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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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Therapeutic effectiveness of Limonium gmelinii extract 
in experimentally – induced ischemic brain damage in vivo

Abstract. One of the important directions in the treatment of ischemic stroke (IS) consequences 
is revascularization of the damaged brain areas including decreasing acute hypoxia and oxidative 
stress that occur in the ischemic tissue due to reperfusion syndrome after restoration of blood flow. 
Plant polyphenols are promising candidates capable of exerting a pronounced antioxidant and 
neuroprotective effects. There are a number of wild plants growing on the territory of Kazakhstan, 
and one of these plants containing significant number of polyphenols is Limonium gmelinii  
(L. gmelinii, genus Limonium Mill). In our study we have applied middle cerebral artery occlusion (MCAO) 
method to induce focal ischemic cerebral stroke in male Wistar rats. The results of assessment of sensorimotor 
functions in laboratory animals showed that MCAO resulted in sensorimotor deficiency. At the same time, 
partial recoveries of sensorimotor functions were observed in animals that were treated with extract of 
L. gmelinii after stroke compared to untreated animals. Similarly, histological analysis of the damaged 
brain regions has revealed focal coagulation necrosis with clearly visualized damaged regions in animals 
with MCAO, whereas brain tissue of animals exposed to L. gmelinii extract after stroke induction was 
partially restored. Our results demonstrate that extract of L. gmelinii possesses neuroprotective properties 
that require further investigations.
Key words: ischemic stroke, plant polyphenols, ROS, antioxidants.

Introduction

Acute cerebrovascular disease or stroke is one 
of the three most common cardiovascular diseases 
in the world [1]. According to WHO (2012), about 
6.7 million fatal cases of stroke are recorded every 
year globally (http://who.int/mediacentre/factsheets/
fs310/en/). Among all registered cases, 80% are 
ischemic strokes. Moreover, 95% of ischemic strokes 
(IS) are associated with complications of the embolic 
type arising from plaques located in the extracranial 
sections of the arterial system.

Given the prevalence of this pathology, as well 
as the association with high percentage of mortality 
and primary disability, IS is a global medical and 
social problem [2]. There is a clear dependence of 
the increase in the incidence of stroke with an age 
above 30 years [3; 4], with two thirds of all cases 
of stroke occurring at the age of 65 years or more 

[5]. The costs of treating this disease are also of great 
socio-economic importance. The costs of therapy 
and maintenance of patients who have undergone 
IS making up the major expenses of the healthcare 
industry in many countries around the world [6]. 
The continuing tendency to “rejuvenate” stroke, 
a high percentage of mortality and disability also 
highlights the importance and relevance of the study 
of stroke in young people. Thus, the development of 
stroke prevention methods and rehabilitation – based 
therapy is a very important task for many countries 
in the world.

Restoration and maintenance of systemic 
hemodynamics, conducting drug thrombolysis and 
hemangiocorrection are key circulation recovery 
methods. In recent decades, the most effective 
method of treating IS is considered to be medication 
thrombolysis targeted on restoration of the main 
blood flow in the affected area in order to prevent 
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irreversible changes in the brain tissue [7]. Data 
were obtained that thrombolysis in patients with 
IS in the acute phase of the disease helps to reduce 
mortality rate by 17% and reduces the development 
of disability rate by 25% [8]. However, due to the 
narrow temporary “therapeutic window” (not more 
than 3 hours after the development of stroke) and the 
high risk of developing hemorrhagic complications, 
the spectrum of therapy with recombinant tissue 
plasminogen is very limited [9-11]. In most cases, 
a significant proportion of patients are admitted to 
specialized hospitals at a later date and the main 
method for correcting IS is to conduct «standard» 
basic therapy using drugs aimed at normalizing the 
rheological properties of blood, antiplatelet, anti-
coagulation therapy and maintaining brain tissue 
metabolism [12-14].

Studies have shown that despite the fact that the 
restoration of the main blood flow in the area of cerebral 
ischemia is critical, the subsequent development of 
reperfusion syndrome causes further damage to nerve 
tissues [15-17]. As a result of the action of ischemia 
of brain tissue and the development of reperfusion 
syndrome, a cascade reaction mechanism is launched, 
which is accompanied by the accumulation of 
products of free radical oxidation [18]. Considering 
the fact that escalation of ROS synthesis is noted 
both during and after brain ischemia, the products 
of oxidative reactions are of particular importance in 
ischemia and secondary cerebral hypoxia [19-23]. In 
this regard, the antioxidant therapy is justified even in 
a delayed manner, since one of the main mechanisms 
of cell death is oxidative stress [24; 25].

In recent decades, plant polyphenols have been 
of increasing interest due to their proven antioxidant 
properties and the ability to inactivate free radicals 
[26–31]; therefore, the search for new plant objects 
rich in bioavailable polyphenols is in high demand. 
One of the plants abundant in polyphenols is 
Limonium gmelinii (L. gmelinii), a representative of 
the genus Limonium, growing in large numbers in 
Kazakhstan [32; 33]. It was previously shown that 
the extract of polyphenols isolated from the roots of 
Limonium gmelinii has a wide range of therapeutic 
properties [31; 34; 35]. In addition, it neutralizes the 
toxic effect of the pro-inflammatory cytokine TNF-α, 
has antioxidant properties, inhibits endothelial 
cell activation, reduces the generation of ROS in 
endotheliocytes and astrocytes of the brain, inhibits 
the activation of the NADPH oxidase enzyme 
and blocks the development of oxidative stress in 
neurons, thus providing a complex protective effect 
and inhibiting the development of oxidative stress in 
vitro [36]. However, the question of what effect the 

extract of Limonium gmelinii has in case of ischemic 
stroke and in vivo reperfusion syndrome remained 
open. In this regard, the aim of the work was to 
evaluate the effectiveness of the use of the extract 
of polyphenols isolated from the roots of Limonium 
gmelinii, in conditions of ischemic brain damage in 
vivo in a model of laboratory animals.

Materials and methods

Preparation of polyphenol extract. Preparation of 
polyphenol extract was conducted at the Department 
of Chemistry and Chemical Technology, al-Farabi 
Kazakh National University according to a described 
previously method [31]. Briefly, the polyphenols 
from roots of Limonium gmelinii will be double 
extracted with 50% ethanol (1:6) for 5 hrs followed 
by vacuum drying in 40-60 °C. 

Object of study. Outbred male Wistar rats 
weighing 280-300 g were used, which were kept 
in vivarium conditions, including a 12-hour day/
night cycle, at a temperature of 22-23 °C. For the 
experiments, the animals were divided into 4 groups: 
1 – control animals, 2 – animals with MCAO, 3 – 
animals with MCAO, which were treated with 
Limonium gmelinii extract intragastrically at a 
dosage of 200 mg / kg for 28 days, 4 – animals that 
received only Limonium gmelinii extract in the same 
dosage. A day before the induction of stroke, the next 
day, on the 14th and 28th day after induction, the 
sensorimotor functions of animals were evaluated. 
On day 29, control and experimental animals were 
euthanized under isoflurane anesthesia and brain 
samples were taken.

Ethical approval. The research related to 
animals use has been complied with all the relevant 
national regulations and institutional policies for 
the care and use of animals (Protocol №2 from 
06.18.2015, the Local Ethical Commission of the 
Center for Life Sciences of Nazarbayev University, 
Astana).

Creating a model of ischemic stroke by 
middle cerebral artery occlusion (MCAO). For an 
experimental study of the effects of plant polyphenols 
on the brain, an IS model caused by occlusion of 
the middle cerebral artery (MCAO) was used. This 
model is characterized by the stability of damage 
to brain structures and is convenient for assessing 
the functional changes. The MCAO model differs 
from other experimental models in the ability to 
cause significant sizes of IS [37] and is similar to 
the development of IS in humans. When modeling 
a stroke, special material and equipment were used: 
an Olympus optical binocular microscope (Olympus, 
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Japan), a coagulator, a gas anesthesia system (Harvard 
Apparatus, USA), an Isoflurane inhalation anesthetic 
(5% solution), Lawton microsurgical instruments 
(Lawton, Germany), suture material: prolen 6/0, silk 
6/0, vicryl 6/0 (Ethicon, USA) (Figure 1).

