

In a cross section of a leaf of C. tatarica, large 
cells of the upper epidermis with poorly sinuous walls, 
slightly thickened cuticle layer and a small number of 
stomata were visible on the surface (20x); the thick-
ness of the upper epidermis was on average 22.17 ± 
0.20 μm, and the thickness of the lower epidermis, 
28.21 ± 0.24 μm.  The stomata on both sides of the 
leaf were surrounded by 2-4 periustic cells (anomo-
cytic type). In the upper epidermis, small, rare, ses-
sile, colorless or light brown glands consisting of 2-4 
cells were found.  The leaf of C. tatarica was a typi-
cal dorsoventral, hypostomatic leaf with the adaxial 
side formed by tangently elongated cells.  The cells of 
the abaxial (spinal) epidermis had the same structure, 
however their dimensions were sometimes smaller.  

On the adaxial (abdominal) and abaxial sides of the 
leaf, simple trichomes were located, mainly concen-
trated along the veins.  Large trichomes were formed 
in the area of the main vein on the basal multicellu-
lar protrusions. The mesophyll was poorly differen-
tiated. The palisade tissue was represented by three 
layers of cells slightly elongated perpendicular to the 
surface, with numerous chlorophyll-bearing inclu-
sions. The spongy tissue was also formed by three 
layers of isodiametric, closely arranged cells with 
small intercellular spaces. The vein was a closed col-
lateral bundle. In the leaves of population 1 (Figure 
2, a), there were two, occasionally three conductive 
beams in the central vein, whereas in the leaves of 
population 2 the number of beams reached 4-5.  A 
parenchymal lining was formed around the group of 
conductive beams. In the central part, collenchyme 
cells were located, which can be both above and be-
low the vein (Figure 2, c).  

The diagnostic features of this species include the 
presence of numerous starch grains in the leaf (Figure 
3), in the peripheral part of the leaf there were often 
brachisclereides or stony cells that form mechanical 
elements of an approximately equal diameter in all 
directions, otherwise they were parenchymal cells 
with very thick walls, and in the center of the group 
of conducting beams there were sufficiently devel-
oped collenchyme cells (Figure 4).

The anatomical structure of a petiole of C. ta-
tarica is characterized by the following features. 
The petioles of plants collected in populations 1 
and 2 had an identical structure; they were of a 
radial type with well-developed numerous (15-27) 
bundles. In cross section, a petiole had a grooved, 
rounded shape.  The abaxial (dorsal side) was 
rounded, and on the side of the adaxial (abdomi-
nal) part there were scleretised parts of the petiole. 
The uppermost layer was represented by large epi-
dermal cells of the oval and round shape, 15-20 µm 
in length and 30-45 µm in height. The outer wall of 
the epidermal cells was slightly thicker, up to 1-3 
µm. The outer wall of the epidermal cells had ap-
pendages.  The cuticle was 1-1.8 µm thick, evenly 
thickened, smooth; it evenly covered the petiole.  
Under the epidermal layer of cells there were from 
one to three layers of large collenchyme cells, 15-
30 µm in diameter.  From the periphery to the cen-
ter, there was an assimilation tissue consisting of 
5-7 layers of chlorenchyma cells.  The chlorenchy-
ma thin-walled cells, round or irregular in shape, 
varied in size from 10 to 60 µm. Collateral conduc-
tive bundles of different size were arranged in an 
orderly manner in the central part of the petiole.  
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                                                    a                                                                                                                  b

c

Figure 1 – Anatomical section of the root  
(magnification 10x10 – a, b; 10x20 – c) of C. tatarica.  

Note: 1 – periderm, 2 – brachisclereides; 3 – primary cortex;
 4 – phloem; 5 – xylem; 6 – radial parenchymal rays;  

a – the first population, b – the second population,
c – the general diagnostic signs of the two populations

The bundles were round and V-shaped. There were 
8-10 large bundles, 3-4 of medium size and 4-5 
small bundles.  The parenchyma found between 
bundles was not lignified.  The xylem of the bun-

dles faced the center, and the phloem, the surface 
of the petiole.  The mechanical tissue was well de-
fined and formed by sclerenchyma cells, adjacent 
to the phloem (Figures 5 and 6).
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                                                      a                                                                                                          b

Figure 2 – Anatomical section of the leaf of C. tatarica. Note: 1 – upper epidermis, 
2 – lower epidermis, 3 – trichomes with multicellular base, 4 – mesophyll, 

5 – xylem, 6 – phloem, 7 – collenchyma; a – the first population (magnification10x10), 
b – the second populations (magnification 4x10)

Figure 3 – Mesophyll cells of the leaf of C. tatarica with 
starchy grains (magnification10 x 40)

Figure 4 – Collenchyma cells in the center of the group of 
conducting bundles of C. tatarica (magnification10 x 40).  Note: 

1 – lower epidermis, 2 – mesophyll, 3 – sclerenchyma, 
4 – phloem, 5 – xylem vessels, 6 – collenchyma
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When comparing the obtained results with the 
data available from the literature [6], similar features 
of the anatomical structure of the vegetative organs 
of C. tatarica were noted.  Thus, the layering of the 
xylem and phloem parenchyma, and the well-devel-
oped primary cortex enable roots to perform the stor-
age function, which is indicated by a large amount 
of starch-bearing grains in the root parenchyma. The 
abundance of the parenchyma in combination with 

weak differentiation of mechanical tissues or lack 
thereof is characteristic of highly specialized con-
tractile roots, which makes it possible to retract the 
reproductive buds below the soil surface and thus 
protect them from adverse conditions. The structure 
of a leaf of C. tatarica revealed xeromorphic fea-
tures: the presence of a thickened cuticle, weak pu-
bescence, thickening of the outer walls of the epider-
mis, a small volume of intercellular spaces, and the 
presence of a mechanical lining of the bundle. Leaves 
developing in bright light had a higher degree of xe-
romorphism. In addition, a feature of an anatomical 
structure characteristic of mesophytes was revealed: 
the predominance of the spongy tissue over the pali-
sade tissue. 

Conclusion

Thus, as a result of the study of the anatomical 
structure of the vegetative parts (roots, leaves, and 
petioles) of the plants of C. tatarica, it was found that 
the phloem parenchyma, radial rays and xylem pa-
renchyma were well developed in roots, which did 
not interfere with root contractility; brachisclereides 
(cells of mechanical tissue) were also present. In ad-
dition, roots were characterized by an abundance of 
non-lignified parenchymal tissues.  In the case of 
leaves, diagnostic characters included the presence 
of numerous starch grains in the parenchyma; in the 

                                                   a                                                                                                                b

Figure 5 – Anatomical section of the petiole of C. tatarica.  Note: 1 – epidermis, 2 – angle-shaped collenchyme, 3 – chlorenchyma, 
4 – collateral beams, 5 – sclerenchyma; a – first population (magnification 4x10), b – second population (magnification 10x10)

Figure 6 – Anatomical section of the petiole of C. tatarica, first 
population (magnification 10x10). Note: 1 – epidermis,  

2 – angle-shaped collenchyma, 3 – chlorenchyma, 
4 – xylem, 5 – phloem, 6 – sclerenchyma, 7 – collenchyme
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peripheral part, brachisclereides were often found; 
and in the center of the conducting bundles, well-de-
veloped sclerenchyma cells.  The structure of a leaf 
was also characterized by the presence of numerous 
round-shaped inclusions with liquid contents.  The 
stomatal apparatus was of an anomocytic type.  The 
petiole had a radial structure with well-developed 
numerous bundles, the outer walls of epidermis cells 
were thickened, the cuticle covering the petiole was 
uniformly thickened.  Repositories were absent in all 
organs.  The characteristic features of the anatomical 
structure of roots, leaves, and petioles point to the 
characteristics of mesoxerophytic and calcephytic 
plants, which also include the species under study.  
The data obtained can be used in the future for di-
agnostics of C. tatarica raw material of, and in the 
study of the phytochemical composition of this spe-
cies.
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Biological features of the medicinal plant Plantago major L.

Abstract: Paper provides an overview of the therapeutic, morphological, anatomical and phytochemical 
features of Plantago major L. For studies, plant samples were collected four times from April to September 
2018 in the Almaty region, with freshly harvested plants used for morphological and anatomical studies, 
and specially dried leaves used for phytochemical studies. Anatomical sections were produced using the 
classic blade method. Chemical composition, including vitamins B1 (thiamine chloride), B2 (riboflavin), 
B3 (pantothenic acid), B6   (pyridoxine), C (ascorbic acid), E (tocopherol), tannins was studied at the 
research laboratory for assessing the quality and safety of food products of the Almaty Technological 
University. Vitamins were determined according to the State Standard 31483-2012, with the help of the 
device “Kapel105-M” by the method of capillary electrophoresis (M-04-41-2005). Tannins were estimated 
by titration of margon-acid potassium using the classical method according to the State Standard 24027.2-
80. As a result of a phytochemical study, large amount of vitamin C (ascorbic acid) was determined among 
vitamins, on average of 0.432 mg/100g. This means that preparations obtained from Plantago major L. can 
be used in the treatment of bleeding gums, against viral and other diseases. However, vitamin E was not 
detected in the plant. Amount of tannins was around 77.94 mg/100g; which indicates its high antimicrobial, 
hemostatic properties and prevents the replenishment of the gastrointestinal tract. The results of this study 
can be used as an additional material in the educational process in such courses as “Botany”, “Medicinal 
plants”, “Anatomy and morphology of plants”.
Key words: Plantago major L., xylem, phloem, ascorbic acid, tannins.

Introduction

Plantago (P.) major L. (large plantain) is a phar-
macological plant, which belongs to the family 
Plantoginacae. The area of its distribution is very 
wide. Plants belonging to the Plantoginacae fam-
ily grow around the globe, with about 260 species 
known. Large plantain can be found on the territory 
of all CIS countries. Despite the fact that it grows on 
the soil with different mechanical composition and 
moisture content, it is quite demanding for moisture 
and light, so it falls in the widespread and exposed 
areas of the shadowy regions. It is common in resi-
dential areas, open terraces, along the roads and 
pastures and never grows into large groups [1; 2]. 
There are 16 species in all regions of Kazakhstan. 
Among them there are large plantains (P. major), 
average plantain (P. media) and flat plantains (P. 
lanceolata). They grow on the banks of the river-

lake, in the mountains, deserts, in slopes where 
weeds are grown, along the road, in the vicinity. The 
height of the stem is about 20–70 cm. The leaves are 
oval, flat, with the whole edge, they grow around 
the roots. Occasionally, they are on the opposite 
of the stem, but sometimes tend to alternate. The 
tiny flowers are light brown, rarely light blue, in the 
form of grains. In the period from May to Septem-
ber it will bloom and give fruits and it is dioecious. 
The fruit bursts open when it is ripen. Seeds and 
leaves contain glycosides, carotene, phytoncid, and 
are therefore used in medicine [3].

Plantain is one of the most ancient medicinal 
plants. Even in China for medical purposes it was 
collected for more than 3,000 years ago.  The ancient 
Greeks and Romans used plantain seeds for dysen-
tery, inflammatory conditions of the stomach, intes-
tines and other diseases. Hippocrates and Galen used 
it. Avicenna believed it was extremely good for ul-
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cers. Leaves prevent bleeding, and when dried, pro-
mote healing of old and fresh ulcers. Avicenna used 
plantain leaves as a wound healing and hemostatic 
agent [4; 5]. 

The pharmacological value of the plantain carries 
a great deal of interest to many researchers and the 
work of both Kazakhstani and foreign scientists can 
be considered as a proof. In 2013 at the stomatology 
school in the University of Indiana, United States, 
Rayna E. studied P. major and determined its tumor 
and anti-inflammatory properties [6]. Levent A. at 
the University of Batman in Turkey has developed a 
new, simpler method for high-quality liquid chroma-
tography for simultaneously identifying the retinol, 
retinol palmitate, beta-carotene, α-tocopherol and vi-
tamin C from rat’s serum treated with  P. major and 
7,12-dimethylbenzanthracene [7]. In 2015, Kazakh 
scientist Alimova U.S. identified the pharmacologi-
cal and pharmaceutical aspects of construction of the 
suppositories with the added extracts of sweet flag 
and large plantain (Acorus calamus L. and  P. major) 
[8]. This year, Dilbarhanov R.D. et al. studied anti-
microbial activity of CO2-extracts of sweet flag and 
large plantain [9]. 

In 2016, at the Rungta Dental Society of India, 
Sharma H. had studied the microbial effects of  P. 
major [10]. This year at the Swedish University of 
Agricultural Sciences, Zubair M. has carried out a 
research to prove the application of a large plantain 
in traditional medicine [11]. In 2017, in Surabaya 
University of Indonesia there were investigated the 
effects of the precipitations and chemical compounds 
of Plantago on the proliferation of cytokines and can-
cer cells the inflammatory and antitumoral properties 
[12]. In June 2017 at the Plovdiv Medical University 
in Bulgaria, Lukova P. studied the medicinal proper-
ties of the  P. major plant, including the fermented 
hydrolysis of polysaccharides extracted from the 
leaves [13]. In 2017 at the Malaysian International 
Islamic University, Adom M.B., has conducted an 
investigation to determine the chemical components 
and medical advantages of  P. major [14]. In March 
2018, in the Neurogenic Inflammation Research Cen-
ter at the Mashhad Medical University in Iran Naji 
Ebrahim checked dexorubicin-induced nephropathic 
protection in mice [15]. Same year, in Columbia at 
the University of Cartagena Karo D.S. studied the 
healing properties of anxiety and insomnia of a large 
plantain [16], in Mashhad Medical University in Iran 
Enezar H.N. studied the protective effect of  P. major 
on liver inflammation caused by daxorubin [17]. 

The aim of the current research is to study mor-
pho-anatomical and phytochemical characteristics of  

P. major, growing in Almaty region, and assess its 
pharmacological value.

Materials and methods

Samples of the medicinal plants were collected 
four times from April to September 2018 in the Al-
maty region. Morpho-anatomical studies were carried 
out at the laboratory of collective use “Physical and 
chemical methods of research in biology” No. 216 
of al-Farabi Kazakh National University. To carry 
out this experimental work, freshly harvested plants, 
their leaves and roots were used. Anatomical sections 
were prepared by the classical method, cutting off a 
thin plate with a razor blade. Photos of the plant were 
taken with a camera Canon EOS1200D 5472x3648 
(20,0 million pixels) (Canon, Japan). Morphometric 
parameters of the plant were measured and anatomic 
images were examined with MT6300 microscope 
(Meiji Techno, Japan), eyepieces SWH10x F.N. 22 
(O.D. 30 мм), software Vision Capture 2.1. Statisti-
cal processing of morphometric indicators was con-
ducted in Microsoft Excel 2010.

Phytochemical parameters of  P. major were 
studied on dried leaves. Collected leaves were dried 
by the shade method, under a well ventilated canopy, 
without sunlight [18]. The research was conducted 
at the Almaty Technological University on June 11-
22, 2018 in the Research Laboratory for the Assess-
ment of Quality and Safety of Food Products. Test 
conditions: temperature – 21±1°С, relative humidity 
– 81%. In the composition of P. major the water-sol-
uble vitamins (B1, B2, B3, B6, C, E) were determined 
according to GOST 31483-2012, with the device 
Kapel 105-M (Lumex, Russia), using the method of 
capillary zone electrophoresis (M-04-41-2005) in ac-
cordance with the general provisions, stated in the 
TU 4215-023-20506233-98 regulatory document. 
According to the aforementioned regulatory docu-
ment, the sample to be analyzed is introduced into a 
capillary pre-filled with electrolyte. After high volt-
age is applied to the ends of the capillary, the compo-
nents of the mixture begin to move through the capil-
lary at different speeds, depending on their structure, 
molecular weight and charge, and reach the detector 
located at the end of the capillary. The electrophore-
gram obtained is a sequence of peaks, each of which 
corresponds to a strictly defined substance. The Ka-
pel 105-M system consists of the following main ele-
ments: quartz capillary; devices for filling the capil-
lary with liquid, introducing the liquid sample into 
the capillary and supplying voltage from the high 
voltage source to the ends of the capillary (herein-
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after referred to as the sample introduction device); 
high-voltage unit of positive, negative or switchable 
polarity, consisting of a high voltage source and a 
switching device; a detector to determine when the 
components of the sample reach the detection zone.

The Kapel 105-M system is available with a 
high-voltage switchable polarity unit, a photometric 
switch with a switchable wavelength, an automatic 
sample changing system and a water capillary cool-
ing system. The vitamins were determined on capil-
lary zone electrophoresis, using the wavelength ex-
change program by their absorption at 200 nm and 
240 nm wavelengths [19].  The amount of tannins in 
medicinal plants has been estimated according to the 
state standard 24027.2-80 by the classical method, 
involving titration with manganese acid potassium 
[20].  All photos presented in the paper were taken 
by the authors. 

Results and discussion

All of the plantain types are annual and perennial, 
some of them are weed. Leaves are often rarely seen 
and covered with roots. The flowers are small, two-
sided, and actinomorphic, have upper-ended heads 
or germ-like flowerpots, often four-membered. Its 
tray has four blades or four blades. The crown of the 
flower is deciduous, has four blades, colored or dyed. 
The coenycarpal gynoecium consists of two fertil-
ized leaves that form two upper nodules [21; 22]. 

Plantains usually reproduce by the wind, but 
sometimes they come in contact with insects. The 
fruits are cenocarpus: a hawk with a cap. Seeds are 
small, with boar, small vertical seeds and nutritious 
endosperma; it falls off the covered foliage and 
spreads through the wind [23].

Large plantain (P. major) is a perennial herba-
ceous plant with the height of 10-50 (70) cm, one 
or more flower foliage and stem layers, 12 cm long 
plate, wide egg or ellipsoid, the side has a rarely un-
even tooth  (slightly thin), three to seven arched pipe 
tubes (Figure 1). The crusher is equal to the length 
of the leaf plate or slightly longer, rarely short. The 
pulp is lessened and the thin roots are pulled out from 
it [24]. 

The study of morphometric parameters of large 
plantains revealed changes in quantitative parameters 
(Table 1). 

Figure 1 – Large plantain (Plantago major L.), growing on the 
territory of al-Farabi KazNU

Table 1 – Morphometric parameters of Plantago major L.

Parameters April-June July-
September

Total length of the large plantain 17±3.02 40±3.10
Number of leaves 7±3.00 12±3.00

Length of the leaves, cm 1.4-4.80 4.1-21.30
Width of the leaves, cm 1-2.90 3.6-8.20

Number of leaf bands 5±1.00 8±1.00

Length of the root, cm 9±2.50 10±2.06
Number of roots 40±4.00 45±5.00

Number of fruits in a bush - 234±20.00

Total length of the plant increased from April to 
June in the range of 17-20 cm, and from July to Sep-
tember – 40-44 cm. The number of leaves per plant 
within the first months ranged from 7 to 10, and from 
July to September it reached 12-15. During the gen-
eral development of the leaf, the length of the leaves 
increased from 1.4 to 21.3 cm and width up to 1-8.2 
cm. The number of leaf bands in the first sample in-
creased from 5-6 to 8-9 at the end of the summer. 
The number of rhizomes reached 40-44, the length 
increased to 9-11.5 cm from April to June, and from 
July to September the number of rhizomes reached 
45-50, the length reached 10-12 cm. Since the flow-
ering period of  P. major starts in June, the number of 
fruits has been tested since July and on one of these 
flowers there were 234-254 of them.
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Plantago major L. has its own semiconductor, 
mechanical, separating and storing elements. These 
tissues combine all members of the plant into one 
system.

There are two types of conductive tissue – xylem 
(gr. Chylon – wood) and phloem (gr. Phloios – shell, 
sponges). They have structural and functional differ-
ences.  The conductive elements of xylem consist of 
dead cells. They transfer water and dissolved sub-
stances from the roots to the leaves. Fluid in conduc-
tive elements preserves living protoplasts [25].  In the 
absorption zone, rhizodermatellular cells form the 
vascular bundles (Figure 2).

Figure 2 – Anatomical structure of Plantago major root, 
magnification  x100.

Note: 1 – rhizoderm, 2 – phloem, 3 – xylem

The flowering shrub is directed upwards, deco-
rated with thin, long cylindrical spikelets and dense 
small-sized fflowers. There are four, 1.5-2.5 mm 
long, petals, in the flower receptacle; flowers in the 
crown are actinomorphic; cylinder tubes are formed 
on the underside. Four male parts are attached to the 
flower crown tube with twice as long purple pollen. 
Female parts have two nodes.

Anatomical structure of the large plantain leaf is 
specific to the herbaceous plants. Insular conductive 
bundles are located in the mesophyll.  Xylem is lo-
cated at the top of the leaf, and phloem is at the bot-
tom.  Xylem consists of round twisted tubules, and 
phloem of filter-shaped tubes with very large sup-
portive cells. Leaf plate endurance is ensured at the 
expense of the subepidermal crown of collenchyma 
or sclerenchyma (Figure 3). 

Figure 3 – Anatomical structure of Plantago major leaf, 
magnification  x100. 

Note: 1 – xylem, 2 – phloem, 3 – sclerenchyma, 
4 – collenchyma 

Drugs (fresh and canned juice, emulsion and oint-
ment) with different pharmacological effects (antiin-
flammatory, wound healing and antimicrobial) pro-
duced from plantain leaves, may be used in treatment 
of broad range of diseases, including stomach ulcers, 
laryngitis, hypotension, bronchial asthma and tuber-
culosis [26-28]; aqueous extracts show properties of 
lowering cholesterol and sclerosis [29; 30]. Galen’s 
drugs (extract, juice) are used in the treatment of in-
flammatory diseases of mouth and throat, skin inju-
ries, chronic gastric ulcers, burns, flegmonia, cholera, 
and purulent wounds [31]. Herbal preparations and 
fresh leaves have bacteriostatic effect on the patho-
genic microbes of traumatic infections; the surface 
of the wound cleanses quickly from the purgation, 
inflammation stops, and the wound healing rapidly 
speeds up [32].

Quantitative indicators of vitamins and tannins 
are shown in table 2.

According to our results, the amount of vitamin C 
in the medicinal plant is the highest, with an average 
of 0.432 mg per 100 g of the raw material (Table 3). 

Vitamin C (ascorbic acid) inhibits the formation 
of harmful substances during the biological oxida-
tion, subsequently increasing the resistance of an or-
ganism (bones, tooth, liver, cardiovascular system) to 
infectious diseases.  Insignificant amount of vitamin 
C leads to growing fatigue of the human body, block-
age of saline shells and bleeding of gum.  In case of 
long deprivation, due to increased gum disease, per-
son is exposed to scurvy with further deteriorioration 
of the nervous system [33].
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Table 2 – Vitamins and tannins content of Plantago major leaves

Indicators, unit of measurement Precise results Regulatory documents of research 
methods

Vitamins, mg/100 g:
-В1 0.0137±0.0027

М-04-41-2005

-В2 0.0350±0.0147
-В3 0.180±0.036
-В6 0.0317±0.0063
-С 0.432±0.148
-Е Undefined

-Tannin 77.94 State Standard
24027.2-80

Table 3 – Quantitative indicators of vitamins content in Plantago plant leaves

No. Time, 
min Component Height Start End Area Concentration, 

mg/L
Concentration, 

mg/100g
1 4.587 В1 (thiaminechloride) 0.085 4.540 4.725 6.376 0.0025 0.0137±0.0027
2 6.032 В2 (riboflavin) 0.403 5.938 6.123 20.45 0.0064 0.0350±0.0147
3 7.265 В6 (pyridoxine) 0.857 7.207 7.403 25.84 0.0058 0,0317±0.0063
4 8.677 С (ascorbic acid) 0.574 8.513 8.847 43.28 0.079 0.432±0.148
5 10.142 В3 (pantothenic acid) 0.626 9.938 10.185 43.59 0.033 0.180±0.036

B3 (pantothenic acid) is involved in biochemical 
reactions, such as high fat and amino acids biosynthe-
sis and oxidation.  According to our results, its content 
comprises 0.180 mg in average per 100 g of the raw 
material.  The lack of pantothenic acid can lead to a 
large spectrum of abnormalities, including dermatitis, 
neuritis, pneumonia, etc.  It is applied at such condi-
tions as postoperative intestinal atony, as well as renal 
insufficiency, osteoarthritis in lesions of the skin and 
mucous membranes, photosystatosis in different types 
of arthritis, dry skin, hair loss, etc. [34].

B2 (riboflavin) participates in significant oxida-
tion processes.  According to our results, its content 
comprises 0,0350 mg in average per 100 g of the 
raw material.  It stimulates quick healing of traumas 
and maintains the eyesight.  In case of insufficiency, 
lips become dried, and the body injuries are healed 
slowly.  In addition, vitamin B2 is used in treatment 
of burns, phototherapy, chronic hepoxy, insufficient 
carbohydrate feeding, or in the treatment of acute in-
fectious diseases.

Vitamin B6 (pyridoxine) is involved in amino ac-
ids exchange.  According to our results, its content 
comprises 0,0317 mg in average per 100 g of the raw 
material.  Vitamin deficiency slows down the growth 

in children, causes blood loss and leads to dark fa-
cial spots in pregnant women [35].  During pyridox-
ine avitaminosis, the amino acids and proteins ex-
change is disrupted, blood formation gets worse, total 
amount decreases and anemia develops. Vitamin B6 
is involved in maintaining sodium and potassium in 
the body fluid.  This, in turn, is of great importance to 
the nervous system.

B1 (thiamine chloride) is necessary for the proper 
metabolism.  According to our results, its content 
comprises 0.037 mg in average per 100 g of the raw 
material. The lack of this vitamin causes fatigue and 
problems with digestion process. Vitamin B1 inter-
acts with unsaturated fatty acids responsible for the 
development of urolithiasis and gallbladder patholo-
gies.  It helps to relieve skin inflammation, has good 
effect on the condition of mucous membranes. It is 
used against typhoid, neurodermatitis, pulse, burn 
injuries, scabies, and has a positive effect on the in-
tellectual functions [36]. When vitamin B1 is insuf-
ficient, amino acid metabolism results in significant 
issues.

Estimation of specific vitamins was performed 
using capillary zone electrophoresis, with the wave-
length exchange program at 200 nm and 240 nm 
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wavelength. The wave diagram is characterized by 
the appearance of vitamins in a time frame indicated 
on Figure 4. 

In addition to detecting some vitamins, we also 
aimed to detect the tannins, which are considered to 
be the only indication of the healing properties of the 
plant. Scientific data indicates that plant tannins not 
only serve as antioxidants, but also display antiin-
flammatory, antibacterial, antitumoral and antifungal 

activities.  Tannins have a positive effect on gastro-
intestinal tract activity, fighting harmful microorgan-
isms and stopping the bleeding. They can also be 
used for external hemorrhage and internal bleeding.  
Thus, tannins are used to treat various diseases in 
medicine [37].  According to our results, the amount 
of tannins in  P. major  medicinal plant constitutes in 
average as much as 77.94 mg of tannins per 100 g of 
raw material.

Figure 4 – The electrophoregram of the vitamin amount in leaves of the plant Plantago major L. 
Note:  min-off time (output of the vitamin indicator in the chromatography);

mAU – peak height (height indication of vitamin A peak)

Conclusion

Plantago major L. is a valuable object of re-
search interest.  Besides anatomical, morphological 
and phonological studies, research on its pharmaco-
logical effect was conducted.  Latter was performed 
at the laboratory of collective use “Physical and 
chemical methods of research in biology” No.216 
of al-Farabi Kazakh National University and com-
mercially in the Research Laboratory for the As-
sessment of Quality and Safety of Food Products 
of Almaty Technological University in the period 
of April-September, 2018.  The amount of vitamin 
B1 (thiaminine chloride), B2 (riboflavin), B3 (panto-
thenic acid), B6 (pyridoxine), C (ascorbic acid) in 
Plantago major L. medicinal plant leaves was deter-
mined by the capillary zone electrophoresis, while 
such of tannins has been estimated according to the 
state standard 24027.2-80 by the classical method, 
involving titration with manganese acid potassium.  
The results show that vitamin C (ascorbic acid) can 

be used to treat various infectious diseases, such as 
the inflammatory diseases of the colon and others. 
Vitamin E (tocopherol) was not found in the plant 
composition. The amount of tannins was 77.94 
mg/100g of plant raw material, and this is a good 
indication that extracts from Plantago major L. 
plants may have high action to bacterial, bleeding 
and inflammatory processes in the gastrointestinal 
tract.  Taking into consideration the importance of 
the identified vitamins and the therapeutic proper-
ties of the tannins, we conclude that Plantago major 
L. has also got a high phytochemical value.
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Screening of domestic common bean cultivar  
for salt tolerance during in vitro cell cultivation

Abstract: One of the principal limitations in application of cell and tissue culture techniques for improving 
crop plants resistance to adverse environmental stresses, such as high salinity, is insufficient knowledge 
of cellular and molecular-genetic basics of this type of tolerance. This approach will provide opportunity 
to identify new salt-tolerant cultivars, which arisen from somatic mutations increasing the pool of salt-
tolerant breeding lines.  It is well known that salinity causes sharp reduction in bean productivity and thus 
significant losses in quality and quantity of products derived from it.  Choosing salt-tolerant plant genotypes 
for cultivation may solve this problem. The aim of this study is to trace tolerance and accompanying changes 
in lectin accumulation in calli of common bean (Phaseolus vulgaris L.) grown under the conditions of tissue 
culture.  In our experiment, induction of certain common bean cultivars by in vitro cell cultures have been 
optimized. The most appropriate composition of the nutrient media for the induction of callusogenesis have 
been established together with the cultivars possessing high callus-forming ability. We have not observed 
strict correlation between callus-forming propensity and morphogenic calli generation.  However, we 
noticed that under-passaging in selective conditions calli leads to gradual growth decline and browning, as 
well as slow growth and in some cases death of cell cultures.  Nevertheless, we have identified common 
bean cultivars with average salt tolerance and high propensity to callusogenesis for use as a starting material 
for breeding.  Differences in lectin content between morphogenic and non-morphogenic calli let us suggest 
that lectin content depends on hormonal composition of the nutrition medium since morphogenic type of 
callus was formed when  the media contained NAA and low concentrations of 2,4-D. The cultivars used in 
this study have demonstrated moderate salt tolerance and high callusogenesis efficiency thus regarded as 
suitable material to breeding for salt tolerance. 
Key words: common bean, cultivar samples, in vitro culture, calli, salt tolerance, lectins.

Introduction

Salinity is one of the most critical environmental 
factors leading to decrease in crops productivity under 
growing salt concentrations in the soil, and this issue 
keeps on growing [1].  Principal reason for increasing 
soil salinity is the use of irrigation.  This matter may 
be solved using efficient agricultural practices, im-
proved irrigation methods, and completely or partly 
desalted water for sprinkle irrigation.  

Common bean is a pulse vegetable crop with high 
activity of lections [2]. Study of the protein composi-
tion of the common bean seed is particularly relevant 
nowadays because there is a need to develop new 
cultivars, which may serve as the source of protein. 
This can be achieved by deploying biotechnological 

approaches towards their identification, selection and 
their uses in different sectors of agriculture.  

Within the last decades, there is a growing need 
in new sources for extraction of nutritional and anti-
nutritional protein components to study their action 
on different cell models, advanced methods for their 
isolation, and further use to obtain new plant protec-
tion reagents as well as drugs and diagnostics [3; 4].

In the cultivation and use of common bean, lec-
tins (including intracellular) are of particular con-
cern, since they are involved in a number of undesir-
able reactions, like wounding, cold, drought, osmotic 
shock and salinity of the growth medium, increasing 
their hemagglutinating activities [5].  It has been re-
ported that lectin gene expression is induced by low 
humidity and high salinity stress [6]. Consequently, 
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development of salt-tolerant cultivars received much 
attention in common bean breeding lately.

Salt tolerance is thought to be genetically con-
trolled trait in beans [7]. Although it is shown to be 
monogenic in soybean, the consensus is that it is a 
polygenic trait. Variability for salt tolerance within 
the plant species is shown by various surveys [4]. In 
contrast, there are species with no such type of vari-
ability [5].

One of the principal limitations in application of 
cell and tissue culture techniques for improving crop 
plants resistance to adverse environmental stresses, 
high salinity, in particular, is insufficient knowledge 
of cellular and molecular-genetic basics of such tol-
erance.

Selection at the cellular level is used in the ma-
jority of cases to obtain plant forms that are tolerant 
or resistant to stress factors, such as salt (including 
ion stress), diseases, chemical stress caused by her-
bicides, etc. The aim of this study was to investigate 
salt tolerance and accompanying changes in lectin ac-
cumulation in calli of common bean cultivars (cvs.) 
grown under tissue culture conditions  

Materials and methods

Seeds of 10 domestic and international cvs. of 
common bean were used for this study. They were: 
Aktatti, Nazym, Talgat (Kazakhstan), Katka, Luna, 
Zuzka (Czech Republic), Bijchanka, Ufimskaya 
(Russian Federation), Camelia, and Red Goya (USA). 

Cell and tissue culture work was carried out un-
der strictly aseptic conditions, and thus, sterility was 
maintained throughout the whole study, i.e., from 
preparation of glassware and instruments to prepara-
tion of seed stocks and nutritional media.  In order 
to obtain aseptic seedlings of common bean, seeds 
were sterilized sequentially in 60% sulphuric acid 
for 3 min, 5% chloramine for 5 min, 0.1% mercuric 
chloride for 10-15 min and 70% ethanol for 1-2 min.  

Seeds were then washed thrice in sterile distilled 
water and planted on the agaric Murashige-Skoog 
(MS) medium containing half the concentration of 
macro- and microelements and no growth regulators 
[8]. After germination, seedlings were grown at 20-
25 °C and 16-hour photoperiod.

Then, epicotyls and hypocotyls of 10-15 day-
old sterile seedlings were used as explants. Epicot-
yls were rooted using MS medium without growth 
regulators to obtain sufficient amount of explants 
preserving their initial genotype. All nutrition media 
were autoclaved at 120 °С for 25 min. Analysis of 
calli formation and morphogenic capacity were per-

formed on Uchimiya-Murashige nutritional medium 
[9]. 2,4-Dichlorophenoxyacetic acid (2,4-D), kinetin, 
1-naphthylacetic acid (NAA), 6-benzylaminopurine 
(BAP) and yeast extract were used as phytohormone 
and organic additives.   

Sodium chloride (NaCl) concentrations of 0.17 
М, and 0.26 М were used as selective agent for sa-
linity tolerance, and the normal medium (no added 
NaCl) served as control.  

Identification and selection of salt-tolerant cell 
lines were carried out by direct stair-step selection in 
callus cultures on MS medium containing the above-
mentioned NaCl concentrations. Tissues were cul-
tivated at each concentration of NaCl for 8 weeks, 
and then on the media inducing callusogenesis (4 
weeks) and media inducing somatic embryogenesis 
(4 weeks), respectively. Growth characteristics of 
calli and biomass accumulation were estimated on all 
of selective media. Biomass of calli was measured 
under sterile conditions of laminar box using the tor-
sion scales, whereas the growth activity of calli was 
assessed microscopically using an MBS-10 device 
(Levenhuk, Russia). 

Biomass of morphogenic calli was proliferated 
every fortnight by 3-4 times by transferring on fresh 
modified Uchimiya-Murashige medium, containing 
2 mg/L 2,4-D and 0.25 mg/L kinetin. Increased bio-
mass of calli was measured every 28 days.  

Basic method of lectin isolation from cell bio-
mass of common bean was developed for seeds and 
described by Alexidze et al. [10]. We applied it to 
calli cultures using more gentle homogenization of 
plant tissue and reduced extraction time.

Statistical analysis of the data was performed us-
ing standard methods of statistical research, methods 
of correlation and variation analyses [11]. 

Results and discussion

The main objective of this study was to identify 
and select salt-resistant common bean cultivars by 
screening domestic cultivar samples within in vitro 
culture. To meet this objective, it was necessary to 
develop approaches that will allow obtaining highly 
morphogenic common bean cell cultures. 

Callus-forming and somatic embryogenic capac-
ity of common bean.  At the earlier stage of this inves-
tigation, effective methods of seed and explant steril-
ization were tested.  It was found that duration of seed 
sterilization differed prior to the time of exposure to 
chloramine and ethanol solutions, when chloramine 
concentration was kept at 5% and ethanol concentra-
tion achieved 70%.  These tests showed that optimal 
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time for sterilization in chloramine and ethanol would 
be 5 and 1-2 min, respectively.  In subsequent experi-
ments, we carried out extensive screening of Kazakh 
common bean cultivars to determine their ability to 
generate calli and promote somatic embryogenesis in 
tissue culture so that genotypes with high morphoge-
netic potential can be identified.  In this study, 10 cul-
tivars of domestic and foreign origin were examined. 
Screening was carried out under the following con-
ditions: callusogenesis induction on Uchimiya and 
Murashige medium (UM) (2,4-D – 2 mg/L, kinetin 
– 0.25 mg/L) and somatic embryogenesis induction 
on the same UM medium with other additives (NAA 
– 0.05 mg/l, BAP – 0.5 mg/L).  Epicotyls and hypo-
cotyls of 7-10 day-old sterile seedlings were used as 
explants.  Results showed that both types of explants 
demonstrated callus formation in 7 to 10 days after 

the onset of cultivation.  However, there were differ-
ences respectively to the callus proliferation and the 
amount of callusogenesis, depending on genotypes 
and explant sources.  

Callus formation started on all nutrition media 
on 7 to 10 days after cultivation. Comparative anal-
ysis of the frequency of callusogenesis dependent 
on the explant type indicated that the epicotyl and 
the hypocotyl were capable of forming calli, but the 
epicotyl was more suitable than the hypocotyl for 
the induction of callus formation.  There was sub-
stantially greater mass of the cotyledonary leaves on 
the epicotyl, increasing the final yield of the callus 
much higher than that on hypocotyls.  Moreover, 
the proportion of explants forming callus varied 
from 75 to 95% in most cultivar samples, as shown 
in the Table  1. 

Table 1 – Frequency and amount of callus formation and production of somatic embryoids from the epicotyls of domestic and foreign 
common bean cultivars

Genotype Frequency of 
callusogenesis, %

Intensity of 
callusogenesis, points

Frequency of 
morphogenic calli,%

Average number of 
embryoids per callus

Aktatti 81±0.54 1.9 ±0.14 20±0.31 0±0.21
Bijchanka 84±0.41 1.6±0.21. 14±0.22 7±0.20
Camelia⃰ 93±0.42 3.6±0.32 35±0.11 11±0.17
Katka 89±0.67 3.3±0.17 0 0
Luna 75±0.31 2.0±0.11 18±0.14 9±0.14

Nazym 79±0.42 2.2±0.21 19±0.17 7±0.15
Red Goya⃰ 95±0.71 2.9±0.31 33±0.21 10±0.9

Talgat 82±0.56 2.1±0.26 15±0.17 7±0.11
Ufimskaya 87±0.31 2.7±0.11 13±0.19 8±0.16

Zuzka 80±0.42 2.1±0.12 11±0.23 5±0.12

As can be seen from the Table 1, cvs. Ufimskaya, 
Camelia, Katka and Red Goya showed the highest 
callus yields, achieving 87%, 93%, 89% and 95%, 
respectively. Intensity of the callus formation was as-
sessed by the five-point scale.  The highest percent-
age of the callus formation (more than 2 points) was 
also observed in the same cultivar samples.  Callus 
tissues differed within and between genotypes with 
respect to morphology, color and density, and they 
were subdivided into the following types: 1) fri-
able, granular, weakly watery, heterogenous, white 
yellow; 2) dense, moisture-deficient, homogeneous, 
light green; and 3) extensively hydrated, homoge-
neous, white.  Of these calli, their morphology, color, 
density the first type turned out to be embryogenic.  

Within a given common bean genotype, morphol-
ogy of calli showed less variability than that between 
the genotypes.  It should be noted that we could not ex-
perimentally confirm the presence, if any, of a strong 
correlation between the frequency of callusogenesis 
and the propensity to produce morphogenic calli. 

According to the results, which were obtained us-
ing Student-test method, the difference between cvs. 
Red Goya and Camelia is equal to 2.44 (p<0.01), 
between Katka and Ufimskaya is 2.70 (p<0.01), be-
tween Talgat and Biichanka is 2.88, and between 
Luna and Nazym is 7.66. Thanks to this data, which 
might be considered as statistically significant, we 
can prove, that all of the cultivars, listed in Table 1, 
belong to the different lines. 
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Different investigators emphasize the importance 
of the relationships between calli morphology and the 
ability to regenerate plants. Specific features of mor-
phogenic calli may vary among plant species [12]. In 
this study, we observed that dense, compact callus 
had reduced morphogenic ability. In our study, for-
mation of morphogenic structures was observed only 

in cvs. Red Goya and Camelia (Figure 1), whereas 
cvs. Katka and Ufimskaya produced friable, globular 
calli.  Cv. Katka appeared to have high frequency of 
callusogenesis (3 points and higher) by its growth. 
However, it showed only further proliferation of cal-
lus, but no somatic embryoid formation or morpho-
genic calli. 

 
 

 
a b 

 
  

Figure 1 – Induction of morphogenic calli in tissue culture of common bean 
cvs. Red Goya (a) and Camelia (b).  Note: Morphogenicity is determined by the form, color 
and density of the callus and the presence of morphogenic tubercules are shown by arrows

Thus, sterilization conditions for the different 
types of explants were determined along with the op-
timal cultivation media composition, as well as the 
relationship between the callusogenesis and morpho-
genesis in vitro.  Epicotyls from cvs. Katka, Camelia 
and Red Goya exhibited maximal callus-generating 
ability when cultivated in modified Uchimiya-Mu-
rashige medium.

As for the relationship between the intensity of 
callusogenesis and morphological structures of the 
calli, tight, compact calli had lower morphogenic 
potency.  Morphogenic structures were observed 
only in cvs. Camelia and Red Goya, which formed 
loose, globular calli.  In callus-producing cultures, 
the induction of calli was observed upon two-three 
weeks of cultivation in Murashige-Skoog medium 
containing NAA (0.05 mg/L) and BAP (0.5 mg/L) 
(Figure  2).

Before the emergence of green meristematic foci 
on the light surface of the calli, bud formation was 
detected. Frequency of morphogenesis in epicotyls 
was substantially higher than that in hypocotyls, 

the value varying from 11.1% to 19.3% (Figure 3), 
whereas the morphogenic capacity in hypocotyls was 
in the range of 6.5-14.2%. 

Next stage of the present study was focused on 
cellular level selection for salt tolerance in callus 
cultures of common bean. Subsequent to cultivation 
under light conditions for a month, part of the calli 
obtained was transferred on to a selective medium 
containing varying (0.17 M to 0.26 M) concentra-
tions of NaCl to investigate the accumulation of the 
callus biomass. The results showed that calli prolifer-
ated at 0.17 M/L NaCl concentration but their bio-
mass was decreased by 14 to 48%, depending on the 
genotype when compared to salt-free control. At 0.26 
M NaCl concentration, calli of all cultivars complete-
ly stopped accumulating the biomass (Table 2). 

Under the increasing salt (NaCl) concentration in 
the growth medium up to 0.26 М, the calli developed 
necrotic areas, especially in those genotypes that are 
more susceptible to salinity. These genotypes turned 
necrotic already after the first passage of cultivation 
on medium containing 0.17 NaCl (Figure 4). 
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Table 2 – Accumulation of the biomass by common bean calli on selective medium simulating soil salinity

Genotype Initial average mass, mg Mass of callus in the absence 
of salt, mg (blank)

Mass of callus on stressor-
containing  medium, mg

Aktatti 101.67 ± 1.41 118.71 ± 1.23 102.92 ± 1.37
Bijchanks 86.42 ± 1.82 106.71 ± 1.98 86.45 ± 3.24
Camelia 120.66 ± 2.34 152.72 ± 1.45 136.58 ± 1.79
Katka 132.75 ± 1.71 166.81 ± 2.46 130.18 ± 1.63
Luna 85.32 ± 1.83 163.71 ± 1.56 85.74 ± 1.36

Nazym 84.59 ± 1.10 110.83 ± 1.53 84.69 ± 2.74
Red Goya 112.66 ± 2.93 158.62 ± 2.45 135.93± 1.84

Talgat 92.79 ± 1.89 126.61 ± 1.34 93.92 ± 1.49
Ufimskaya 119.55 ± 1.85 145.73 ± 1.47 125.73 ± 1.55

Zuzka 94.79 ± 1.95 125.83 ± 0.67 94.5 ± 1.38

a b
Figure 2 – Induction of meristematic foci on the surface of the calli in common bean cvs. 

Red Goya (A), Camelia (B). Note: Shoots are shown by arrows

Figure 3 – Dependence of the frequency of morphogenesis on the type  
of explant in different cultivars of common bean
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Our results indicate that the reduction of growth 
under salinity conditions in comparison to control 
was especially remarkable in the calli of such high-
ly salt-susceptible genotypes as Aktatti, Bijchanka, 
Zuzka, Luna, Katka, Nazym, and Talgat. Although 
all genotypes have displayed susceptibility to salin-
ity. American cvs. Red Goya and Camelia were less 
sensitive to salinity than other cultivars tested.  In 
addition, we observed substantial differences among 
cultivars with respect to calli morhology in that the 
calli of less susceptible genotypes under the salinity 
stress (during the first passage) were more dense, and 
they retained their original color and consistency.  In 
contrast, the calli of strongly salt-susceptible geno-
types began to darken and become necrotic even un-
der minimal salt concentration.

Selection of resistant cell clones under salt stress 
was done on the basis of two criteria: growth and 
maintenance of morphogenetic capability.  However, 
morphogenetic potency weighted more heavily than 
growth characteristics during the selection.  Cv. Red 
Goya was a standout candidate for selection because 
it was able to grow and form tolerant morphogenic 
calli for a long period.

Performing cell selection in two stages allowed 
us to estimate the degree of resistance of common 
bean genotypes to salinity, including those that main-
tain callus morphogenicity.

As a rule, in vitro growth and accumulation of 
biomass tend to decline as concentration of the stress-
or (i.e., NaCl) in nutrient medium increases.  This 
is evident from the data (presented in Table 2) that 
growth decreases under the saline stress compared to 

control in all of the calli of the following genotypes: 
Aktatti, Bijchanka, Zuzka, Luna, Katka, Nazym and 
Talgat. Thus, we conclude that only American cvs. 
Red Goya and Camelia are relatively salt-resistant.  
Therefore, out of the 10 cultivars used in this study, 
only these two cultivars may be used as source mate-
rial to breed salt resistant cultivars in further stud-
ies. All in all 1016 explants and 926 calli of common 
bean were planted on the NaCl-containing selective 
media, and of this total, 201 callus lines were passed 
for regeneration yielding 21 regenerated plants (the 
yield of 7.6%).

The other focus of our study was on lection ac-
cumulation in callus tissues of common bean and its 
relationship to salinity. The first evidence of protec-
tive properties of lectins under salinity was reported 
in conjunction with  the description of a protein en-
coded by Sal T gene in rice, Oryza sativa L. [13].  
This protein was a cytosolic mannose-specific lectin 
[14; 15], and it was not detectable under normal con-
ditions but was induced and detectable in roots sub-
jected to salt stress or drought [16; 17]. Nonetheless, 
even after induction by abiotic stress factors, it was 
not highly expressed. 

The generic functions attributed to lectin are 
binding to carbohydrates with high degree of 
specificity, and their postulated role in cell divi-
sion [18; 19].  Hence, lectins may play essential 
roles in morphological and physiological process-
es and intracellular interactions, which are crucial 
for cellular and tissue differentiations. Lectins 
may also be involved in induction of somatic em-
bryogenesis in tissue cultures [20; 21]. With these 

a b
Figure 4 – Change in the callus tissue morphology (shown by the arrows) from genotypes Nazym and  

Talgat after 30-day cultivation in the medium containing 0.17 M/L NaCl.
Note: a – growth and development inhibition in the callus tissue of cultivar Nazym; 

b – necrosis of the callus tissue from cultivar Talgat
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consideration in mind, we performed , compara-
tive analysis of lectin content in callus tissues of 
common bean cultivars. Calli of these cultivars 
differing by morphogenetic potency were obtained 
under optimized conditions. The analysis indicat-
ed significant differences in lectin content among 
callus tissues of common bean cultivars, namely, 

high lectin concentration being a characteristic of 
the morphogenic type callus. This consistent pat-
tern was not genotype-dependent. Although the 
analysis of extracts from callus cultures showed 
variability with respect to lectin content, maximal 
lectin levels were always observed in calli extracts 
from morphogenic callus tissue (Figure 5).

Figure 5 – Lectin content in common bean calli (mg/ 100g of fresh weight)

According to the results presented in Figure 5, 
lectin concentration in the morphogenic calli ranges 
between 26.0 mg/100 g of fresh weight in cv. Ufims-
kaya and 37.3 mg/100 g of fresh weight in cv. Cam-
elia.  Callus tissues from non-morphogenic cultivars 
contained low lectin concentrations, which ranged 
from 18.4 to 25.2 mg/100 g of fresh weight. 

Conclusion

Salt tolerance is not necessarily manifested at the 
level of the whole plant as the mechanisms of cel-
lular and organismic adaptations may differ. That is 
why screening and selection for salt tolerance in vi-
tro should not be used without prior establishment of 
substantial correlation between the whole plant and 
cell culture responses to stress by performing appro-
priate experiments [22].

Tissue culture technology may facilitate investi-
gations on salt tolerance at cellular level in order to 
identify germplasm to be used as source material in 
breeding for salinity tolerance [23]. In addition, this 
approach will provide opportunity to identify new 
salt-tolerant variants arising from somatic mutations 
increasing the pool of salt-tolerant breeding lines.

The correlation linkage between biomass ac-
cumulation in calli under osmotic stress and plant 

drought resistance traits in vivo is shown [24; 25]. 
Consequently, the ability to grow and accumulate 
biomass under stress conditions may be critical indi-
cators of genotype resistance to stress.

Our data shows that by using NaCl-containing 
media, it is possible to conduct a primary evaluation 
of salt tolerance among genotypes based on morpho-
logical characteristics of callus tissues and growth 
inhibition as measured by the degree of reduction in 
biomass accumulation. Such preliminary evaluation 
will pave the way to further studies using in vitro 
cultures for selecting salt-tolerant and salt-sensitive 
common bean cultivars.

Differences in lectin content between morpho-
genic and non-morphogenic calli suggest that lectin 
content is dependent on hormonal composition of the 
nutrition medium since morphogenic type of callus 
was formed when  the media contained NAA and low 
concentrations of 2,4-D.  It is known from the litera-
ture [26; 27] that the synthesis of lectins is triggered 
by abscisic acid (ABA), and high concentrations of 
2,4-D reduce the ABA content.

It was discovered that the common bean cultivars 
used in this study possess average salt tolerance and 
high callusogenesis potency; and they are suitable to 
be used as a source material for breeding salt tolerant 
lines.
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GC-MS analysis of the lipophilic compounds  
of medicinal plant Rhodiola rosea L.

Abstract: Rhodiola (R.) rosea L. is one of the most popular adaptogenic agents.  Rhodiola rosea L. (fam. 
Crassulaceae) commonly known as golden root or roseroot, is an insect-pollinated dioecious perennial that 
has been traditionally used as an immunomodulatory agent in many countries, including Kazakhstan.  Plant 
extracts can be used both against somatic and infectious diseases, psychiatric and neurological diseases as 
well as in healthy people to relieve fatigue and increase concentration, memory, and productivity. There 
is growing evidence that the long-term effects of stressful life events and depression are associated with 
significant behavioral, endocrinological and neurobiological changes in human.  R. rosea is a relatively 
rare and valuable medicinal plant and grows at high altitudes (up to 2280 m above the sea level) in the 
arctic and mountainous regions of Central Asia, Europe and North America.  Study of the phytochemical 
composition of R. rosea is required in order to introduce it into official practice.  Several mechanisms of 
action that are potentially responsible for the observed stress resistance, anti-aging and anti-cancer effects 
of R. rosea extracts and its active compounds have been identified in in vitro cell culture systems and on 
in vivo animal models. R. rosea extracts and its main biologically active compound salidroside appear to 
have multi-targeted effects.  The results of our research showed that R. rosea in addition to adaptogenic, has 
several other pharmacological properties: antioxidant, antidepressant, immunomodulatory.  Phytochemical 
study of R. rosea in Kazakhstan has been conducted for the first time. As a result of the conducted work, 28 
compounds were identified in its composition.
Key words: Rhodiola rosea L., phytochemical composition, medicinal plants, extracts, biological activity, 
essential oil, pharmacotherapeutic group.

Introduction

The flora of Kazakhstan includes 68 species of 
trees, 266 species of shrubs, 433 species of semi-
shrubs and semi-herbs, 2,598 species of perennial 
grasses, 849 species of annual herbs.  There are more 
than six thousand plant species in Kazakhstan, of 
which 515 are endemics, 303 plant species are listed 
as rare and endangered, including various groups of 
useful plants.  Crassulaceae family concludes 30 
genera and about 1,500 varieties of succulent plants, 
out of which some are included into the Red Book of 
Kazakhstan, including Rhodiola (R.) rosea L. [1-3].

Healing potential of its extracts is known for 
many centuries.  As previously, medicinal plants 
sustain as sources of necessary compounds for the 

maintenance of vital activity.  The range of biologi-
cally active compounds based on medicinal and food 
plants used in medical practice, food industry and 
agriculture has however enlarged.  It is important to 
emphasize that naturally produced biologically active 
compounds have pronounced physiological effect on 
the body and its main regulatory and metabolic pro-
cesses, with lack of additive effects [4].

The importance of biologically active compounds 
as protective agents that prevent diseases, including 
such caused by adverse environmental factors and 
stresses is obvious.  Some medicinal plants stand out 
for their stimulating effects on the immune system 
of the body and prevention of various pathological 
processes.  One of such plants is R. rosea or golden 
root [5; 6].
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R. rosea is a widespread and very polymorphic 
species, i.e. morphological features of this plant in 
different habitats vary greatly. This applies primarily 
to the number and density of branches, location of 
leaves and inflorescences, their shape and size [7-9].

Its root is a strong stimulant and increases the re-
sistance of the human body to adverse factors.  Rhi-
zome resembles a human hand with five half-bent 
fingers, it is almost on the surface of the soil, and the 
coniferous roots go deep inside.  Brownish rhizome 
is covered with scaly leaves of golden color with a 
peculiar pearlescence [10].  

Leaves are pulpy, oblong-ovoid and pointed at the 
end.  Flowers are yellow and collected in dense cor-
ymbose inflorescence.  Male and female flowers are 
located on different bushes, male flowers are brighter 
and more visible, female flowers often remain green 
even during the flowering.  Fruits – oblong leaflets of 
red or green color, 6-8 mm in length.  Seeds are very 
small and light, up to 2 mm in length [11-13].

According to the literature sources 23 compounds 
of different nature: flavonoids, phenylpropanoids, 
flavolignans, monoterpenes and sterols were isolated 
from R. rosea rhizome, including such compounds 
as phenylpropanoids – rosin, rosavin, rosarin, cin-
namon alcohol, caffeic acid, phenolic compounds – 
tyrosol, salidroside, gallic acid, gallicin (methyl gal-
late), flavonoids – rhodiolin (flavolignan gerbecetin), 
rhodionine, rhoiosin, 3-methyl, 3-methyl-gallate, 
3-methylate, rhodoline, rhodoline, 3-methyl-gallate, 
rhodoline, 3-methyl-gallate, rhodoline, 5-methyl-gal-
vanic acid, rhodoline, 5-sylphane, rhodoline, 3-meth-
yl-gallate; tricine, tricine-5-O-glucoside, terpenoids 
– rosidol, roziridin, β-sitosterol, daucosteric [14-20].

Essential oils of R. rosea, making 0.03 to 0.2% 
of total compounds, vary and are of particular inter-
est to the modern cosmetics industry.  For instance, 
R. rosea, which grows in Norway, contains such 
components as monoterpenic acids, monoterpenic 
alcohols, and aliphatic alcohols in the composition 
of essential oils.  Geraniol, in ratio of up to 65%, is a 
key component affecting its smell.  Geranyl acetate, 
benzyl alcohol, phenylethyl alcohol, geranyl formate 
are also contained in the essential oil.  The enhancers 
of the flower odor of the rhizomes of the R. rosea are 
linalool and its oxides, nonanal, decanal, nerol and 
cinnamon alcohol [20-22].

R. rosea may affect cognitive function and gen-
eral nervous system.  It was revealed that after a 
course of treatment with R. rosea extract significant 
improvement in the central nervous system occurs as 
the root extract increases such indicators as mobil-
ity and strength.  In patients with neuroses, there is 

an improvement in sleep, memory, attention, and ap-
petite; the increased irritability and unpleasant vibra-
tions in the heart region disappear.  In pharmacology, 
the liquid extract of R. rosea has a positive effect 
on the correction of the side effects of psychotropic 
therapy for schizophrenia, Parkinsonism, asthenia, 
etc. [23; 24].  In addition, R. rosea helps to prevent 
the negative effects of free radicals [25].  

R. rosea as an adaptive organism resists the ef-
fects of chemical, biological, physical stress.  In turn, 
the adaptogen is a catalyst for resistance to signifi-
cant number of human diseases and enhances the me-
tabolism that stimulates the hypothalamic-pituitary-
adrenal system, which contributes to the processes of 
synthesis, improves oxygen transport to muscles and 
nervous system, and affects the development of red 
blood cells and resistance to hypoxic stress [26; 27].

Results of many studies have shown that R. rosea 
root extract stimulates and increases physical perfor-
mance [9-14].  Under the experimental conditions, the 
possibility of correcting the free radical oxidation of 
membrane lipids in the blood plasma and liver tissue 
of animals by introducing adaptogens of extracts of 
Eleutherococcus (E.) senticosus, R. rosea and Glyc-
yrrhiza glabra was investigated.  Their effectiveness 
has been shown to increase the body’s resistance 
under stress conditions – the effects of prooxidant 
factors, such as cold load and ultraviolet radiation.  
The administration of extracts of E. senticosus and 
R. rosea has a more pronounced antioxidant effect 
and stress-protective activity under conditions of in-
duction of lipid peroxidation by exposure to cold, as 
evidenced by a decrease in the content of peroxida-
tion products in the blood and liver of animals [28]. 

Currently, the possibility of using R. rosea prepa-
rations as hepatoprotectors is widely considered.  That 
is, the pharmacotherapeutic group of dissimilar drugs, 
which prevent the destruction of cell membranes and 
stimulate the regeneration of hepatocytes, thereby ex-
erting a positive effect on liver function [29].

Considering the unique medicinal properties of 
R. rosea, it is necessary to study its phytochemical 
composition.

Materials and methods

The object of the study is the aerial part of R. ro-
sea, harvested in the flowering phase in the highlands 
of the Kazakhstani part of the Altai mountain sys-
tem (Figure 1).  Raw materials collected and dried in 
accordance with the requirements of the State Phar-
macopoeia of the Republic of Kazakhstan, Ist edition 
[30; 31].
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The crushed air-dry raw material was subjected 
to extraction by the method of infusion (maceration) 
with 96% ethanol, at the room temperature for 3 days.  
Extraction was repeated twice. The combined extract 
was concentrated and dried under vacuum.

Research was carried out in the Laboratory Ecol-
ogy of the Biosphere, RSE Al-Farabi KazNU, SSE 
Center for Physical and Chemical Methods of Re-
search and Analysis, and Laboratory of plant anat-
omy and morphology, Al-Farabi KazNU (Figure 2). 

Figure 1 – Altai’s R. rosea. Flowering stage. Kazakhstan, 
East Kazakhstan region, the northern slope of the Ivanovsky 
Belok ridge, 1800 m. above s.l., August 2017. Photo by Olga 

Kuznetsova

Figure 2 – Work with Rhodiola rosea L.
at the laboratory of plant anatomy and morphology, KazNU, by 

Moldir Zhumagul

For the identification and quantitative estima-
tion of compounds in the plant sample method 
using gas chromatography-mass spectrometry 
(GC-MS, Agilent 6890N/5973N, USA) was ap-
plied.  Analysis conditions: sample volume 0.5 µl, 
sample entry temperature 250 °С, without divid-С, without divid-, without divid-
ing the flow.  The separation was carried out using 
a DB-WAXetr (Agilent, USA) chromatographic 
capillary column with a length of 30 m, an internal 
diameter of 0.25 mm and a film thickness of 0.25 
μm at a constant carrier gas (helium) rate of 1 mL/
min.  The chromatographic temperature was pro-
grammed from 40 °C (holding 0 min) to 200 °C 
with a heating rate of 10 °C/min (holding 15 min).  
Detection was carried out on the SCAN mode m/z 
34-750.  Agilent MSD ChemStation software was 
used to control the gas chromatography system, 
record and process the results and data obtained 
(version 1701EA).  Data processing included eval-
uation of retention times, peak areas, as well as 
processing of spectral information obtained using 
a mass spectrometric detector. The Wiley 7th edi-
tion and NIST’02 libraries were used to decipher 
the mass spectra obtained (total number of spectra 
in libraries – more than 550,000 units).

Results and discussion

Gas-liquid chromatography is used for the analy-
sis, separation and purification of synthetic polymers, 
drugs, detergents, proteins, hormones and other bio-
logically important compounds.  The use of highly 
sensitive detectors allows working with tiny amounts 
of compounds (10-11-10-9 g), which is extremely im-
portant in the biological research.

In this regard, the composition of the obtained 
extract was analyzed.

GC-MS chromatogram of R. rosea ethanol ex-
tract is presented on Figure 3.   

As a result of the study of the chemical com-
position of ethanol extract of R. rosea, obtained by 
treating the raw material with 96% ethanol, 28 com-
ponents of different chemical nature were identified 
using GC-MS technique (Figure 3).  The results of 
the analysis allow us to describe compounds whose 
content exceeded 0.5 mg %.
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Figure 3 – Chromatogram of GC-MS analysis of R. rosea ethanol extract

Table 1 – The results of chromatographic analysis of the extract

No. RT Compound Formula Percent-
age, % Activity Litera-

ture

1 9.11

β-pinene
beta-pinene; 6,6-dimethyl-2-

methylenebicyclo
[3.1.1]-heptane

C10H16 0.98
anti-inflammatory,

antiviral
antimicrobial activities

[32]

2 10.72 1,3-cyclopentadiene, 
5,5-dimethyl-2-ethyl C9H14 1.99 flavoring spirits,

used to extract oils and fats [33]

3 11.97 benzene-1-methyl-3-(1-
methyl-1) C10H14 0.70 antiinflammatory,

used in perfumery for its citrus effect [34]

4 12.22 ethanone, 2-hydroxy-1-
phenyl C8H8O2 1.01 antiseptic, used as a disinfecting and 

drying agent and antiseptic [35]

5 12.93 2-propanone,
1-hydroxy C9H12O 2.20 antiseptic [36]

6 14.68 citral (lemarome, 
3,7-dimethyl-2,6-octadienal)

(CH3)2C = 
CHCH2CH2C(CH3) 

= CHCHO
2.38

antiseptic and antiinflammatory, used in 
perfumery for its citrus effect, 

used as a flavor and for fortifying lemon 
oil, has strong antimicrobial qualities, 

and pheromonal effects in insects, used 
in the synthesis of vitamin A, 

ionone and methylionone

[37]

7 16.72 2.6-dimethyl-1,3,5,7-
octatetraene C10H16O 4.03 antiseptic, used as bactericidal agent [38]

8 16.86 acetic acid CH3COOH 2.25 antiseptic, used as a fungicide and 
bactericidal agent [39]

9 17.14 propanoic acid, 2-oxo-, 
methyl ester C4H6O3 2.01 antioxidant, has propionic acid, inhibits 

the growth of mold and some bacteria [40]

10 22.04 2-furanmethanol C5H6O2 0.96 used to dissolve nitrocellulose, GOST  
28960-91 Furfuryl Alcohol [40]



107M.Zh. Zhumagul et al.

Int. j. biol. chem. (Online)                                             International Journal of Biology and Chemistry 12, № 1, 103 (2019)

No. RT Compound Formula Percent-
age, % Activity Litera-

ture

11 23.70 2.6-octadienal, 3,7-dimethyl- C10H16O 1.81
antiseptic and 

antiinflammatory, used in perfumery 
for its citrus effect

[41]

12 26.21 geraniol C10H18O 1.53
used for making perfume compositions, 

flavoring soap and detergent, used in 
synthesis of other fragrant substances

[42]

13 26.90 benzyl-alcohol C7H8O 1,45

flavoring, psychostimulant, appetite 
regulator, used for disinfection of oil 
solutions of drugs for intramuscular 

injection in pharmacology

[43]

14 30.33 сinnamaldehyde C9H8O 6,26
hypoglycemic agent, EC 4.3.1.24 

inhibitor (phenylalanine ammoniales), 
vasodilator agent, antifungal agent

[44]

15 31.75 1,3-diaxol -2-one, 
4.5-dimethyl- 1,81 antiviral activity [45]

16 32.88 2-hydroxy-gamma-
butyrolactone C4H6O3 1.15 EC 4.3.1.24 inhibitor, flavoring agent, 

plant metabolite and sensitizer [46]

17 34.64 4h-pyran-4-one, 2,3-dihydro-
3.5-dihydroxy-6methyl- 1.54

compound with flavonoid fraction, 
important bioactive chemical, exhibits 
antifungal activity to inhibit growth or 

spore germination

[47]

18 34.92 2-propen-1-ol,3-phenyl-
(hydroxytyrosol) С9Н10 24.07 antioxidant, antiinflammatory [48]

19 35,06 tricosane C23H48 1,50 antimicrobial activity,
radical scavenging effect [49]

20 36.86 benzofuran C8H6O 1.48 antioxidants, used in preparation of 
rubber, as medicines [49]

21 37.78 2-butonic acid, 2-methyl-, 
3-methylbutil ester C10H18O2 14.71 flavoring agents [50]

22 44.89 n-hexadecanoic acid C16H32O2 2.37
anti-inflammatory, antioxidant, 

hypocholesterolemic, antibacterial, 
activities

[50]

23 45.04 1-docosanol, acetate C22H46O 1.52

saturated fatty alcohol antiviral agent, 
used traditionally as an emollient, 

emulsifier, and thickener in cosmetics, 
and nutritional supplement (as an 

individual entity and also as a constituent 
of policosanol)

[51]

24 46,08 behenic alcohol C22H46O 1,04 antiviral agent, in humans causes an 
increase in blood cholesterol [52]

25 46.45 4-hydroxy-benzeneethanol C8H10O2 12.45

phenolic antioxidant, 
used as a pharmaceutical intermediate 
to produce metoprolol, betaxolol and 

salidroside, etc.

[52]

26 47.21 squalene C30H50 1.55

antihypoxant, intermediate in the 
biological synthesis of steroids, including 

cholesterol (through lanosterol), 
participates in metabolism

[53]

27 48.15 tetracosyl acetate C26H52O2 2.30 used as a component of fruit essences [54]
28 46.97 n-tetracosanal-1 С24Н48О 2.97 not fully explored [54]

Continuation of table 1
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According to the results presented in the Table 
1, 28 compounds were identified using GC-MS anal-
ysis: of which β-pinene was found in the greatest 
amount (0.98%), 1,3-cyclopentadiene, 5,5-dimethyl-
2-ethyl benzene1-methyl-3-(1-methyl1), ethanone, 
2-hydroxy-1-phenyl-, 2-propanone, 1-hydroxy-, 
сitral, 2.6-dimethyl-1,3,5,7-octatetraene,e,e-, acetic 
acid, propanoic acid, 2-oxo-, methyl ester, 2-furan-
methanol, 2.6-octadienal, 3,7-dimethyl-, geraniol, 
benzyl-alcohol, сinnamaldehyde, 1,3-diaxol-2-one, 
4.5-dimethyl-, 2-hydroxy-gamma-butyrolactone, 
4h-pyran-4-one, 2,3 dihydro-3.5-dihidroxy-6-meth-
yl-, 2-propen-1-ol, 3-phenyl-, tricosane, benzofu-
ran, 2-butonic acid, 2-methyl-3-methylbutil1 ester, 
n-hexadecanoic acid, 1-docosanol, acetate, behenic 
alcohol, benzeneethano l,4-hydroxy-, squalene, tetra-
cosyl acetate, n-tetracosanal-1.

It should be noted that 2-(4-hydroxyphenyl) 
ethanol serves as a pharmaceutical intermediate for 
metoprolol, betaxolol and salidroside.  Metoprolol is 
a beta-adrenergic blocking agent and is used to treat 
high blood pressure. Betaxolol is a cardioselective 
1-adrenergic blocker, whereas salidrozide can en-
hance immunity, slow down aging, resist radiation 
and tumors and protect the cardiovascular system, 
etc. [34].

Lipophilic compounds exhibit a wide range of 
biological activities, e.g., cinnamaldehyde, contained 
in the quantity of 6.26%, may serve as a hypoglyce-
mic agent, EC 4.3.1.24 (phenylalanine ammonia-ly-
ase) inhibitor, vasodilator, antifungal agent, flavoring 
agent, plant metabolite and sensitizer [44].  

Hydroxytyrosol – one of the main phenolic com-
ponents of the roots (24.07%), is also beneficial for 
health, its protective action has been shown in pre-
clinical studies against several diseases.  

Numerous studies have demonstrated the impor-
tance of natural dietary polyphenols in supporting car-
diovascular health.  Reactive oxygen species (ROS) 
are critically involved in the endothelial dysfunction 
that contributes to atherosclerosis development. Oxi-
dative stress-induced endothelial dysfunction prob-
ably represents one of the first stages in the develop-
ment of atherosclerotic lesions.  Accordingly, walls 
of atherosclerotic vessels contain increased levels of 
ROS, which affect several redox-sensitive pathways 
in vascular cells, resulting in a markedly altered cel-
lular composition of the tissue. Migration and prolif-
eration of vascular smooth muscle cells in the area is 
induced, as well as expression of adhesion molecules 
and chemotactic factors by the endothelium.  Direct 
reduction of ROS levels and/or stimulation of anti-
oxidant defense at these levels could possibly help 

to avoid the development of atherosclerosis.  Mecha-
nisms of action include potent antioxidant and antiin-
flammatory effects, among others [48].

P-tyrosol, contained in the quantity of 12.45%, 
is recognized as a good antioxidant, which counter-
act the damaging effects of oxidation in animal tis-
sues. Anti-arrhythmia agents are often divided into 
four main groups according to their mechanisms of 
action: sodium channel blockade, beta-adrenergic 
blockade, repolarization prolongation, or calcium 
channel blockade [49].  Agents used for the treatment 
or prevention of cardiac arrhythmias may affect the 
polarization-repolarization phase of the action poten-
tial, its excitability or refractoriness, impulse conduc-
tion or membrane responsiveness within cardiac fi-
bers.  Another important compound is squalene [53].

By chemical composition, the essential oil, ob-
tained from the rhizomes of R. rosea differs in com-
position.  The composition of the oil is affected by 
the place of plant growth.  As known from the litera-
ture data, main components of the essential oil of R. 
rosea grown in Bulgaria are geraniol and myrtenol 
[55], in China – geraniol and octanol [56], and in 
India – phenylethyl alcohol [57], in Kazakhstan – 
for the first-time cinnamon alcohol was found, and 
earlier cinnamon alcohol was found only in samples 
from Bulgaria [55].  Based on the our results, it can 
be concluded that, as representatives of a succulent 
species, R. rosea contains in plant roots not only a set 
of vitamin groups, but also biologically active com-
pounds that, according to conducted research and lit-
erature review, can favorably affect the human body.

Conclusion

Rhodiola rosea L. is a plant with a whole spec-
trum of biological activities (increases mental activi-
ty in healthy people; reduces anxiety and fear with fa-
tigue syndrome; significantly increases the amount of 
dynamic and static work; normalizes metabolic pro-
cesses).  According to the literature data, plant roots 
contain essential oil, tannins, more than 20 valuable 
trace elements, like iron, phosphorus, magnesium, 
manganese, etc., ascorbic and nicotinic acids. 