IS model has been reproduced by MCAO in 
rats according to a previously described protocol 
[38]. As a temporary obturator of the lumen of the 
middle cerebral artery, a 4/0 nylon monofilament 

with a thickened silicone tip (Doccol Corp. USA) 
was used, which was introduced under visual control 
into a.carotis interna to a level of 17-20 mm. In this 
position, the monofilament was left for 2 hours to 
create a focal zone of acute cerebral ischemia (Figure 
2). To confirm the presence of focal ischemic stroke 
of the brain 24 hours after occlusion of the middle 
cerebral artery in laboratory animals, brain tissue was 
taken under isoflurane anesthesia.

                                                      A                                                                                                          B
	

Figure 1 – General view of the preoperative preparation. 
Note: A – preoperative preparation; B – laying the animal on its back with the processing of the surgical field.

                                                     A                                                                                                            B
	

Figure 2 – Model of middle cerebral artery occlusion (MCAO). 
Note: A – mobilization of the common, external and internal carotid arteries: blue arrow – external, green arrow – internal, 

white arrow – common carotid artery; B – general view of the middle cerebral artery occlusion model (MCAO).

Evaluation of sensorimotor activity in laboratory 
animals. Analysis of locomotor functions of the front 
and hind legs of laboratory animals «Beam walk» 

balance test was performed. The rat was placed at the 
beginning of the board (wide part) and bright light 
was turned on, forcing the animal to move along a 
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narrowing path to the shelter (dark chamber). The 
entire testing process was recorded on a video camera 
installed at a sufficient distance from the test site, so 
the whole track got into the frame. 

To assess the locomotor function of laboratory 
animals, the number of settings of the limb on the 
lower board (error), the amount of limb slipping from 
the upper board to the lower board (when the foot is 
placed on both boards) and the total number of steps 
taken from the start line to the animal’s entrance into 
dark camera were calculated. Errors and slippage 
accounting was carried out for the front and hind legs 
separately. The videos were analyzed frame by frame 
using RealTimer software. The data obtained for three 
attempts were averaged. The severity of sensorimotor 
deficiency was calculated by the formula in percent:

Error + 0.5 * 100 * Slipping
Total number of steps

Preparation and analysis of histological slides 
of the brain. The rat brain was fixed in a 10% 
solution of neutral formalin. After fixation, the 
samples were washed from formalin, then brain 
samples were gradually dehydrated in 70%, 95%, 
95%, 100%, 100% ethanol, followed by immersion 
in xylene. Thereafter samples embedded in paraffin 
blocks. Using a microtome (Leica, Germany), 5 μm  
thick sections were obtained, mounted on glass 
slides and spread on a warm table, then treated with 
xylene to exclude paraffin. Histological sections 
were rehydrated according to the reverse procedure 
in 100%, 100%, 95%, 95%, 70% ethanol, and in 
distilled water. After that, the sections were stained 
with hematoxylin-eosin. After staining, the slides 
were coated with Canadian balsam and analyzed 
under a microscope. Stained samples were analyzed 
using a Carl Zeiss Axio Vert light microscope (Carl 
Zeiss, Germany).

Statistical analysis. The data obtained are 
presented as mean ± standard error of the mean (Mean 
± SEM). Standard deviations between experimental 
groups were evaluated using Student’s t-test. Values 
were considered significantly different at p ≤ 0.05.

Results and discussion

Induction of ischemic stroke by occlusion of 
the middle cerebral artery and administration of 
polyphenol extract. For the purpose of preoperative 
preparation, the animal was not given food and water 
on the day of surgery. To initiate inhalation anesthesia, 
the animal was placed in an anesthetizer chamber 
using a 5% Isoflurane solution under conditions of  

1.0 L / min oxygen (O2). The choice of anesthesia 
in favor of the inhaled anesthetic Isoflurane was 
determined due to the good controllability of anesthesia, 
the presence of interspecific universality of anesthesia, 
and the absence of toxic effects on the animal’s body. 
The drug has a moderate irritant effect, pharyngeal 
and laryngeal reflexes become dull quickly, but there 
is some depression of the respiratory system. Heart 
rate and release practically do not change. Moreover, 
a decrease in stroke volume is compensated by an 
increase in heart rate. After immersing the animal 
in the surgical stage of anesthesia, a 1.5% level of 
Isoflurane was used to maintain anesthesia.

After recovery of the animal from anesthesia, 
signs of the development of ischemic lesion of a part 
of the brain in the basin of the middle cerebral artery 
were visually observed, which manifested as ptosis 
of the right eye and the development of paresis of 
the right upper limb. To confirm the development of 
focal ischemic stroke, a pathomorphological study 
of the brain was performed in some of the operated 
animals 24 hours after the operation. The remaining 
animals were slaughtered on the 29th day after the 
sensorimotor functions of the animals were evaluated.

It was found that in animals that were subjected 
to MCAO procedure, 24 hours after surgery, the 
presence of ischemic cerebral infarction was observed 
(Figure 3). 

Figure 3 – Histostructure of the brain of rats  
with induced stroke. The center of ischemic infarction.  

Hematoxylin-eosin stain, x200.

Subcortical in the white matter and subcortical 
nodes, a focus of complete coagulation necrosis 
is found, in which the shadows of neurocytes, 
accumulations of red blood cells are visible. On 
the periphery of the focus of necrosis, widespread 
ischemic injuries of neurocytes were observed, 
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which lost most of their processes, extended and 
acquired an angular shape. Large focal hemorrhages 
were also observed in the cerebellum. In pear-shaped 
cells (Purkinje cells), homogenizing changes were 
observed in the form of a pale colored cell body, 
wrinkling of nuclei. The cells of the granular layer 
were in a state of dystrophy, the cytoplasm of part of 
the cells was vacuolated (Figure 4).

Figure 4 – Homogenizing changes and  
large-focal hemorrhages in the tissues of the cerebellum. 

Stained with hematoxylin and eosin, x100.

The presence of foci of ischemic infarction of the 
substance of the brain, as well as common ischemic 

damage to neurocytes of the cortex and white matter 
of the cerebral hemispheres, indicated the presence 
of ischemic stroke in the operated animals.

Assessment of sensorimotor functions in animals 
with induced stroke and exposed to Limonium 
gmelinii. The results of the analysis of motor 
function by the method of narrowing lane revealed 
a pronounced sensorimotor deficiency in all animals 
with induced stroke on the first day after MCAO 
(Figure 5).

After 2 and 4 weeks, a slight improvement in 
sensorimotor function was detected in animals with 
MCAO with no treatment. However, in animals that 
received extract of Limonium gmelinii after MCAO, 
a statistically significant improvement in the motor 
functions of the fore and hind limbs was observed after 
two weeks with a further decrease in sensorimotor 
deficiency compared to untreated animals. 

Histological analysis of the brain of animals with 
induced stroke and exposed to extract of Limonium 
gmelinii. A histological examination of brain sections 
in animals without MCAO that received extract 
of Limonium gmelinii, as well as in animals of the 
control group, did not reveal pathological changes 
in the brain histostructure (Figure 6). Necrosis of 
neurons and glial cells was not observed, circulatory 
disorders were not detected. The nuclei of cells 
with clear boundaries were well detected in a light 
microscope.