As mentioned, before GC-MS (Agilent 
6890N/5973N, USA) analysis was used for identifi-
cation and quantitative estimation of compounds in 
the plant.  Data obtained in this work includes the 
general chemical profile of the essential oil, percent-
age content and retention could be useful in estimat-
ing its chemical characteristics.  Such components as 
β-pinene (0.98%), benzene 1-methyl-3-(1-methyl 1) 
(0.70%), 2-furanmethanol (0.96%) were identified 
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in small amounts, largest amount was revealed for 
2-propen-1-ol,3-phenyl (24.07%), 2-butonic acid, 
2-methyl-3-methylbutil1 ester, (14.71%) and ben-
zeneethano l,4-hydroxy (12.45%).  By the profile of 
their biological activity, proven compounds show 
high antioxidant potential.
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Protective effects of some medicinal plants  
against myocardial hypoxia

Abstract: Myocardial hypoxia is one of the main complications of myocardial ischemic injury which have 
high morbidity and mortality. The aim of this review is to investigate the protective effects of medicinal 
plants in myocardial hypoxia. The words cardiomyocytes alongside with hypox* or myocardial hypoxia, 
in combination with some herbal terms such as medicinal plant, phyto* and herb*, were used to search for 
relevant publications indexed in the Institute for Scientific Information (ISI) and PubMed. Finally after all 
revisions, 74 articles were included in this study. Available evidence shows that certain medicinal plants 
and herbal derivatives can exert their myocardial protective effects against hypoxia using several pathways. 
These mechanisms include antioxidant properties such as savaging reactive oxygen species (ROS) and 
activation antioxidant pathways, suppressing pro-apoptotic genes and regulate apoptosis pathways, 
regulating autophagy and related pathways, reducing inflammation and suppress proinflammatory 
cytokines and pathways, inhibiting intracellular Ca2+ influx, antiplatelet aggregation, stimulating the 
adenosine triphosphate (ATP) generation in mitochondria and mitochondrial respiration, promoting 
autophagy, regulating hypoxia-inducible factor 1-alpha (HIF-1α) expression, decreasing the expression 
of angiotensin, reducing cardiac troponin I (cTnI) and creatine kinase-MB (CK-MB) and up-regulation of 
epoxyeicosatrienoic acids (EETs). Thus, clinicians can use the medicinal herbs as an effective treatment 
against myocardial hypoxia. Post-ischemia and chronic treatment of cardioprotection maybe consider as 
a therapeutic strategies than short term and pre-treatment methods in clinical setting. Nevertheless, more 
clinical trial studies are required in order to obtain more reliable results.
Key words: antihypoxic, medicinal plants, reactive oxygen species, myocardial ischemic injury.

Introduction

Myocardial ischemic injury occurs due to se-
vere dysfunction of coronary blood supply and is a 
leading cause of morbidity and mortality worldwide 
[1]. This disorder is closely associated with cardiac 
dysfunction, in particular some aspects of it, such as 
myocardial stunning, left ventricular remolding, in-
flammation, fibrosis, neurohormonal activation, car-
diomyocyte necrosis, reperfusion injury, haemorhage 
and microvascular obstraction are causes heart failure 
[2]. Myocardial ischemic injury is a pathological pro-
cess that includes augmented cell death, namely, on-
cosis, apoptosis and infarction [3]. Cardiomyocytes 
consume large quantities of energy and are very sen-
sitive to lack of energy. During heart attack and even-
tually hypoxia, cardiac myocytes switch their me-
tabolism to anaerobic respiration, which causes ATP 

depletion, lactate accumulation, Na+ and Ca2+ over-
load and due to myocardial contractile dysfunction. 
Reperfusion results in generation of reactive oxygen 
species (ROS), what contributes to apoptosis and 
inflammation and finally myocardial infarction and 
ischemic reperfusion injury [4]. 

Currently there are several therapeutic strategies 
used for treatment, not as effective as could be [4]. As 
a result, new investigations are considered necessary 
in this area. Medicinal plants are the cheapest and 
conventional approach to confronting numerous dis-
eases especially for treatment of heart failure [5-13]. 
Given that the magnitude of heart disease in human 
mortality and necessity for new therapeutic strategies 
to treatment of chronic heart failure are high, this re-
view was prepared to find out the protective effects 
of medicinal plants in myocardial hypoxic condition 
and its related complications. 
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Search for strategies and study design

Key words of interest, such as cardiomyocytes 
alongside with hypox* or myocardial hypoxia, in 
combination with some herbal terms, namely me-
dicinal plant, phyto*, and herb* were used to search 
for relevant publications indexed in the Institute for 
Scientific Information (ISI) and PubMed. Finally, 
74 articles were found with Endnote software (Ta-
ble 1).

Table 1 – Number of studies present in subsequent databases

Hypox* + Cardiomyocyte + Medicinal 
plant

PubMed 3

ISI 1

Hypox* + Cardiomyocyte + Phyto*
PubMed 3

ISI 1

Hypox* + Cardiomyocyte + Herb*
PubMed 22

ISI 19

Myocardial hypoxia + Medicinal plant
PubMed 15

ISI 6

Myocardial hypoxia + Phyto*
PubMed 9

ISI 9

Myocardial hypoxia+ Herb*
PubMed 68

ISI 46

Total
PubMed 120

ISI 82

A standard form, which included items as pur-
pose or the title of the study, intervention, outcome, 
variables, journal name, intervention period, and ar-
ticle number, was designed. Selection process is pre-
sented on Figure 1.

First, full text articles relevant to the purpose of 
the study were recorded in the form and entered into 
the study with agreement of researchers. Then, the 
plants and their products that were reported to be ef-
fective to treat myocardial hypoxia and related com-
plications were selected for the study. Articles, where 

full texts were not accessible, non-English language 
articles, studies with non-positive effects, review ar-
ticles, and studies that were not relevant to the prin-
ciple aim of the current study were excluded after all 
authors’ agreement was achieved. Finally, 74 articles 
were included into the study.

Figure 1 – The process of selection  
of articles for final analysis.

Results and discussion

Medicinal plants and their compounds can be 
effective against myocardial hypoxia via various 
mechanisms of action. Summary of analysis for some 
of them is provided in Table 2.
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Table 2 – Medicinal plants, formula and compounds with cardioprotective effects and mechanisms of action against myocardial hy-
poxia

Medicinal plants
Refe-
rences Main effects or mechanisms Type of 

administration Study design Scientific name of the plant

[14]

Diminishing levels of oxidants generated 
during hypoxia and within exposure to the 
mitochondrial site III inhibitor antimycin A 
and decreasing cell death

Aqueous extract Experimental 
(in vitro) Scutellaria baicalensis Georgi

[15]

Reducing degenerative intra mitochondrial 
areas. In addition insert protective effect 
to reducing number of ATPase particles at 
the inner mitochondrial membranes and 
increasing of myocardial capacity for ATP 
production

Extract
Experimental 
(in vitro and 
in vivo)

Ginkgo biloba

[16]

Increasing the expressions of hypoxia-
inducible factor 1alpha (HIF-1alpha), 
hypoxia-inducible factor 1beta (HIF-1beta) 
and vascular endothelial growth factor 
(VEGF) mRNAs and the expressions of HIF-
1alpha and VEGF proteins

Solution
Experimental 
(in vitro and 
in vivo)

Radix et rhizoma Rhodiolae kirilowii

[17]

Decreasing [Ca(2+)]i contents in cardiac 
muscel cells and inhibiting the changes 
induced by Potassium chloride (KCl) in 
single cardiac myocytes

Powder extract Experimental 
(in vitro) Rhododendron dauricum L.

[18]
Decreasing the level of MDA, intracellular 
ROS, release of LDH and apoptosis. Besides 
enhancement the activity of SOD

Aqueous and 
ethanolic extract

Experimental 
(in vitro) Pseudostellaria heterophylla

[19]

Increasing mitochondrial ATP-generation 
capacity (ATP-GC) and ADP-stimulating 
state 3 respirations and increasing antioxidant 
capacity. In addition enhancement of cellular 
glutathione redox cycling and reducing 
apoptosis

Dried extract Ex-vivo Cistanche
deserticola

[20] Protected myocyte cells against hypoxia via 
ROS scavenger Aqueous extract Experimental 

(in vitro) Pogostemon cablin Blanco

[21] Reducing apoptosis and oxidative stress via 
activation of PI3 K/Akt signaling pathway Aqueous extract Experimental 

(in vitro)
Dictamnus
dasycarpus Turcz

[22]
Reducing calcium accumulation, inhibiting 
caspase-3 activation, and down-regulating 
protein expression of p-JNK and p-p38MAPK

Extract
Experimental 
(in vitro and 
in vivo)

Trichosanthes cucumerina

Medicinal plants formula
Refer-
ences Main effects or mechanisms Type of 

administration Study design Herbal compounds/
derivatives

[23]

Inhibited reduced GSH and also a reduced 
sensitivity to Ca2+-induced mitochondrial 
permeability transition. In addition activated 
both ERK/Nrf2 and PKC epsilon/m ATP-
sensitive potassium channel (K-ATP) pathways 

Decoction Experimental 
(in vitro)

Danshen and Gegen composed of 
Salviae miltiorrhizae and Puerariae 
lobatae

[24]

Decreasing calcium accumulation and reducing 
cell apoptosis by protecting cell membrane 
skeleton integrity and the mitochondrial 
function.

Decoction Experimental 
(in vitro) Danshen and Gegen 
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[25] Up-regulation of epoxyeicosatrienoic acids 
(EETs)-generating cytochrome P450 enzymes Extracted Pill

Experimental 
(in vitro and 
in vivo)

Danshen composed of Salviae 
Miltiorrhizae, Notoginseng Radix and 
Borneolum Syntheticum

[26] enhancing antioxidant capacity and calcium 
handling and lead to reducing apoptosis rates Solution Experimental 

(in vitro)

Danshen composed of Salviae 
Miltiorrhizae, Notoginseng Radix and 
Borneolum Syntheticum

[27] Promoting autophagy via activation of the 
mitogen activated protein kinase/ERK pathway Solution Experimental 

(in vitro)

Tongxinluo composed of Radix 
ginseng, Hirudo, Eupolyphaga 
seusteleophaga, Buthus martensi, 
Scolopendra subspinipes, Periostracum 
cicadae, Semen ziziphi spinosae, Radix 
paeoniae rubra, Lignum santali albi, 
Lignum dalbergiae odoriferae, and 
Borneolum syntheticum

[28]
Up-regulating proteins which involving 
in regulation of metabolic process, cell 
proliferation and stress response.

Solution Experimental 
(in vitro) Tongxinluo 

[29]
Activating Angptl4-mediated regulation 
of endothelial barrier integrity through the 
PPAR-α pathway

Solution
Experimental 
(in vitro and 
in vivo)

Tongxinluo

[30]
Increasing cell viability and SOD levels and 
decreased MDA levels. Besides suppressing 
MDA, cTnT and inflammatory cytokines. 

Extract capsule
Experimental 
(in vitro and 
in vivo)

Yindanxinnaotong composed of 
Ginkgo biloba, Salvia miltiorrhizae,  
Gynostemma, ynostemmatis, 
Erigerontis herba, Allii sativi 
bulbus, Radix/rhizoma notoginseng, 
Crataegi fructus and Borneolum 

[31]
Inhibition of mitochondrial permeability 
transition pore (mPTP) opening via attenuating 
Ca2+ overload and ROS generation

Extract Experimental 
(in vitro)

Danhong composed of Salvia 
miltiorrhiza Bge and Carthamus 
tinctorius L. 

[32]

Reducing in MDA, LDH, cardiac troponin 
I (cTnI) and creatine kinase-MB (CK-MB) 
and reducing expression of cleaved caspase-3, 
8-hydroxydeoxyguanosine (8-OHdG), and 
increasing SOD activity, Bcl-2/Bax ratio and 
regulating Akt/Nrf2/HO-1 signaling

Solution
Experimental 
(in vitro and 
in vivo)

Danhong injection composed of Salvia 
miltiorrhiza and Carthamus tinctorius 
L+ hydroxysafflor yellow A that are the 
main active ingredients of Radix Salvia 
miltiorrhiza

[33]
Inhibiting myocardial apoptosis, probably by 
regulating hypoxia-inducible factor 1-alpha 
(HIF-1α) expression in cardiomyocytes

Extract Pill
Experimental 
(in vitro and 
in vivo)

Qishen Yiqi Droping Pill composed 
of Salvia miltiorrhiza Bge, Pannax 
notoginseng, and Dalbergia odorifera 
T. Chen.

[34]

Reducing inflammation of the endothelial 
cells, inhibiting the activity of LDH, CK and 
decreasing the level of MDA and increasing 
SOD activity 

Extract Experimental 
(in vivo)

Yi-Qi-Fu-Mai composed of Panax 
ginseng, Ophiopogon japonicas and 
Schisandra chinensis

[13]

Inhibiting mitochondrial mediated apoptosis 
and modulating AMP-activated protein kinase 
(AMPK) activation mediating mitochondrial 
fission

Powder 
Experimental 
(in vitro and 
in vivo)

Yi-Qi-Fu-Mai 

[35]
Reducing [Ca(2+)]i accumulation induced by 
hypoxia-reoxygenation in ventricular myocytes 
via supressing INaL and ICaL

Extract Experimental 
(in vitro)

Wenxin Keli composed of Nardostachys 
chinensis Batal, Codonopsis, 
Notoginseng, amber, and Polygonati

Continuation of table 2
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[36]

Inhibiting autophagy through regulating
AMPK-mTOR signaling pathways and 
increasing cell viability and consequently 
reduced apoptosis. 

Decoction Experimental 
(in vitro)

XuefuZhuyu decoction composed of 
Angelica sinensis (Oliv.) Diels Rehman-
nia glutinosa Libosch Prunu persica 
(L.), Batsch, Carthamus tinctorius L., 
Paeonia Lactiflora Pall. Bupleurum 
chinense DC, Citrus aurantium L., 
Glycyrrhiza uralensis Fisch., Platy-
codon grandiflorum (Jacq.) A.DC.
Ligusticum chuanxiong Hort. and Achy-
ranthes bidentata Blume

[37]

Increasing cardiomyocytes survival by 
regulating stress-responsive mitogen-activated 
protein kinases (MAPK) pathways and 
phosphatidylinositol 3-kinase (PI3K)-Akt 
pathway for cell survival was restored by the 
herbal compounds

Solution Experimental 
(in vitro)

Tanshinone IIA from Salvia miltiorrhiza 
Bunge and astragaloside IV from 
Astragalus membranaceus

[38]

Decreasing myocardium infarct size, reducing 
apoptosis and myocardial myeloperoxidase 
(MPO). In addition decreasing MDA, calcium 
accumulation, LDH, creatine kinase MB 
isoenzyme (CK-MB), and cardiac troponin I 
(cTn-I) activity

Solution
Experimental 
(in vitro and 
in vivo)

Sheng-Mai-San composed of 
ginsenoside Rb1 (ginsenosides of 
Panax ginseng), ruscogenin, 
(saponins of radix ophiopogonis) 
and schisandrin (lignans of Fructus 
schisandrae)

[39]

Activating of Peroxisome proliferator activated 
receptor gamma co-activator (PGC-1α) and 
maintenance of mitochondrial functions 
via involving the activation of AMPK 
phosphorylation

Decoction
Experimental 
(in vitro and 
in vivo)

Yiqihuoxue Astragalus
membranaceus, Angelica sinensis, 
Panax ginseng, Ligusticum wallichii, 
and Panax notoginseng

[40]
Regulating of Ca2+ influx, reducing oxidative 
stress and apoptotic proteins (Mainly by Salvia 
miltiorrhiza Bunge)

Aqueous extract Experimental 
(in vitro)

Xin-Ke-Shu that composed of Salvia 
miltiorrhiza Bge, Pueraria lobata, 
Ohwi, Panax notoginseng F.H.
Chen., Crataegus pinnatifida Bunge and 
Aucklandia lappa Decne

[41]

Promoting mitochondrial function through 
increasing respiration, ATP-coupled respiration, 
and spare capacity of mitochondria in response 
to hypoxia

Solution
Experimental 
(in vitro and 
in vivo)

Shenmai formula composed of 
Panax ginseng and Ophiopogonis

[42]
Activating RISK pathway and reducing 
apoptosis. In addition insert cardioprotective 
effects by antioxidant activity

Decoction Experimental 
(in vitro)

Gualou Xiebai composed of 
Trichosanthis Fructus and 
Allii Macrostemonis Bulbus

Medicinal plants compounds
Refer-
ences Main effects or mechanisms Type of 

administration Study Design Herbal compounds/
derivatives

[43]

Improving hypoxic contractile recovery. Main 
mechanism associated with restoration of tissue 
ionic concentrations and reducing the release of 
ATP metabolites and creatine kinase from the 
hypoxic hearts

Solution Experimental 
(in vivo)

Tanshinone VI derived from 
Salvia miltiorrhiza Bunge

[44]
Reducing infarct size and preventing the 
increase in superoxide dismutase-mRNA and 
inhibition of 45Ca2+ influx

Solution Experimental 
(in vivo)

Trilinolein derived from 
Panax pseudoginseng

[45] 
Increasing in Cu.Zn-superoxide dismutase 
(SOD) activity and indicating antioxidant effect 
that insert its myocardial protective effect

Solution Experimental 
(in vivo)

Trilinolein derived from 
Panax pseudoginseng

Continuation of table 2
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[46]

Augmenting the force recovery from 
reperfusion and arrhythmia via decreasing [Cl-]
i in non-hypoxic myocytes and modulation of 
intracellular Cl- homeostasis

Extract
Experimental 
(in vitro and
in vivo)

Sasanquasaponin derived 
from Camellia oleifera 

[47]

Decreasing lactate dehydrogenase (LDH) 
release, malondialdehyde, oxidized glutathione 
(GSSG) contents and reactive oxygen species 
(ROS) levels. In addition increasing activities 
of Glutathione (GSH) contents and superoxide 
dismutase, catalase and glutathione peroxidase. 
Besides reducing calcium accumulation in 
cardiomyocytes.

Extract Experimental 
(in vitro)

Sasanquasaponin derived 
from Camellia oleifera 

[48] Reducing in oxidized glutathione and lipid 
peroxidation Extract Experimental 

(in vivo)
Oleuropein derived 
from Olea europaea oil

[49]

Protecting rat aorta endothelial cells against 
hypoxia and stimulating nitric oxide (NO) 
release from endothelial cells, cytoprotection, 
KATP channel opening and venous thrombosis 
inhibiting

Solution Experimental 
(in vitro)

Cyclovirobuxine D derived 
from Buxus microphylla

[50]

Up-regulating of GSH and inhabitation 
of deplete cellular GSH level. The 
12-O-tetradecanoylphorbo-13-acetate response 
element or the antioxidant response element 
may be involved in the transactivating actions 
of andrographolide on the catalytic subunit 
(GCLC) and modifier subunit (GCLM) 
promoters

Solution Experimental 
(in vitro)

Andrographolide derived 
from Andrographis Paniculata

[51]

Down-regulating gene expression levels of pro-
apoptotic genes such as Bax and Fas proteins. 
But it up-regulating Bcl-2 and Bcl-xl proteins. 
In addition inducing the anti-oxidant enzymes 
SOD and CAT

Extract Experimental 
(in vitro) Leonurine derived from Herba leonuri

[52]
Insert anti-apoptotic effects by activating the 
PI3K/AKT/GSK3β pathway and reduced 
apoptosis

Solution
Experimental 
(in vitro and 
in vivo)

Leonurine

[53]

Increasing the Akt phosphorylation, reducing 
gene expression of Bcl-2, but it reducing the 
gene expression of Bax in vivo. In addition 
increasing the expression of HIF-1α but also 
the expression of survivin and VEGF

Extract
Experimental 
(in vitro and 
in vivo)

Leonurine 

[54]

Down-regulating gene expression levels of 
proapoptotic genes (Bax, Fas and caspase-3) 
and up-regulating Bcl-2. Besides it can 
increasing in SOD content

Methanolic 
extract

Experimental 
(in vitro)

Hirsutine derived from Uncaria 
rhynchophylla

[55] Modulating the PI3K/Akt pathway and 
reducing hypoxia-induced apoptosis Solution Experimental 

(in vitro)

3,5-dimethoxy-4-(3-(2-carbonyl-
ethyldisulfanyl)-propionyl) 
derived from Herba Leonuri

[56]

Reducing cardiac Troponin I (cTnI) secretion 
in serum and attenuated the Ca2+ overload 
in cardiomyocytes and modulated the ATP-
sensitive potassium channel (KATP) signaling 
pathway

Solution
Experimental 
(in vitro and 
in vivo)

Saponins derived from Panax ginseng

[57]
Attenuating A/R-induced inflammatory 
response and apoptosis that related to the 
TLR4/NF-κB signaling pathway

Solution Experimental 
(in vitro)

Resveratrol derived from 
wide variety of plant species 

Continuation of table 2
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[58]
Up-regulating miR-133 expression via 
activating MAPK ERK1/2 pathway and 
enhanced cell resistant to hypoxic condition

Extract Experimental 
(in vitro)

Tanshinone IIA derived 
from Salvia miltiorrhiza

[59]

Reducing myocardial infarct size, serum 
levels of TNF-alpha, and platelet aggregation. 
Besides reducing apoptosis via down-regulated 
the expression of cleaved caspase-3, and up-
regulating the expression of phosphorylated 
Akt

Solution
Experimental 
(in vitro and 
in vivo)

Citric acid and L-malic acid 
derived from Fructus choerospondiatis

[60]
Attenuating inflammation of cardiomyocytes 
via inhibiting ERK1/2 and JNK signaling 
pathways

Solution Experimental 
(in vitro)

Sparstolonin B derived 
from Sparganium stoloniferum

[61]

Inhibiting the adhesion between human cardiac 
microvascular endothelial cells (HCMECs) 
and polymorphonuclear leukocyte( PMN), 
through down regulation of the expression and 
phosphorylationofp38 MAPK

Extract Experimental 
(in vitro)

Astragalus polysaccharide derived from 
Astragulus

[62]

Attenuating myocardial iscemic via activating 
hypoxia inducible factor-1a (HIF-1 α)/inducible 
nitric oxide synthase (iNOS) pathway. Besides 
up-regulating of the Bcl2 protein and down-
regulating of the caspase3 protein

Solution Experimental 
(in vitro)

Astragaloside IV derived 
from Astragalus membranaceus

[63]

Stimulated the mitochondrial ATP generation 
and mitochondrial respiration. Up-regulating of 
cellular glutathione redox cycling and reducing 
apoptosis

Solution Ex-vivo β-sitosterol derived 
from Cistanche deserticola

[64]

Protecting hypoxia induced inflammation 
by attenuating cyclooxygenase-2 (COX-2) 
mediated cell apoptosis, and the death of 
endothelial cells through oxidative stress 
reduction

Decoction
Experimental 
(in vitro and 
in vivo)

Baicalein sulfates/ glucuronides and 
wogonin ssulfates/glucuronides 
derived from Scutellaria
baicalensis Georgi 

[65]

Decreasing LDH release and increasing in Bcl-
2 and a decrease in active caspase-3 expression 
and suppress apoptosis by activating the PI3K/
Akt/eNOS signaling pathway

Solution
Experimental 
(in vitro and 
in vivo)

Breviscapine derived 
from Erigeron breviscapus

[66]

Decreasing serum levels of CK-MB, TNF-α, 
IL-6, LDH, SOD, and MDA. Besides, can 
cause increasing SOD activity and decreased 
MDA content in myocardial tissue. In addition 
preventing myocardial injury via regulation of 
Nox/NF-κB/AP1 pathway

Solution
Experimental 
(in vitro and 
in vivo)

Salidroside derived 
from Rhodiola rosea

[67]

Reversing Bax/Bcl-2 ratio and inhibiting 
the activities of caspase-3 and caspase-9, 
increasing mitochondrial function, by 
reducing ROS accumulation, improving 
mitochondrial membrane potential and 
decreasing intracellular calcium concentration 
and supressing apoptotic myocyte death by 
reducing Akt/GSK-3β pathway activating

Solution Experimental 
(in vitro)

Asiatic acid derived 
from Centella asiatica

[68]

Inhibiting apoptosis by reversing mitochondrial 
dysfunction, due to activation of GLP-1R and 
PI3K/AKT signaling pathway and reducing 
oxidative stress.

Solution Experimental 
(in vitro)

Geniposide derived from 
Gardenia jasminoides J. Ellis

Continuation of table 2
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[69]

Activating AMPK-mTORC1 signaling 
pathway to initiate autophagy and improving 
the Beclin 1/Bcl-2 interaction by regulating 
their phosphorylation to prevent further 
autophagy

Solution Experimental 
(in vitro)

Orientin derived 
from Polygonum orientale L.

[70]

Decreasing fibrosis, oxidative stress, 
inflammatory response, and hypoxia induce 
cardiomyocyte apoptosis and activating the 
eNOS/NO signaling cascades

Solution
Experimental 
(in vitro and 
in vivo)

Orientin 

[71] Alkaloeid compound increasing cell viability Extract Experimental 
(in vitro)

hexahydrobenzo[c] phenanthridine 
alkaloids derived from Corydais 
ambigua var. amurensis

[72] Protective effects toward H9c2 cells injury by 
increasing cell viability Extract Experimental 

(in vitro)
C21 steroidal glycosides derived 
from Cynanchum stauntonii

[73]

Decreasing apoptosis and inhibited the 
activities of renin and angiotensin-converting 
enzyme and reducing the expression of 
angiotensin

Extract
Experimental 
(in vitro and 
in vivo)

Trans-polydatin derived from 
polygonum cuspidatum

[74]
Diminishing the protein level of cleaved 
caspase-3, LC3-II, Beclin1 and Sirt1 and 
suppressing autophagy and apopotosis

Extract Experimental 
(in vitro) Coptisine derived from Rhizoma coptidis

[75] Up-regulation of autophagy and enhancement 
of mitochondrial biogenesis via Sirt3 activity Solution

Experimental 
(in vitro and 
in vivo)

Polyphenolic derived 
from Polygonum cuspidatum

[76]
Increasing pyruvate dehydrogenase-mediated 
aerobic metabolism and restoration of aerobic 
glucose oxidation

Solution Experimental 
(in vitro)

Panax notoginseng saponin derived 
from Panax notoginseng

[77] Enhancement of autophagic flux and removal 
of dysfunction of mitochondria Solution

Experimental 
(in vitro and 
in vivo)

Gastrodin derived from Gastrodia elata 

[78]
Reducing oxidative stress and apoptosis via 
affecting ERα and GPR30 to activation PI3K 
pathway and its downstream apoptosis proteins

Solution Experimental 
(in vitro)

Notoginsenoside R1 derived 
from Panax notoginsenosides

[79] Regulation of mitochondrial pathway 
(mediated by 14-3-3η signaling pathway) Solution Experimental 

(in vitro)
Luteoloside 
derived from several Chinese medicines

[80]
Down-regulating miR-22 expression and 
activating the PI3K/AKT and JAK1/STAT3 
pathways and reduced apoptosis

Solution Experimental 
(in vitro) Angelica sinensis polysaccharide

[81]

Recovering the Activated Peroxisome 
Proliferator- Receptor-γ (PPAR- γ) and eNOS 
pathway activity and reduced apoptosis and 
inflammatory response

Solution Experimental 
(in vitro)

Emodin derived 
from Rheum palmatum L. 

[82] Attenuating oxidative abnormalities and 
modulating the antiapoptotic proteins.

Methanolic 
extract

Experimental 
(in vitro) Rutin derived from Spermococe hispida

[83] Restoration autophagic flux via activation of 
PI3K/Akt/mTOR signaling pathway

Ethanolic 
extract

Experimental 
(in vitro and 
in vivo)

Lactone derived 
from Ligusticum chuanxiong

[84]

Rising cellular antioxidant defense capacity 
via inducing the phosphorylation of AKT 
and subsequently activating the Nrf2/HO-1 
signaling pathway

Solution
Experimental 
(in vitro and 
in vivo)

Total flavonoids derived 
from Clinopodium chinense

Continuation of table 2
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[85]
Inhibiting self-cleavage of OMA1, causing 
to attenuate OPA1 cleavage and reducing 
apoptosis

Solution Experimental 
(in vitro)

Epigallocatechin gallate derived 
from Camellia sinensis

[86] Inhibiting PI3K/AKT-mediated ER stress, 
apoptosis and oxidative stress Solution

Experimental
(in vitro 
and ex vivo)

Tournefolic acid B derived 
from Clinopodium chinense

Continuation of table 2

Medicinal plants and their derivatives analyzed 
in Table 2 provide their cardioprotective effects 
through several mechanisms, such as follows.

Antioxidant activity. Oxidative stress and ROS 
have been proven to be a potent inducer of oxidative 
injury, programmed cell death i.e. apoptosis [87]. 
ROS, which have highly toxic and reactive proper-
ties, generated due to ischaemia and augment the 
degree of myocardial damage sustained by the isch-
aemic myocardium. To cope with these toxic agents  
humans developed a natural defense system. The de-
fense mechanisms include enzymes, such as SOD, 
GPX, CAT, guaiacol peroxidase (POX), peroxire-
doxins (Prxs), ascorbate-glutathione (AsA-GSH), 
ascorbate peroxidase (APX), monodehydroascorbate 
reductase (MDAR), dehydroascorbate reductase 
(DHAR) and glutathione reductase (GR) [88]. Anoth-
er cardioprotective mechanism is preventing myocar-
dial injury via regulation or or activation of pathways 
that contribute to antioxidant activity. For instance, 
herbal compounds regulatied Nox/NF-κB/AP1 path-
way, which causes nonmitochondrial cellular ROS 
and inflammatory cytokines generation through the 
multiple signal pathways [66]. Another antioxidant 
pathway is activation of eNOS. Phytochemicals can 
increase NO production in heart and inhibit superox-
ide by quenching it [70]. Also activation of PI3 K/
Akt signaling pathway can suppress mitochondrial-
dependent apoptosis and oxidative stress, by activat-
ing HO-1 and NQO1, which are Nrf2 mediated-anti-
oxidants [21; 84]. Under pathological conditions, for 
instance, myocardium infraction and stroke, this de-
fense system is disrupted. Consequently, generation 
of free radicals increases and the scavenging effects 
of antioxidants, leading to oxidative damage to car-
diomyocytes. Medicinal herbs contain polyphenols 
that attenuate the level of oxidizing agents and can 
directly scavenge hydrogen peroxide, superoxide and 
hydroxyl radicals, increasing the cardiomyocytes vi-
ability and reducing the infarct size [14]. 

Anti-apoptotic properties. ROS induces cell 
dysfunction and cardiomyocytes necrosis via other 
mechanisms. They stimulate and activate calpains 

and metalloproteinases, mitochondrial permeabil-
ity transition pore (MPTP) opening which cause to 
swelling and lysis of cardiomyocytes. This process 
may cause release of pro-apoptotic factors in the cy-
tosol, so this mechanism is contributing to cell death 
[89]. Hence, another cardioprotective mechanism 
of medicinal plants and their derivatives is regulat-
ing pro-apoptotic genes in cardiomyocytes hypoxic 
condition. They can down-regulating gene expres-
sion levels of pro-apoptotic genes such as Bax, Fas, 
caspase-3 and caspase-9 proteins. In addition they 
can up-regulating Bcl-2 and Bcl-xl proteins [51; 54; 
57]. Another protective mechanism is prevented a 
reduction in cell viability, decreased the amount of 
lactate dehydrogenase (LDH) activity release, which 
is used as indicators of cardiomyocyte injury and im-
proved cell viability [57]. Also they can protect car-
diomyocytes against hypoxia via suppress multiple 
signaling pathways such as PKC epsilon/mK ATP 
and redox-sensitive ERK/Nrf2 and TLR4/NF-κB 
pathways, which attributed ROS arising from CYP-
catalyzed processes and apoptosis trigger [23; 57]. 
They also can suppress apoptosis through activating 
the AMPK, PI3K/Akt/eNOS, GLP-1R, PI3K/AKT, 
JAK1/STAT3 and Akt/GSK-3β signaling pathways 
that plays important roles in cell survival and apop-
tosis [13; 33; 67; 68; 80] and regulating Akt/Nrf2/
HO-1 signaling. Up-regulation of eNOS can protect 
against myocardial infarction injury via suppressing 
vascular cell adhesion molecule expression and pre-
venting excessive leukocyte tissue infiltration. In ad-
dition phytochemicals increasing hemeoxygenase-1 
(HO-1), which is an inducible enzyme with potent 
antioxidant activity [32]. Thus, phytochemicals up-
regulating MAPK ERK1/2 pathway and modulating 
the PI3K/Akt pathway and reduced apoptosis in car-
diomyocytes [55; 58]. Besides, phytochemical pre-
vented cytochrome c release to protect cardiomyo-
cytes from apoptosis via activation some pathways 
[85]. 

Reducing the calcium influx. During the acute 
myocardial ischemia, results in reduction of ATP 
production and cell metabolism switch to anaerobic 
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glycolysis due to lack of oxygen. It can cause a drop 
in intracellular pH and the production of lactate. This 
induces ion pump function unbalance and the Na+-
H+ exchanger to extrude H+ and causes in intracellular 
Na+ accumulation, which activates the 2Na+-Ca2+ ex-
changer to function in inverse to throw out Na+ and 
results intracellular Ca2+ overload [4]. Polyphenols, 
such as flavonoids components, inhibited [Ca(2+)]
i contents in cardiac muscle cells and prevented the 
changes induced by KCl in cardiac myocytes and K-
ATP channel-opening in the cardiac myocytes has 
been may attributed to reduced Ca2+ influx. They can 
consequently prolong hypoxia endurance time in car-
diac myocytes [17; 56]. Besides in molecule assay, 
they reduced sensitivity to Ca2+-induced mitochon-
drial permeability transition (MPT) pore opening and 
reduced necrotic and apoptotic cell death in hypoxic/
reoxygenated cardiac myocytes [23]. Also medicinal 
plants suppress increased in the late sodium current 
(INaL) that induce intracellular Na(+) overload and 
finally intracellular Ca(2+) overload through activated 
reverse Na(+) – Ca(2+) exchange [35].

Antiinflammatory properties. After cardiac re-
perfusion, inflammatory cascade is triggered and a 
lot of amounts of pro-inflammatory cytokines like 
TNF-alpha, IL-1beta, IL-6, and IL-8 are produced 
and released. These cytokines as main factors in car-
diac dysfunction activate neutrophils and endothe-
lial cells and exacerbate myocardial ischemic injury 
[90]. Therefore inflammation is a detrimental factor 
in myocyte hypoxia. It has been proven that TLR2 
and TLR4 are expressed in cardiomyocytes during 
myocardial infarction injury and their stimulation by 
local endogenous ligands results to the up-regulation 
of their own expression. These two toll-like recep-
tors are mediate to inflammatory receptors. Some 
medicinal derivatives can attenuate hypoxia–reox-
ygenation-induced inflammation, via extracellular 
signal-regulated kinase 1 or 2 (ERK1/2) and c-Jun 
NH2-terminal kinase (JNK) signaling pathways [60]. 
ROS generation during hypoxia causes inflamma-
tory responses that activate including the expres-
sion of COX-2 and intercellular adhesion molecule1 
(ICAM-1), which plays a pivotal role in the linkage 
between inflammation and apoptosis [91]. Inhibitory 
effect of medicinal plants on expression of inflamma-
tory neutrophils or gene response and consequently 
this property can increase cell viability and reduce 
necrosis volume [57; 64]. One of these related mech-
anisms is decreasing peroxidase enzyme like MPO, 
which has both oxidative and inflammatory effects in 
cardiomyocytes [38]. MPO is an inflammatory mark-
er, elevated in ischemic cases [92]; so inhibiting that 

is one of the anti inflammatory effects of medicinal 
herbs. HIF-1 α is known as principal regulator of the 
molecular hypoxic response and has regulator effect 
on the cellular and systemic homeostatic responses to 
hypoxic circumstances by activating the transcription 
of several genes, consisting those involved in energy 
metabolism, apoptosis, angiogenesis, other genes, 
the protein products of which augment oxygen de-
livery or assist metabolic adaptation to hypoxia [93]. 
HIF-1 α has a vital role in triggering cellular protec-
tion and metabolic alterations in response to oxygen 
deprivation during myocardial ischemia and adaptive 
response to cell ischemia and hypoxia [94]. 

Some herbal compounds can attenuate myocar-
dial ischemia reperfusion injury by up-regulating 
HIF-1 α expression which transmits a survival sig-
nal to the myocardium [62]. For example, promot-
ing HIF-1α expression causes the inhibition of ROS 
generation, maintenance of mitochondrial membrane 
potential (MMP) and reduction of calcium influx, so 
inhibiting the mitochondrial-mediated apoptosis in 
hypoxic cardiomyocytes [67]. Even so, some studies 
reported that HIF-1 is negatively attributed to bcl-2 
expression and enhancement apoptosis [33; 95]. Sev-
eral plants can implement their cardioprotective ef-
fects by decreasing HIF-1α expression after several 
weeks [33].

The role of autophagy in myocardial hypoxic 
injury is still controversial. It is believed that car-
diomyocyte necrosis may occur via autophagy up-
regulation and through excessive degradation of the 
necessary cellular components and self-digestion 
after hypoxia/reoxygenation or ischemic injury [96]. 
Medicinal plants active compounds can act as the 
inhibitor of autolysosome, suggesting that they may 
inhibit autophagosome generation that consequently 
enhanced cell viability and decreased apoptosis [36; 
74]. However some studies indicate that medicinal 
plants and their derivatives insert their protective 
effects through up-regulating autophagy along with 
enhanced autophagic flux via the activation of vari-
ous pathways [27; 77; 83]. Clearly, autophagy is dys-
regulated in the process of myocardial hypoxia in-
jury and herbal compounds can restore unbalance in 
autophagy process and regulating phosphorylation to 
prevent excessive autophagy.

Conclusion

It should be noted that plant and their derivatives 
are not always beneficial and their misuse can lead 
to irreparable complications. For instance, applica-
tion of methylcysteine, derived from Allium sativum 
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in mice caused toxic effects to the heart. High dose 
consumption of this compound causes up-regulation 
of apoptotic genes (Bax and caspase3), hypoxia in-
ducible factor 1 alpha (HIF1a) and down-regulation 
of the anti-apoptotic marker, Bcl2. It causes hypoxia 
induced cardiomyocyte apoptosis attributed by en-
gulfment of mitochondria by nucleus [97]. Most of 
the reviewed studies were carried out on animal hy-
poxic or ischemic models and on H9c2 cells; so they 
cannot be generalized in human and it was one of the 
main limitations of the studies. Medicinal herbs can 
be used as an effective treatment against myocardial 
hypoxia mainly through antioxidant, anti apoptosis, 
anti-inflammatory properties, inhibiting calcium ac-
cumulation, HIF-1 α signaling regulation and autoph-
agy regulation. Post-ischemia and chronic treatment 
of cardioprotection maybe consider as a therapeutic 
strategies than short term and pre-treatment methods 
in clinical setting. More clinical trial studies are re-
quired in order to obtain more reliable results.
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Investigation of chemical constituents  
of medicinal Plant Spiraea Hypericifolia L.

Abstract: In this work, the quantitative analysis of phytochemical constituents of medicinal plant Spiraea 
hypericifolia L. from Kazakhstan has been made for the first time. Total bioactive components aerial and 
underground parts of plants material S. hypericifolia L. such as organic acids (0.28 %), (0.35 %), flavonoids 
(0.77 %), (5.36 %), coumarins (0.04 %), (0.21 %), saponins (2.09 %), (0.98 %), tannins (1.31 %), (1.62 
%), and together with moisture content (4.72 %), (3.84 %), total ash (5.11 %), (5.41 %), were determined. 
Eleven macro-micro elements from the ash of plant were identified, main contents of them were Ca (362.20 
μg/ml), (344.750 μg/ml), K (69.670 μg/ml), (57.8075 μg/ml), and Mg (24.270 μg/ml), (34.480 μg/ml), by 
using the method of multi-element atomic emission spectral analysis. In addition, twenty amino and eight 
fatty acids were analyzed from the plant. The results showed that major contents of amino acids were 
glutamate (1741 mg/100g), (1710 mg/100g), aspartate (845 mg/100g), (820 mg/100g), and alanine (560 
mg/100g), (523 mg/100g), as well as in fatty acid was linoleic (81.1 %), (79.7 %) acid, respectively. 
Key words: Spiraea hypericifolia L., bioactive constituents, macro-micro elements, amino-, fatty acids.

Introduction 

Studies on phytochemicals have attracted the 
attention of plant scientists due to the develop-
ment of new and sophisticated techniques. These 
techniques played a significant role in giving the 
solution to systematic problems on the one hand 
and in the search for additional resources of raw 
materials for pharmaceutical industry on the other 
hand [1]. The genus Spiraea L., spirea, represents 
deciduous shrubs of the family Rosaceae Juss., 
subfamily Spiraeoideae Focke, respectively the 
family Spiraeaceae Humb., Bonpl. & Kunth in the 
narrower concept. The genus is widespread in the 
temperate and the subtropical zone of the northern 
hemisphere having more than 100 species [2-3]. S. 
hypericifolia L. has the most extensive Eurasian 
range and is considered one of the most evolution-
arily advanced representatives of the genus [4]. In 
Europe, beside two native species, S. hypericifo-
lia L. and S. salicifolia L., cultivated evidently al-
ready in the 16th or 17th century, the first species 

being imported from overseas were East American 
S. tomentosa L. and S. alba Du Roi. A species with 
an extensive natural geographic range in Eurasia. 
The typical subspecies is distributed from East Eu-
rope to Central Asia, West Mongolia, North China 
and SouthEast Siberia (Transbaikalia), while the 
subsp. obovata occurs in SouthWest Europe [5]. 
Deciduous shrub 0, 5-1, 6 m height. Crohn thick, 
sprawling. Branches are numerous, spreading or 
arcuate, brown. Very thin, curved, angular, red-
brown, first pubescent, then naked[6]. In the leaves 
of S. hypericifolia L. detected, p-hydroxybenzoic, 
coffee, ferulic, chlorogenic acid, flavones apigen-
in, luteolin and 5-glucosides of flavonols isoquer-
citrin and avicularin [7]. In the hydrolysates of S. 
hypericifolia L. discovered quercetin, chlorogenic, 
p- coumaric and caffeic acids in extracts – hypero-
side, isoquercitrin, avicularin[8].

This study has made the investigation of the 
chemical constituents from Kazakh medicinal plants 
of S. hypericifolia L. grown in Almaty region of Ka-
zakhstan for the first time.
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Materials and methods

Plant material. The aerial and underground parts 
of plants material S. hypericifolia L. was collected in 
Almaty region Kazakhstan in October, 2018. The air 
dried aerial and underground parts of S. hypericifolia 
L. was cutted into small pieces and stored at room 
temperature.

Experimental part. The quantitative determina-
tion of detected groups of natural compounds is car-
ried out according to the method of the State Phar-
macopoeia and the methodology developed by the 
author of phytochemical analysis [9-12]

In the “Center of Physical and Chemical meth-
ods of research and analysis”, Republican State 
Enterprise Kazakh National Al-Farabi University, 
Ministry of Education and Science of RoK using the 
method of multi-element atomic emission spectral 
analysis in the ash of S. hypericifolia L. were ana-
lyzed elemental constituents. To determine the min-
eral composition of ashes was used Shimadzu 6200 
series spectrometer.

Method for the determination of amino acids. 1 g 
of the analyte, hydrolyzed in 5 ml of 6N hydrochloric 
acid at 105 ºC for 24 hours, in ampoules sealed 
under a stream of argon. The resulting hydrolyzate 
is evaporated three times to dryness on a rotary 
evaporator at a temperature of 40-50 ºC and a pressure 
of 1 atm. The resulting precipitate is dissolved in 
5 ml of sulfosalicylic acid. After centrifugation for 
5 minutes, the packed liquid is passed through a 
column of ion exchange resin at a rate of 1 drop per 
second. After this, the resin is washed with 1-2 ml of 
deionized water and 2 ml of 0.5N acetic acid; then the 
resin is washed to neutral pH with deionized water. 
To elute the amino acids from the column, 3 ml of a 
6N NH4OH solution is passed through it at a rate of 
2 drops per second. The eluate is collected in a round 
bottom flask together with distilled water, which is 
used to wash the column to a neutral pH medium. 
The contents of the flask are then evaporated to 
dryness on a rotary evaporator at a pressure of 1 
atm and a temperature of 40-50 ºC. After adding a 
drop of freshly prepared 1.5% SnCl2 solution, 1 drop 
of 2,2-dimethoxypropane and 1-2 ml of propanol 
saturated with hydrochloric acid, it is heated to 110 
ºC, keeping this temperature for 20 minutes, and 
then the contents are again evaporated from the 
flask on a rotary evaporator. In the next step, 1 ml of 
freshly prepared acetyl reagent (1 volume of acetic 

anhydride, 2 volumes of triethylamine, 5 volumes of 
acetone) is introduced into the flask and heated at a 
temperature of 60 ºC for 1.5-2 minutes. The sample 
is again evaporated on a rotary evaporator to dryness 
and 2 ml of ethyl acetate and 1 ml of a saturated NaCl 
solution are added to the flask. The contents of the 
flask are thoroughly mixed and as the two layers 
of liquids are clearly formed, an upper layer (ethyl 
acetate) is taken for gas chromatographic analysis.

To determine the amino acids composition was 
made erenow [13] of the raw material used GC/
MS device. GC/MS analysis: the aerial and under-the aerial and under- aerial and under-aerial and under-
ground parts of S. hypericifolia L. were analyzed by 
Gas Chromatograph coupled to Mass Spectrometer 
using polar mixture of 0.31% carbowax 20 m, 0.28% 
silar 5 CP and 0.06% lexan in chromosorb WA-W-
120-140 mesh., column (400 x 3 mm). The column 
temperature was programmed from 110ºC (held for 
20 min), at 6ºC/min from 110ºC to 180ºC, at 32ºC/
min from 185ºC to 290ºC. When it reaches to 250ºC, 
it should stay constant till finishing analysis of all 
existed amino acids. The chromatogram is counted 
according to an external standard.

Determination of the fatty acids composition of 
dried plants aerial and underground parts of S. hy-
pericifolia L. extracted with a chloroform- methanol 
mixture (2:1) for 5 minutes, the extract is filtered 
through a paper filter and concentrated to dryness. 
Then, to taked extract add 10 ml of methanol and 
2-3 drops of acetyl chloride and further methylation 
at 60-70°C in a special system for 30 minutes. The 
methanol is removed by rotary evaporation and 
the samples are extracted with 5 ml of hexane and 
analyzed using a gas chromatograph together with 
MS by applying the same method in investigation of 
amino acids.

As a result, chromatograms of methyl esters 
of fatty acids were obtained. By comparison with 
reliable samples by the time of exit from the column, 
eight fatty acids were identified. To determine the 
components was used the internal normalization 
method.

Results and discussion

The quantitative analysis of biologically active 
constituents together with moisture content, total ash 
were determined from aerial and underground parts 
of S. hypericifolia L. The results are shown in Ta-
ble  1.
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Moisture and ash contents depend on many fac-
tors, such as the method of collection and the method 
of drying. These indicators have a certain limit. For 
example, for my plant limit is 12%. Based on the 
results we can say that the goodness of the plant S. 
hypericifolia L has been proven. This plant might be 
used in the pharmaceutical industry. 

As values were determine with a purpose to find 
out the total amount of inorganic solutes present in 
the medicinal plant material. Quite a few herbal ther-
apies make use of ash. It is very obvious that ash of 
any plant does not contain any organic material and 
therefore inorganic salts are used medicinally. It is 
also interesting to know about the different solubility 
of the components of ash. Therefore, the solubility 
of ash in water and hydrochloric acid was tested in 
the present study. Organic acids play an important 

role in maintaining the acid-base balance of the hu-
man body. Organic acids are responsible for the taste, 
the flavour, the microbial stability, and the product 
consistence of plant derived beverages and are used 
in food preservation because of their effects on bac-
teria. Flavonoids are a class of compounds presented 
broadly in nature. Concerns about their extensive 
profitable bioactive benefits, including anti-viral/
bacterial, anti-inflammatory, cardio protective, anti-
diabetic, anti-cancer, anti-aging, have long been re-
ceived great attention and well supported by numer-
ous studies. Mostly, phytochemicals from the group 
of flavonoids have been reported as the major con-
tributor to the biological activities. It is believed that 
the significant biological activities exhibited by the 
herbal materials are due to the presence of flavonoids 
acting as antioxidants. 

Table 1 – Quantitative analysis of bioactive constituents of S. hypericifolia L.

Content, %

Plants Moisture 
content Ash Organic acids Flavanoids Сoumarins Saponins Tannins

Aerial part of 
S. hypericifolia L. 4.72 5.11 0.28 0.77 0.04 2.09 1.31

Underground part of 
S. hypericifolia L. 3.84 5.41 0.35 5.36 0.21 0.98 1.62

Macro-micro elemental composition
In “Center of Physical and Chemical methods of 

research and analysis”, Republican State Enterprise 
Kazakh National Al-Farabi University, Ministry of 
Education and Science of RoK using the method of 
multi-element atomic emission spectral analysis in 
the ash of S. hypericifolia L. there were determined 
eleven macro- and microelements, shown in Table 
2 and Figure 1,2 and major of them was Ca (362.20 
μg/ml), (344.750 μg/ml), K (69.670 μg/ml), (57.8075 
μg/ml) and Mg (24.270 μg/ml), (34.480 μg/ml). The 
information helps to select plants with high quantity 
of each nutrient. This will intern confirm the efficacy 
of the medicinal activity of the plant. An analysis of 
macro and microelements showed a large variabil-
ity. The present study showed a large variation in the 
contents of nutrients and protein %, thereby offering 
opportunity by scientists working on medicinal. 2 me-
dicinal plants were grouped based on the maximum 
content of macro and micro elements. Potassium is an 

electrolyte, a substance that conducts electricity in the 
body. K is crucial to heart function and plays a key role 
in skeletal and smooth muscle contraction, making it 
important for normal digestive and muscular func-
tion[14]. The role of K in the human body is complex 
intervening in the forming proteins, maintaining cellu-
lar balance, acid-base balance, transport of oxygen and 
carbon dioxide in the blood, nerve impulse manage-
ment, muscle contraction in cardiac muscle specuila, 
glycogenesis[15]. Magnesium is involved in hundreds 
of enzyme reactions in the body as it performs an ar-
ray of biological functions as activation of muscles 
and nerves, digestion of proteins, carbohydrates, fats, 
building block for RNA and DNA synthesis. In the 
human body calcium, helps alongside phosphorus, the 
formation and strengthening of bones and teeth. Per-
forms a number of functions among which the muscu-
lar contraction, nerve impulse transmission, immunity, 
promotes the absorption of iron and vitamin B12 is a 
blood clotting activator of various enzymes[16].
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Table 2 – Composition of macro-micro elements in the ash of plants S. hypericifolia L.

Element, 
μg/ml K Na Ca Mg Mn Fe Cu Zn Pb Cd Ni

Aerial 
part 69.670 17.487 362.200 24.270 12.595 8.468 0.169 0.927 0.105 0.045 0.402

Under-
ground 

part 
59.807 12.542 344.750 34.480 26.785 6.448 0.122 2.846 0.055 0.055 0.156

Figure 1 – Contents of macro elements of plants S. hypericifolia L.

Figure 2 – Contents of micro elements of plants S. hypericifolia L.
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Amino acid composition
Thus, in the quantitative determination of the 

amino acid composition of the aerial and underground 
parts of S. hypericifolia by the method of gas-liquid 
chromatography, 20 amino acids were detected. 

Their main content is represented by glutamate (1741 
mg/100g), (1710 mg/100g), aspartate (845 mg/100g), 
(820 mg/100g) and alanine (560 mg/100g), (523 
mg/100g). A smaller amount contains ornithine and 
oxyproline. The results shown in Table 3. 

Table 3 – Amino acids contents of S. hypericifolia L.

№ Amino acids Molecular formula Amount in aerial part, 
mg/100g

Amount in underground 
part, mg/100g

1 Alanine C3H7NO2 560 523
2 Glycine C2H5NO2 180 161
3 Leucine C6H13NO2 320 295
4 Isoleucine C6H13NO2 294 270
5 Valine C5H11NO2 230 211
6 Glutamate C5H9NO4 1741 1710
7 Threonine C4H9NO3 218 202
8 Proline C5H9NO2 302 180
9 Methionine C5H11NO2S 50 41
10 Serine C3H7NO3 188 134
11 Aspartate C4H7NO4 845 820
12 Cysteine C3H7NO2S 29 22
13 Oxyproline C5H9NO3 1 2
14 Phenylalanine C9H11NO2 278 256
15 Tyrosine C9H11NO3 300 82
16 Histidine C6H9N3O2 236 218
17 Ornithine C5H12N2O2 1 2
18 Arginine C6H14N4O2 328 305
19 Lysine C6H14N2O2 212 190
20 Tryptophan C11H12N2O2 66 53

Therefore, according to the results, S. hyperici-
folia L. could be one of the most valuable sources of 
these amino acids and might be widely used in medi-
cine due to the fact that glutamate is one of the most 
abundant of the amino acids. In addition to its role in 
protein structure, it plays critical roles in nutrition, 
metabolism and signaling. Post-translational 
carboxylation of glutamyl residues increases 
their affinity for calcium and plays a major role in 
hemostasis [17]. Aspartic acid increases immunity, 
metabolism, deactivates ammonia, participates in 
the formation of ribonucleic acids, promotes the 
removal of chemicals, including drugs, restores 
working capacity. Studies conducted by scientists 
have proved the effectiveness of taking asparaginic 

acid preparations for increasing testosterone levels. 
Aspartic acid is taken as an additive by bodybuilding 
athletes to improve strength, increase libido and 
testosterone in the blood [18]. Alanine also increases 
immunity and provides energy for brain and central 
nervous system, the muscle tissue. This amino acid 
protects against the development of cancer of the 
pancreas and prostate gland [19].

Fatty acids composition
The result of gas-liquid chromatography 

determined the amount of 8 fatty acids. Quantitative 
composition of fatty acids in the aerial and 
underground parts of S. hypericifolia L. mostly 
contained in linoleic acid (81.1 %), (79.7 %), showed 
in Table 4. 
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Table 4 – Fatty acids contents of S. hypericifolia L.

№ Fatty acids Molecular formula Amount in aerial part, 
%

Amount in underground 
part, %

1 Myristic acid C14:0 C14H28O2 2.3 2.2

2 Pentadecanoic acid C15:0 C15H30O2 2.4 2.0

3 Palmitic acid C16:0 C16H32O2 5.2 4.9

4 Palmitoleic acid C16:1 C16H30O2 0.9 0.8

5 Stearin acid C18:0 C18H36O2 3.0 2.8

6 Oleic acid C18:1 C18H34O2 6.3 6.1

7 Linoleic acid C18:2 C18H32O2 81.1 79.7

8 Linolenic acid C18:3 C18H30O2 1.8 1.5

As can be seen from the table, the figure for lin-
oleic acid is much higher than that of other fatty ac-
ids. That’s why S. hypericifolia L. could be utilized 
to obtain linoleic acid. As regards the qualities of lin-in-
oleic acid, it is an essential fatty acid in nutrition and 
is used in the biosynthesis of prostaglandins and cell 
membranes [20]. 

Conclusion

In conclusion, quantitative analysis of total bio-
active constituents and the moisture, total ash, organ-
ic acids, flavonoids, coumarins, saponins and tannins 
of S. hypericifolia L. were determined. Besides, mac-
ro-micro elements in the ash of the medicinal plant 
were investigated, and total eleven macro-micro el-
ements were identified by the method of multi-ele-
ment atomic emission spectral analysis. Meanwhile, 
twenty amino and eight fatty acids were determined 
from S. hypericifolia L. Of the identified amino ac-
ids of the aerial part, glutamate, aspartate and alanine 
predominate, while in the underground their content 
is slightly less. Fatty acid is mainly linoleic acid. The 
plants S. hypericifolia L. has high research potential 
and demands multidimensional study.
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Synthesis and theoretical activity evaluation  
of a new steroid-oxazolone derivative against COX1-1 and COX-2

Abstract: There are some reports for the preparation of several drugs as COX-inhibitors; however, some 
reagents used in the preparation are expensive and difficult to handle. The aim of this study was to synthesize 
a steroid-oxazolone derivative using some reactions such as i) hydroxylation-amiination; ii) amidation; 
iii) alkynyl-addition; iv) aldolization and iv) imination. In addition, a theoretical assessment was carried 
out to evaluate the interaction of both COX-1 and COX-2 with the steroid-oxazolone derivative using 
indomethacin and rofecoxib as controls in a docking model. The structure of the compounds obtained was 
confirmed through elemental analysis, spectroscopy and spectrometry data. The results showed that the 
steroid-oxazolone derivative has a higher affinity for COX 1 compared to indomethacin; however, it exhibits 
a lower affinity for COX-2 in comparison with rofecoxib. These data suggest that the steroid-oxazolone 
derivative could be a good candidate as COX-1 inhibitor translated as a possible drug for treatment of pain. 
Key words: inhibitor, hydroxylation-amiination, amidation, alkynyl-addition.

Introduction

For years, several inhibitors of the enzyme cyclo-
oxygenase have been used for the treatment of both 
inflammation and pain such as ketorolac, naproxen, 
acetylsalicylic acid, paracetamol ibuprofen, indo-
methacin [1, 2] and others. However, some of these 
drugs can produce side effects such as bronchospam, 
vasomotor thinitis, and angioedema [3], renal dys-
function, meningeal syndrome, and bone marrow 
depression, headache, vertigo, [4-6]. In the search of 
other alternative therapeutics for treatment of these 
clinical pathologies, several drugs have been pre-
pared such as 1-morpholinocyclohexanecarbonitrile 
from both morpholine and cyclohexanone [7]. Other 
data showed the reaction of Ethyl 5-(4-nitrophenyl)
furan-2-carboxylate with hydrazine to form 5-(4-ni-
trophenyl) furan-2-carbohydrazide [8]. In addition, 
a series of 3-(4-biphenyl)-5-substituted phenyl-
2-pyrazolines were synthesized from both chalcones 

and hydrazine with biological activity to pain [9]. 
Also, a study showed the synthesis of 4-aminopi-
peridine derivative with analgesic activity through 
of reaction of (1-Benzylpiperidin-4-yl)-[2-(3,4-di-
methoxyphenyl)ethyl]-amine with 5-bromo-2-(3,4-
dimethoxyphenyl)-2-(methylethyl) pentanenitrile 
[10]. All these data indicate that some methods are 
available for synthesis of drugs with analgesic activ-
ity; nevertheless, expensive reagents and special con-
ditions are required. Therefore, the aim of this study 
was to synthesize a steroid-oxazolone derivative 
for evaluating their theoretical activity evaluation 
against both COX1-1 (2OYU) and COX-2 (3LN1) 
[11] using a docking model.

Material and Methods

General methods
2-nitroestrone was prepared using a previously 

method reported [12]; in addition, the others reagents 
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used in this investigation were acquired from Sigma-
Aldrich Co., Ltd. The melting point for compounds 
was determined on an Electrothermal (900 model). 
Infrared spectra (IR) were recorded using KBr pel-
lets on a Perkin Elmer Lambda 40 spectrometer.1H 
and 13C NMR spectra were recorded on a Varian 
VXR300/5 FT NMR spectrometer at 300 MHz in 
CDCl3 using TMS as internal standard. EIMS spectra 
were obtained with a Finnigan Trace Gas Chroma-
tography Polaris Q-Spectrometer. Elementary analy-
sis data were acquired from a Perkin Elmer Ser. II 
CHNS/02400 elemental analyzer.

Chemical Synthesis
(13S)-3-((1-hydroxyethyl)amino)-13-methyl-

2-nitro-6,7,8,9,11,12,13,14,15,16-decahy- dro-17H-
cyclopenta[a]phenanthren-17-one (2)

In a round bottom flask (10 ml), 2-nitroestrone 
(200 mg, 0.63 mmol) and acetonitrile (5ml) were 
stirred to reflux for 12 h. The solution obtained was 
reduced pressure and purified through a crystalliza-
tion using the methanol:water (4:1) system; yield-
ing 44% of product; m.p. 166-168 oC; IR (Vmax, cm-

1) 3430, 3400, 1712 and 1544: 1H NMR (500 MHz, 
Chloroform-d) δH: 0.90 (s, 3H), 1.20-1.34 (m, 4H), 
1.44 (s, 3H), 1.54-2.46 (m, 8H), 3.02-3.10 (m, 3H), 
5.60 (m, 1H), 6.56 (m, 1H), 7.72 (broad, 2H), 8.42 
(m, 1H) ppm. 13C NMR (500 MHz, Chloroform-d) 
δC: 13.82, 21.70, 24.90, 25.50, 27.55, 28.94, 31.06, 
35.00, 37.25, 46.43, 48.34, 50.12, 76.62, 115.44, 
124.70, 128.92, 137.2, 141.00, 147.80, 219.74 ppm. 
EI-MS m/z: 358.18. Anal. Calcd. for C20H26N2O4: C, 
67.02; H, 7.31; N, 7.82; O, 17.85. Found: C, 67.00; 
H, 7.24.

( 1 2 a S ) - 8 , 1 2 a - d i m e t h y l -
2,3,3a,3b,4,5,7,8,10b,11,12,12a-dodecahydro-1H-cy-
clopenta [7,8]phenanthro[2,3-d]oxazol-1-one (3)

In a round bottom flask (10 ml), compound 2 
(200 mg, 0.58 mmol), potassium carbonate (45 mg, 
0.33 mmol), and 5 ml of dimethyl sulfoxide were 
stirred to reflux for 12 h. The solution obtained was 
reduced pressure and purified through a crystalliza-
tion using the methanol:water:hexane (4:1:1) sys-
tem; yielding 67% of product; m.p. 122-124 oC; IR 
(Vmax, cm-1) 3432, 1710 and 1210: 1H NMR (300 
MHz, Chloroform-d) δH: 0.90 (s, 3H), 1.18 (s, 3H), 
1.22-1.90 (m, 7H), 2.10-3.10(m, 8H), 6.24 (m, 1H), 
6.43-6.54 (m, 2H), 7.22 (broad, 1H) ppm. 13C NMR 
(300 MHz, Chloroform-d) δC:13.80, 19.91, 21.82, 
25.84, 27.55, 28.92, 31.50, 35.40, 37.56, 46.90, 
48.12, 50.40, 83.50, 107.22, 110.92, 131.32, 133.26, 

136.02, 144.00, 220.70 ppm. EI-MS m/z: 311.18. 
Anal. Calcd. for C20H25NO2: C, 77.14; H, 8.09; N, 
4.50; O, 10.28. Found: C, 77.10; H, 10.19.

(12aS)-7-(2-chloroacetyl)-8,12a-dimethyl-
2,3,3a,3b,4,5,7,8,10b,11,12,12a-dodecahydro-1H-
cyclopenta[7,8]phenanthro[2,3-d]oxazol-1-one (4)

In a round bottom flask (10 ml), compound 3 
(200 mg, 0.64 mmol), chloroacetyl chloride (50 µl, 
0.63mmol) and triethylamine (100 µl, 0.71 mmol) 
in 5 mL of methanol was stirring for 72 h to room 
temperature. The solution obtained was reduced 
pressure and purified through a crystallization us-
ing the methanol:water (4:2) system; yielding 54% 
of product; m.p. 136-138 oC; IR (Vmax, cm-1) 1712, 
1632 and 1210: 1H NMR (300 MHz, Chloroform-
d) δH: 0.90 (s, 3H), 1.22-1.36 (m, 4H), 1.40 (s, 3H), 
1.55-2.20 (m, 7H), 2.46-2.62 (m, 4H), 3.92-4.00 (m, 
2H), 6.40 (m, 1H), 6.73-7.30 (m, 2H) ppm. 13C NMR 
(300 MHz, Chloroform-d) δC:13.80, 19.90, 21.74, 
25.70, 27.63, 28.92, 31.32, 35.30, 37.45, 42.42, 
46.87, 48.10, 50.22, 82.84, 109.40, 116.23, 133.00, 
134.00, 135.40, 152.97, 160.82, 220.30 ppm. EI-MS 
m/z: 387.16. Anal. Calcd. for C22H26ClNO3: C, 68.12; 
H, 6.76; Cl, 9.14, N, 3.61; O, 12.37. Found: C, 68.06; 
H, 6.70.

(12aS)-7-(7-hydroxyhept-2-ynoyl)-8,12a-di-
methyl-2,3,3a,3b,4,5,7,8,10b,11,12,12a-dodeca-
hydro-1H-cyclopenta[7,8]phenanthro[2,3-d]oxazol-
1-one (5)

In a round bottom flask (10 ml), compound 4 
(310 mg, 0.80 mmol), 5-hexyn-1-ol (90 µl, 0.82 
mmol) and Copper(II) chloride (110 µl, 0.82 mmol) 
in 5 mL of methanol was stirring for 72 h to room 
temperature. The solution obtained was reduced 
pressure and purified through a crystallization us-
ing the methanol:water (4:1) system; yielding 65% 
of product; m.p. 106-108 oC; IR (Vmax, cm-1) 3400, 
2196, 1712, 16390 and 1212: 1H NMR (300 MHz, 
Chloroform-d) δH: 0.90 (s, 3H), 1.22-1.36 (m, 4H), 
1.40 (s, 3H), 1.55 (m, 1H), 1.58-1.72 (m, 4H), 1.80-
1.90 (m, 2H), 1.94 (broad, 1H), 2.10-2.20 (m, 4H), 
2.25-2.26 (m, 2H), 2.46-2.62 (m, 4H), 3.62-(m, 2H), 
6.40 (m, 1H), 6.60-7.40 (m, 2H) ppm. 13C NMR 
(300 MHz, Chloroform-d) δC:13.80, 17.62, 19.00, 
21.74, 25.71, 25.75, 27.60, 28.92, 30.04, 31.35, 
35.32, 37.42, 46.87, 48.10, 50.24, 62.05, 73.96, 
82.95, 90.12, 109.52 116.02, 133.10, 133.92, 135.40, 
149.62, 152.82, 220.30 ppm. EI-MS m/z: 435.24. 
Anal. Calcd. for C27H33NO4: C, 74.45; H, 7.64; N, 
3.22; O, 14.69. Found: C, 74.40; H, 7.60
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8 - ( ( 1 2 a S ) - 8 , 1 2 a - d i m e t h y l - 1 - o x o -
2,3,3a,3b,4,5,10b,11,12,12a-decahydro-1H-cyclo-
penta [7,8]phenanthro[2,3-d]oxazol-7(8H)-yl)-
8-oxooct-6-ynal (6)

In a round bottom flask (10 ml), compound 5 
(200 mg, 0.46 mmol) 5 mL of dimethyl sulfoxide 
was stirring for 72 h to reflux. The solution obtained 
was reduced pressure and purified through a crys-
tallization using the methanol:water:hexane (4:1:1) 
system; yielding 48% of product; m.p. 116-118 oC; 
IR (Vmax, cm-1) 2194, 1726, 1710 and 1210: 1H NMR 
(300 MHz, Chloroform-d) δH: 0.90 (s, 3H), 1.22-1.36 
(m, 4H), 1.40 (s, 3H), 1.55 (m, 1H), 1.70-1.76 (m, 
4H), 1.80-2.10 (m, 4H), 2.12 (m, 1H), 2.13-2.14 (m, 
2H), 2.20-2.54 (m, 3H), 2.56 (m, 2H), 2.62-2.63 (m, 
2H), 6.40 (m, 1H), 6.60-7.40 (m, 2H), 9.70 (d, 1H, J 
= 1.00 Hz) ppm. 13C NMR (300 MHz, Chloroform-
d) δC:13.80, 18.15, 19.00, 21.70, 22.10, 25.71, 25.76, 
27.62, 28.93, 31.34, 35.32, 37.42, 44.57, 46.86, 48.10, 
50.22, 73.97, 82.97, 91.32, 109.52, 116.02, 133.10, 
133.92, 135.40, 149.61, 152.82, 202.44, 220.30 ppm. 
EI-MS m/z: 447.24. Anal. Calcd. for C27H33NO4: C, 
75.14; H, 7.43; N, 3.13; O, 14.30. Found: C, 75.10; 
H, 7.38.

(12aS)-7-((1Z,4E)-1,4-diazacyclododeca-
4,12-dien-6-yn-5-yl)-8,12a-dimethyl-2,3,3a, 
3b,4,5,7,8,10b,11,12,12a-dodecahydro-1H-cyclo-
penta[7,8]phenanthro[2,3-d]oxazol-1-one (7)

In a round bottom flask (10 ml), compound 6 
(200 mg, 0.45 mmol), ethylenediamine (50 µl, 0.74 
mmol) and boric acid (50 mg, 0.80 mmol) in 5 mL 
of methanol was stirring for 72 h to room tempera-
ture. The solution obtained was reduced pressure 
and purified through a crystallization using the 
methanol:water (4:1) system; yielding 65% of prod-
uct; m.p. 146-148 oC; IR (Vmax, cm-1) 3322, 2196, 
1712 and 1212: 1H NMR (300 MHz, Chloroform-d) 
δH: 0.85 (m, 1H), 0.90 (s, 3H), 1.22-1.36 (m, 4H), 
1.46 (m, 2H), 1.55 (m, 1H), 1.57 (s, 3H), 1.58 (m, 
2H), 1.80-2.20 -2.54 (m, 6H), 2.30 (m, 2H), 2.46-
3.10 (m, 4H), 4.30-4.50 (m, 1H), 6.60 (m, 1H), 
6.70 (m, 1H), 6.80 (m, 1H), 6.88 (m, 1) ppm. 13C 
NMR (300 MHz, Chloroform-d) δC: 13.80, 19.42, 
19.91, 21.70, 23.03, 25.70, 27.64, 28.60, 28.92, 
31.34, 34.44, 35.32, 34.44, 46.85, 48.10, 48.42, 
50.00, 50.24, 88.44, 91.53, 97.96, 108.65, 115.12, 
131.70, 132.66, 133.45, 145.46, 149.72, 159.86, 
220.30 ppm. EI-MS m/z: 471.28. Anal. Calcd. for 

C30H37N3O2: C, 76.40; H, 7.91; N, 8.91; O, 6.78. 
Found: C, 76.34; H, 7.88.

Physicochemical parameters evaluation
Some electronic parameters such as HOMO 

(Highest Occupied Molecular Orbital), LUMO 
(Lowest Unoccupied Molecular Orbital) energy, or-
bital coefficients distribution, molecular dipole mo-
ment and HBD (hydrogen bond donor groups) and 
HBA (hydrogen bond acceptor groups) and PSA 
(polar surface area) were evaluated using the SPAR-
TAN’06 software [13]. 

Pharmacophore evaluation
The 3D pharmacophore model for the com-

pounds 6 and 7 was determinate using LigandScout 
4.08 software [14]

Theoretical evaluation of the interaction between 
compound 4 and kinase-2 protein (3FL5).

The interaction of compound 4 with both COX1-
1 (2OYU) and COX-2 (3LN1) [11] was carried out 
using a DockingServer [15].

Results and Discussion

Several oxazolone analogs have prepared us-
ing some reagents such as [(Ph3P)Au(NCMe)]Sb6 
complex [16], N,N’-terephthaloylbis-(dl-alanine) 
[17], resin [18], Ph3P-CBr4 adducts [19], palladium 
[20] and others. In this study, a steroid-oxazolone 
derivative was prepared using some strategies; the 
first stage was achieved via reaction of 2-nitroestrone 
with acetonitrile to form an amino-ethanol complex 
(Figure 1 and 2). 

The 1HNMR showed several signals for 2 at 
0.90 ppm for methyl group bound to steroid nucle-
us; at 1.44 ppm for methyl bound to both hydrox-
yl and methylamine; at 1.20-1.34, 1.54-3.10, 6.56 
and 8.42 ppm for steroid moiety; at 5.60 ppm for 
methylene group bound to both amino and hydroxyl 
groups; at 7.72 for both hydroxyl and amine groups. 
The 13CNMR display some signals at 13.82 ppm for 
methyl group; at 24.90 for methyl bound to both 
hydroxyl and methylamine; at 21.70, 25.50-50.12 
and 115.44-147.80 ppm for steroid moiety; at 76.62 
ppm for methylene group bound to both amino and 
hydroxyl groups; at 219.70 ppm for ketone group. 
In addition, the mass spectrum from 2 showed a mo-
lecular ion (m/z) 358.18. 
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The second stage was achieved by the synthesis 
of an ether-steroid derivative (3); it is important to 
mention that some reports have been reported for the 
preparation of ether derivatives via displacement of 
nitro group using methoxide as dipolar aprotic sol-
vent [21, 22]. In this study, 3 was prepared using a 
previously method reported [12]; the reaction was 
carried out through intramolecular displacement from 
nitro group by the hydroxyl group of compound 2 in 
presence of DMSO/K2CO3 (Figure 1). The 1HNMR 
showed several signals for 3 at 0.90 ppm for meth-
yl group bound to steroid nucleus; at 1.18 ppm for 
methyl bound to oxazole ring; at 1.22-3.10 and 6.43-
6.54 ppm for steroid moiety; at 6.24 ppm for oxazole 
ring; at 7.72 for both hydroxyl and amine groups. 
The 13CNMR display some signals at 13.80 ppm for 
methyl group; at 19.91 for methyl bound to oxazole 
ring; at 21.82-50.40 and 107.22-144.00 ppm for ste-
roid moiety; at 83.50 for oxazole ring; at 220.70 ppm 
for ketone group. Finally, the mass spectrum from 3 
showed a molecular ion (m/z) 311.18.