Figure 5 – Test results of sensorimotor functions in rats. ** – p ≤ 0.01, * – p ≤ 0.05  
compared to the control, ● – p ≤ 0.05, compared to animals with a stroke (Student’s t-test).
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In animals with induced stroke, on the 29th day 
after MCAO, pathological changes in the histological 
structure of the brain were still observed (Figure 7). 
Shadows of neurons were observed in the foci of 
necrosis, hemolyzed erythrocytes were present in the 
areas of lysed cells. On the periphery of the focus 
of necrosis was determined ischemic damage to 

neurocytes. Outside the focus of necrosis in the cortex 
and extracortical areas of the cerebral hemispheres, 
medulla oblongata, and cerebellum, neurocytes 
were observed in the state of protein dystrophy. 
Foci of dystrophy, an increase in the number of 
microgliocytes were observed in glia. Foci of fibrosis 
were determined in the meninges.

                                                   A                                                                                                          B
	

Figure 6 – Normal histostructure of brain tissue of intact animals (A) and  
exposed to Limonium gmelinii without MCAO (B). Stained with hematoxylin and eosin, x100.

                                                   A                                                                                                               B
	

Figure 7 – Foci of ischemic infarction. Note: A – In the histostructure of the brain;  
B – In the meninges. Stained with hematoxylin and eosin, x100.

Rats that received extract of Limonium gmelinii 
after stroke induction showed a slight improvement 
in the brain tissues (Figure 8). No extensive areas 
of necrosis were observed, although there were 

signs of frustration in the small foci. Along the 
periphery of small foci of necrosis, proliferation of 
astrocytic glia, isolated capillaries with red blood 
cell stasis were visible. Glia with foci of dystrophy, 
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an increase in the number of microgliocytes were 
also detected.

Figure 8 – Small focus of ischemic infarction.  
Stained with hematoxylin and eosin, x100.

Today plant polyphenols occupy a unique place 
in science as they potentially are capable of reducing 
the risk of the disease and might be used in treatment 
of such conditions as diabetes, cardiovascular 
disorders, atherosclerosis, neurodegenerative 
disorders and inflammation. Polyphenols are 
a structural class of mainly  natural  organic 
chemicals  characterized by the presence of large 
multiples of phenol structural units. The number and 
characteristics of these phenol structures underlie 
the unique physical, chemical, and biological 
(metabolic, toxic, therapeutic, etc.) properties of 
particular members of the class. Polyphenols are 
rich in vegetables, fruits, grains, bark, roots, tea, 
and wine. Most polyphenols are generally known 
to possess potent antioxidant, anti-inflammatory, 
and anti-apoptotic properties, and their protective 
effects in ischemic injury have been demonstrated 
in a number of in vitro and in vivo studies [27; 
28; 39; 40]. For example, magnolia polyphenols 
have been shown to attenuate oxidative and 
inflammatory responses in neurons and microglia 
cells [39]. Green tea polyphenols have also 
been proven to exhibit multiple neuro protective 
actions [41; 42]. However, the health effects of 
polyphenols depend on the chemical structure (eg, 
glycosylation, esterification, and polymerization) 
and bioavailability. Bioavailability appears to 
differ greatly between the various polyphenols, 
and the most abundant polyphenols in our diet are 
not those that have the best bioavailability profile 
[43]. Thus, new plant sources rich with bioavailable 
polyphenols are still in demand. 

We have reported previously that root extract of 
Limonium gmelinii possesses significant hepatopro-
tective activity in CCl4-induced liver damage, exceed-
ing those of control flavonoids (silymarin and silib-
inin) [31]. The roots and rhizomes of the Limonium 
gmelinii (Plumbaginaceae) have been used in a tra-
ditional herbal medicine in Central Asia for hundreds 
of years. Limonium gmelinii contains a rich source 
of polyphenols, which is presented by flavonoids 
of oxidated type (7-14%), hydrolysable  tannins and 
mono-, di and oligo forms of flavan-3-ols (40-60 %). 
The main monomeric flavane is (-)-epigallocatechin-
gallate. Flavonoids of oxidated type are represented 
by 3,5,7,3’,4’,6’ – hexahydroxy-flavane, isorham-
netin,  quercetin,  myricetin, their mono- and diglu-
cosides (myricitrin, galactopyranosides of quercetin 
and myricetin, rhamnoglucoside of myricetin, rutin, 
etc.). Also, in extract composition was identified new 
flavone glycoside – Gmelinoside I [44]. 2-o-β-D-
galloil and 2,3-o-β-D-digalloilglucose were isolated 
from hydrolized tannins. Limonium gmelinii extract 
also contains all known 20 natural α-aminoacids, 34 
microelements, vitamins (C, E and ß-carotene) and 
xanthophylls. 

Since both CCl4-induced liver damage and isch-
emic brain damage are associated with oxidative 
cell injury and sterile immune response, in the pres-
ent work we have evaluated therapeutic potential of 
Limonium gmelinii root extract on animal model of 
ischemic brain injury in vivo. Our results have dem-
onstrated that the extract of Limonium gmelinii par-
tially restored the motor functions and normalizes the 
morphology of the brain tissues damaged by MCAO, 
which allowed us to conclude that the Limonium 
gmelinii extract at a dose of 200 mg/kg per day for 28 
days, has neuroprotective properties. However, fur-
ther investigations are required in order to establish 
effective doses and active components of the extract. 

Conclusion

Consequently, in the course of the work it was 
shown that in animals with MCAO and subsequent 
reperfusion in the basin of the middle cerebral 
artery of the brain, a focus of coagulation necrosis 
is determined, where dead cells of the nervous tissue 
are visualized, which indicates the development of 
focal cerebral infarction of ischemic origin. The 
histostructure of the brain tissue of animals that 
were exposed to Limonium gmelinii extract after 
stroke induction was partially restored. Moreover, 
in rats without MCAO, which were exposed to the 
studied extract, the histological picture of the brain 
did not differ from that in control animals. Hence, the 
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extract of Limonium gmelinii partially normalizes the 
histostructure of the damaged brain of animals with 
induced stroke, which indicates its neuroprotective 
effect in vivo; evaluation of the sensorimotor 
activity of laboratory animals with MCAO and 
administration of a polyphenol extract showed that 
the extract of Limonium gmelinii partially restores 
the musculoskeletal functions in rats with induced 
ischemic brain stroke.

Based on the above, the results obtained allow 
us to conclude that the Limonium gmelinii extract 
at a dose of 200 mg/kg per day for 28 days, has 
neuroprotective properties.
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Diversity of rust fungi on woody and shrubby vegetation  
of the Zailiysky Alatau

Abstract. Data on rust fungi on trees and shrubs of Zailiysky Alatau are significantly outdated (especially 
taxonomy of species). Therefore the aim of our work is to study the diversity of rust fungi on trees, shrubs 
and lianas of Zailiysky Alatau, to establish the distribution of species by host, gorge and absolute altitudes. 
Establishing the species composition of rust fungi associated with trees and shrubs, their distribution in 
the altitude zones and gorges of the Zailiysky Alatau is of scientific and practical importance. The material 
for the article was both the authors’ own collections from the research area and the Institute’s herbarium 
data. Preparation of specimens was carried out according to standard methods; they were studied and 
photographed using a Polyvar photomicroscope with Nomarsky interference optics. During the last decade 
we have determined 35 species of the rust fungi infecting trees and shrubs within the mycobiota of the 
Zailiysky Alatau. The material was combined both of the authors’ own collections from numerous localities 
within the research area as well as herbarium samples from the Institute of Botany and Phytointroduction, 
Almaty. The most widely represented genera were Phragmidium and Puccinia (10 species each).The highest 
diversity, 23 rust species, has been recorded in the Turgen gorge of Zailiysky Alatau, although all identified 
species belonged only to 4 genera: Gymnosporangium, Melampsora, Phragmidium, and Puccinia. In the 
Big and Small Almaty gorges, similar number of rust species has been recorded (22 and 19, respectively). 
The lowest number of rust species, only 6, was noted in the Akterek gorge of the Zhetyzhol ridge, which is 
the western tip of the Zailiysky Alatau. The main species diversity was confined to heights of 1300–1900 
m a.s.l., which corresponds to the small-leaved forests and dark coniferous forests and meadows belts. 
The value of the study and its practical importance lies in obtaining new data on the distribution of rust 
infections of various trees and shrubs in the territory of Zailiysky Alatau.
Key words: distribution, host plant, mycobiota, Pucciniales, species, woody-shrubby vegetation, Zailiysky 
Alatau.

Introduction

Rust fungi (Pucciniales, Pucciniomycotina, Ba-
sidiomycota), with ca 8000 described taxa, represent 
the most species-rich group of obligate plant patho-
gens. They are characterized by a complex life cycle, 
forming up to 5 dispersal stages in macrocyclic spe-
cies, their life cycle can be realized either on one (au-
toecious) or two host plants (heteroecious) [1]. Host 
jump have been also very important for rust fungi 
phylogeny as revealed by recent molecular studies 
[2]. Zailiysky Alatau, one of the ranges of the North-
ern Tien Shan, is located in southeastern Kazakhstan 
and belongs to the Dzungar-Northern Tien Shan 
group of zonation types, including subnival vegeta-
tion (3300–3600 m a.s.l.), cryophytic (alpinotypic) 

meadows and meadows with Kobresia spp. (2800–
3300 m a.s.l.), subalpinotype meadows and dwarf 
forests (2300–2800 m a.s.l.), dark coniferous forests 
and meadows (1700–2300 m a.s.l.), small-leaved 
forests (1400–1700 m a.s.l.), steppes (800–1400 m 
a.s.l.), and foothill deserts (700–800 m a.s.l.) [3].

The mycobiota of Zailiysky Alatau has been 
studied intensively since 1950’s, resulting in three 
monographs [4-6]. G.S. Nevodovsky in 1956 pro-
vided a detailed description of rust fungi from the 
area of Kazakhstan, some of which were found in 
the Zailiysky Alatau [4]. However, this informa-
tion is quite outdated (especially the taxonomy of 
species). The work of B.K. Kalymbetov from 1969 
[5], dedicated to the mycobiota of Zailiysky Alatau, 
contained information about 249 species of rust 
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fungi, however, the species living in the adjacent 
territories of the Ketmen, Kungei and other rang-
es were also included in the monograph. The third 
monograph of S.A. Abiev from 2002 [6] provided a 
list and descriptions of rust fungi parasitizing on ce-
reals of Kazakhstan. However, some of the recorded 
species are heteroecious, i.e. use trees and shrubs as 
intermediate hosts.

The aim of our work was to study the diversity 
of rust fungi on trees, shrubs and lianas of Zailiysky 
Alatau, and relate the distribution of species to host 
distribution, geographical location and altitude.

Materials and methods

The study was conducted in the Zailiysky Alatau 
ridge (southeastern region of Kazakhstan) for several 
years (2010, 2012-2019). Leaves of trees, bushes and 
lianas with typical rust symptoms were collected dur-
ing field trips. The geographic location of each site 
was recorded using digital GPS (Germin). Digital 
camera Canon 600E was used for photographing of 
symptoms. Spores of rust fungi at different stages 
of development were stripped off the plant surface, 

placed in a drop of distilled water on a microscopic 
slide, examined and photographed using a photomi-
croscope Polyvar with Nomarski interference con-
trast optics (Reichert, Austria). Measurements of 
spores were made. Specimens were identified with 
use of determination literature focused on rust fungi 
[4, 7-10]. Dried specimens are stored in the herbari-
um of the Institute of Botany and Phytointroduction, 
Almaty, Kazakhstan (AA). 

The systematic of the taxa is given in accordance 
with Kirk et al. [11]. Species of rust fungi located in 
the herbarium of the laboratory are also included in 
the checklist. The names of the host plants are given 
in accordance with the Plantarium database [12], 
while the names of fungal taxa and the names of 
taxon authors in accordance with the database Index 
Fungorum [13].

Results and discussion

At present, the mycobiota of the Zailiysky Alatau 
includes 35 species of the rust fungi on trees and 
shrubs (Table 1).The most widely represented genera 
are Phragmidium and Puccinia (10 species each).

Table 1– Number of species of rust fungi in the families and genera on woody-shrubby vegetation of Zailiysky Alatau

Families Genera Species
Coleosporiaceae Chrysomyxa 2
Melampsoraceae Melampsora 4
Phragmidiaceae Phragmidium 10

Pucciniaceae
Gymnosporangium 5

Puccinia 10
Uromyces 1

Pucciniastraceae
Melampsoridium 1
Pucciniastrum 1

Uropyxidaceae Tranzschelia 1
Total 9 35

Checklist of rust fungi on woody-shrubby veg-
etation of the Zailiysky Alatau

The following abbreviations are accepted in the 
proposed list: ib. – ibidem, m a.s.l. – meters above 
sea level, SAG – Small Almaty gorge, BAG – Big 
Almaty gorge, IG – Issyk gorge, TG – Turgen gorge, 
PG – Prokhodnoye gorge. Most of the samples were 
collected by YV Rakhimova (abbreviated in the list 
as YVR), other collectors: MNK – MN Kuznetsova, 
LAK – LA Kyzmetova, GSN – GS Nevodovsky, 

UKJ – UK Jetigenova. The types of sporulation in the 
cycle of development of rust fungi are traditionally 
indicated by Roman numerals for brevity: 0 – sper-
mogonia or pycnidia, I – aecia, II – uredinia, III – te-
lia. Pucciniomycetes R. Bauer, Begerow, J.P. Samp., 
M. Weiss & Oberw. Pucciniales Clem. & Shear Co-
leosporiaceae Dietel

Chrysomyxa deformans (Dietel) Jacz. (III) – on 
Picea schrenkiana Fisch. & C.A. Mey., SAG, Medeo, 
07.1924, АА Yachevsky, ib., 20.05.1938, MNK; 
Talgar gorge, 25.05.1952, SR Shvartsman; BAG, 
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below the peak Young geologist, the upper bound-
ary of spruce forests, 2513 m a.s.l., 43º06ʹ87.9ʺN, 
76º59ʹ19.0ʺЕ, 18.07.2012, YVR; PG, spruce for-
est, 1871 m a.s.l., 43°04ʹ47.4ʺN, 76°54ʹ28.5ʺЕ, 
14.07.2019, АM Assylbek.

Chrysomyxa weirii H.S. Jacks. – on Picea sch-
renkiana, BAG, 14-27.05.1916, RN Abolin; Middle 
Talgar gorge, 06.06.1936; GSN; SAG, spruce forest, 
26.05.1954, SR Shvartsman; PG, above the sana-
torium Alma-Arasan, 2195 m a.s.l., 43º04ʹ65.5ʺN, 
76º54ʹ27.5ʺE, 28.01.2012, YVR.

Melampsoraceae Dietel
Melampsora confluens (Pers.) H.S. Jacks. (II) – 

on Ribes meyeri Maxim., Talgar gorge, 06.06.1936, 
GSN.

Melampsora epitea Thüm. (II) – on Salix 
sp., Ayusai gorge, mixed forest, 1877 m a.s.l., 
43°05ʹ26.0ʺN, 76°56ʹ51.9ʺЕ, 28.08.2018, LAK; 
BAG, 1950 m a.s.l., 43°06′18.6″N, 76°57′07.3″Е, 
04.06.2015, YVR; ib., spruce forest, 1571 m a.s.l., 
43°05ʹ59.2ʺN, 76°55ʹ51.1ʺЕ, 23.05.2019, LAK; ib., 
border of spruce forest, 1579 m a.s.l., 43°06ʹ00.5ʺN, 
76°56ʹ52.0ʺЕ, 23.05.2019, YVR; IG, the forest above 
the lake, 1761 m a.s.l., 43°14ʹ43.1ʺN, 77°28ʹ35.7ʺE, 
14.07.2015, YVR; TG, at the confluence of the 
tributary with the Bear waterfall, 1427 m a.s.l., 
43°16ʹ28.9ʺN, 77°42ʹ59.2ʺЕ, 27.07.2017, YVR; 
ib., above the village Batan, floodplain forest, 2143 
m a.s.l., 43°13′46.0″N, 77°49′07.1″E, 16.08.2019, 
YVR; ib., path to the Bear waterfall, floodplain 
forest, 1942 m a.s.l., 43°16ʹ37.5ʺN, 77°42ʹ55.3ʺЕ, 
12.07.2019, LAK, ib., path to Kairak waterfall, 
floodplain forest, 1737 m a.s.l., 43°13ʹ55.8ʺN, 
77°45ʹ27.2ʺЕ, 12.07.2019, UKJ; PG, pine forest 
border, 1994 m a.s.l., 43°04′37.0″N, 76°54′28.6″E, 
15.07.2019, LAK; Kastek range, Kastek gorge, 2036 
m a.s.l., 42º59′08.0″N, 78º50′04.9″E, 08.09.2015, 
YVR; Zhetyzhol range, Akterek gorge, 1297 m a.s.l., 
43º13′42.6″N, 75º22′11.0″E, 16.11.2014, YVR.