On the other hand, a chloroamide-steroid de-
rivative (4) was prepared; it is important to mention 
that there are many procedures for the formation of 
chloroamides which are known in the literature, for 
example the reaction of amine with trichloroisocy-
anuric Acid [23] or amide secondary with N-chlo-
robenzotriazole to form a chloroamide derivative 
[24]; in addition, have been prepared some chloro-
amide groups using chloroacetyl chloride [25]. The 
1HNMR showed several signals for 4 at 0.90 ppm 
for methyl group bound to steroid nucleus; at 1.40 
ppm for methyl bound to oxazole ring; at 1.22-2.62 
and 6.73-7.30 ppm for steroid moiety; at 3.92-4.00 
ppm for methylene group of chloroamide; at 6.40 
ppm for oxazole ring. The 13CNMR display some 
signals at 13.80 ppm for methyl group; at 19.90 
for methyl bound to oxazole ring; at 21.74-37.45, 
46.87-50.22, 109.40-152.97 ppm for steroid moi-
ety; at 42.42 ppm methylene group of chloroamide; 
at 88.84 for oxazole ring; at 160.82 ppm for amide 
group; at 220.30 ppm for ketone group. Addition-
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Reaction of 2-nitroestradiol with acetonitrile  (i) to form a hydroxyethylamino-nitro-estrone (3).  
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Figure 1 – Preparation of a chloroacetyl-steroid-oxazolone derivative (4). 
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ally, the mass spectrum from 4 showed a molecular 
ion (m/z) 387.16.

The following stage involves the synthesis of a 
propargylic-amide derivative (5). It is noteworthy 
that several propargylic-amide analogs have been 
prepared [26, 27]; however, some reagents are dan-
gerous and are difficult to handle. Therefore in this 
study, 5 was prepared via addition 5-hexyn-1-ol to 4 
in presence of Copper(II) chloride (Figure 2) using a 
previously method report [27]. The 1HNMR showed 
several signals for 5 at 0.90 ppm for methyl group 
bound to steroid nucleus; at 1.40 ppm for methyl 
bound to oxazole ring; at 1.22-1.36, 1.55, 1.80-1.90, 
2.10-2.20, 2.46-2.62 and 6.60-7.40 ppm for steroid 

moiety; at1.58-1.72, 2.26 and 3.62 ppm for arm 
bound to both alkyne and hydroxyl groups; at 1.94 
ppm for hydroxyl group; at 6.40 ppm for oxazole 
ring. The 13CNMR display some signals at 13.80 ppm 
for methyl bound to steroid nucleus; at 19.90 ppm for 
methyl bound to oxazole ring; at 17.62, 25.78, 30.04, 
62.05, 109.50-135.40 and 152.82 ppm for arm bound 
to both alkyne and hydroxyl groups; at 21.74-25.71, 
27.60-28.92 and 31.35-50.24 ppm for steroid moi-
ety; at 73.96 and 90.12 ppm for both alkyne group; 
at 82.95 for oxazole ring; at 119.62 ppm for amide 
group; at 220.30 ppm for ketone group. Additionally, 
the mass spectrum from 5 showed a molecular ion 
(m/z) 435.24.
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Reaction of chloroacetyl-steroid-oxazolone derivative (4) with 5-hexyn-1-ol to form hydroxyhept-2-ynoyl)-steroid-oxazolone (5)  
in presence of Copper(II) chloride (iv). Then, an oxazol-steroid-8-oxooctynal (6) was prepared via reaction  

of 5 with dimethyl sufuxide (v). Finally, 6 reacted with ethylenediamine to form 7

Figure 3 – Synthesis of 1,4-diazacyclododeca-4,12-dien-6-yn-5-yl-steroid-oxazolone (7).  

In addition, 5 was reacted with dimethyl sulfox-
ide to form an aldehyde-oxazolone-steroid derivative 
using a previously method reported for synthesis of 
aldehyde groups [28]. The 1HNMR showed several 
signals for 6 at 0.90 ppm for methyl group bound to 
steroid nucleus; at 1.40 ppm for methyl bound to oxa-
zole ring; at 1.22-1.36, 1.54, 1.80-2.10, 21.3, 2.20-
2.54, 2.62-2.63 and 6.60-7.40 ppm for steroid moiety; 
at 1.70-1.76, 2.12-2.14 and 2.56 ppm for arm bound 
to both alkyne and hydroxyl groups; at 1.94 ppm 

for hydroxyl group; at 6.40 ppm for oxazole ring; at 
9.70 ppm for aldehyde group. The 13CNMR display 
some signals at 13.80 ppm for methyl bound to ste-
roid nucleus; at 19.90 ppm for methyl group bound 
to oxazole ring; at 18.15, 22.10, 25.76, 44.57 for arm 
bound to both aldehyde and alkyne group; at 21.70, 
25.71, 27.62-37.42, 46.86-50.22, 109.52-135.40 and 
152.82 ppm for steroid moiety; at 73.97 and 91.32 
ppm for alkyne group; at 82.97 ppm for oxazole ring; 
at 208.44 ppm for aldehyde group; at 220.30 ppm for 



140 Synthesis and theoretical activity evaluation of a new steroid-oxazolone derivative against COX1-1 and COX-2 

Int. j. biol. chem. (Online)                                             International Journal of Biology and Chemistry 12, № 1, 135 (2019)

ketone group. In addition, the mass spectrum from 6 
showed a molecular ion (m/z) 447.24.

Finally, an 1,4diaza-cyclododeca-4,12-dien-
6-yne ring was prepared via reaction of 6 with ethyl-
enediamine to form imino groups of the 1,4-diazacy-
clododeca-4,12-dien-6-yn-5-yl-steroid-oxazolone 
(7). The 1HNMR showed several signals for 7 at 0.88, 
1.46, 2.30, 4.30-4.50 and 6.70 ppm for 1,4-diaza-
cyclododeca-4,12-dien-6-yne ring; at 0.90 ppm for 
methyl group bound to steroid nucleus; at 1.58 ppm 
for methyl bound to oxazole ring; at 1.22-1.36, 1.55, 
1.80-2.10, 2.46-3.10, 6.60 and 6.80 ppm for steroid 
moiety; at 6.88 ppm for oxazole ring. The 13CNMR 
display some signals at 13.80 ppm for methyl bound 
to steroid nucleus; at 19.91 ppm for methyl bound 
to oxazole ring; at 19.42, 23.03, 28.60, 34.44 and 
48.42-50.00 ppm for 1,4diaza-cyclododeca-4,12-
dien-6-yne ring; at 21.70, 25.70-27.64, 28.92-31.34, 
35.32-48.10. 50.24 and 108.65-145.46 ppm for 
steroid moiety; at 91.53 ppm for oxazole ring; at 
149.72-159.86 ppm for imino group; at 220.30 ppm 
for ketone group. Finally, the mass spectrum from 7 
showed a molecular ion (m/z) 471.28.

Physicochemical parameters of 2-7
There are studies which suggest some physico-

chemical parameters such as molar volume (MV) and 
molar refractory (MR) are chemical tools that corre-

late with different biological properties which may 
depend on the characteristics of each substituent in-
volved in the chemical structure of a molecule. I this 
investigation, both MV and MR descriptors were deter-
minate using a previously method reported [29]. The 
theoretical results showed (Table 1) that MV and MR 
were higher for 7 compared with 2-6. This phenom-
enon suggest that steric hindrance, conformational 
preferences, and internal rotation may be two fac-
tors which influence the biological activity exert by 
7 on some biological model. However, other type of 
physiochemical factors such as hydrogen bond donor 
groups (HBD) and hydrogen bond acceptor groups 
(HBA), topological polar surface area (TPSA) has 
been used to predict the biological activity of some 
compounds in several theoretical models [30]. 

These physicochemical parameters (Table 1) 
were determinate using the Spartan 6.0 software; 
the theoretical data showed that the HBA value was 
<10 and the HBD value was <5 for compounds 2-7, 
this phenomenon suggest that these compounds may 
be well absorbed such happening with another type 
of compounds [31]. Other results showed that polar 
surface area (PSA) for 2-6 was < 100 Å values; it is 
noteworthy that some reports suggest that PSA < 140 
Å values may condition the ability of some drugs to 
a good oral absorption and exhibit some biological 
activity [31]. 

Table 1 – Physicochemical parameters of compounds 2-7. The values were calculated using both ACDLabs and Spartan software

Parameters 2 3 4 5 6 7
Molar Refractivity (cm3) 98.44 88.77 103.05 120.90 124.19 137.98
Molar Volume (cm3) 279.40 269.80 307.50 359.50 375.80 371.50
Polarizability (cm3) 39.02 35.19 40.85 47.93 49.23 54.70
Parachor (cm3) 78.10 683.10 805.40 961.20 993.10 982.20
Index of refraction 1.62 1.57 1.58 1.58 1.57 1.66
Surface Tension (dyne/cm) 57.10 41.00 47.00 51.10 48.70 48.80
PSA Å2 86.58 36.04 37.97 58.49 53.46 38.44
Density g/cm3 1.28 1.15 1.26 1.21 1.19 1.26
HBD 2 1 0 1 0 0
HBA 6 3 4 5 5 4

Pharmacophore evaluation
This pharmacophore model can furnish a new in-

sight to design novel molecules that can enhance or 
inhibit the function of the target and will be useful 
in drug discovery strategies. Therefore, in this study, 
LigandScout software [14] was used to develop a 

pharmacophore model of compounds 2 and 3. The re-
sults showed in Figures 4 and 5 indicated that there is 
a different type of functional groups involved in the 
compounds 2 to 7 that can interact via hydrophobic 
contacts or as hydrogen bond acceptors or as hydro-
gen bond donor with some biomolecules.
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Figure 4 – Scheme represents a pharmacophore from both compounds 2 (A), 3 (B) and 4 (C) using the LigandScout software.  
The model involves a methyl group (yellow) hydrogen bond acceptors (HBA, red) and hydrogen bond donor (HBD, green)

Figure 5 – Theorethical pharmacophore from both compounds 5 (D), 6 (E) and 7 (F) using the LigandScout software.  
The model involves a methyl group (yellow) hydrogen bond acceptors (HBA, red) and hydrogen bond donor (HBD, green).
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Evaluation of interaction between compounds 
2-7 with both COX1-1 and COX-2

Since several years ago, some theoretical mod-
els have been used to predict the interaction of some 
drugs with protein or enzymes [32]. Therefore, in 

this study was carried out a theoretical analysis 
on interaction of compounds 7 with both COX1-1 
(2OYU) and COX-2 (3LN1) using a Docking mod-
el [15] using both indomethacin and Rofecoxib as 
controls. 

Figure 6 – The scheme shows the binding sites of compound 7 with some aminoacid residues involved  
on both COX 1 (2oyu [I]) and COX 2 (3LN1 [II]) enzymes.  

The visualization was carried out using DockingServer software

The results showed the interaction of both indo-
methacin and compound 7 were only in two types 
of amino acid residues involved in the surface of the 
2OYU protein, such as Tyr55, Pro67. Other theoreti-
cal data showed a similar interaction between both 
Rofecoxib and compound 7 with some Ser23, Pro25, 
GLn27, Tyr40, Asn53 amino acid residues of COX-2 
(3LN1). All these data suggest that there are differ-
ences between the interaction of compound 7 with 
both COX 1 and COX 2 compared with the bound 
of indomethacin and rofecoxib with this type of en-
zymes.

Table 4 – Residue Aminoacids involved in the interaction be-
tween both steroid-oxazolone derivative (compound 7) and Indo-
metacin with COX-1 enzyme (2oyu)

Steroid-oxazolone derivative 

Tyr38
Pro40
Tyr55
Gln156
Pro67
Asn68

Indometacin

Pro35
Arg54
Tyr55
Pro67
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Table 5 – Residue Aminoacids involved in the interaction be-
tween both steroid-oxazolone derivative (compound 7) and Ro-
fecoxib with COX-2 enzyme (3LN1)

Compound Aminoacid residues

Steroid-oxazolone derivative 

Ser23
Pro25
Gln27
Tyr40
Asn53
Thr55
Val151

Rofecoxib

Ser23
Pro25
Gln27
Tyr40
Asn53
Lys152

Thermodynamic parameters 
Analyzing the aforementioned data and other 

types of reports which suggest that the drug-protein 
interaction could involve other types of intramolecu-
lar interactions, in study a theoretical ass was carried 

out to evaluate some thermodynamic factors involved 
in the interaction of quinalizarin and the compound 7 
with both 2OYU and 3LN1 proteins such as 1) free 
energy of binding which determinate the energy val-
ue that require a molecule to interact with a protein 
in a water environment. 2) Electrostatic energy that 
is the product of electrical charge and electrostatic 
potential, which are involved in the ligand-protein 
system; 3) total intermolecular energy and 4) Van 
der Waals (vdW) + hydrogen bond (Hbond) + de-
solvation energy (Desolv. Energy; which have an in-
fluence on the movement of water molecules into or 
out of the ligand-protein system) using a theoretical 
model [15]. 

The results showed that there are differences in 
the thermodynamic parameters of compound 7 com-
pared to both indomethacin and rofecoxib. This phe-
nomenon suggests that these differences could be 
translated as a higher inhibition of biological activity 
of COX 1 (2OYU) in the presence of compound 7 in 
comparison with indomethacin. In addition, a lower 
inhibition of COX 2 (3LN1) with the compound 7 
compared with rofecoxib.

Table 6 – Thermodynamic parameters involve in the interaction of both steroid-oxazolone derivative and Indometacin with COX-1 
enzyme (2oyu)

Compound 

Est. Free 
Energy of 
Binding 

(kcal/mol)

Inhibition 
Constant, Ki 

(µM)

vdW + Hbond  
+ desolv 

Energy (kcal/
mol)

Electrostatic 
Energy (kcal/

mol)

Total Intermol. 
Energy (kcal/

mol)
Interact Surface

steroid-
oxazolone 

derivative (4)
-6.47 18.01 -6.81 0.04 -6.77 628.614

Indometacin -5.32 126.53 -6.24 -0.19 -6.43 576.698

Table 7 – Thermodynamic parameters involve in the interaction of both steroid-oxazolone derivative and Rofecoxib with COX-2 
enzyme (3LN1)

Compound 

Est. Free 
Energy of 
Binding 

(kcal/mol)

Inhibition 
Constant, Ki 

(µM)

vdW + Hbond  
+ desolv 

Energy (kcal/
mol)

Electrostatic 
Energy (kcal/

mol)

Total Intermol. 
Energy (kcal/

mol)
Interact Surface

steroid-
oxazolone 

derivative (4)
-6.15 30.81 -6.36 0.09 -6.45 673.193

Rofecoxib -3.78 1.69 -4.90 0.18 -4.73 557.621
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Conclusions

These data suggest that the steroid-oxazolone de-
rivative could be a good candidate as COX-inhibitor 
translated as a possible drug for treatment of pain. 
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Synthesis and characterization of sulfur nanoparticles  
with WSP/surfactants mixtures

Abstract: Sulfur nanoparticles display unique physical and chemical feature because of effects such as 
the quantum size effect, mini size effect, surface effect, and macro-quantum tunnel effect. Therefore, 
sulfur nanoparticles would present higher efficacies such as removal of heavy metals, radical-scavenging, 
antimicrobial activity, antioxidant and antitumor activities. They have been using as a fungicide product 
in agriculture and medicine; to obtain sulfur fertilizers and cosmetics industries, as well as in obtaining 
nanocomposite lithium batteries; to form stable carbon chains such as C3S and C5S for obtaining hybrid 
materials with useful properties for gas sensor and catalytic applications. This work presents the results 
of obtaining sulfur nanoparticles, which can be used in agriculture as a fungicide treatment. Sulfur 
nanoparticles were obtained by modifying the surface of sulfur by various water-soluble polyelectrolyte 
(WSP)/surfactant mixtures including NaCMC/CTAB, PDADMAC/SDBS, NaCMC/Triton X-100 (TX-
100). The size and the structure of sulfur nanoparticles were determined by methods as LSA, XRD, SEM. 
It is shown that the nanoparticles have a sulfur monoclinic α-form, and their average size is in the range of 
100-300 nm. The received products can be considered as perspective forms of application in agriculture 
and medicine.
Key words: sulfur nanoparticles, surfactant, aqueous surfactant solution, water-soluble polyelectrolytes 
adsorption, surface tension.

Introduction 

Sulfur is the tenth most common element by mass 
in the universe and the fifth most common on Earth. 
Though sometimes found in pure, native form, sulfur 
on Earth usually occurs as sulfide and sulfate min-
erals. Chemical and, biologically active element, It 
displays three allotropic forms: orthorhombic, mono-
clinic and amorphous. The orthorhombic form is the 
most stable form of sulfur. it is widely used in many 
fields, such as the production of sulfuric acid, chem-
istry fiber, nitrogenous fertilizer, plastics, antimicro-
bial agents and rubber, pharmaceutical industry, and 
bioleaching processes, pulp and paper industries, and 
different other agrochemical industries [1-2]. The 
sulfur nanoparticles have many practical important 
applications such as synthesis of nanocomposites 
for lithium batteries [3-6], fungicides in agriculture 

[7], synthesis and modification of carbon nanostruc-
tures [8], synthesis of sulfur nanowires with carbon 
to form hybrid materials with useful properties for 
gas sensor and catalytic applications [9], in road 
construction, as a bitumen modifier [10], in the ag-
ricultural field, sulfur is used as a fungicide against 
the apple scab disease under colder conditions [11], 
The smaller of particle size, the larger surface area 
of sulfur particles, so there will be more efficiency 
in an application in medicine, cosmetics, agriculture, 
etc. Therefore, the synthesis of sulfur nanoparticles is 
currently an important issue.

Different methods were used for nanosize par-
ticle synthesis, among those: the microemulsion 
method is one of the very important methods to 
control the particle size. Nevertheless, microemul-
sion itself is a very complicated system, composed 
of oil, surfactant, co-surfactant and aqueous phases 
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with the specific compositions. The main disadvan-
tages of the microemulsion method are the difficul-
ties in process scale-up, separation and purification 
of the particles from the microemulsion, and finally, 
this method is consumed huge amounts of surfac-
tants. Despite many exciting applications, there are 
only a few recent kinds of literature available on the 
synthesis of sulfur nanoparticles by different inves-
tigators [12-16] in both aqueous and microemulsion 
phase by different routes. Deshpande et al. [12] have 
synthesized sulfur nanoparticles from H2S gas by us-
ing the biodegradable iron chelate catalyst in reverse 
microemulsion technique. They found a-sulfur or 
rhombic sulfur of average particle size 10 nm with 
a particle size range of 5-15 nm. They have also 
studied the antimicrobial activity of sulfur nanopar-
ticles and shows it is very much effective, especially 
when the particle size is low. Guo et al. [13] have 
prepared sulfur nanoparticles from sodium polysul-
fide by acid catalysis in the reverse microemulsion 
technique. They found monoclinic or b-sulfur with 
an average particle size of around 20 nm. Xie et al. 
[14] have prepared nanosized sulfur particles from 
sublimed sulfur. They added aqueous cysteine solu-
tion dropwise on a saturated alcoholic sulfur solu-
tion with constant ultrasonic treatment and cysteine 
– nano-sulfur sol was obtained. S.Roy Choudhury 
et al. [15] get 20-50 nm particles of sulfur interac-
tion sodium polysulfide and ammonium polysulfide 
with formic acid and further stabilization of the sul-
fur polyethyleneglycol-400. The same authors es-
tablished the biological activity of the synthesized 
nanoparticles of sulfur. By the research of Rajib et 
al. [16], sulfur obtained by conducting the reaction 
of sodium thiosulfate interaction with various inor-
ganic and organic acids. Subsequently, the same au-
thors synthesized sulfur particles with particle sizes 
in the range of 30-60 and 200-300 nm, by modifying 
the sulfur with various surfactants.

However, despite the existence of different ways 
to get sulfur nanoparticles, they all have drawbacks. 
Namely: the multi-stage process, the use of various 
inorganic and organic acids, which requires multiple-
treatment, significant harm to the human body when 
using poisonous gases, such as hydrogen sulfide.

In This study presents the method of obtaining 
sulfur nanoparticles by mechanical and ultrasonic 
grinding, Sulfur nanoparticles were obtained by 
modifying the surface of sulfur by various mixtures 
water-soluble polyelectrolytes (WSP)/surfactants in-
cluding NaCMC/CTAB, PDADMAC/SDBS), NaC- NaC-C-
MC/TX-100, The size, surface tension at the water/
air and the structure of sulfur nanoparticles were de-

termined by methods as LSA, DCAT-21-Date phys-
ics, XRD, SEM.

Materials and methods

Crystalline sulfur production of LLP “Tengiz 
Shevroil” (Kazakhstan), cetyltrimethylammonium 
bromide (CTAB) with a purity of 99 % of company 
Loba Chemie Pvt. Ltd., (India), Triton X-100 (TX-
100) and sodium dodecylbenzene sulfonate (SDBS) 
with a purity of 99% of company “Unilever Research 
Laboratory Port Sunlight (England), sodium car-
boxymethyl cellulose (NaCMC), polydiallyldimeth-
ylammonium chloride (PDADMAC) with 99% pu-
rity from Tianjin Heowns Biochem. LLC., (China). 
Were used as materials Bettersize-2000 (China), 
scanning electron microscope (SEM)-Auriga cross-
beam, infrared spectroscopy, Colloid mill company 
Fritsch Pulverisettel (Germany). Ultra dispersant 
KQ-600GKDV (China) Surface tensiometer (DCAT-
21, Date physics, Germany).

Synthesis of sulfur nanoparticles. Preparation of 
sulfur nanopowder was carried out in two stages: In 
the first stage, 10 g of crystalline sulfur was milled in 
a colloid mill Fritsch Pulverisettel (Germany) for 30 
min. Size of the sulfur powder was 10-100 microns. 
In the second stage, the milled sulfur powders were 
dispersed into 100 ml of WSP/surfactants mixtures 
solution (where the concentration of mixtures NaC-
MC/CTAB and PDADMAC/SDBS was 1mM and 
the concentration of NaCMC/TX-100 was 0.1 mM) 
with an ultrasonic disperser KQ-600GKDV (China), 
Then the crushed sulfur was dried in the device Christ 
ALPHA 1-1 LD plus (Germany) [17]. 

The interfacial tension and critical concentration 
of WSP/surfactant mixtures at the water/air interface 
measured by the method of Vilgemi, using surface 
tensiometer (DCAT-21, Date physics, Germany) at 
room temperature (28 ±0.5 0C).

Characterization of sulfur nanoparticles. Crystal 
structure of sulfur nanoparticles was characterized 
by X-ray diffraction (XRD) using Philips (230 v, 65 
KVA) X-ray diffractometer with the scanning rate of 
0.0020 /s in the 2θ range from 100 to 500. Particle 
size measurement was carried out by laser size ana-
lyzing (LSA) using Bettersize-2000 laser particle size 
analyzer. The shape of sulfur nanoparticles was ob-
served with a scanning electron microscope (SEM).

Results and discussion

Effect of WSP/surfactant mixtures concentra-
tion on the surface tension. The tensiometric plot of 
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CTAB, SDBS, and TX-100 shows a sharp decrease 
in surface tension with a slight increase in [CTAB, 
SDBS and TX-100 ] up to cac, then it approximate-
ly keeps constant giving ‘first plateau’ until critical 
saturation concentration csc. A further decrease in 
surface tension is observed up to cmc, beyond which 
they further stabilize, giving ‘second plateau’ due to 
the formation of free micelles in the solution [18-19]. 
The plot of CTAB (Figure 1 A-1), SDBS (Figure 2 
B-1) and TX-100 (Figure 3 C-1) in pure water shows 
only one critical concentration (i.e., at cac), while in 
the presence of NaCMC, PDADMAC three critical 
concentrations (first at cac, second at csc and third 
at cmc) are observed. This indicates the influence of 
NaCMC, PDADMAC in the solution and theirs as-
sociation with the cationic surfactant CTAB, anionic 
surfactant SDBS and nonionic surfactant TX-100. 
csc represents the critical saturation concentration of 
the surfactant (Figure 1 A-2, Figure 2 B-2, Figure 3 
C-2) when all the binding sites on polyelectrolyte are 
saturated due to adsorption of CTAB, SDBS and TX-
100 over polymer backbone. During this association 
process (at first plateau), the surface tension of the 
solution is almost constant as the added surfactant 
get associated with the water-soluble polyelectrolyte 
molecules in the solution and surfactant free mol-
ecules are not available to affect the surface prop-
erties of the solution. When all the binding sites on 
polyelectrolyte molecules are saturated with surfac-
tant molecules, surface tension starts decreasing with 
increase in CTAB, SDBS and TX-100 concentration 
further till a certain concentration, termed as critical 
micelle concentration (cmc) is reached. At cmc, the 
micellization of polymer bound surfactant occurs re-
sulting in the formation of insoluble WSP/surfactant 
mixtures. This suggests that the WSP/surfactant mix-
tures also undergoes a two-stage interaction process 
where the surfactant binds to the polyelectrolyte due 
to electrostatic attraction; thereafter, the micelliza-
tion of polymer-bound surfactant molecules occurs 
as reported in the literature [20, 21]. As experimen-
tal results (Figure 1,2,3) show the minimum surface 
tension values (γCMC) for NaCMC(0.01%)/TX-
100(0.1mM),; PDADMAC (0.01%)/SDBS(1 mM) 
and NaCMC(0.01%)/CTAB(1 mM) are 40.35, 45.7 
and 42.8 Nm/m, respectively.

Effect of the concentration of WSP/ surfactants 
mixtures on the particle size of sulfur. It is well 
known that WSP/surfactant mixtures adsorbed on the 
surface of sulfur microcrystals, reduce the surface 
tension at the solid/liquid interface. This phenom-
enon is a good illustration of the Rehbinder effect. 
Theoretically, the WSP/surfactant mixtures adsorbed 

on the pores of sulfur microcrystals, facilitate their 
destruction. Firstly the WSP/surfactant mixtures ad-
sorbed in the pores which creates a two-dimensional 
pressure. Secondly, it contributes to the weakening 
of intermolecular interactions, to reduce the forma-
tion of aggregates, therefore, increase the number of 
nanoparticles (Fig. 4). The Feature of WSP/surfac-
tant mixtures are the presence of polar (hydrophilic) 
and non-polar (hydrophobic) groups. Simultaneous 
adsorption of non-polar groups on the surface of 
the solid phase and the interaction of polar groups 
with the hydrophilic medium determines the specific 
properties of surfactants.

Figure 1 – Variation of surface tension (γ)  
with CTAB concentration in pure water (1), and 0.01 % 

NaCMC aqueous medium (2) at 25 0c

Figure 2 – Variation of surface tension (γ)  
with SDBS concentration in pure water (1), and 0.01 % PDAD-

MAC aqueous medium (2) at 25 0c
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Figure 3 – Variation of surface tension (γ)  
with TX-100 concentration in pure water (1), and 0.01 % 

NaCMC aqueous medium (2) at 25 0c

However, the 300-500 nm of sulfur particles do 
not form a stable suspension. Apparently, this is a 
consequence of the predominance of hydrophobic in-
teractions in the highly polar aqueous environment. 
Therefore, even with stirring sulfur aggregates are 
not destroyed. Mechanical effects (intense mixing) 
can lead to an imbalance of the adsorbed particles on 
the surface of colloidal stabilizers (modifiers). Thus 
destabilized particles are able to interact with each 

other at distance of intermolecular forces and may 
converge by the forces of gravity. Consequently, to 
obtain a stable suspension of sulfur, you should use 
the smallest particle size.

The last time in the industry is widely used by 
water-soluble polyelectrolyte/surfactant mixtures as 
additives. When we add WSP to a particular ionic 
surfactant solution, it has been observed that surface 
tension and contact angle values are reduced. This 
happens because the presence of WSP decreases the 
repulsion between the head groups. As the repul-
sion decrease, the cmc decrease, too. So the addi-
tion of WSP can give a more economical way of 
using the surfactants for decreasing the contact an-
gle, particle size and altering the wetting property. 
[22-23]. WSP/surfactant composition influence to 
reduce sulfur particles through adsorption on the 
crystalline sulfur pores. In the study, 0.01% of the 
water-soluble polyelectrolyte solution was used. It 
is proved in the literature [19] that the better adsorb 
on the substance surface due to polyelectrolytes of 
this concentration allow reducing the surface ten-
sion of the water. In this reason, the use of WSO/
surfactant mixtures reduces sulfur particle size. this 
work was use mixtures (NaCMC (0.01%) /CTAB, 
PDADMAC (0.01%)/SDBS, NaCMC(0.01%)/ TX-
100) Fig. 5 shows the Effect of the concentration 
of WSP/surfactant mixtures on the particle size of 

Figure 4 – Adsorption of WSP/surfactant mixtures solution  
on the pores of the microcrystals of sulfur

sulfur. Experimental results showed that with the 
increase of surfactant concentration, decrease sulfur 
particle size. At the CMC, there are minimum value 
of sulfur particle size at 0.035, 0.04, 0.05 mM, con-
centration of NaCMC/TX-100, PDADMAC/SDBS 
and NaCMC/CTAB respectively, sulfur particle 
sizes are in the range of 200-350 nm. 

Figure 6 shows comparisons of particle size dis-
tribution among three of WSP/surfactant mixtures 
used in the study. NaCMC/TX-100, PDADMAC/
SDBS, and NaCMC/CTAB have a different size 
distribution, TX-100 having little sharp distribution 
than the other two WSP/surfactant mixtures but the 
change is not very significant.



150 Synthesis and characterization of sulfur nanoparticles with WSP/surfactants mixtures

Int. j. biol. chem. (Online)                                             International Journal of Biology and Chemistry 12, № 1, 146 (2019)

1- NaCMC(0.01%)/TX-100;2-PDADMAC(0.01%)/SDBS,  
3- NaCMC (0.01%)/ CTAB

Figure 5 – Effect of concentration  
of WSP/ surfactant mixtures on the sulfur particle size

Figure 6 – Differential curves  
of sulfur particles in of mixtures WSP / surfactants

XRD and SEM analysis of the Sulfur particles. 
Determination of particle diameter (D) was done by 
the XRD analysis using Debye-Scherrer formula,  

    

Where D crystallite size, k – Scherrer constant 
usually taken as 0.89, λ – wavelength of the X-ray 
radiation (0.154056 nm for Cu Kα), and α is the full 
width at the half maximum of the diffraction peak 
measured at 2θ the position and intensities of the dif-

fraction peaks of all samples were compared with 
standard α-sulfur particle diffraction pattern (24).

Figure 7 – XRD pattern of sulfur nanoparticles:  
surfactant and mixture WSP/surfactant media
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The XRD analysis of sulfur nanoparticles synthe-
sized in WSP/surfactant mixtures are shown in Fig-
ure 5, which are a,b and c, the XRD pattern of sulfur 
particles indifferent in the presence of WSP/surfac-
tant mixtures media, respectively. The positions and 
intensities of the diffraction peaks have the same 
means with the literature values for orthorhombic or 
a-phase sulfur on S8 structure (74-1465 from JCPDS 
PDF Number). The XRD samples are prepared by 

successive washing by fresh water, so it was got an 
only pure sulfur peak.

Analysis by scanning electron microscope (SEM). 
Figs. 8 A-B show the SEM images of sulfur particles 
synthesize by mixtures of WSP/Surfactant (NaCMC/
CTAB, PDADMAC/SDBS) (A, B images) have had 
uni-α-form, too. From the figure, it is clear that the 
sulfur particles are the almost spherical shape and 
uniform size. 

a– NaCMC/CTAB, b-PDMDAAX/SDBS

Figure 8 – SEM micrographs of sulfur nanoparticles

Сonclusions

Thus, the experimental results showed the 
minimum surface tension values (γCMC) for NaC-
MC(0.01%)/TX-100(0.1mM),; PDADMAC (0.01%)/
SDBS(1 mM) and NaCMC(0.01%)/CTAB(1 mM) 
are 40.35, 45.7 and 42.8 Nm/m, respectively. The 
use of mixtures NaCMC/CTAB, PDADMAC/SDBS 
and NaCMC/TX-100 as modifiers lead to a lot re-
duction in the size of sulfur particles were obtained. 
There is the minimum value of the size of sulfur par-
ticle at concentration of 0.035, 0.04 and 0.05  mM of 
NaCMC/TX-100, PDADMAC/SDBS and NaCMC/
CTAB with sulfur particle sizes in the range of 200-
350 nm. The size, crystal structure and morphology 
of sulfur nanoparticles were determined by meth-
ods of laser size analyzing (LSA), X-ray diffraction 
(XRD) and scanning electron microscope (SEM). It 
was found that the nanoparticles had a sulfur mono-
clinic α-form structures, and their average size was in 
the range of 100-300 nm.
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Processing of model n-alcanes and diesel fraction  
on the catalyst La-Zn-Mn / Al2O3 + ZSM

Abstract: Catalytic cracking is one of the most common processes in the oil refining industry. It contributes 
to a significant deepening of the oil refining degree and it is used for the production of high-octane gasolines 
and diesel fuels from heavy oil fractions, as well as for the production of petrochemical synthesis products. 
One of the promising methods for the regulation of catalytic properties is the introduction of modifying 
additives into the catalytic composition. In this work the catalysts on the base of Al2O3, ZSM catalyst 
modified by introduction of additives of manganese, lanthanum and zinc have been prepared and studied 
during the hydrogen-free conversion of hexane, tetradecane and the diesel fraction. The structure and state 
of the catalyst’s active centers have been studied using a complex of physico-chemical methods (TEM, XPA, 
TPD). It has been found that catalysts are characterized by the presence of both acid (Bronsted and Lews) 
and M0- or Mn+-metal centers. The structure of acid centers can include MnSiO3, La5Si, Mn15Si26, LaMn2Si2, 
La Al11O18, La2Si2O7, La3Si2, La3Si2, functioning as Lews acid sites. The degree of hexane and tetradecane 
conversion, the composition of the compound form is determined by the length of the hydrocarbon chain 
and the conditions of the process.
Key words: catalytic cracking, modified zeolites, C6-alkanes, C14-alkanes, high-octane gasoline, diesel 
fraction

Introduction

With the rapid growth of the car park, gasoline 
consumption is increasing every year. Modern au-
tomobile gasoline is one of the most qualified and 
expensive energy carriers. To obtain them, a com-
plex set of technological processes for oil refining 
is used, as well as various additives and additives 
that ensure compliance with modern requirements 
for the composition and quality of this type of 
motor fuel [1-5]. Catalytic cracking is one of the 
large-scale processes, after catalytic reforming, that 
provide deep oil refining and largely determines 
the technical and economic indicators of modern 
refineries of the fuel profile. Catalytic cracking is 
the fastest growing oil refining process. It contrib-
utes to a significant deepening of the oil refining de-
gree and it is used for the production of high-octane 
gasolines and diesel fuels from heavy oil fractions, 
as well as for the production of petrochemical syn-
thesis products. Typically, the catalytic cracking is 

carried out in the vapor phase at the temperature of 
450º-520ºC and the contact time of the feedstock 
with the catalyst for a few seconds. Aluminum sili-
cates, both natural and synthetic (zeolites), are used 
as catalysts for cracking [6-8]. The paraffins are the 
main component of many oil fractions, their crack-
ing has a high activation energy on catalysts, hence, 
proceeds with a significant rate only at elevated tem-
peratures. The determinations of the primary crack-
ing products and the simple low molecular paraf-
fins are difficult because of the olefins form rapid 
secondary transformations. The important factor 
affecting the degree of conversion, the direction of 
the alkane cracking and transformation is the length 
of its hydrocarbon chain. Nanoscale catalysts based 
on high-silica zeolites are used in oil refining and 
petrochemical processes, their activity is mainly 
determined by unique acid-base properties. One of 
the possible ways to regulate the catalytic properties 
is the introduction of modifying additives into the 
catalyst composition [9-13]. 
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In this article, we studied the regularities of the 
conversion of model C6 and C14-alkanes and diesel 
fraction without hydrogen using the Al2O3 + ZSM as 
catalyst, modified by the addition of manganese, lan-
thanum and zinc additives.