Melampsora populnea (Pers.) P. Karst. (II) – on 
Populus alba L., foothills, 900 m a.s.l., 18.06.1941, 
MNK; TG, above the village Batan, 2362 m a.s.l., 
43°13ʹ44.7ʺN, 77°49ʹ06.6ʺЕ, 02.08.2016, YVR; 
on P. laurifolia Ledeb., TG, at the confluence of 
the tributary with the Bear waterfall, 1427 m a.s.l., 
43°16ʹ28.9ʺN, 77°42ʹ59.2ʺЕ, 27.07.2017, YVR; 
on P. tremula L., Kamenskaya fissure, 08.08.1946, 
MNK; Ayusai gorge, spruce forest, 1831 m a.s.l., 
43°05ʹ43.4ʺN, 76°56ʹ44.9ʺЕ, 27.08.2018, АM As-
sylbek, ib., birch forest, 1556 m a.s.l., 43°06ʹ31.4ʺN, 
76°54ʹ43.8ʺЕ, 29.08.2018, LAK; on Populus sp., en-
trance to the canyon Aksai, 10.06.2011, YVR.

Melampsora salicina Desm. (II) – on Salix ar-
buscula L., Small Kemin gorge, 2300 m a.s.l., 
04.09.1957, BK Kalymbetov; on S. cinerea L., SAG, 
the slope of Shaggy Hill, 03.07.1946, GSN; on S. 
starkeana Willd., SAG, spruce forests on the Ka-
zachka river, 20.06.1945, MNK; on Salix sp., SAG, 
2300 m a.s.l., 23.08.1945, MNK; Monk fissure, 
03.06.1935, GSN; ib., 1641 m a.s.l., 43º13ʹ39.8ʺN, 
77º15ʹ34.6ʺE, 07.09.2012, YVR; PG, above the san-
atorium Alma-Arasan, spruce forest, 2103 m a.s.l., 
43º04ʹ10.6ʺN, 76º54ʹ43.9ʺЕ, 27.07.2012, YVR; Ak-
sai gorge, 15.08.2009, YVR; Ayusai gorge, 1754 m 
a.s.l., 43º05ʹ61.5ʺN, 76º56ʹ38.1ʺЕ, 14.07.2011, YVR; 
BAG, 1662 m a.s.l., 43º06ʹ10.3ʺN, 76º56ʹ61.8ʺЕ, 
14.07.2011, YVR; SAG, Mynzhylki, 01.08.2015, 
RD Rakhimov; IG, near the lake, 1744 m a.s.l., 
43º15ʹ35.7ʺN, 77º29ʹ10.1ʺЕ, 23.06.2011, YVR; 
TG, above the village Batan, right bank, 2362 m 
a.s.l., 43°13ʹ44.7ʺN, 77°49ʹ06.6ʺЕ, 02.08.2016, 
YVR; Kastek range, Kastek gorge, 1434 m a.s.l., 
43º01ʹ53.9ʺN, 75º57ʹ98.2ʺЕ, 17.09.2011, YVR; 
Zhetyzhol range, Akterek gorge, 1129 m a.s.l., 
43º15′14.2′′N, 75º24′19.6′′E, 27.06.2014, UKJ.

Phragmidiaceae Corda
Phragmidium andersonii Shear (III) – on Da-

siphora fruticosa (L.) Rydb., SAG, Aman-Dzhailau 
valley, 2600 m a.s.l., 14.08.1936, GSN; ib., alpine 
meadow along the ridge of Kumbel, 3200 m a.s.l., 
23.08.1945, GSN.

Phragmidium bulbosum (Fr.) Schltdl. (II, III)– on 
Rubus caesius L., foothills, Glubokaya fissure, 900 
m a.s.l., 09.11.1945, MNK; TG, 12.06, 10.11.1938, 
GSN; BAG, 43º04′56.8″N, 76º58′50.5″Е, 13.08.2009, 
YVR; Aksai gorge, 1359 m a.s.l., 43º07ʹ232ʺN, 
76º47ʹ835ʺЕ, 10.06.2011, YVR; Kuznetsov fissure 
cordon, 1526 m a.s.l., 43°21ʹ63.1ʺN, 77°40ʹ68.1ʺE, 
15.08.2013, YVR; TG, at the confluence of the 
tributary with the Bear waterfall, 1427 m a.s.l., 
43°16ʹ28.9ʺN, 77°42ʹ59.2ʺЕ, 27.07.2017, YVR; 
ib., near the complex “Altyn Adam”, deciduous 
forest, 1173 m a.s.l., 43º19′47.3″N, 77º37′02.0″E, 
18.08.2019, G Sypabekkyzy; Zhetyzhol range, 
Akterek gorge, 1113 m a.s.l., 43º15′17.1′′N, 
75º24′24.5′′E, 27.06.2014, N Zhakhan; ib., 1120 m 
a.s.l., 43º15′17.1′′N, 75º24′07.8′′E, 27.06.2014, AK 
Dzhienbekov.

Phragmidium devastatrix Sorokin (III)– on Rosa 
platyacantha Schrenk, foothills, Glubokaya fis-
sure, 900 m a.s.l., 11.06.1941, MNK; BAG, 1927 
m a.s.l., 43º06′23.8″N, 76º56′46.4″E, 27.04.2018, 
UKJ; ib., trail to the Big Almaty peak, spruce for-
est, 1628 m a.s.l., 43°06ʹ26.0ʺN, 76°54ʹ46.6ʺЕ, 
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29.08.2018, YVR; neighborhood of Zhandosov, 
43°10ʹ14.0″N, 76°31ʹ57.6″E, 02.12.2013, YVR; 
Karakastek gorge, 1353 m a.s.l., 43°02ʹ08.6ʺN, 
76°04ʹ01.5ʺЕ, 03.08.2016, YVR; Zhetyzhol range, 
middle part of the Besmoyak gorge, 1944 m a.s.l., 
43°06ʹ21.7ʺN, 75°37ʹ02.9ʺЕ, 06.07.2016, YVR; 
ib., 1801 m a.s.l., 43°06ʹ11.6ʺN, 75°38ʹ24.5ʺЕ, 
06.07.2016, YVR; on Rosa sp., Talgar gorge, 
12.09.1935; 10.04-06.06.1936, GSN; Kaskelen 
gorge, 5 km above the ecological post, 1313 m a.s.l., 
43º06ʹ23.8ʺN, 76º36ʹ35.6ʺЕ, 07.07.2010, YVR; 
ib., 1307 m a.s.l., 43°06ʹ16.3ʺN, 76°36ʹ20.7ʺЕ, 
03.08.2016, YVR; Ush-Konyr gorge, 1239 m a.s.l., 
43º07ʹ94.7″N, 76º30ʹ85.4″Е, 11.07.2010, YVR; pass 
of TG, 1344 m a.s.l., 43º31ʹ64.6″N, 77º38ʹ455″Е, 
15.08.2013, YVR; TG, floodplain forest, 1579 m 
a.s.l.,43ᵒ16′15.7″N, 77ᵒ44′22.9″E, 18.08.2019, AM 
Assylbek; Kastek range, Kastek gorge, 1854 m a.s.l., 
42º59ʹ70.7ʺN, 75º53ʹ30.3ʺE, 29.06.2012, YVR; 
ib., 1977 m a.s.l., 43°00ʹ41.8″N, 75°53ʹ69.5″E, 
28.06.2012, YVR; ib., 2036 m a.s.l., 42º59′08.0″N, 
78º50′04.9″E, 08.09.2015, YVR; Zhetyzhol range, 
Akterek gorge, 1113 m a.s.l., 43º15′17.1′′N, 
75º24′24.5′′E, 27.06.2014, N Zhakhan; ib., 1069 
m a.s.l., 43º15′30.6′′N, 75º24′58.3′′E, 26.06.2014, 
YVR; ib., 1297 m a.s.l., 43º13′42.6″N, 75º22′11.0″E, 
16.11.2014, YVR; ib., 1094 m a.s.l., 43º15′25.7′′N, 
75º24′40.6′′E, 26.06.2014, YVR.

Phragmidium fusiforme J. Schröt. (I) – on Rosa 
alberti Regel, Small Kemin gorge, Aktyuz, among 
juniper, 2400 m a.s.l., 06.09.1957, BK Kalymbetov; 
SAG, 20.06.1945, MNK; Kaskelen gorge, Kasymbek 
branch, 2122 m a.s.l., 43°02′08.1″N, 76°31′43.7″Е, 
03.06.2015, YVR; on Rosa sp., the upper reaches 
of the Pogansky fissure, 10.06.1937, GSN; Ayusai 
gorge, spruce forest, 1831 m a.s.l., 43°05ʹ43.4ʺN, 
76°56ʹ44.9ʺЕ, 27.08.2018, AM Assylbek; PG, above 
the sanatorium Alma-Arasan, spruce forest, 2103 m 
a.s.l., 43°04ʹ10.6ʺN, 76°54ʹ43.9ʺE, 27.07.2012, YVR; 
TG, above the confluence of Karagaily, floodplain 
forest, 1446 m a.s.l., 43°16ʹ29.4ʺN, 77°43ʹ03.5ʺЕ, 
21.05.2019, YVR; Kastek range, Kastek gorge, flood-
plain, 1812 m a.s.l., 42°59ʹ99.3ʺN, 75°53ʹ87.7ʺE, 
29.06.2012, YVR.

Phragmidium kamtschatkae (H.W. Anderson) 
Arthur & Cummins (III) – on Rosa platyacantha, 
BAG, 1923 m a.s.l., 43º05′53.0″N, 76º57′12.8″E, 
27.04.2018, SB Nurashov; on Rosa sp., Talgar gorge, 
06.06.1936, GSN; BAG, spruce forest border, 1579 
m a.s.l., 43°06ʹ00.5ʺN, 76°56ʹ52.0ʺЕ, 23.05.2019, 
YVR; TG, above the village Batan, spruce for-
est, 1757 m a.s.l., 43°14ʹ10.0ʺN, 77°46ʹ27.3ʺЕ, 
22.05.2019, LAK; ib., floodplain forest, 1446 m a.s.l., 
43°16ʹ29.4ʺN, 77°43ʹ03.5ʺЕ, 21.05.2019, YVR.

Phragmidium mucronatum (Pers.) Schltdl. (I) – 
on Rosa sp., SAG, Aman-Dzhailau valley, 2600 m 
a.s.l., 14.08.1936; TG, 12.06.1938, GSN; PG, spruce 
forest, 2069 m a.s.l., 43°04ʹ18.9ʺN, 76°54ʹ28.6ʺЕ, 
15.07.2019, UKJ; Kastek range, Kastek gorge, 1854 
m a.s.l., 42°59ʹ70.7ʺN, 75°53ʹ30.3ʺE, 29.06.2013, 
YVR.

Phragmidium rosae-lacerantis Dietel (II, III) – 
on Rosa alberti, Kaskelen gorge, neighborhood of the 
village of Izvestkovoe, 1845 m a.s.l., 43°01′56.9″N, 
76°37′09.0″E, 19.09.2012, YVR; IG, forest above 
the lake, 1761 m a.s.l., 43°14′43.1′′N, 77°28′35.7′′E, 
14.07.2015, YVR; SAG, Kok-Dzhailau pass 
trail, aspen forest, 1790 m a.s.l., 43ᵒ09′35.3″N, 
77ᵒ01′43.0″E, 19.08.2019, YVR; TG, floodplain 
forest, 1516 m a.s.l., 43ᵒ16′11.1″N, 77ᵒ44′26.4″E, 
16.08.2019, G Sypabekkyzy; on R. platyacantha, 
SAG, Kok-Dzhailau pass trail, aspen forest, 1790 
m a.s.l., 43ᵒ09′35.3″N, 77ᵒ01′43.0″E, 19.08.2019, 
YVR; on Rosa sp., Zhetyzhol range, Akterek 
gorge, 1069 m a.s.l., 43º15′30.6ʺN, 75º24′58.3ʺE, 
26.06.2014, YVR; ib., 1120 m a.s.l., 43º15′17.1ʺN, 
75º24′07.8ʺE, 27.06.2014, AK Dzhienbekov; 
ib., 1033 m a.s.l., 43°15′43.7′′N, 75°25′26.8′′Е, 
26.06.2014, YVR; ib., 1113 m a.s.l., 43º15′17.1ʺN, 
75º24′24.5′′E, 27.06.2014, N Zhakhan; ib., 1096 m 
a.s.l., 43º15′31.0′′N, 75º24′33.6′′E, 26.06.2014, GA 
Nam.

Phragmidium rubi-idaei (DC.) P. Karst. (III) – on 
Rubus caesius L., foothills, Glubokaya fissure, 900 m 
a.s.l., 09.11.1945, MNK; on R. idaeus L., Monk fis-
sure, 24.08.1935; SAG, spruce forest, 2000 m a.s.l., 
31.08.1946, MNK; BAG, spruce forest, 28.08.1922, 
Tupolev; ib., trail to the Big Almaty peak, spruce 
forest, 1628 m a.s.l., 43°06ʹ26.0ʺN, 76°54ʹ46.6ʺЕ, 
29.08.2018, AM Assylbek; Ayusai gorge, spruce 
forest, 1776 m a.s.l., 43°05ʹ45.5ʺN, 76°56ʹ40.0ʺЕ, 
27.08.2018, LAK; PG, above the sanatorium Alma-
Arasan, spruce forest, 2103 m a.s.l., 43º04ʹ10.6ʺN, 
76º54ʹ43.9ʺЕ, 27.07.2012, YVR; ib., near the wa-
terfall, 1886 m a.s.l., 43°04ʹ56.1ʺN, 76°54ʹ27.4ʺЕ, 
14.07.2019, UKJ, ib., above camp Young home-
builder, 1801 m a.s.l., 43°05ʹ27.3ʺN, 76°54ʹ22.3ʺЕ, 
16.07.2019, LAK; TG, path to Kairak waterfall, 1814 
m a.s.l., 43°13ʹ23.6ʺN, 77°45ʹ34.5ʺЕ, 12.07.2019, 
AM Assylbek.

Phragmidium saxatile Vleugel (I, II, III) – on Ru-
bus saxatilis L., IG, floodplainforest above the lake, 
29.08.1947, MNK.