Materials and methods

The catalyst was synthesized by the impregnation 
method [14-17] of Al2O3+ZSM composition with wa-
ter-soluble salts of lanthanum, zinc, and manganese. 
The ratio of Al2O3: ZSM is 7:3, the zeolite modulus is 
35.5. The zeolite crystallinity is 92-93%. The catalyst 
was tested during the processing of C6 and C14 paraf-
fins in a flow-through plant in an inert atmosphere 
(argon) in the temperature range 300-500ºC, pressure 
= 0.1 MPa, feed rate 1.5 h-1.

The analysis of the starting and forming com-
pounds was carried out by means of GLC. A complex 
of physicochemical methods was used to study the 
structure and state of the surface of catalysts: TEM, 
BET, IR spectroscopy using ammonia as a probe 
molecule [18, 19]. 

The surface of the Al2O3 + ZSM composition is 
338.3 cm2/g, the pore volume = 0.39 ml/g, the pores 
with daverage≈1.0 nm and daverage≈6.5-7.5 nm predomi-
nate. The surface of La-Zn-Mn / Al2O3 is 264.5 m2/g, 
there are two types of pores with daverage≈1.5-2.5 nm 
and 6.0 nm. The total pore volume is ≈224.23 ml/g.

Results and discussion

In the Table 1 the degree of hexane conversion 
(T=300-500ºC) during its non-hydrogen process-

ing and the yields of the main products formed are 
shown. As can be seen from these data, with an in-
crease in temperature in the range of 320- 500ºC, 
the degree of conversion of C6H12 over La-Zn-Mn/
Al2O3+ZSM significantly increases – from 29.1 
to 96.9%. Under these conditions, an increase in 
the yield of light hydrocarbons and a decrease in 
the amount of the liquid phase are observed: from 
66.7% to 89.3% and 33.3% to 10.7%, respectively. 
At 320ºС the liquid part of the final mixture after re-
action contains 77.6% of naphthenic hydrocarbons 
C4-C14, 13.5% of iso-alkanes C4-C6, 2.2% of C4-
C10 olefins, 3.7% of aromatic hydrocarbons, 2.9% 
of naphthene hydrocarbons and 0.1% of benzene. 
With an increase in temperature to 500ºС, the yield 
of C4-C6 paraffins (up to 4%), C4-C6 olefins (up to 
0.2%), naphthenic hydrocarbons (up to 1.9%), the 
concentration of aromatic compounds (up to 66.6%) 
and benzene (up to 14.1%), the maximum yield of 
C4-C10 iso-alkanes is observed at 350-400 ºС and is 
20.1-20.8%.

The molecular weight of the initial alkane sig-
nificantly affects the qualitative changes in the com-
position of the resulting compounds that occur with 
increasing temperature. To identify the behavior of 
heavier n-alkanes in the process of non-hydrogen pro-
cessing, the cracking of tetradecane on a La-Zn-Mn/
Al2O3+ZSM catalyst was investigated. It was found 
that the conversion of tetradecane varied little with 
an increase in the studied temperature range – from 
86.5 to 87.6% (Table 2). Under these conditions, the 
yield of the liquid-phase products decreases from 
80.0 to 57.5% but the yield of the gas-phase products 
grows from 20.0 to 42.7%.

Table 1 – The effect of temperature on the process of hydrogen-free conversion of hexane on the catalyst La-Zn-Mn/Al2O3 + ZSM at 
Р=0.1MPa and V=1.5h-1

Yield of components, %
Process temperature, ºС

320 350 400 450 500

Composition of a gas phase, %
Paraffins С1-С4 75.9 76.9 76.5 82.2 89.2

Olefins С2-С7 1.9 1.1 0.6 0.4 0.3

Isoparaffins С4-С7 21.3 21.1 21.5 11.1 2.1

Naphthenic hydrocarbons С5-С7 0.3 0,3 0.2 0.1 0.07

Aromatic hydrocarbons С6-С7 0.08 0.1 0.1 1.2 2.8

Hydrogen 0.4 0.5 1.0 5.0 5.6

Yield of a gas phase 66.7 80.0 82.7 86.7 89.3
Yield of a liquid phase 33.3 20.0 17.3 13.3 10.7
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Conversion 29.1 50.1 82.2 86.1 96.9
Composition of a liquid phase, %

∑ Paraffins С4-С6 77.6 60.7 20.6 15.2 4.0
∑ Iso-alkanes С4-С6 13.5 20.8 20.1 18.1 13.1

∑ Olefins С4-С6 2.2 0.9 0.6 0.6 0.2
∑ Aromatic hydrocarbons 3.7 14.4 54.0 57.8 66.6

Benzene 0.1 0.4 1.9 5.6 14.1
∑ Naphthenic hydrocarbons 2.9 2.8 2.7 2.6 1.9

Octane number (research method) 39.9 55.1 85.2 92.3 101.6

Octane number (motor method) 49.3 57.9 75.9 79.8 85.4

Table 2 – The impact of temperature on the process of hydrogen-free transformation of tetradecane on the catalyst La-Zn-Mn / Al2O3 
+ ZSM at Р=0.1MPa, V=1.5h-1

Yield of components, %
Process temperature, ºС

320 350 400 450
Composition of the gas phase, %

Paraffins C1-C4 57.7 74.8 75.7 89.7
Olefins С2-С7 17.8 1.6 1.6 0.1

Isoparaffins С4-С7 22.3 19.2 15.9 3.8

Naphthenic hydrocarbons С5-С7 0.7 0.4 0.4 0.02
Aromatic hydrocarbons С6 -С7 0.4 0.4 2.3 1.3

Hydrogen 1.0 3.5 4.0 5.1
Yield of a gas phase 20.0 29.3 44.0 42.7

Yield of a liquid phase 80.0 70.7 56.0 57.3
Conversion 86.5 85.0 86.1 87.6

Composition of the liquid phase, %
∑ Parafins С4-С14 23.7 27.0 17.3 12.8

∑ Iso-alkanes С4-С14 19.9 22.5 19.5 12.1
∑ Olefins С4-С10 13.1 9.3 1.7 0.5

∑ Aromatic hydrocarbons 21.6 29.7 52.3 61.9

Benzene 0.8 1.6 5.3 11.4
∑ Naphthenic hydrocarbons 20.9 11.0 3.9 1.3

Octane number (research method) 76.0 80.2 88.9 93.4
Octane number (motor method) 62.0 65.3 73.9 78.5

Continuation of table 1

From the data presented in Table 2, it is seen 
that the amount of light C1-C4 -alkanes formed in 
the gas phase at 350ºC is 57.7%, C4-C7 iso-alkanes 
– 22.3%, C2-C10-olefins – 17.8 %. There is an in-
significant amount of aromatic and naphthenic hy-
drocarbons. Under these conditions, 23.7% of C4-
C14 paraffins, 19.9% of C4-C10 iso-alkanes, 13.1% 
of C4-C10 olefins, 21.6% of aromatic hydrocarbons, 

20.9% of naphthene hydrocarbons and 0.8% ben-
zene are in the liquid part of the final product mix-
ture. With an increase in temperature up to 500ºC, 
the aromatization direction of transformations of 
tetradecane and fragments of its cracking is en-
hanced: the amount of aromatic hydrocarbons and 
benzene formed grows to 61.9 and 11.4%, respec-
tively. The content of C4-C14 paraffins, C4-C14 iso-
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alkanes and C5-C10 olefins decreases to 12.8, 12.1 
and 0.5%, respectively.

The dependence of the behavior of La-Zn-Mn/
Al2O3 + ZSM catalyst on temperature during the non-
hydrogen processing of alkanes is probably related 
to the restructuring of the structure and the state of 
the active sites of the catalyst. Thus, it was estab-
lished that when the hydrogen-free treatment of hex-
ane and tetradecane on this catalyst their molecular 
weight significantly affects the qualitative changes in 
the composition of the resulting compounds, which 
occur with an increase in temperature from 320 to 
500ºC, especially the yield of C4-Cn -alkanes. When 
processing hexane, their amounts changed from 77.6 
to 4.0%, and in the case of tetradecane their yields 
varied within the limits of 23.7-12.8%. The amount 
of C4-C10-olefins formed during the cracking of tet-
radecane is 13.1-0.5%. In the case of hexane, their 
yield is lower – 2.2-0.2%. The maximum yield of 
aromatic compounds in the processing of hexane is 
higher than for tetradecane: 66.6 and 61.9%.      

 In this work conversion of the diesel fraction 
was also researched (Table 3). It was found that the 
yield of a liquid phase decreases from 53.3 at 350ºC 

to 27.0 at 450ºC. The yield of hydrocarbons of pet-
rol fraction increases in these conditions from 28.0 to 
62.0%, and the octane number changes from 79.8 to 
74.6 (on motor method) and from 97.0 to 109.7 ac-
cording to research method. When processing diesel 
fraction in the process of the hydrogen-free transfor-
mation a significant amount of hydrogen is formed. 
So at 450 ºC, in a gas phase, along with light C3-C4 
hydrocarbons (with the n- and iso- structures), con-
tains to 9.5% of hydrogen.

It should be noted that olefinic hydrocarbons in 
the catalytic cracking process are primarily subjected 
to the reactions of cleavage of the C-C bond, isomeri-
zation of the double bond, skeletal isomerization, hy-
drogen transfer, disproportionation, cyclization and 
polymerization [20-23].

The structure and state of the La-Zn-Mn/Al2O3 
+ ZSM catalyst active sites were studied using TEM 
(Figure) and IR spectroscopy. TEM and XPA studies 
of the dispersity, structure, and states of the La-Zn-
Mn/Al2O3 + ZSM active centers show a significant in-
homogeneity of its surface, which is associated with 
the formation of surface structures of heteronuclear 
nanoscale particles that are different in structure.

Table 3 - Effect of temperature on the process of diesel fraction hydrogen-free transformation at Р=0.1MPa, V=1.5h-1

Yield of components, %
Process temperature, ºС

350 400 450
Composition of the gas phase,%,

Paraffins 63.9 74.1 85.0

Olefins 1.9 1.8 1.1

Iso-paraffins 30.5 17.6 3.3

Naphthenic hydrocarbons 0.2 0.05 -
Aromatic hydrocarbons 0.2 0.2 0.2

Hydrogen 3.0 6.0 9.5
Yield of a gas phase 46.7 56.0 73.0

Yield of a liquid phase 53.3 44.0 27.0

Hydrocarbon composition of gasoline fraction

∑ Parafins С4-С14 5.0 3.1 2.9

∑ Iso-alkanes С4-С14 1.1 1.2 8.8

∑ Olefins С4-С10 32.7 24.5 25.6

∑Aromatic hydrocarbons 8.5 5.2 1.5

Aromatic hydrocarbons 52.4 63.9 59.2
Octane number (research method) 97.0 101.0 109.7
Octane number (motor method) 79.2 82.2 74.6

Yield of a liquid phase 28.0 45.8 62.0
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It was found that on the surface of the La-Zn-Mn/
Al2O3 + ZSM catalyst the nonuniformly distributed 
aggregates of large dense particles with cut features 
with d ≈ 150.0-300.0 nm, identified as a complex 
mixture of LaMn2Si2, LaMnO3,15, LaSi2, ZnO and 
β-MnO2 are present. Also there are the small forma-
tions with d~7.0-10.0 nm, which include Mn2O3, 
Mn3O4, La2Si2O7, La Al11O18 and Mn (OH)2. Micro-

diffraction studies showed that extensive clusters of 
particles with d ~ 3.0-4.0 nm consist of La2O3, Mn2O3, 
La Al11O18 La3Si2 and ZnO. There were revealed the 
small accumulations of particles consisting of oxi-
dized and reduced forms of lanthanum – La2O3, LaO 
and La0 – with d ~ 3.0 nm; structures with d ~ 5.0-
7.0 nm, formed by La2O3, La5Si, Mn15Si26 and single 
particles MnSiO3 (d ~ 10.0 -20.0 nm).

Figure 1 – Electron micrographs of La-Zn-Mn/Al2O3 + ZSM catalyst (zoom 80,000)

The results of electron microscopy indicate the 
presence of strong interaction in the La-Zn-Mn/Al2O3 
+ ZSM system: La, Zn and Mn are introduced into 
the Al2O3 crystal lattice and the zeolite. According 
to data in refs. [20, 22-25], the structures of MnSiO3, 
La5Si, Mn15Si26, LaMn2Si2, La Al11O18, La2Si2O7, La-
3Si2, La3Si2 can function as Lews acid centers.

The TEM data are in good agreement with the IR 
spectroscopic studies of the La-Zn-Mn/Al2O3+ZSM 
catalyst using ammonia as a molecular probe. In the 
IR spectra of ammonia adsorbed on the surface of 
La-Zn-Mn/Al2O3 + ZSM-catalyst, written at 250°C, 
there were found peaks at 3,500; 3,300; 3,200 and 
1,630 cm-1. These peaks indicate the presence of 
Lewis acid sites, and peaks at 1,570 and 850 cm-1 are 
characteristic for Brönsted acid sites. The shift to the 
low-frequency region up to 1,650; 1, 400 and 3,400 
cm-1 (that is, the strengthening of the NH3 bond is the 
active center), 362 and 1,200 cm-1 were found. 

Conclusion

In the work the laws governing the transformation 
of model C6, C14 – alkanes and the diesel fraction in 
the absence of hydrogen on the Al2O3 + ZSM catalyst 
modified by the addition of manganese, lanthanum 

and zinc have been studied. A considerable increase 
of the conversion degree of hexane is noted with in-
creasing temperature in the range of 320-500°C, the 
degree of conversion of С6Н12 increases significantly 
– from 29.1 to 96.9%. Under these conditions, an in-
crease in the yield of light hydrocarbons and a de-
crease in the amount of the liquid phase are observed. 
While in a case of the tetradecane transformations, 
it was found that an increase in temperature in the 
same temperature range slightly changes the hydro-
carbon conversion (from 86.5 to 87.6%). As the tem-
perature rises to 500°C, the aromatization direction 
of the transformations of tetradecane and its cracking 
fragments increases: the amount of aromatic hydro-
carbons and benzene formed rises to 61.9 and 11.4%, 
respectively. 

Thus, it was found that in the hydrogen-free pro-
cessing of hexane and tetradecane on the La-Zn-Mn/
Al2O3 + ZSM catalyst, their molecular weight signifi-
cantly affects the qualitative changes in the compo-
sition of the formed compounds, which occur with 
increasing temperature from 320 to 500°C, espe-
cially on the yield of C4- Cn-alkanes. The structure 
and composition of the products formed during the 
processing of the La-Zn-Mn/ Al2O3 + ZSM catalyst 
by the C6 and C14 n-alkanes indicates the develop-
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ment of several directions of paraffins transformation 
on the catalysts. At the same time, several reactions 
occur: cracking and dehydrogenation with the forma-
tion of intermediate activated complexes with a re-
duced content of carbon atoms and adsorbed states 
of olefins, isomerization, dehydrocyclization, alkyla-
tion. Depending on the nature of the active center of 
the catalyst, different directions of transformation de-
velop with the participation of intermediate activated 
complexes.
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Study of the hexane fraction isolated from the substance obtained from  
the roots Limonium Gmelinii by GC-MS

Abstract: Current paper presents the results of chemical study of the non-polar fraction obtained from the 
substance isolated from the roots of Limonium gmelinii (Willd.). Limonium gmelinii is a perennial wild-
growing plant with a flowering period in June-September. It is found in all regions of Kazakhstan, western 
and eastern Siberia, European part of Russia, Central Asia, Southeastern Europe, Western China and 
Mongolia. Roots of Limonium gmelinii are introduced into the medicine and State Pharmacopoeia of the 
Republic of Kazakhstan. In this work, we obtained a substance using ultrasound to intensify the extraction 
process, which is effective, both from the economic and ecological side. Limonium gmelinii plants were 
harvested in Almaty region in 2018. Extracts were obtained by solvent extraction of a dry substance isolated 
from the roots of the studied plants with hexane, and studied by chromatography – mass spectrometry on 
a gas chromatograph with a mass-selective detector. In non-polar extract obtained from such substance, 27 
individual compounds were identified, most of them are represented by higher fat-soluble hydrocarbons that 
are a part of natural waxes and resins; particularly high content of tetradecane, pentadecane, hexadecane, 
genicosane, octadecane, eicosane and their isomers was noted. In addition, the presence of a quinoline 
derivative in the form of 1,2-dihydro-2,2,4-trimethyl-quinoline was observed. For comparison, non-polar 
extract directly from the roots of Limonium gmelinii comprised 15 compounds belonging to the classes of 
hydrocarbons and esters of higher carboxylic acids. Dominating are hexadecanoic acid, ethyl ester, ethyl 
oleate, linoleic acid ethyl ester. In addition, a number of hydrocarbons, such as heptadecane, octadecane and 
tetradecane, and a quinoline derivative of 1,2-dihydro-2,2,4-trimethyl quinolone as well as phenol 2,4-bis 
(1,1-dimethylethyl) have been identified.
Key words: Limonium gmelinii, ultrasonic extraction, non-polar fraction, GC-MS, chemical composition.

Introduction

Limonium is a genus of plants that includes more 
than 300 different species distributed in many re-
gions of the planet, including Central Asia, Southern 
Europe, North Africa and Middle East. On the terri-
tory of CIS, 35 species of the genus were described. 
Out of 18 Limonium species in Kazakhstan, the most 
industrially significant and productive is Limonium 
(L.) gmelinii (Willd.), which has wide ecological 
amplitude and is easily adapted to the environment, 
normalizing the maintenance of calcium and sodium 
salts in the soil.

L. gmelinii is a perennial wild-growing plant 
with a height of 30-80 cm. Roots are thick, nodu-
lar, and dark-brown, with thin bark, placed tightly to 
wood. Stem is truncated, with a little, usually paired 
branches. Leaves are numerous, green or blue-green, 

redden at ruptures. Flower stalks are few, apical and 
axillary. Flowers are in small 1-4 flower clusters, 
assembled in sufficiently short dense spikes, form-
ing corymbose or pyramidal inflorescences. Spikes 
are 4.5-6 mm long; the cap is 4-4.5 mm long, at the 
base and up to the middle densely and reasonably 
long omitted by veins. Limb is fade white or faded 
purple, 5-10 notched. Petals are blue-violet, rarely 
white. Seeds are oblong-ovate, 2 mm in length, 0.6 
mm in width, dark-purple-brown. Blooms in June-
September, bears fruits in August-September. Area 
of distribution: all regions of Kazakhstan, western 
and eastern Siberia, European part of Russia, Cen-
tral Asia, Southeastern Europe, Western China and 
Mongolia. Roots of L. gmelinii were introduced into 
the medicine and into the State Pharmacopoeia of the 
Republic of Kazakhstan, harmonized with the Euro-
pean Pharmacopoeia [8; 9].
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On the basis of the plant roots of the L.gmelinii 
species, we obtained and patented a substance in the 
form of a complex of biologically active compounds, 
which has antiinflammatory, antioxidant and wound 
healing effects [10-13].

Considering the possibilities of optimizing the 
technology for obtaining the substance of our inter-
est, the process of its extraction from the roots of 
L.gmelinii was intensified using ultrasound by vary-
ing its power and time of extraction. The amplitude 
of the ultrasound pulse is 400-1600 watts, pulse du-
ration is 30 minutes. Ultrasonic dispersion was per-
formed using an Elmasonic S450H ultrasonic bath 
(Elma Schmidbauer GmbH, Germany) at an ultra-
sound frequency of 37 kHz. The improved techno-
logical scheme for substance isolation from plant raw 
material allowed to increase its yield up to 45-50%. 
Phytochemical analysis of the substance was con-
ducted as well [14-17].

Materials and methods

The substance was obtained according to the 
following procedure: 200 g of crushed roots are 
filled with 1200 ml of 50% aqueous alcohol and 
extraction is carried out by ultrasonic dispersion 
with the following electrophysical characteristics: 
ultrasonic pulse amplitude – 400 V, frequency 37 
kHz, pulse duration – 20 min, temperature 35 °С. 
Ultrasonic dispersion was performed using Elma-
sonic S 450 (Elma Schmidbauer GmbH, Germany), 
working volume 45 L. Extraction time 4 hours at 
room temperature. The extract is filtered and con-
centrated to dryness on a rotary evaporator. The ob-
tained substance is extracted with hexane in order 
to isolate from it the non-polar fraction, the com-

position of which was studied on a gas chromato-
graph with a mass-selective detector model Agilent 
7890N/5973N (CTC Analytics / Leap Technolo-
gies, USA). At the same time, the volume of the gas 
phase to be taken is equal to 1 μl, the sample in-μl, the sample in-l, the sample in-
troduction temperature is 250 °С without dividing 
the flow. Separation was performed using a DB-35 
MS chromatographic capillary column with a length 
of 30 m, an inner diameter of 0.25 mm and a film 
thickness of 0.25 μm at a constant carrier gas (he-μm at a constant carrier gas (he-m at a constant carrier gas (he-
lium) rate of 1 ml/min. The temperature of chroma-
tography was programmed from 40 °C to 200 °C 
with a heating rate of 10 °C/min.

The software Agilent MSD ChemStation (ver-
sion 1701ЕА) was used to control the gas chromatog-ЕА) was used to control the gas chromatog-) was used to control the gas chromatog-
raphy system, record and process the obtained results 
and data. Data processing included determination of 
retention times, peak areas, as well as processing of 
spectral information obtained using a mass spectro-
metric detector. The Wiley 7th edition and NIST’02 
libraries were used to decipher the mass spectra ob-
tained (the total number of spectra in the libraries is 
more than 550 thousand).

The results of a comparative study of non-po-
lar fractions obtained from the roots of the plant 
L.gmelinii and from the substance isolated from them 
during the intensification of the extraction process 
with ultrasound are presented in Tables 1 and 2.

Results and discussion 

As a result of studying the hexane fraction of a 
substance obtained from the roots of plants of the 
species L. gmelinii (50% aqueous alcohol and ultra-
sound), 27 compounds were identified, most of which 
were classified as hydrocarbons (Table 1).

Table 1 – Research data of a hexane fraction obtained from a substance isolated from L. gmelinii roots by GC-MS

No. Retention time Name of compound Content %
1 6.54 undecane 0.64
2 8.05 dodecane 1.08
3 8.92 2,7,10-trimethyl-dodecane 0.83
4 9.52 tridecane 3.38
5 10.35 2,3-dimethyldodecane 0.48
6 10.42 2,6,10-trimethyl-dodecane 0.50
7 10.91 tetradecane 7.48
8 10.99 1-tetradecene 0.43
9 11.54 2,6,10-trimethyl-tetradecane 1.14
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10 11.82 7-hexyl-tridecane 1.00
11 11.99 octyl-cyclohexane 0.55
12 12.23 pentadecane 10.28
13 12.91 1-tetradecanol 2.03
14 12.97 2-methyl-pentadecane 0.79
15 13.10 3-methyl-pentadecane 0.93
16 13.33 n-nonylcyclohexane 0.98
17 13.49 hexadecane 10.77
18 13.88 1,2-dihydro-2,2,4-trimethyl-quinoline, 3.47
19 14.49 2,6,10,14-tetramethyl-pentadecane 4.50
20 14.68 heptadecane 10.67
21 15.47 3-methyl-heptabecane 1.11
22 15.69 2,6,10,14-tetramethyl-hexadecane 3.57
23 15.81 octadecane 10.99
24 18.48 eicosane 7.34
25 19.82 phenanthrene 2.97
26 20.47 heneicosane 6.96
27 23.22 9-hexyl-heptadecane 5.12

Total 100.00

Continuation of table 1

Typical for non-polar plant extracts is the domi-
nance of hydrocarbons in their composition. In par-
ticular, a high content of tetradecane, pentadecane, 
hexadecane, genicosane, octadecane and eicosane 
was detected. Their total share is 96.52%, with the 
bulk of them being higher hydrocarbons, such as 
hexadecane, heptadecane, octadecane. 1,2-dihydro-
2,2,4-trimethyl-quinoline, which is a quinoline de-
rivative, is also identified.

Since plants of L. gmelinii are distributed mainly 
in arid zones, long-chain hydrocarbons are typical 

metabolites for such plants, which are mainly found 
in the composition of wax-like and resinous compo-
sitions on the outer integument, which act as barriers 
to the drying out and penetration of microorganisms 
into plants [18-23].

A comparative analysis of the above hexane ex-
tract with hexane extract obtained from the roots of 
the plant L. gmelinii was carried out. As a result, 14 
compounds were identified, mainly belonging to the 
class of hydrocarbons, as well as to esters of higher 
fatty acids (Table 2).

Table 2 – Research data of L. gmelinii roots by GC-MS

No. Retention time Name of compound Content %
1 6.53 undecane 0.94
2 8.05 dodecane 2.66
3 9.52 tridecane 4.07
4 10.91 tetradecane 4.15
5 10.99 7-tetradecene, (z) 0.89
6 12.23 9-methylheptadecane 3.22
7 13.49 heptadecane 7.61
8 13.83 phenol 2,4-bis(1,1-dimethylethyl) 1.72
9 13.88 1,2-dihydro-2,2,4-trimethyl quinoline 4.17
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10 15.69 tetracosane 3.43
11 15.81 octadecane 5.26
12 19.78 hexadecanoic acid, ethyl ester 24.51
13 25.40 ethyl oleate 11.16
14 25.78 linoleic acid ethyl ester 26.19

Total 100.00

Continuation of table 1

In contrast to the non-polar fraction obtained 
from the substance isolated from the roots of the 
plant Limonium gmelinii, in the non-polar total ex-
tract directly from the roots the hydrocarbon content 
is 32.23%, which is 3 times less than in the non-polar 
fraction from the substance. At the same time, hep-
tadecane, octadecane and tetradecane are also the 
dominant hydrocarbons, which belong to higher fat-
soluble hydrocarbons. In addition to hydrocarbons in 
the roots of L. gmelinii, fatty acid esters were iden-
tified as hexadecanoic acid, ethyl ester, ethyl ole-
ate, linoleic acid ethyl ester, which together account 
for 61.86% of the total mass of the identified com-
pounds. Absence of these compounds in the hexane 
fraction of the substance is explained by the nature 
of the initially taken extractant in the isolation of the 
substance from the raw material with 50% aqueous 
alcohol, which does not dissolve esters of higher fatty 
acids.

A quinoline derivative in the form of 1,2-di-
hydro-2,2,4-trimethyl quinoline, different from the 
quinoline derivative found directly in the roots, was 
also found in a non-polar extract obtained from a sub-
stance isolated from the roots of plants of the species 
L. gmelinii. In addition, phenol 2,4-bis(1,1-dimethyl-
ethyl) was identified in the roots in an amount equal 
to 1.72%.

Conclusion

As a result of the study, the technological scheme 
for isolating a substance from the roots of plants of 
the Limonium gmelinii species was improved; It has 
been established that fat-soluble hydrocarbons domi-
nate in the non-polar fraction of the substance ob-
tained from the roots of Limonium gmelinii plants, 
while esters of higher carboxylic acids dominate in 
the analogous fraction of the roots.
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Estimation of total phenolic contents and  
antioxidant capacities in some green and  
black tea of Saudi Arabia markets and  
evaluation of their antibacterial activity

Abstract: Tea is the most commonly consumed beverage in the world after water and considered a good 
antioxidant nutrient against free radical reactions. Teas are classified into more than one type depending 
on the manufacturing process. Green and black tea leaves are rich in phenolic compounds that are known 
for their antioxidant activity, having a beneficial effect on human health. The objective of this study was to 
determine phenolic content, antioxidant capacities as well as the antibacterial activity of green and black 
tea for the most popular brands in Saudi Arabia, Lipton and Rabea. The results showed that the content of 
polyphenols was higher for green brands 524.10 ± 11.8 and 553.75 ± 14.0 mg/g than black brands 468.70 
± 10.5 and 466.25 ± 6.8 mg/g for Lipton and Rabea types respectively. Moreover, it was found that all tea 
types exhibited high antioxidant activity, but green tea brands were higher 93.94 and 94.08 % than black 
brands 93.64 and 93.32 % for Lipton and Rabea brands respectively. Test of antibacterial activity showed 
that green tea was more effective in inhibiting the growth of the test organisms than black tea, where it 
showed antibacterial activity with a mean diameter of inhibition zone ranged from 9.0 ± 0.22 to13.0 ± 
0.24 mm in comparison with black tea 9.0 ± 0.20 to 11.0 ± 0.10 mm. The present study indicated that no 
significant differences were noted in total phenolic contents and antioxidant activities for black and green 
tea. but Rabea green tea exhibited stronger antibacterial activity than black tea brands. To our knowledge, 
no studies have so far been done to compare these properties of two commercial black and green teas 
available in the markets of Saudi Arabia. 
Key words: green, black tea, total phenolic content, radical scavenging activity, Saudi Arabia.

Introduction

In the last decades, lots of epidemiological stud-
ies were focused on bioactive phytochemicals such 
as phenolic compounds due to their beneficial effect 
on human health. It has been suggested that an ini-
tial cause of most chronic diseases is a free radical 
attack on biomolecules; thus, consumption of foods 
rich in phenolic compounds that are capable of the 
scavenging of reactive species may be a mechanism 
of protection recommending those foods for maxi-
mum health benefits [1; 2]. Historically, tea has im-
portant roles not only as ancient health therapy but 
also as a subject of the visual and literary arts. Tea 
was painted, drawn and figured on textiles and ce-
ramics. Its shape, color, perfection and social interac-

tions were described in many Odes [3; 4]. Tea is the 
most widely consumed drink in the world after water. 
It has been cultivated and consumed for more than 
2000 years. Tea comes from the leaves of two classes 
of Camellia sinensis plant: assamica and sinensis, 
which originate in China and Southeast Asia [5; 6]. 
Teas are classified into three major types depending 
on the manufacturing process. Non-fermented green 
tea is produced by drying and steaming the fresh 
leaves to inactivate the polyphenol oxidase and thus, 
oxidation does not occur. Semi-fermented oolong tea 
is produced when the fresh leaves are subjected to a 
partial fermentation stage before drying. Fermented 
black and red (Pu-Erh) teas undergo a post-harvest 
fermentation stage before drying and steaming. How-
ever, the manufacturing process of black and red teas 
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is not identical, since the fermentation of black tea 
is due to oxidation catalyzed by polyphenol oxidase, 
while the fermentation of red tea is attained by using 
microorganisms [7; 8]. The percentage of each type 
of tea produced and consumed in the world is 78% 
black, 20% green and 2% oolong tea [9]. Among the 
different types of tea, green tea is now preferred as it 
has much more positive health benefits in compari-
son to other natural products [10]. Tea has a com-
plex structure, which contains polyphenols, amino 
acids, proteins, alkaloids, minerals, carbohydrates, 
volatile compounds and trace elements [11]. Due to 
the presence of polyphenols, many scientific studies 
have proved the health benefits of tea such as anti-
carcinogenic, anti-oxidant, anti-aging, anti-mutagen-
ic, anti-viral, anti-bacterial, and anti-inflammatory 
properties [12; 13]. The antimicrobial effect of tea 
was first demonstrated almost a century ago, in 1906, 
in the laboratory by McNaught, who showed that 
brewed black tea killed Salmonella typhi and Brucel-
la melitensis. Thus, he recommended that the water 
bottles of troops should be filled with tea in order to 
prevent outbreaks of infections due to these agents. 
The precise antimicrobial spectrum of tea is difficult 
to be defined due to variation in definitions of ‘sus-
ceptible’ and ‘resistant’ as well as due to variation in 
the methods of testing, that have been used [14]. Tea 
polyphenols are also known for their antibacterial 
activity. In general, antibacterial activity decreases 
when the extent of tea fermentation is increased, im-
plying stronger activity in green tea than black tea 
[15; 16]. Green tea catechins, particularly EGCG and 
ECG, have antibacterial activity against both Gram-
positive and Gram-negative bacteria [17-19]. There 
are many types of tea (local and exotic) commonly 
consumed in Saudi Arabia. Most of these teas are 
traded and consumed without knowing their posi-
tive health benefits. So, comparing these teas with its 
chemical and biological activities is greatly required. 
Thus, the purpose of our research was to compare 
the total phenolic content, antioxidant capacities and 
antibacterial activity of two popular black and green 
tea brands from local Saudi markets by using several 
different methods. According to our knowledge, this 
is the first study to compare these characteristics of 
the most common green tea brands available in the 
Saudi markets.

Materials and methods

Tea samples. Camellia sinensis green teas (Lip-
ton and Rabea), and black teas (Lipton and Rabea) 
were purchased from some supermarkets of Rafha 

governorate at the Northern Border region in King-
dom of Saudi Arabia. The tea samples were stored in 
a cool dry place before analysis. 

Chemicals. 1,1-diphenyl-2-picrylhydrazyl 
(DPPH) used as the source of free radicals and Fo-
lin-Ciocalteu’s phenol reagent used for estimation of 
total phenolic content were purchased from Sigma-
Aldrich Chemical Co. (Pool, UK).

Samples and extract preparation. Two different 
brands of commercial black and green tea, purchased 
from the local markets (Lipton classic and Rabea tea), 
were used in this study. Tea samples were extracted 
using the hot water method [20]. Teas (25 g) were 
extracted with 250 ml of hot water three times, with 
continuous swirling at 120 rpm in an orbital shaker, 
for 1 h each time. The boiling water was allowed to 
cool throughout the extraction process to mimic tea 
brewing. After filtration under suction through What-
man No. 1 filter paper, the residues were re-extract-
ed again with 250 ml of hot water. The water in the 
extracts was removed using a freeze dryer. Dried 
extracts were kept at -20°C in a freezer for further 
analysis.

Folin-ciocalteu assay. Total phenolic content 
(TPC) of extracts was determined using the Folin-
Ciocalteu method [21; 22]. Samples (300 μl, in trip-
licate) were introduced test tubes wrapped in alumi-
num foil followed by addition of 1.5 ml of FC reagent 
(10 times dilution) and 1.2 ml of sodium carbonate 
solution (7.5% w/v). The tubes were allowed to stand 
in the dark for 30 min before absorbance was mea-
sured at 765 nm. TPC was expressed as gallic acid 
equivalent (GAE) in mg/g of sample. The calibration 
equation for gallic acid was y = 0.0111х + 0.0148 
(R2 = 0.9998).

DPPH radical scavenging assay. Antioxidant ac-
tivity was measured using the DPPH radical scaveng-
ing assay [22; 23]. Different dilutions of the extracts 
(1 ml) were added to 2 ml of DPPH (5.9 mg/100 ml 
methanol) in test tubes wrapped in aluminum foil. 
Absorbance (A) was measured at 517 nm after 30 
min incubation in the dark. All measurements were 
made with distilled water as a blank. The scaveng-
ing ability (%) of the samples was calculated as (Acon-

trol – Asample)/Acontrol × 100) and calculated as IC50, the 
concentration of sample needed scavenge DPPH free 
radicals by 50%. IC50 was expressed as ascorbic 
acid equivalent antioxidant capacity (AEAC) using 
the equation: AEAC (mg AA/g sample) = IC50(AA)/ 
IC50(sample) × 105. The IC50 of AA used for calcula-
tion of AEAC was 0.00387 mg/ml.

Disc-diffusion method. Antibacterial activity of 
extracts and fractions of green and black teas were 
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tested against Gram-positive Bacillus subtilis ATCC 
6633 and Staphylococcus aureus ATCC 6538, and 
against Gram-negative Pseudomonas aeruginosa 
ATCC 9027 and Escherichia coli ATCC 7839. An-
tibacterial activity was measured using the disc-dif-
fusion method [24]. Inoculums (100 μl) were spread 
evenly onto 20 ml Mueller-Hinton agar set in 90-mm 
Petri dishes using a sterile cotton swab. Sterilized 
paper discs (6-mm diameter) were impregnated with 
plant samples (2 mg per disc) using a micropipette 
and firmly placed onto the inoculated agar ensur-
ing even distribution to avoid overlapping of zones. 
Streptomycin susceptibility discs (10 μg) were used 
as positive controls. After incubation overnight at 
37ºC, the minimum inhibitory dose (MID) or low-
est concentration of extract or fraction in mg/disc 
required to show a zone of inhibition was recorded 
[25; 26].