Phragmidium tuberculatum Jul. Müll. (I, II, III) – 
on Rosa albertii, SAG, along the Kazachka river bed, 
1800 m a.s.l., 09.09.1939, MNK; TG, above the vil-
lage Batan, spruce forest, 1646 m a.s.l., 43°14ʹ02.9ʺN, 
77°46ʹ24.4ʺЕ, 11.07.2019, LAK.

http://www.plantarium.ru/page/view/item/32148.html
https://www.plantarium.ru/page/view/item/32373.html
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Pucciniaceae Chevall.
Gymnosporangium clavariiforme (Wulfen) 

DC. (I) – on Crataegus sp., SAG, MNK; on Juni-
perus sibirica Burgsd., IG, 12.06.1936, Zakharova; 
on Malus domestica Borkh., SAG, 1800 m a.s.l., 
20.08.1945, MNK; on M. sieversii (Ledeb.) M. 
Roem., SAG, Kok-Dzhailau pass trail, 1960 m a.s.l., 
43º09ʹ37.9ʺN, 77º01ʹ52.1ʺЕ, 15.08.2012, YVR; 
ib., Mynzhylki, 01.08.2015, RD Rakhimov; BAG, 
trail to the Big Almaty peak, mixed forest, 1477 
m a.s.l., 43°06ʹ37.0ʺN, 76°54ʹ53.1ʺЕ, 29.08.2018, 
YVR; Aksai gorge, 1359 m a.s.l., 43º07ʹ232ʺN, 
76º47ʹ835ʺЕ, 10.06.2011, YVR; Kuznetsov fis-
sure, above the cordon, 1588 m a.s.l., 43º21ʹ32.6ʺN, 
77º40ʹ94.8ʺЕ, 15.08.2013, YVR; PG, above camp 
Young homebuilder, 1801 m a.s.l., 43°05ʹ27.3ʺN, 
76°54ʹ22.3ʺЕ, 16.07.2019, LAK; on Malus sp., Ayu-
sai gorge, spruce forest, 1864 m a.s.l., 43°05ʹ35.0ʺN, 
76°56ʹ52.9ʺЕ, 27.08.2018, YVR; ib., spruce for-
est, 1776 m a.s.l., 43°05ʹ45.5ʺN, 76°56ʹ40.0ʺЕ, 
27.08.2018, UKJ; TG, at the confluence of the 
tributary with the Bear waterfall, 1427 m a.s.l., 
43°16ʹ28.9ʺN, 77°42ʹ59.2ʺЕ, 27.07.2017, YVR; on 
Pyrus sp., BAG, trail to the Big Almaty peak, birch 
forest, 1556 m a.s.l., 43°06ʹ31.4ʺN, 76°54ʹ43.8ʺЕ, 
29.08.2018, LAK; on Sorbus tianschanica Rupr., 
SAG, path to the Kok-Dzhailau pass, 1960 m a.s.l., 
43º09ʹ37.9ʺN, 77º01ʹ52.1ʺЕ, 15.08.2012, YVR; 
Kuznetsov fissure, 1517 m a.s.l., 43º21ʹ98.5ʺN, 
77º40ʹ46.5ʺЕ, 15.08.2013, YVR; BAG, trail to 
the Big Almaty peak, spruce forest, 1582 m a.s.l., 
43°06ʹ29.5ʺN, 76°54ʹ43.8ʺЕ, 29.08.2018, AM 
Assylbek; TG, above the village Batan, 2362 m 
a.s.l., 43°13ʹ44.7ʺN, 77°49ʹ06.6ʺЕ, 02.08.2016, 
YVR; Kastek range, Kastek gorge, 2036 m a.s.l., 
42º59′08.0″N, 78º50′04.9″E, 08.09.2015, YVR; 
PG, spruce forest, 1871 m a.s.l., 43°04ʹ47.4ʺN, 
76°54ʹ28.5ʺЕ, 14.07.2019, AM Assylbek.

Gymnosporangium confusum Polwr. (I) – on Co-
toneaster melanocarpus Fisch. ex Blytt, TG, above 
the village Batan, floodplain forest, 1910 m a.s.l., 
43°13ʹ46.8ʺN, 77°47ʹ25.3ʺЕ, 11.07.2019, YVR; 
on Crataegus almaatensis Pojark., BAG, birch for-
est, 1507 m a.s.l., 43°06ʹ15.7ʺN, 76°55ʹ22.8ʺЕ, 
23.05.2019, UKJ; TG, deciduous forest, 1281 m a.s.l., 
43°17ʹ21.4ʺN, 77°39ʹ41.1ʺЕ, 20.05.2019, UKJ; ib., 
above trout farming, deciduous forest, 1040 m a.s.l., 
43°19ʹ00.7ʺN, 77°38ʹ22.9ʺЕ, 20.05.2019, LAK; on 
C. korolkowii L. Henry, IG, 02.08.1935, GSN; TG, 
at the confluence of the tributary with the Bear wa-
terfall, 1427 m a.s.l., 43°16ʹ28.9ʺN, 77°42ʹ59.2ʺЕ, 
27.07.2017, YVR; on C.songarica K. Koch, SAG, 
06.06.1946, MNK; on Crataegus sp., Ayusai 
gorge, spruce forest,1776 m a.s.l., 43°05ʹ45.5ʺN, 

76°56ʹ40.0ʺЕ, 27.08.2018, UKJ; BAG, near Ayu-
sai, 1662 m a.s.l., 43º06ʹ10.3ʺN, 76º56ʹ61.8ʺЕ, 
14.07.2011, YVR; ib., 1754 m a.s.l., 43º05ʹ615ʺN, 
76º56ʹ381ʺЕ, 14.07.2011, YVR; Right Talgar 
gorge, 1634 m a.s.l., 43º13ʹ52.2ʺN, 77º17ʹ47.7ʺЕ, 
08.07.2010, S Userbayeva; IG, near the lake, 1744 
m a.s.l., 43º15ʹ35.7ʺN, 77º29ʹ10.1ʺЕ, 23.06.2011, 
YVR; Kaskelen gorge, 1351 m a.s.l., 43º05ʹ79.5ʺN, 
76º36ʹ63.0ʺЕ, 10.06.2011, YVR; Aksai gorge, 1487 
m a.s.l., 43º06ʹ44.7ʺN, 76º47ʹ14.0ʺЕ, 10.06.2011, 
YVR; ib., 1115 m a.s.l., 43º09ʹ18.1ʺN, 76º47ʹ93.3ʺЕ, 
10.06.2011, YVR; Kuznetsov fissure, 1517 m a.s.l., 
43º21ʹ98.5ʺN, 77º40ʹ46.5ʺЕ, 15.08.2013, YVR; TG, 
path to Kairak waterfall, spruce forest, 1814 m a.s.l., 
43°13ʹ23.6ʺN, 77°45ʹ34.5ʺЕ, 12.07.2019, AM Assyl-
bek; ib., above the village Batan, spruce forest, 1901 
m a.s.l., 43°13ʹ55.2ʺN, 77°46ʹ58.0ʺЕ, 11.07.2019, 
AM Assylbek; ib., above trout farming, deciduous 
forest, 1040 m a.s.l., 43°19ʹ00.7ʺN, 77°38ʹ22.9ʺЕ, 
20.05.2019, LAK; ib., deciduous forest, 1281 m 
a.s.l., 43°17ʹ21.4ʺN, 77°39ʹ41.1ʺЕ, 20.05.2019, 
UKJ; Oi-Karagai gorge, 1866 m a.s.l., 43°11ʹ68.0ʺN, 
77°07ʹ65.2ʺЕ, 20.09.2012, YVR.

Gymnosporangium fusisporum E. Fisch. (I) – 
on Cotoneaster integerrimus Medikus, SAG, 1400 
m a.s.l., MNK; on C. melanocarpus, TG, path to 
Kairak waterfall, floodplain forest, 1737 m a.s.l., 
43°13ʹ55.8ʺN, 77°45ʹ27.2ʺЕ, 12.07.2019, UKJ; on 
C. Oliganthus Pojark., SAG, Aman-Dzhailau valley, 
14.08.1936, GSN; on C. uniflorus Bunge, BAG, near 
the lake, 2524 m a.s.l., 43º03ʹ44.3ʺN, 76º59ʹ22.5ʺЕ, 
13.08.2009, YVR; on Cotoneaster sp., BAG, below 
peak Young geologist, 2513 m a.s.l., 43º06ʹ87.9ʺN, 
76º59ʹ19.0ʺЕ, 18.07.2012, YVR; Kuznetsov fis-
sure, 1588 m a.s.l., 43º21ʹ32.6ʺN, 77º40ʹ94.8ʺЕ, 
15.08.2013, YVR; Kastek range, Kastek gorge, 1854 
m a.s.l., 42º59ʹ70.7ʺN, 75º53ʹ30.3ʺE, 29.06.2012, 
YVR; ib., 2036 m a.s.l., 42º59′08.0″N, 78º50′04.9″E, 
08.09.2015, YVR.