Statistical analysis. The data were statistically 
analyzed using Microsoft Excel 2019. Results with 
p < 0.05 were considered statistically significant. All 
experiments were performed in triplicate and the val-
ues were expressed as mean ± SD. The differences 
between the samples were assessed using single fac-
tor analysis of variance (ANOVA).

Results and discussion

Tea is consumed more than any other beverage 
worldwide [27]. It is a hot water infusion of the dried, 
young leaves and/or buds of the evergreen Camellia 
sinensis plant [28; 29]. In 2012, 4.884 million tons of 
tea was produced and consumed globally [30]. The 
chemical composition of tea is complex and not com-
pletely understood. The detailed investigations which 

have been made were done mainly to understand how 
tea gets its characteristic flavor and appearance. In 
the present study, hot water extract of two popular 
black and green tea brands from local Saudi markets 
(Lipton and Rabea tea) were prepared for estimation 
of total phenolic content, antioxidant capacities and 
antibacterial activity. Hot water was used for extrac-
tion since it is the traditional way of brewing tea and 
previous studies have shown it to be an efficient way 
of extracting tea [31; 32]. Studies have shown that 
water temperature is an important factor when ex-
tracting tea. Significantly higher yields of hot water 
than cold water extraction of green tea and stronger 
radical scavenging activity of oolong tea extracted 
with hot water of increasing temperature have been 
reported [33; 34]. For green, oolong, and black teas, 
extraction with water at 100oC for 3 min yielded 
higher total flavanol content than extraction with wa-
ter at 60 and 80oC [35].

Total phenolic content (TPC). Polyphenols are a 
class of chemical constituents with one or more hy-
droxyl groups associated to the aromatic arene (phe-
nyl) ring. Consequently, they are considered as one 
of the most potent antioxidative compounds that 
contribute to the antioxidant activity [36]. Hence, 
it is important to quantify polyphenol content and 
to estimate its contribution to antioxidant activity. 
Total phenolic contents of black teas (Lipton and 
Rabea) and green teas (Lipton and Rabea) brands 
were expressed as gallic acid equivalent. The results 
showed that the content of polyphenols was higher 
for green brands 524.10 ± 11.8 and 553.75 ± 14.0 
mg/g than black brands 468.70 ± 10.5 and 466.25 ± 
6.8 mg/g for Lipton and Rabea brands respectively 
(Table 1). 

Table 1 – Total phenolic content (TPC) of extracts of Camellia sinensis teas

No Type Brand (County) TPCa (mg GAE/g)

1 Black
Lipton (United Arab Emirates) 468.70 ± 10.5

Rabea (Saudi Arabia) 466.25 ± 6.8

2 Green
Lipton (United Arab Emirates) 524.10 ± 11.8

Rabea (Saudi Arabia) 553.75 ± 14.0
Note: aTPC (total phenolic content) represented by means ± SD (n = 3). 

Our results showed that the concentration of total 
phenol content was high in both brands especially in 
the green teas, this result may be referred to the high 
antioxidant activity of tea catechins, which are mainly 
found in green tea. The concentration of TPC obtained 

in this study is slightly lower than TPC obtained in the 
previous study concerned with the comparison of TPC 
activity of two popular green tea beverages available 
in the local market of Saudi Arabia recorded high phe-
nolic content for the two green brands [37].
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DPPH radical scavenging activity. DPPH assay 
is used to evaluate the free radical scavenging activ-
ity of hydrogen donating antioxidants in many plant 
extracts. DPPH is a stable free radical with a dark 
violet color. This method is based on the principle 
that DPPH accepts a hydrogen atom from the antioxi-
dant, resulting in the reduction of DPPH to DPPH2, 

the violet color changes to yellow with a consequent 
decrease in absorbance at 517 nm. The efficiency of 
the antioxidant compound is measured by its ability 
to change color. The percentage of inhibition caused 
by green tea brands was higher 93.94 and 94.08 % 
than black brands 93.64 and 93.32 % for Lipton and 
Rabea brands respectively (Figure 1). 

Figure 1 – Radical scavenging activity by black and green (Lipton and Rabea) teas
The value expressed as means ± SD (n = 3).  

Compression of means was made using unpaired t-test (P > 0.05)

Results demonstrate that black and green of the 
two brands have the ability to scavenge free radicals. 
Therefore, both have the same high antioxidant ac-
tivity. The presence of chlorophyll and pheophitin 
in green tea extract could explain the higher DPPH 
scavenging activity in these samples (Figure 1). The 
main green tea catechins are Epicatechin (EC), epi-
gallocatechin (EGC), epicatechin gallate (ECG) and 
epigallocatechin gallate (EGCG) [38]. In general, 
Epigallocatechin gallate is the most powerful cat-
echins in tea and it is responsible for the majority of 
the biological activity of green tea. It is well known 
that green tea has greater total catechins than black 
tea due to the fermentation process; catechins in the 
black tea are reduced as they are converted to the 
flavins and thearubigins [39]. Moreover, our results 
showed that the two brands have the ability to scav-
enge free radicals. Studies conducted by Omar et al. 
[37] and Gramza et al. [40], indicated that the analy-
sis of DPPH free radicals scavenging ability by green 
tea showed higher radicals scavenging efficiency 
than black tea extract.

Antibacterial properties. Antibacterial activity of 
hot water extracts of black and green teas are record-
ed in Table 2 and represented in Figure 2. 

The results obtained showed that green tea was 
more effective in inhibiting the growth of the test or-
ganisms than black tea, where it was showed antibac-
terial activity with mean diameter of inhibition zone 
ranged from 9.0 ± 0.22 to 13.0 ± 0.24 mm in com-
parison with black tea 9.0 ± 0.20 to 11.0 ± 0.10 mm. 
Furthermore, it was found that green Rabea brand 
was the most active one where it was active against 
all of the bacterial test organisms, while the weakest 
one was in case of black Rabea brand where it ex-
hibited activity against B. subtilis ATCC 6633 with 
inhibition zone diameter 9.0 ± 0.20 mm and non-ac-
tive against the other test organisms. The inhibition 
of tea extracts against P. aeruginosa and E. coli has 
been reported [16; 18] although an earlier study has 
explicitly reported that tea extracts are not effective 
against P. aeruginosa and E. coli [19]. The disparity 
in findings could be due to different strains of bac-
teria used, and to the different concentrations and 
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types of extracts investigated. Gram negative bac-
teria are less susceptible to antibiotics as their outer 
membrane of lipoproteins and lipopolysaccharides 
is able to regulate the access of antibacterial agents 

into the underlying structures [41]. Several studies 
have shown that catechins from green and black teas, 
particularly EGCG and ECG, inhibited the growth of 
many bacterial species [17]. 

Table 2 – Antibacterial activity of extracts of Camellia sinensis teas using the disc-diffusion method

Type Brand (County)

Inhibition zone diameter (mm)
Gram positive Gram negative

B. subtilis
ATCC 6633

S. aureus
ATCC 6538

P. aeruginosa
ATCC 9027

E. coli
ATCC 7839

Black
Lipton (United Arab Emirates) 11.0 ± 0.10 0.0 0.0 0.0

Rabea (Saudi Arabia) 9.0 ± 0.20 0.0 0.0 0.0

Green
Lipton (United Arab Emirates) 13.0 ± 0.24 0.0 0.0 12.0 ± 0.15

Rabea (Saudi Arabia) 13.0 ± 0.15 9.0 ± 0.22 11.0 ± 0.10 9.0 ± 0.25

A

C D

B

Figure 2 – Antibacterial activity of black and green teas (Lipton and Rabea) against (A):  
B. subtilis, (B): S. aureus, (C) P. aeruginosa and (D): E. coli. 

Contrary to findings from this study, earlier stud-
ies have reported that black teas inhibited the growth 
of Gram positive bacteria [18; 42]. Extracts of green 
tea have been reported to be more effective  in inhibit-
ing bacterial growth than black tea [15]. In general, 
antibacterial activity decreased when the extent of tea 
fermentation increased [16; 19]. 

Conclusion 

Our research work showed that green and black 
tea of the most popular brands in Saudi Arabia, Lip-
ton and Rabea showed similar activity in their total 
phenolic contents (524.10 ± 11.8 to 553.75 ± 14.0 
and 466.25 ± 6.8 to 468.70 ± 10.5 mg GAE/g) and 
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antioxidant activity (93.64 to 93.32% and 93.94 to 
94.08%). However, green tea exhibited stronger an-
tibacterial activity against all tested strains (0.0 to 
13.0 mm) than black tea which was active against 
only one strain (0.0 to 11.0 mm). Continued re-
searches are needed to further the current knowl-
edge on the health-promoting effects of this popular 
beverage using different supplements by different 
mechanisms. 
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Natural valuable compound extraction from onion  
by-products using a pulsed electric field

Abstract: Onion by-products, a waste generated from fruit processing industry, is a potential source of 
phenolic compounds that are known for their anti-oxidative properties. The influence of pulsed electric field 
(PEF) treatment on the bioactive compounds from onion by-products at different pulse voltage (PV); 2000, 
4000, 6000Vand number of pulse (NP); 40, 50, 60 has been investigated. Response surface methodology, 
based on a Face-Centered Experimental Design (FCED) was used to determine optimal PEF treatment and 
optimize extraction yield, antioxidant strength, total phenolic compound (TPC),and quercetin content. The 
experimental data were fitted to a second‐order polynomial equation and also profiled into the corresponding 
3‐D contour plots. Optimal extraction conditions were as follows:PV were 4102.97 V and and NP 51.43. 
Under these conditions, TPC, DPPH, FRAP,Quercetin and extraction yield were 48.912 ± 6 mg/kg, 50.366 
± 1 %, 465.414 ± 5 µmFe2/l, 31.761 ± 0.5 mg/100g and 88.107 ± 1% ; respectively and matching well with 
the predicted value. The results demonstrated that PEF could be a very effective method for continuous 
extraction of natural compounds.
Key words: antioxidant, phenolic, quercetin, extract, onion, optimal.

Introduction

Onion (Allium cepa L.) has been used as a food 
and as a treatment for many diseases since ancient 
history. Allium family plants are major sources of 
many phenolic and flavonoid compounds in the diet 
[1;2]. Flavonoids in food and other phenolic com-
pounds, such as quercetin flavonols, kaempferol, and 
myricetin, have antioxidant activities and antibacte-
rial [3].

Considering abundant quantities of onions annu-
ally are disposed of as waste from the process in plant 
protein products, and as an important nutritional source 
for the production of natural additives with antioxidant 
and antimicrobial properties, also can lead to problems 
such as wasting this national capital and disposing of 
these wastes. Besides, the agricultural by-products in 
food processing are increased; one of the applications 
of these materials is the extraction of flavonoids from 
fruits and vegetables such as apples, onions, and citrus 
fruits, which have antioxidant activities [4], especially, 
onion by-products that are quercetin-rich antioxidant 
and as retrieval raw materials. [5]. Extraction with 

conventional methods, including soaking, maceration, 
boiling, grinding, soxhlet extraction and etc [6;7], 
have limitations like long processing time, low EY, 
high solvent consumption and thermal degradation 
of thermo-unstable active compounds [8] To prevail 
over the defects of conventional extraction processes 
mentioned above, several novel techniques have been 
researched, including UAE1, PEF-assisted extraction, 
MAE2, SFE3, and etc [9;10]. The advantages of devel-
oped methods were substantiated by comparing with 
conventional extraction techniques, such as soxhlet 
and maceration methods [11]. PEF process is a tech-
nique of green extraction, which has created increased 
interest in recent years due to its economic efficiency 
in foodstuff. The basis of the PEF technique is extract-
ing intracellular materials from a plant for the applica-
tion of electrical energy using an electric field and the 
formation of a pore in the cell membrane, which was 
called electroporation [12]. The external electric field 
creates a membrane transition potential that is larger 

1 – ultrasound-assisted extraction
2 – microwave assisted extraction
3 – supercritical fluid extraction
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than the natural potential of the cell, and when the 
overall membrane potential reaches a critical level, the 
membrane ruptures, which is reversible and irrevers-
ible. The extraction process of intracellular materials 
from the plant can be used only in the irreversible rup-
ture that facilitates the release of water and transfer of 
heat or osmosis material from permeability phenom-
enon. One of the most important achievements of this 
method was to accelerated the extraction process and 
speed, increased efficiency, environmentally-friend-
ly, save energy, preservation material qualification 
properties [13], also extracted valuable compounds 
from softened plant material [14] The results of the 
researchers demonstrated that PEF-assisted extraction 
was increased the of polyphenol extracts (67-75%) in 
Chardonnay grape [15]. It also raised the antioxidant 
activity and the TPC of the extract of grape wastes 
[16].

 Extraction of polyphenols in orange peel using 
the PEF showed that this technique can be used as a 
mild extraction process to improve the process of ex-
traction of polyphenols from fresh orange peel, also 
increased the antioxidant capacity of the extract, and 
reduced the time of extraction without the need for 
organic solvents [17]. PEF was used to extract poly-
phenols from plant wastes such as anthocyanidins 
from red grape pulp, flavonols from onion by-prod-
ucts and phenolic acid from potato peel and polyphe-
nols from apple pulp [18].

 The aim of this study was to investigate the use 
of PEF process for extraction bioactive compounds 
from yellow onion by-product and determine the in-
dependence valuables such as the PV and the NP re-
quired achieving maximum cell degradation and ease 
of mass transfer for more extraction, also, Response 
Surface Methodology(RSM) and the FCED were 
used to optimize and comprise of total phenolic com-
pound, strength of antioxidant, quercetin content and 
EY the onion by-products extracts with Conventional 
solid-liquid extraction.

Materials and methods

Raw materials
Onion by-products (Allium cepa L.), as an unac-

ceptable production, were manually gathered from 
Fruit Bazar, Mashhad, Iran in the month of July of 
2017. The samples were stored in cold storage at 4° 
C for further analysis.

Chemical and Reagents
All chemicals and reagents used in this study, 

were analytical grade consisting of 2,4,6 tris(2-

pyridyl)-s-triazine(TPTZ), Folin-Ciocalteu(FC), 
gallic acid, DPPH & quercetin were provided from 
Sigma-Aldrich (St. Louis, MO),chemical and organ-
ic solvents were purchased from Merck (Darmstadt, 
Germany).

Extraction procedures
Conventional solid-liquid extraction
Extraction of onion by-products with ethanol was 

performed. Samples of onion wastes (1-10 v/wt) were 
mixed with 70% ethanol at temperatures (25, 30 and 
35 °C), and times (12, 18 and 24 hours) by magnetic 
stirrer with a circumference of about 230 rpm. The 
extracted extracts were separated using Whatman 
filter paper No. 1 and vacuum pump from plant sol-
ids. Then, in order to remove the solvent, the extracts 
were obtained in a rotary machine, EI141 vapor Ro-
tary, (Buchi, Switzerland) under vacuum distillation. 
The extracts transferred to glass plates and heated to 
45 °C in constant temperature until they reached con-
stant weight. Then, plates were closed and covered 
with aluminum foil and stored in a freezer at -18 ° C 
for analysis [19].

PEF-assisted extraction
The PEF processing of onion by-products was 

conducted using an apparatus (constructed by Sib 
Food.Tech, Germany). This system created electrici-
ty flow 20KV, logarithmic pulses and a power supply 
electric pulses (220-240V, at the frequency of 50Hz), 
Transmitted electricity to a power supply, There, a 
linear flow of electrical energy was transmitted to a 
capacitor series and the energy stored in the capaci-
tors was pulled out by the two electrodes with the 
pulse key.

Before the extraction procedure, for carrying out 
extraction, 200 g sample of onion by-product was 
weighed and the mixture consisting of water and 
ethanol was subjected to PEF for different PV (2000, 
4000, 6000 V) and the NP (40, 50, 60).when the ex-
traction process was completed, the treatments were 
filtered with Whatman filter paper No 1, (Whatman 
International Ltd, UK) and placed at room tempera-
ture for 48 hours, until the solvent was removed, con-
centrated and the concentrate was dried. Finally, the 
dried samples were prepared for analysis. 

Statistical analysis
Experimental design 
In order to study the effect of extraction process 

on antioxidant activity of onion by-products, FCED 
Response Surface Methodology RSM and a design 
Expert Software Version 8.0.7.1(Minneapolis, USA) 
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was used to determine the effect of two independent 
parameters in extraction using a PEF [PV (Xi) and 
NP (Xj)] at three levels (-1, 0, +1), five replicates at 
the central points on the EY %, TPC;mg gallic acid 
equivalents per kg, FRAP;µmol Fe 2+/g, DPPH %. 
The coded and actual levels of each of the variables 
are given in Table 1. 

Table 1 - Valuable codes, actual value and independence vari-
ables used in FCED

Independence 
variables Valuable Codes Actual values

PV -1, 0, +1 2000, 4000, 6000 V
NP -1, 0, +1 40, 50, 60

Modeling of variables
The statistical significance of the regression equa-

tions was performed by variance analysis (ANOVA) to 
obtain the response. In order to evaluate the validity of fit-
ted models accuracy, lack of fit, CV, R-square, R-square 
(adj), model and P-coefficients were used to Design 
Expert Software. To illustrate the relationship between 
each of the dependent variables in the regression model 
with independent variables, their graphs were plotted by 
this software. Various responses were the conclusion of 
various interactions of independent variables; the second 
order polynomial regression equation was fitted to the ex-
perimental data of all responses, (Eq.1) [20]. 

 
Y=β0+∑����  βjXj+∑���� βjjXjj+∑������ ∑���� βijXiXj+ ε   

  
 (1)       

Y: predicted response, β0: constant, βi: linear co-
efficient, βjj: interaction coefficients, Xi and Xj: in-
dependent variables, ε: noise or error

Measurement of TPC
TPC of onion extracts was measured by the Fo-

lin–Ciocalteu method [21]. TPC Data were present-
ed as mg gallic acid equivalents per kilogram dry 
weight. For the analysis, sample solution of 100 µl 
was mixed (100 mg of the sample in 10 ml of metha-
nol), and then 2.5 ml reagent of Folin-Ciocalteu was 
added and was remained at room temperature, for 8 
min to react. Then, 1.5 ml of sodium carbonate (20% 
w/v) was stirred to the aqueous phase and kept in a 
dark place at room temperature for 30 min. the absor-
bance of the sample was calculated at 765 nm in con-
formity with the following formula (Eq.2). Water and 
reagent mixtures were used as a blank. Standard gal-
lic acid solutions were prepared in methanol at con-
centrations ranging from 0.04 to 0.4 mg/ml (Eq.2).

Y=1.0776X+0.2644X+0.0099              (2)

X: absorbance in 765 nm   

P = 
W
Y

*1000

P: TPC (mg gallic acid per Kg)
Y: TPC (mg gallic acid per ml)
W: Sample Weight (g) 

Determination of antioxidant capacity
Antioxidant capacity was measured by DPPH 

free radical scavenging capacity [22] and FRAP [23].

DPPH free radical scavenging assay
The DPPH free radical-scavenging activity of 

onion by-products extracts was evaluated by Ersus 
and Urdagol [22]. The solution of 0.006% DPPH free 
radical reagent in methanol was prepared. The test 
tubes were stored in a dark place for 30 min. Final-
ly, Discolorations were measured at an absorbance 
of 512 nm by using a UV-1601 spectrophotometer 
(Shimadzu, Kyoto, Japan) in the following formula 
(Eq.3). All of the analyses were done in triplicate. 

100*
Acount

Asample -count A   %DPPH =         (3)

A count: Absorbance of control
A sample: Absorbance of sample

Determination of FRAP assay
FRAP was determined using 2, 4, 6-tripyridyl-s-

triazine (TPTZ) by the method of Benzie and Strain 
1996 [23]. This method is according to the reduction 
of the ferric tripyridyltriazine complex to its ferrous, 
colored form in the presence of antioxidants. The 
stock solutions were consist of, 300 mM acetate buf-
fer (pH3.6), 10mM TPTZ solution in 40Mm HCl, and 
20 mM FeCl3·6H2O solution. The analysis solutions 
were made freshly by stirring 25 ml of acetate buffer, 
2.5 ml of TPTZ solution, and 2.5 ml of FeCl3·6H2O 
solution. The mixed solution was incubated at 37°C 
for 30 min and was referred to as FRAP solution and 
then, Sample (150 μl) along with 3 ml of FRAP so-
lution remained for 30 min in the dark place. Read-
ings of the colored product (ferrous-tripyridyltriazine 
complex) were then taken at 593 nm. The1mmol/l 
FeSO4 was used as the standard solution. For the 
construction of the calibration curve, five concentra-
tions of FeSO4.7H2O (1000, 750, 500, 250, and 125 
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μmol/l) were used and the absorbance was taken as a 
sample solution. The data were expressed as µmFe3+ 

that reduced to Fe2+ form per l.

Determination of EY
The EY of samples was measured to the follow-

ing formula (Eq.4) 

EY % = 100*
W1

 W2- W1   

  

                (4)

EY: Extraction Yield
W1: the initial weight of the onion by-product be-

fore extraction 
W2: the weight of the onion by-product after ex-

traction 

Quercetin content
 Quercetin content was carried out by the method 

of Chang et al. [24] with slight changes. The stock 
solutions were provided by 0.5 ml quercetin solu-
tion that was provided in 0.1 ml methanol. quercetin 
standard solutions were made, by using different di-
lutions (5-200µg/ml methanol). Then, 0.6 ml FeCl3 
solution was added to 0.6 ml solution of quercetin 
standard. The solution was placed at room tempera-
ture for 60 min and was referred to as quercetin solu-
tion [25]. To prepare the sample, 1.10 g of extract of 
onion by-products were mixed to 4 cc ethanol solu-
tion, 1200 of µm methanol, 160 µm ALCL3 (10%), 
160 μm potassium acetate 1 molar and 2080 of μm 
distilled water, Finally, kept at room temperature for 
40 min and absorbance of the sample was calculated 
at 415 nm according to the following formula (Eq.5).

Q = ( ) 100000*6630.0596/89.A −          (5)

A = ( )AcountAsample−
Q: quercetin content (mg/100g)
ACount: absorbance value of control
ASample: absorbance value of sample

Results and discussion 

Model fitting
The effect of two independent variables consists 

of the PV and NP in the PEF assisted extraction pro-
cess on the dependent variables including determin-
ing the EY %, DPPH %, FRAP μmol Fe /l, TPC, mg/
kg and quercetin mg/100g was evaluated. FCED was 
performed with five central points. In order to deter-
mine the experimental model for prediction of the 
response, polynomial equations including linear, two 
factorials, quadratic term, and third term, fitted on the 

data obtained from the Response Surface Methodol-
ogy (RSM). Then, these models were statistically 
analyzed. It should be noted that the statistical model 
of adequate, is a model that lack of fit was not sig-
nificant and has the highest R2 and Adj R2. The re-
sponses of the dependent variables derived from the 
experimental and predicted experiments through the 
Response Surface Methodology (RSM) are presented 
in Table 2. The observations in this Table are shown 
a very good correlation between the results obtained 
by the experimental method and the predicted values 
by the statistical method. Also, this model was used 
to evaluate the linear, quadratic, third terms effects of 
independent variables on dependent variables. Anal-
ysis of variance and regression were used to assay the 
correspondence of the proposed models and statisti-
cal analysis of the significant variables of the model.

Investigating the effect of independent variables on 
qualitative and quantitative properties of onion extract

Determination of EY 
An empirical model was obtained for predicting 

responses, polynomial relationships including linear, 
two factorial, quadratic term, that were fitted to the 
data obtained from these responses (Table 2). Also, it 
was shown that the linear model was the best model 
for interpreting the effect of variables (PV, NP) on the 
EY. According to the analysis of variance, indepen-
dent variables were PV and NP in the linear and qua-
dratic model, that had significant statistical differenc-
es (P <0.05). In the regression model, the R-square 
(0.710) was high and lack of fit was not significant (P 
<0.05). These values provide an appropriate math-
ematical model. The relationship between extraction 
efficiency and experimental variables was presented 
.in Fig 1. The most EY content was achieved in the 
highest NM and PV. The combination of the two in-
dependent variables (NM, PV) can be expected to 
enhance the EY (Fig1). Also, the NP was increased 
(40 to 50V), and EY was increased with slight gradi-
ent and it’s following, with more increasing of NP 
(50 to 60), the EY increased sharply. The highest EY 
(92.66%) was at PV of 6000V and NP of 40 Which 
it was probably due to the destruction of the inter-
nal structure and the electrical decomposition of the 
cells and their greater permeability [4;26]. As a con-
sequence, the increase of the NP resulted in enhance-
ment of the degradation coefficient of the treatments 
and extracted intracellular compounds from damaged 
cells. Researchers demonstrated that the EY of effec-
tive compounds from papaya seeds increased with 
elevation of the NP, which was in agreement with 
this research [27]. 
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Figure 1 – Response surface plot of the EY  
of onion extraction as a function of PV and NP

Effects of PV and NP on TPC extraction
The analysis of variance of onion extract com-

pounds by PEF in Table 2 was indicated. It can be 
considered that the linear coefficient of the NP, the 
quadratic term of PV and the interaction term coeffi-
cient were not significant (P>0.05). In order to obtain 
an empirical model for predicting the response, linear 
and polynomial relations of the second order fitted on 
the provided data from the analysis. In this response, 
the coefficient of R2 of the predicted models (0.637) 
and P-Value for lack of fit for achieved model, was 
0.595, which declared that it had no significant ef-
fect (P>0.05). These values presented an appropriate 
mathematical model. Fig 2, illustrated the NP was 
an effective factor in the efficiency and selectivity of 
the extraction technique. The PV parameter on the 
TPC was a significant effect (P<0.05), so that, the 
TPC decreased with the promotion of the PV from 
2000 to 6000V. In conformity with Fig 2, the TPC 
extraction increased with the elevating the NP from 
40 to 50 that caused to damage to the cell membrane 
and ultimately, extracted more TPC. While with a 
further increasing NP until 60, the TPC extraction 
was decreased. As it can be described, Increasing PV 
and NP (50 to 60) were reduced TPC extraction that 
Due to the decomposition effect of high PV on TPC. 
These results presented similar behavior with the is-
sues of Bobinaie et al. [28] which depicted that ex-
pansion of the field intensity from 1 to 5 kV/m caused 
in a significant increase in TPC extraction (P<0.05), 
as well as, a slight decrease in the amount of phenolic 
compounds in the blueberry fruit and its by-products, 
when there was the highest flow intensity (5 kV/cm). 
In fact, they showed that the more intensity above 
1 kV / cm for fresh blueberry fruit did not increase 

the release of TPC in the juice. Also, Toepfi et al. 
[29] exposed that the high electric field intensity 
above 300-500 V/cm for texture of many fruits and 
vegetables, reduced amount of yield and damaged to 
the tissues [21], also increased the electric pulse field 
intensity that the created irreversible damages to the 
cell membrane and it’s following caused irreversible 
permeability and more extraction of TPC into solvent 
[26].

Figure 2 – Response surface plot of the total phenolic com-
pound (TPC) of onion extract as a function of PV and NP 

Effects of PV and NP on antioxidant activity 
DPPH radical-scavenging capacity

The antioxidant activity evaluation is depen-
dent on the ability of DPPH as a stable free radical 
to bleach in the presence of antioxidants. There-
fore, the less value of DPPH exhibited the high 
ability of the extract to inhibit free radicals activi-
ties [30]. The results of Table 2 declared that in the 
linear model and the interaction term, independent 
variables (PV and NP) had not a significant effect 
on DPPH radical-scavenging capacity (P>0.05). In 
the second order, the independent variable of NP 
demonstrated a clear significant effect on DPPH 
radical-scavenging capacity (P<0.05). In the re-
gression model, R2 (0.770) was highly significant. 
Based on response surface Fig 3, the increase in 
PV from 2000 to 4000 V, resulted in an increase 
in DPPH (38.71%). While the further increase 
in PV up to 6000 V, caused a decrease in DPPH 
(27.63%). By increasing the NP from 40 to 50, 
DPPH value, raised (50.98%), and then, extend-
ing the NP, until 60, could lead to declining the 
DPPH value (35.72%). According to researches by 
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Anagnostopoulou et al. [31]. There was a direct 
relationship between TPC and antioxidant activity. 
In this study, The NP of 40 and the PV of 4000 V 
had the highest TPC, antioxidant strength of the 
extract (Fig 3) due to increase the permeability and 
release of TPC, and therefore the DPPH radical-
scavenging strength. Rocco et al; Csepregi et al. 
[32;33] stated that there was a high correlation 
between the TPC content and antioxidant activity 
of the extract, that it was in agreement with this 
research. The information of Table 2 indicated that 
the model fitted to the data obtained for indepen-
dent variables, in the study condition, exactly and 
with high accuracy, the ability to fit the data. The 
high CV, R2 and Adj R2 confirmed model has ad-
equate fit to the observed data.

Figure 3 – Response surface plot of the DPPH  
of onion extract as a function of PV and NP 

Ferric reducing/antioxidant power criterion
Reduction of Fe+3 is often used as an indicator 

of electron reduction capability, which is an impor-
tant mechanism in the antioxidant action of phenolic 
compounds [34]. The antioxidant capacity of onion 
extract was determined by the antioxidant ability. In 
these extracts, the reduction of the Fe+3 to Fe+2 by the 
FRAP reagent was observed. The results of Table 2 
showed that in the linear term, PV and in quadratic 
term NP were significant (P<0.05). In the interaction 
term, independent variables (PV, NP) were not sig-
nificant (P>0.05). it can be seen in Fig 4 when the PV 
go to increase (2000 to 6000 V), the FRAP started 
to decrease, while FRAP initially increased and then 
decreased as the NP raised from 40 to 50, due to the 
thermal decomposition of the antioxidant compounds 
of susceptible [35;36]. Since the PV (4000 V) and the 

NP (50) were, the highest FRAP content, was 549.15 
μM Fe+2/l, whereas the PV (6000 V) and the NP (40) 
were, the lowest FRAP content was purposed 252.15 
μM Fe+2/l. In the regression model, lack of fit was sig-
nificant (P<0.05) and its CV was (17/47), which con-
firmed the power of this model.

Figure 4 – Response surface plot of the FRAP  
of onion extract as a function of PV and NP 
Effects of PV and NP on Quercetin content

The analysis of variance Table 2 illustrated 
that in linear coefficient, only, PV on the quercetin 
extraction was significant (P<0.05). While in the 
quadratic term, the interaction effect, the indepen-
dent variables (PV, NP) did not have a significant 
effect on the quercetin content (P>0.05). Regres-
sion model had a relatively suitable R-square (R2 = 
0.514). Based on the sum of squares, the indepen-
dent variable in the quadratic term was PV. As it 
can be shown in Fig 5, the PV parameter had the 
greatest effect on quercetin content and caused a 
significant increase (P<0.05) in quercetin extrac-
tion. Since quercetin is a heat-resistant flavonoid 
compound [37], therefore, when the PV increased 
to 4000 V, the solubility and was enhanced. The 
results of other researchers on Inga edulis plant 
leave were in agreement with this study [38]. Also, 
considering the significance of the second order 
term the PV parameter, exhibited that by increas-
ing the PV to 4000 V and the NP to 50, the highest 
quercetin extraction content (47.88 mg/100 g) was 
obtained. As the PV exceeds up to 4000 V, querce-
tin content decreased sharply.

This effect can be attributed to the increase in PV 
and hence the thermal degradation of this composi-
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tion. The results of this study coincided with earlier 
researchers [39]. Regarding the evaluation of the pro-
posed model in Table 2 for the quercetin content, it 
was clear that the predicted relationship between the 
R2 and the Adj R2 were proportional and significant 
(P<0.01).

The lack of fit was not significant (P>0.05) and 
its CV was (34/34), which confirmed the strength of 
this model.

Figure 5 – Response surface plot of the  
Quercetin conten onion extract as a function of PV and NP

Optimization comparison PEF-assisted extrac-
tion with conventional extraction

Considering the best extraction condition of on-
ion extract by PEF treatment that was based on the 
study of the PV from 2000 to 6000V and the NP from 
40 to 60, the extraction process was optimized for 
all response variables in order to determine the maxi-
mum of EY, TPC and antioxidant strength. Charac-
teristics of phenolic antioxidants found out by PEF 
process and under optimal condition were compared 
with conventional extraction (Table 3). The results 
Table 3 showed that to achieve the above objectives, 
the PV and NP should be 4102.97 V and 51.43 re-
spectively. Under these terms, the quercetin content, 
DPPH, EY, TPC and FRAP were 31.76 mg / 100 g, 
50.36%, 88.10%, 48.91 mg/kg, 465.41µmFe2+/l, se-
quentially. To evaluate the accuracy of the optimized 
process, the proposed treatment was produced un-
der the same conditions as the other treatment, and 
the results of TPC content, DPPH, FRAP, Querce-
tin content compared with the predicted results by 
model. There was no significant difference (P>0.05) 
between actual and empirical observations. (Table 
3). Also, the desirability was achieved at 628% (Fig 
6). PEF method gave a higher amount of the TPC, 
DPPH, FRAP, Quercetin content and EY than the 
conventional extraction method. PEF is more effec-
tive than the conventional method in maximizing 
characteristics of antioxidant compounds. Thus, this 
method can cause an increase in mass transfer.

Table 3 - Actual and predicted values of the response variables at optimal conditions for PEF and conventional methods

Characteristics

Extraction Method
PEF Conventional

Predicted values Actual values Actual values
TPC (mg/kg) 46.881a 48.912a ±6 21.234b±3
DPPH (%) 49.544a 50.366a,a ±1 26.544b±1

FRAP (µmFe2+/l) 460.322a 465.414a ±5 398.112b±0.2
Quercetin (mg/100g) 30.666a 31.761a ±0.5 18.566b±0.1

EY (%) 87.110a 88.107a ±1 62.097b±2

Mean ± standard deviation

Conclusion

In this research, the quality properties of onion ex-
tract evaluated by PEF assisted extraction. The novel 
method of PEF was a rapid process and was known 
as one of the best environmentally friendly extrac-

tion methods due to low solvent consumption, low 
environmental pollution. This process had a positive 
effect on the antioxidant activity of the extract. The 
response surface analysis of the FCED contains two 
independent variables: PV and NP were performed 
as effective and important parameters on the extrac-
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tion of antioxidant compounds of onion extract by 
PEF process. The results showed that the Response 
Surface Methodology (RSM) can be used to evaluate 
the EY. Both of the PV and NP was increased the 
antioxidant activity of the treatments. 

Also, in the linear term, the PV in some cases, 
such as EY, TPC, Quercetin and FRAP and in the 
second order the NP has been affected on the TPC, 
FRAP, and DPPH. The proposed models in this re-
search explained R2 and Adj R2. Also, the lack of fit 
was not significant and the low CV relatively indi-
cated that the model was suitable for predicting the 
parameters. Additionally, optimization of PV and NP 
can produce high and adequate extract value by PEF 
assisted extraction, using this regression model, En-
hanced antioxidant power, TPC and EY along with 
acceptable quercetin content showed the superiority 
of this new extraction technique to the conventional 
method. Therefore, we can predict and correct the 
required conditions by using the PEF assisted extrac-
tion method.
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Abbreviation

CV Coefficient of Variation 
DPPH 2, 2-diphenyl-1-picrylhydrazyl
EY Extraction Yield
FCED Face Centered Experimental Design 
FRAP Ferric Reducing-Antioxidant Power
NP Number of Pulse
PEF Pulsed Electric Field
PV Pulse Voltage
TPC Total Phenolic Compounds
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Study of the effectiveness  
of mixed organo-inorganic inhibitors

Abstract: The relevance of the study lies in the fact that industrial production requires inhibitors with 
a high degree of protection, low cost of production and meet the requirements for chemical reagents. 
Individual organic or inorganic inhibitors used in production do not always meet the above requirements. 
The mutual influence of mixtures of various inhibitors was considered by V.P. Barannik. Using the 
concepts developed in the theory of catalysis for mixed catalysts, he established that the action of inhibitor 
mixtures in many respects resembles the action of catalyst mixtures. For mixtures of inhibitors, the effects 
of mutual amplification are established — synergism of the protective action, additivity, and the effect 
of mutual weakening — antagonism of the protective action. Strengthening the protective action of an 
organic corrosion inhibitor is possible by creating a composition of this inhibitor with other substances 
that enhance its action or by introducing into the molecule of this organic substance functional groups 
with heteroatoms different in charge (for example, N, O, P). The study and creation of mixed organo-
inorganic compositions of inhibitors, mutually reinforcing the action of each other and capable of forming 
self-organizing surface layers is a promising and little-studied area. For research as main components of 
the inhibiting compositions taken: sodium dihydrogen phosphate, sodium hydrogen phosphate, sodium 
orthophosphate, sodium dihydrogendiphosphate, diphosphate sodium, sodium cyclotriphosphate and 
sodium cyclohexaphosphate, urea, thiourea, diethylamine hydrochloric acid, monoethanolamine, 
triethanolamine. The research was conducted according to the methods of state standards. The research 
methods were gravimetry, photocolorimetry, potentiometry. Experimentally determined quantitative 
indicators of the corrosion process: the rate of the corrosion process, degree of protection, depth indicator, 
braking coefficient. Analysis of the experimental data allows us to establish the laws of change in the 
quantitative indicators of the corrosion process and the stability of the resulting protective film on the 
metal surface. The experimental data obtained correlate well with the calculated data of the thermodynamic 
parameters of the corrosion process. Based on the research conducted, the chemical process and the 
mechanism of the interaction of the inhibitor with the surface of the metal plate were established. The 
evaluation of the stability of the resulting film was carried out on a scale of corrosion resistance in relation 
to steel St-3. On the basis of the obtained data, it was established that the anticorrosion efficiency depends 
on the nature of the organic and inorganic component and the ratios of the components of the systems. 
Mathematical and static data processing was carried out by Student’s method with a confidence interval 
of 0.95. The regularities established during the work expand and complement the existing ideas about the 
protective effect of two-component organic-inorganic systems. The results will significantly contribute to 
the creation of effective, environmentally friendly and cost-effective inhibitors of steel corrosion. 
Key words: corrosion, inhibitor, phosphate, degree of protection, depth indicator.

Introduction

In the largest countries of the world, the produc-
tion of metal corrosion inhibitors is represented by a 
wide range of chemical products; however, for the 
industrial production of a certain product, the cost of 

production and its compliance with the requirements 
for chemicals are an important factor [1, 2, 3].

At present, the modification of the surface of 
metals with inhibitors, containing in its composition 
compounds capable of forming self-organizing sur-
face layers, is promising and is a little studied area. 
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Studying the effectiveness of such systems, consist-
ing of mixed corrosion inhibitors and determining the 
nature of their interaction is important.

The works of A.Gabitov shown [4] that it is pos-
sible to create high-performance environmentally 
friendly corrosion inhibitors of carbon steels are 
the most studied compounds, aromatic and aliphatic 
amines. Unfortunately, the reagents used do not al-
ways provide a sufficiently high protective effect.

For most organic inhibitors characterized by an 
increase in their concentration to a certain amount of 
increase in the effectiveness of the protective action, 
and then the effectiveness does not change. In inor-
ganic anode inhibitors at low concentrations there 
is an increase in the corrosion rate and only when a 
certain concentration is reached there is a sharp de-
crease in the corrosion rate due to the passivation of 
the metal surface.

Of the inorganic inhibitors, phosphoric acid and 
its salts are the most promising for corrosion suppres-
sion, but their inhibitory properties are manifested 
only at fairly high concentrations.

A promising direction of creation of new effec-
tive metal corrosion inhibitors for aqueous media is 
the use of sodium phosphates, which in condensed 
form are in the waste of phosphorus production – the 
liquid phase of poor phosphorus sludge, the so-called 
“cottrel milk”.

The inhibitory effect of sodium polyphosphate 
may be due to the ability of polyphosphates to pre-
vent the reduction of oxygen on the surface of iron, 
thereby facilitating the adsorption of dissolved oxy-
gen, which leads to the passivation of the metal.

Currently, there are two ways to obtain inhibitors: 
the first way - the creation of individual inhibitory 
compounds by chemical synthesis using the knowl-
edge of the mechanism of action of inhibitors and the 
relationship of protective action with the structure 
of molecules; the second way - to obtain combined 
inhibitors, especially on the basis of waste chemical 
and petrochemical industries.

The first way is characterized by high cost and 
complexity of obtaining individual compounds. 
These disadvantages are deprived of the second way, 
however, in this case, for the purposeful creation of 
combined inhibitors, it is necessary to know the pat-
terns of mutual influence of their components with a 
joint action on the corrosion process.

Even in the conditions of one field at different 
sites, this figure may vary significantly. This may be 
due to the solubility (dispersibility) of the inhibitor in 
formation fluids, its low degree of compatibility with 
formation waters, incorrect selection of the reagent 

for specific conditions. Usually in practice, this prob-
lem is solved by increasing the dosage of the reagent, 
which also does not always give the desired effect.

Therefore, it is necessary to create new inhibitor 
compositions that could provide a high protective ef-
fect in a wide range of conditions of use or improve 
the quality of existing formulations.

The mutual influence of mixtures of different 
inhibitors was first studied in detail by V.Barannik 
[5]. Using the concepts developed in the theory of 
catalysis for mixed catalysts, he found that the action 
of inhibitor mixtures is largely similar to the action 
of catalyst mixtures [6]. For mixtures of inhibitors, 
the effects of mutual reinforcement were established 
– synergism of the protective action, additivity and 
the effect of mutual weakening – antagonism of the 
protective action.

Strengthening the protective action of an organ-
ic corrosion inhibitor can, in principle, be achieved 
in two ways: creating a composition of this inhibi-
tor with other substances that enhance its action and 
introducing into the molecule of this organic sub-
stance functional groups with heteroatoms differing 
in charge (for example, N, O, P). In the first case, 
they usually speak of intermolecular synergism, in 
the second case, intramolecular [7, 8].

The essence of this effect is that one or two func-
tional groups with a heteroatom are introduced into 
the inhibitor molecule, which differ in size and sign 
of charge from the one available in the molecule. In 
this case, one group can behave like a cation, the oth-
er – like anion. Examples of such inhibitors may be 
substances containing -NH2 and -OH, -NH2 and -SH, 
-NH2 and -COOH groups. When molecules of such a 
substance are adsorbed on a metal, some of them are 
adsorbed by one group (for example, by an amino 
group), and some by another (for example, by a hy-
droxy group). This leads to a decrease in repulsive 
forces between molecules on the metal surface and 
contributes to the formation of a more dense inhibi-
tor film.

Materials and methods

To assess the effectiveness of the inhibitory effect 
of mixed organo-inorganic compositions, the study 
was conducted at a concentration of 0.01 mol/dm3 at 
a ratio of reagents in the mixture: 1:3, 1:1 and 3:1. 
As the main elements inhibiting compositions taken: 
sodium dihydrogen phosphate, sodium hydrogen 
phosphate, sodium orthophosphate, sodium dihydro-
gendiphosphate, diphosphate sodium, sodium cyclo-
triphosphate and sodium cyclohexaphosphate, urea, 
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thiourea, diethylamine hydrochloric acid, monoetha-
nolamine, triethanolamine. Corrosion tests were car-
ried out according to the methods of state standards 
on steel St-3 composition [9, 10, 11]. The duration 
of the experiments ranged from 24-480 hours. The 
following research methods were used: gravimetry, 
photocolorimetry, potentiometry. Studies were car-
ried out in comparison with control samples of indi-
vidual inorganic and organic inhibitors.

Quantitative indicators of corrosion processes 
were calculated by the formulas; the evaluation of 
measurement uncertainty was carried out accord-

ing to an algorithm using Student’s coefficient [12, 
13].

Results and Discussion

In the study of the sodium dihydrophosphate sys-
tem in a mixture with organic components (Figure 
1), it was found that in two-component NaH2PO4 
systems with urea, thiourea, diethylamine, with a 3:1 
ratio of components, changes in the corrosion rate 
are insignificant. The system NaH2PO4-urea shows 
increased protective effect (Z = 79.92%). 

Figure 1 - Inhibition of St-3 steel corrosion in systems with sodium dihydrophosphate NaH2PO4 (Cm = 0.01 mol/dm3)

Observations have shown that in systems with a 
ratio of 1:1 component in the presence of organic ad-
ditives, the protective effect is similar in all systems. 
For systems with a 1:3 ratios, an increase in the pro-
tective effect of 3.5 times was observed, in contrast 
to a one-component system containing only an inor-
ganic inhibitor.

Studies have shown that in stationary conditions, 
the addition of an organic component to NaH2PO4 
leads to a decrease in the corrosion rate, steel com-
pared to the control sample by 2-3 times. 

In the Na2HPO4 systems with organic compo-
nents (Figure 2), according to the results of gravimet-
ric tests, it was revealed that in clean environments 
there is a high rate of the corrosion process and, ac-
cordingly, a low inhibition coefficient. Comparison 
of changes in the rates of corrosion processes of a 
system with a pure inorganic inhibitor and systems 
with a ratio of 3:1 components showed similar values 

of the corrosion rate constants and inhibition coef-
ficients. In the system Na2HPO4 - triethanolamine, 
the protective effect was reduced by a factor of 1.5 
from 94.61 to 65.08, and in systems with a 1:1 ratio 
of components, the protective effect did not change 
compared to a pure phosphate inhibitor. In the Na2H-
PO4 - (HOC2H4)3N system with a 1:3 ratio of com-
ponents, a sharp increase in the protective effect is 
observed, as evidenced by comparing the values of 
inhibition coefficients in this system (79.33) and in 
the system containing pure Na2HPO4 (4.67).

The increase of the protective effect in the system 
of triethanolamine, apparently due to participation of 
the lone pairs on the nitrogen atom in the molecule of 
triethanolamine, that binds the hydrogen atom in the 
hydrogen phosphate in the donor-acceptor mecha-
nism with the formation of neutral salts. And unlike 
pure triethanolamine, it is more easily sorbed on the 
formed phosphate film covering the surface of the 
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metal, than increases the protective effect of the en-
tire system:

HPO4
2- + :N(C2H4OH)3 → [H:N(C2H4OH)3]

+ + PO4
3-

In the system under consideration, the inhibitor 
Na3PO4 and its mixtures with organic components 
experimental data show that in a single-component 

system containing only Na3PO4, high inhibitory 
properties with a degree of protection of 97,46% are 
manifested. The data in the Na3PO4-diethylamine 
system in a 1:3 ratio shows a 5-fold decrease in the 
protective effect. In systems with other organic com-
ponents with the same ratio, an increase in the protec-
tive effect up to 98,24% is observed in the presence 
of both urea and triethanolamine.

Figure 2 - Inhibition of St-3 steel corrosion in systems with sodium hydroorthophosphate Na2HPO4 (Cm = 0.01 mol/dm3)

Figure 3 - Inhibition of St-3 steel corrosion in systems with sodium orthophosphate Na3PO4 
(Cm = 0.01 mol/dm3)

With a 1:1 ratio of components, the protective ef-
fect is not significant for all systems. In systems with 
a 3:1 ratio, the protective effect is increased in the 
following sequence: 

urea > triethanolamine > monoethanolamine.

The test results of two-component dihydrodi-
phosphate inhibitory systems with control samples 
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showed that in all systems of this series, at all ratios 
of the components, the inhibition coefficient is low 
and does not exceed 4.

Sodium diphosphate systems with organic sub-
stances are also considered according to the main 
indicators characterizing the course of the corrosion 
process. Analysis of the data obtained makes it pos-

sible to assert that pure diphosphate systems have 
the least protective ability (Figure 4). The addition 
of a small amount of the organic component causes 
a multiple increase in the protective effect of the in-
hibitor, which can be shown by the example of the 
diphosphate system with triethanolamine, the protec-
tive effect of which is 94.18%.

Figure 4 - Inhibition of St-3 steel corrosion in systems with sodium dihydrodiphosphate Na2Н2P2O7 (Cm = 0.01 mol/dm3)

The degree of change of the protective effect in 
two-component systems is influenced by both the na-
ture of organic matter and the ratio of components. 

Thiourea was the best supplement in this series. The 
least strongly protective effect of pure diphosphate is 
triethanolamine (Figure 5).

Figure 5 - Inhibition of St-3 steel corrosion in systems with sodium diphosphate Na4P2O7
(Cm = 0.01 mol/dm3)
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Trimetaphosphate systems have also been inves-
tigated for inhibitory abilities both in pure form and 
as mixtures (Figure 6). In all cases, with the excep-
tion of pure triethanolamine, the protective effect is 
relatively low and γ does not exceed 5.

The environment with pure trimetaphosphate 
compared with the system with triethanolamine 2,2 

times lower in inhibiting properties. In systems with 
trimetaphosphate, the degree of protection is also in-
fluenced by the ratio and nature of organic compo-
nents. The change in the protective properties in a 
two-component system at different ratios shows an 
equivalent relationship, but the absolute values   differ 
by an average of 2 times.

Figure 6 - Inhibition of St-3 steel corrosion in systems with sodium cyclotriphosphate
Na3P3O9 (Cm = 0.01 mol/dm3)

Pure one-component cyclohexaphosphate sys-
tem does not exhibit high inhibitory properties (Fig-
ure 7). A system containing a purely organic com-
ponent, triethanolamine, exhibits a protective effect 

of 94.18%. Two-component hexaphosphate systems 
showed moderately viable but insignificant abso-
lute values   of the protective coefficient (not higher 
than  4).

Figure 7 - Inhibition of St-3 steel corrosion in systems with sodium cyclohexaphosphate 
Na3P3O9 (Cm = 0.01 mol/dm3)
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During the experiment, 118 systems (13 single-
component and 105 two-component) were investi-
gated and the dependence of their anti-corrosive ef-
fectiveness on the nature of the organic and inorganic 
components, as well as their ratios. It has been estab-
lished that, in pure form, sodium orthophosphate and 
triethanolamine have the most pronounced protective 
properties, and fully substituted inorganic phosphates 
with the introduction of a small additive of organic 
component are most effective. 

Of all the systems, antagonism is most pro-
nounced in the sodium hydrophosphate-diethylamine 
system (Figure 8). 

The type of interaction in the considered compo-
sitions depends on the ratio of components. A signifi-

cant decrease in the protective effect, with respect to 
pure substances, is observed for all systems with a 
component ratio of 1:1.

The effectiveness of the protective effect of all 
considered systems also depends on the pH of the so-
lution and the total mineralization. With an increase 
in the pH of the medium and the overall mineraliza-
tion, the protective effect increases.

On the basis of the experimental data obtained, 
it was found that the most practically significant pro-
tective effect is 14 two-component (Table 1).

According to the research results, metal resis-
tance was evaluated by a scale of corrosion resistance 
in relation to the systems under consideration, based 
on the deep corrosion index [14, 15].

Figure 8 - Antagonism in the system sodium hydrophosphate - diethylamine 
(Cm = 0.01 mol/dm3)

Table 1 – The most effective systems in terms of corrosion resistance of steel St-3

№ System (ratio) рН Corrosion rate, mg/
m2∙hour

Degree of 
protection, Z%

Inhibitory 
effect, γ

Completely resistant (point - 0)
1 Na3PO4 + (NH2)2CO    (1 : 3) 9,09 0.51± 0,05 99.56 225.17
2 Na3PO4 + (HOC2H4)3N    (1 : 3) 8,21 0.60 ± 0,02 99.46 184.24

Extremely resistant (point - 1)
3 Na4P2O7 + (NH2)2CO    (1 : 3) 7,13 2.9 ± 0,1 97.59 41.43
4 Na3PO4 + (NH2)2CS    (1 : 3) 9,39 2.1 ± 0,1 98.24 56.67
5 Na4P2O7 + (NH2)2CS    (1 : 3) 9,63 1.7 ± 0,1 98.57 70.00
6 Na4P2O7 + (C2H5)2NH     (1 : 3) 9,53 3.3 ± 0,1 97.23 36.04
7 Na3PO4 + HOC2H4NH2     (1 : 3) 9,42 1.60 ± 0,06 98.66 74.38
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8 Na4P2O7 + HOC2H4NH2    (1 : 3) 5,53 1.8 ± 0,1 98.49 66.11
9 Na2HPO4 +(HOC2H4)3N     (1 : 3) 9,01 1.5 ± 0,1 98.74 79.33
10 Na4P2O7 + (HOC2H4)3N     (1 : 3) 5,41 3.4 ± 0,3 97.1 34.54
11 Na3PO4 + HOC2H4NH2     (3 : 1) 10,83 1.70 ± 0,05 98.59 70.92
12 Na3PO4 + (HOC2H4)3N     (3 : 1) 10,83 2.4 ± 0,1 97.95 48.71

Extremely resistant (point - 2)
13 Na2HPO4 + HOC2H4NH2     (1 : 3) 3,71 8.0 ± 0,6 93.28 14.88
14 Na2HPO4 +(HOC2H4)3N      (3 : 1) 9,38 6.4 ± 5,4 94.61 18.56

Continuation of table 1

Conclusion

Thus, of all the studied systems, 14 two-com-
ponent systems are - very resistant (point 0-2). The 
relatively low protective effect of two-component 
systems containing cyclic phosphates is apparently 
due to the fact that this type of phosphate in a dilute 
aqueous solution is subject to significant hydrolytic 
cleavage [16, 17, 18] with the formation of a large 
amount of acid salts of ortho- and diphosphoric acids, 
which leads to increasing the pH of the solution and 
a corresponding decrease in the effectiveness of the 
inhibiting compositions.

On the basis of the experimental data ob-
tained, it was established that the anticorrosive 
efficiency depends on the nature of the organic 
and inorganic component, and the proportions of 
the systems.

The regularities established during the work ex-
pand and complement the existing ideas about the 
protective effect of two-component organic-inorgan-
ic systems. The results will significantly contribute 
to the creation of effective, environmentally friendly 
and economically viable steel corrosion inhibitors.
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Utilization of copolymer based on poly (vinyl alcohol) and  
2-ethylhexyl acrylate as admixture for cement pastes

Abstract: In this study, three composition ratios of [polyvinyl alcohol (PVA)- 2-ethylhexyl acrylate 
(2-EHA)] were prepared by grafting polymerization techniques in aqueous solution using ammonium 
persulfate as free radical initiator. The ratio of PVA/2-EHA in the grafted copolymers was variable: 1/ 8, 
1/ 6 and 1/ 4, respectively. The obtained grafted copolymers were characterized by different techniques 
including FTIR, 1H NMR, TGA and DSC. The copolymers were mixed with cement to study the physico-
mechanical properties of cement pastes including W/C ratios, setting time, workability, water absorption as 
well as compressive strength were investigated. The results showed that the addition of grafted copolymers 
to cement pastes affected the physicomechanical properties. As the content of 2-EHA in the grafted 
copolymers increased, the water of consistency decreased, whereas the setting times (initial & final) were 
shortened. The compressive strength of the cement pastes was increased at all ages of hydration while water 
absorption decreased with increasing 2-EHA.
Key words: PVA, 2-EHA, copolymer, admixture, cement, workability.

Introduction 

Admixtures are ingredients in concrete that 
mixed with water, cement, and aggregates to pro-
duce concrete with high workability, durability, and 
compressive strength. Admixture can be classified by 
their function, including air-entraining, water-reduc-
ing, plasticizers, accelerating, retarding, hydration-
control and miscellaneous admixtures [1-3] 

PVA is one of the major polymers used in the in-
dustry because of its excellent chemical resistance 
and physical properties [4]. PVA has been widely used 
in a broad range of applications in different indus-
tries such as for textile sizing, adhesives, protective 
colloids for emulsion polymerization and plasticizer 
for cement [5]. Styrene/methacrylate copolymer has 
been prepared by emulsion polymerization in pres-
ence of PVA as surfactant. The obtained polymer was 
mixed with cement to study physical and mechani-
cal properties of cement pastes and mortars [6, 7]. 
The results showed that the emulsion copolymers 
in presence of PVA obviously improved most of the 

specific characteristics of the cement pastes [6]. The 
addition of PVA to cement pastes, significantly im-
proved flexural strength, permeable pore volume and 
water absorption as well as water/ cement ratio [8]. 
Negim et al., [9] have incorporated a modified PVA 
by blending with carbamide as a chemical admixture 
to cement pastes. 

Singh and Sarita [10] reported that PVA in-
creased the strength and decreased the porosity due 
to the interaction of PVA with cement. On the other 
hand, Negim et al have prepared acrylate copolymers 
including poly(2-hydroxy ethyl acrylate-co-styrene) 
[11], poly(2-hydroxy ethyl acrylate-co-butyl acry-
late) [12], poly(methyl cellulose-co-poly(acrylic 
acid)[13], poly(acrylic acid-co-styrene)[14], poly(2-
hydroxyethyl acrylate-co-vinyl ether of ethylene 
glycol) [15], poly(methoxypolyoxyethylene-g-poly-
maleic anhydride) [16], poly(acrylic acid-co-butyl 
methacrylate) [17], poly(2-hydroxy ethyl acrylate-co-
2-hydroxyethyl methacrylate)[18] and poly (methyl 
methacrylate-co-ethylhexyl acrylate-co-methacrylic 
acid) [19]. The effect of acrylic copolymers on prop-
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erties of cement pastes was investigated. The addi-
tion of acrylic copolymers to cement pastes improved 
the properties of cement pastes such as compressive 
strength, water absorption, setting time as well as 
workability.

This article describes the preparation of acrylic 
copolymer based on polyvinyl alcohol (PVA) and 
2-ethylhexyl acrylate (2-EHA) by grafting polymer-
ization. The effect of variable ratios of PVA/2-EHA 
on the physico-mechanical properties of cement 
pastes was studied.  

Materials and methods

Materials
Polyvinyl alcohol (PVA), 2-ethylhexyl acry-

late (2-EHA) and ammonium persulfate (APS) 

were obtained from Sigma Aldrich, USA. All 
these chemicals were of pure grade and used as 
received.

The raw materials used in the present study are 
Portland cement clinker (PCC) and raw gypsum (G). 
Each of those raw materials was separately ground in 
a steel ball mill until the surface area of respectively 
3650 and 2800 cm2/g was achieved. The chemical 
composition of the raw materials is shown in Table 1. 
The mineralogical composition of the PCC sample is 
C3S, 58.79 %; β- C2S, 17.68 %; C3A, 8.08 %; C4AF, 
9.72 %. The Portland Cement (PC) was prepared by 
mixing 96 % PCC and 4 % G (by weight) in a por-
celain ball mill for one hour using 3 balls to ensure 
complete homogeneity of the cement. The Blaine 
surface area of the cement sample was 3350 cm2/g 
[20].

Table 1 – The Chemical Composition of the Raw Materials (M0), Mass %

Oxides
Materials SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O L.O.I

PCC 21.48 6.03 4.22 64.29 0.68 0.39 0.21 0.11 1.32
G 0.58 0.14 0.11 30.08 0.13 45.36 0.07 0.09 22.16

Synthesis of the P(PVA-g-2-EHA)
Graft polymerization was carried out in a 250 

mL three- necked flask equipped with a thermometer, 
reflux condenser, and stirrer. PVA was dissolved in 
distilled water and stirred continuously at a constant 
temperature of 60 °C. After the PVA was fully dis-
solved, the temperature of the system was strictly 
maintained at a required value. Freshly prepared 
ammonium persulphate APS solution was added fol-
lowed by dropwise addition of 2-EHA. The reaction 
was conducted for two hours with stirring continued 
for another 20 min at room temperature. The graft-
ing polymerization was prepared with various ratios 
of PVA /2-EHA (1/8, M1; 1/6, M2 and 1/4, M3). 
The obtained copolymer were reprecipitated several 
times from ethanol to diethyl ether and dried in vac-
uum desiccators at 30 oC until a constant weight was 
achieved and poly 2-ethylhexyl acrylate dissolved. 

The graft yield (G%), the grafting efficiency 
(GE%) and the amount of homopolymer (H%) 
formed were calculated according to the following 
equations:

Graft yield (G%)=[(W1 −W0)/W0]×100
Homopolymer (H%)=[(W2 −W1)/W3]×100
Grafting efficiency (GE%)=(W1/W2)×100

Where W0, W1 are the weights of initial matrix 
and grafted matrix i.e. weight of the product after ex-
traction, respectively. W2 is the crude product before 
extraction and W3 is the weight of monomer [21]. 
The grafting efficiency of the copolymer was 91.5% 
for M1, 89.9% for M2 and 83.8% for M3.

Characterization 
Chemical composition of the prepared copo-

lymer was verified by FTIR and 1H NMR spectra, 
which was recorded on a Bruker Tensor 37 FTIR 
spectrometer and 1H NMR (Bruker Avance 300 and 
400, Switzerland). 

The prepared grafted copolymers were added to 
the mixing water and then added gradually to 300 
g of the dry cement in order to determine the water 
of consistency and setting time of the cement using 
Vicat apparatus [21, 22]. The determined water of 
consistency premixed with the copolymers (M1, M2 
and M3) was added to 500 g of the dry cement. The 
resulting cement pastes were directly moulded into 
one-inch cube stainless steel moulds. The moulds 
were manually agitated for 2 minutes and then on 
a vibrator for another 2 minutes to assure the com-
plete removal of air bubbles and voids and to produce 
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suitable pastes. The moulds were kept in a humidity 
chamber at 100 % R. H and a constant room tem-
perature overnight, then demoulded and cured under 
water till the time of testing (1, 3, 7 and 28 days) 
for total porosity and compressive strength [23]. The 
compressive strength test was carried out using a hy-
draulic testing machine of Type LPM 600 M1 SE-
IDNER (Germany) having full capacity of 600 KN. 
The loading was applied perpendicular to the direc-
tion of the upper surface of the cubes. The total po-
rosity, ξ of each sample at any interval was calculated 
from the following equation [24]: 

ξ = 0.99 X We X dp / (1 + Wt)

where 0.99 is the specific volume of the free water, 
We is the evaporable water content, dp is the bulk 
density, g/cm3 and Wt is the total water content 
which is equal to the sum of evaporable water (We) 
and combined water (Wn) contents. The bulk density 
(dp) was determined from the following equation: dp 
= W1 / W1-W2 g/cm3, where W1 is the saturated sur-
face dry weight in air (g) and W2 is the submerged 
weight in water (g). 

Results and discussion 

 The grafting polymerization in presence of APS 
including initiation, propagation and termination 
steps is shown in Scheme 1.
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3. Termination 
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Scheme 1 – Mechanism of grafting polymerization of 2-EHA onto PVA

FTIR spectra

Evidence of grafting formation is provided by 
FTIR spectroscopy. From the FTIR spectrum of PVA 
(Fig. 1a), it is obvious that PVA shows a broad peak 
at 3300 cm-1 for the –OH group, and one peak at 
1087 cm-1 attributed to –C-O- groups as in the study 
reported in ref. [25]. FTIR spectrum of the grafted 
copolymer is shown in Fig. 1b. It can be observed 
C–H broad alkyl stretching band (n = 2850-3000 cm-

1). 1460 cm-1 and 1380 cm-1 suggest the bending vi-
bration of C–H. The C-O stretching at approximately 
1159 cm-1, is attributed to the ether (C-O). The peak 
at 1732 cm−1 represents the C=O stretching band and 
the peak at 1150 cm-1 is attributed to C-O-C are dis-
tinguished.

1H NMR spectrum 

The 1H NMR spectrum of grafted copolymer 
dissolved in chloroform is shown in Fig. 2. The as-
signment peaks of the proton species in PVA and its 
grafted with 2-EHA. The typical peaks for grafted 
copolymer are indicated in Fig. 2 appeared at δ = 
0.87-0.89, 1.27-1.4, 1.66, 1.88, 2.3, 3.32, 3.74 and 
4.48 ppm correspond to the protons bonded to C1, 
C2, C3, C4, C5, C6, C7 and C8 respectively [25-31].

Thermal properties

The thermal behaviour of pure PVA and 
P(PVA-g-2-EHA) was evaluated with TGA, DTG 
in air at a heating rate of 10°C/min and DSC at the 
same heating rate under nitrogen atmosphere. The 
TGA thermograms for the pure PVA and P(PVA-g-
2-EHA) are given in Fig. 3. TGA measurements of 
pure PVA and grafted PVA with 2-EHA in differ-
ent compositions indicate that thermal degradation 
temperature is higher than 400 oC as shown in Ta-
ble 2. TGA curves also indicate that, the pure PVA 
follows five step degradation process as shown in 
Fig. 3 and Table 2. The first weight losses occur 
between 30 and 200 oC, which corresponds to the 
removal of water. The second, third, fourth and 
fifth weight loss occurs between 200 to 900 oC cor-
respond to completely decomposition with loss of 
CO2. Fig. 3 and Table 2 show the lost weight % 
of grafted copolymer M1. One stage decomposi-
tion was observed between 29 and 910 oC, while 
decomposition of grafted copolymer M2 was ob-
served in 2 steps. The first step ranging between 
29 and 317°C, and the second step of degradation 
occurs between 317 and 907 °C. The rate of degra-
dation in the second step is slightly faster than that 
in the first step. 
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Figure 1 – FTIR spectra of (a) PVA and (b) P(PVA-g-2-EHA)
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Three weight losses were observed in grafted co-
polymer M3 as shown in Fig. 3 and Table 2. The first 
weight loss was observed in the range 29 – 176 °C in 
step 1 of degradation, which corresponds to the loss 
of water. Upon heating PVA above the decomposi-
tion temperature the polymer begins a rapid chain-
stripping elimination of water [26, 27]. The second 
weight loss was observed in between 176 and 333 °C 
in step 2 of degradation. The third weight lost was 
between 333 and 905 oC and it was much shorter than 
the first. The maximum polymer degradation tem-
perature (PDTmax) (28, 29) corresponds to the tem-
perature at which the maximum rate of weight loss 
occurred and appeared 460 oC for pure PVA blend 

and at 425 o C for pure grafted copolymers M1, M2 
and M3 [30, 31]. 

Glass transition temperatures (Tg) of pure 
PVA and grafted polymer with different ratios of 
2-EHA were calculated from the corresponding 
typical DSC traces as given in Fig. 4 and Table 2. 
The Tg value for pure PVA is 70 ºC as shown in 
Table 2. From the data present in the DSC curves, 
it can be seen that, the increase of 2-EHA content 
from 20 to 40% shifts the glass transition to high-
er temperatures. M1 has higher Tg value due to 
the higher 2-EHA content. No data was observed 
from the second heating cycle for all the formula-
tion.

Figure 3 – TGA thermograms of PVA and P(PVA-g-2-EHA) (M1-M3)
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Table 2 – Thermal properties of PVA and PVA-g-2-EHA

Polymer Ratio % Tg (°C)a Temperature (°C) 
for decomposition b Weight loss b (%) Residual b (%) PDT(°C) b

PVA 70

30-200
200-433
433-454
454-511
511-900

5.9
68.1
4.875
12.15
8.81

94.01
25.9

21.031
8.87
0.006

460

M1 60.74 29.34-910 100 0.0 425

M2 46.9 29-317
317-907

19.5
80

80.5
0.0 425
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M3 45.2
29-176
176-333
333-905

7.2
24.6
68

92.7
68.1
0.0

425

a Determined from DSC curves
b Determined from the derivative of TGA.

Continuation of table 2

Application of Graft Copolymer for Cement

Water/ Cement Ratio
The results W/C ratios of pure cement (M0) and 

various cement pastes mixed with grafted copolymers 
(M1-M3) are shown in Fig. 4. It is clear that the W/C 
ratio of cement pastes decreases from 0.312 to 0.29 
with addition of the grafted copolymers. However, 
W/C ratios increased with decreasing 2-EHA content 
in the grafted copolymers. These W/C ratios of ce-
ment maybe change according to kind of polymers, 
and concentrations of polymer during the mixing of 
cement with polymers (1, 31). 

Setting time
The setting time (initial & final) of cement 

pastes premixed with grafted copolymers are giv-
en in Fig. 6. The setting time of cement pastes is 
extended when mixed with grafted copolymers. 
However, the initial and final setting time of cement 
pastes shorten with increasing the content of 2-EHA 
in the grafted copolymers. For example, initial and 
final setting time of M1 is lower than those of M2 
and M3. This attributed to the evaporation of water 
from the surface of the cement pastes mixed with 
(M1) is less than those of cement pastes mixed with 
M1 and M2 [32, 33]. 

 
 

  

Temperature (oC) Temperature (oC)

PVA M1

M2 M3

Figure 4 – DSC thermograms of PVA and P(PVA-g-2-EHA)
(M1-M3)
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Figure 5 – Effect of P(PVA-g-2-EHA) content on the W/C ratios of cement pastes 

Figure 6 – Effect of P(PVA-g-2-EHA) content on the setting time of cement pastes.

Workability
The results of the cement pastes workability are 

presented graphically in Fig. 7. The results showed 
that cement paste had an initial workability of 135 
mm; however, there was an increase in workability 

measurement with the addition of grafted copoly-
mers. This increase in workability was attributed to 
surface active of the grafted copolymers [34]. Fig. 7 
shows an increase in flow of mortar with increasing 
the content of 2-EHA in the grafted copolymers.
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grafted copolymers to cement pastes. This indicates 
that the addition of polymer results in reduction of 
the porosity of the pastes [33, 34]. However, the wa-
ter absorption of cement pastes mixed with grafted 
polymers decreased with increasing of 2-EHA in the 
grafted copolymers. 

Compressive strength
The effects of grafted copolymers on the com-

pressive strength of cement pastes are represented 
as a function of curing time in Fig. 9. As shown 
from Fig. 9, the compressive strength of cement 
pastes increased with addition of grafted copoly-
mers to cement pastes at nearly all-curing periods. 
Furthermore, an increasing in the 2-EHA content in 
the grafted copolymers increased the compressive 
strength of the cement pastes. Cement pastes mixed 
with 40% 2-EHA (M1) gave highest strength with 
78.7 MPa while cement pastes mixed with 20% 
2-EHA (M3) gave lowest strength with 71.9 MPa. 
This is attributed to the agglutinant action of grafted 
copolymers with grains of cement and led to im-
prove the mechanical properties of cement pastes 
(35). 

Figure 7 – Effect of P(PVA-g-2-EHA) content  
on the flow of cement paste

Water absorption
Generally, the contact of cement with water, ce-

ment paste absorbs water because of its porous mi-
crostructure. The lower the water absorption, the 
lower the permeable pore volume [34]. 

The effect of grafted copolymers with different 
content of 2-EHA on water absorption of hardened 
cement paste is shown graphically in Fig. 8. It can 
be seen that water absorption decreased with addition 

Figure 8 – Effect of P(PVA-g-2-EHA) content on water absorption of cement pastes.
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Conclusions

Grafted copolymers of polyvinyl alcohol (PVA) 
with 2-Ethylhexyl acrylate (2-EHA) in three different 
ratios, of 1:8, 1:6 and 1:4 were prepared and charac-
terized in relation to FT-IR, 1H NMR, TGA and DSC. 
From thermal analysis, it is shown that, the degra-
dation profiles of grafted copolymers obtained from 
aqueous dispersion were influenced by the ratios of 
2-EHA in the grafted copolymers. The rate of deg-
radation for the grafted polymers is thermally stable 
formulation depending upon the 2-EHA loading from 
30 to 900 oC. Transition glass temperature (Tg) was 
determined from DSC. The value of Tg shifted from 
45 oC to 60 oC with increasing the content of 2-EHA 
in grafted polymers and indicated that the grafted co-
polymers are miscible. 

Mixing of cement pastes with water and the 
grafted polymer P(PVA-g-2-EHA) evidently im-
proves the properties of cement pastes. The W/ C-
ratio decreases, i.e., the grafted polymer acts as a 
water reducing agent when mixed with the cement 
pastes. Setting time of cement pastes increased with 
decreasing the content of 2-EHA. The workability of 
cement pastes also enhances and seems to be higher 
than that of the pure Portland cement pastes. Water 
absorption of the hardened cement pastes premixed 
with the grafted copolymers decreased, while com-
pressive strength increased compared with those of 
the reference cement pastes. As the ratio of 2-EHA in 
the grafted polymer increased, the properties of the 
cement pastes also improved. 
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