Gymnosporangium juniperi Link (I) – on Sor-
bus tianschanica, BAG, 07.09.1937; Middle Tal-
gar gorge, 13.08.1936, GSN; TG, above the village 
Batan, 2143 m a.s.l.,43ᵒ13′46.0″N, 77ᵒ49′07.1″E, 
16.08.2019, YVR.

Gymnosporangium turkestanicum Tranzschel 
(I) – on Juniperus turkestanica Kom., SAG, 3700 
m a.s.l.,13.05.1915, R Abolin; ib., 2300 m a.s.l., 
20.05.1946, MNK.

Puccinia atragenicola (Bubak) P. Syd. & Syd. 
(III) – on Atragene sibirica L., TG, above the village 
Batan, floodplain forest, 1910 m a.s.l., 43°13ʹ46.8ʺN, 
77°47ʹ25.3ʺЕ, 11.07.2019, YVR; BAG, spruce for-
est, 2407 m a.s.l., 43°04ʹ00.6ʺN, 76°59ʹ14.7ʺЕ, 
31.08.2018, UKJ.
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Puccinia brachypodii G.H. Otth (0, I) – on Berberis 
sphaerocarpa Kar. & Kir., Monk fissure 03.06.1935; 
SAG, 1500 m a.s.l., 09.05.1946, 12.09.1946, MNK; 
BAG, 1923 m a.s.l., 43º05′50.1″N, 76º57′30.0″E, 
27.04.2018, LAK; ib., spruce forest border, 1579 
m a.s.l., 43°06ʹ00.5ʺN, 76°56ʹ52.0ʺЕ, 23.05.2019, 
YVR; ib., birch forest at the foot of the slope, 1507 m 
a.s.l., 43°06ʹ15.7ʺN, 76°55ʹ22.8ʺЕ, 23.05.2019, UKJ; 
TG, above the village Batan, spruce forest,1757 m 
a.s.l., 43°14ʹ10.0ʺN, 77°46ʹ27.3ʺЕ, 22.05.2019, 
LAK.

Puccinia coronata Corda (I)– on Rhamnus ca-
thartica L., BAG, trail to the Big Almaty peak, birch 
forest, 1556 m a.s.l., 43°06ʹ31.4ʺN, 76°54ʹ43.8ʺЕ, 
29.08.2018, LAK; Zhetyzhol range, Akterek 
gorge, 1129 m a.s.l., 43º15′14.2′′N, 75º24′19.6′′E, 
27.06.2014, UKJ; ib., 1033 m a.s.l., 43º15′43.7′′N, 
75º25′26.8′′E, 26.06.2014, YVR; on Rhamnus sp., 
Zhetyzhol range, Akterek gorge, 1113 m a.s.l., 
43º15′17.1′′N, 75º24′24.5′′E, 27.06.2014, N Zhakhan.

Puccinia coronifera Kleb. (I) – on Rhamnus ca-
thartica, foothills, 02.05.1932, ib., Glubokaya fissure, 
27.05.1946, MNK; Kaskelen gorge, 1351 m a.s.l., 
43º05ʹ79.5ʺN, 76º36ʹ63.0ʺЕ, 10.06.2011, YVR; Ak-
sai gorge, 1487 m a.s.l., 43º06ʹ44.7ʺN, 76º47ʹ14.0ʺЕ, 
10.06.2011, YVR; ib., 1115 m a.s.l., 43º09ʹ18.1ʺN, 
76º47ʹ93.3ʺЕ, 10.06.2011, YVR; TG, above the con-
fluence of the Karagayly river, floodplain forest, 1446 
m a.s.l., 43°16ʹ29.4ʺN, 77°43ʹ03.5ʺЕ, 21.05.2019, 
YVR; ib., path to the Bear waterfall, 1436 m a.s.l., 
43°16ʹ33.1ʺN, 77°42ʹ41.2ʺЕ, 22.05.2019, AM Assyl-
bek; ib., above trout farming, deciduous forest, 1040 
m a.s.l., 43°19ʹ00.7ʺN, 77°38ʹ22.9ʺЕ, 20.05.2019, 
LAK, ib., 1281 m a.s.l., 43°17ʹ21.4ʺN, 77°39ʹ41.1ʺЕ, 
20.05.2019, UKJ.

Puccinia festucaePlowr. (I) – on Lonicera cae-
rulea L., IG, at a lake, mixed forest, 02.08.1935, 
GSN; on L. hispida Pall. ex Roem. & Schult., TG, 
spruce forest border, 1687 m a.s.l., 43°15ʹ12.2ʺN, 
77°45ʹ26.6ʺЕ, 20.05.2019, AM Assylbek; on L. 
karelinii Bunge ex P. Kir.,Big Kemin gorge, 2400 
m a.s.l., 10.09.1957, BK Kalymbetov; BAG, spruce 
forest, 18.06.1941, MNK; SAG, 06.07.1936, MNK; 
foothills Kargaly gorge, 19.06.1941, MNK;on L. ta-
tarica L.; BAG, spruce forest border, 1579 m a.s.l., 
43°06ʹ00.5ʺN, 76°56ʹ52.0ʺЕ, 23.05.2019, YVR.

Puccinia graminis Pers. (0, I) – on Ber-
beris sphaerocarpa, SAG, Kamenskaya fissure, 
06.07.1931, Sukach and Bulatov; ib., 13.06.1946, 
MNK; Talgar gorge, 07.1931, GSN; Aksai 
gorge, 1115 m a.s.l., 43º09ʹ18.1ʺN, 76º47ʹ93.3ʺЕ, 
10.06.2011, YVR; TG, deciduous forest, 1281 m 
a.s.l., 43°17ʹ21.4ʺN, 77°39ʹ41.1ʺЕ, 20.05.2019, UKJ; 
ib., above trout farming, deciduous forest, 1040 

m a.s.l., 43°19ʹ00.7ʺN, 77°38ʹ22.9ʺЕ, 20.05.2019, 
LAK; ib., path to the Bear waterfall, floodplain for-
est, 1436 m a.s.l., 43°16ʹ33.1ʺN, 77°42ʹ41.2ʺЕ, 
22.05.2019, AM Assylbek; BAG, spruce forest 
border, 1579 m a.s.l., 43°06ʹ00.5ʺN, 76°56ʹ52.0ʺЕ, 
23.05.2019, YVR; Kastek range, Kastek gorge, 1854 
m a.s.l., 42º59ʹ70.7ʺN, 75º53ʹ30.3ʺE, 29.06.2012, 
YVR; on Berberis sp., Uzyn-Kargaly gorge, above 
the dam, 1198 m a.s.l., 43º06ʹ85.1ʺN, 76º26ʹ01.7ʺЕ, 
07.07.2010, YVR; Kaskelen gorge, at the base of the 
slope, 1313 m a.s.l., 43º06ʹ23.8ʺN, 76º36ʹ35.6ʺЕ, 
07.07.2010, YVR; IG, near the lake, 1744 m a.s.l., 
43º15ʹ35. 7ʺN, 77º29ʹ10.1ʺЕ, 23.06.2011, YVR.

Puccinia longirostrisKom. (III) – on Lonicera 
hispida, SAG, 03.07.1946, MNK; IG, 02.08.1935, 
GSN; Dzhaya gorge, 2700 m a.s.l., 09.06.1958, BK 
Kalymbetov; Ayusai gorge, spruce forest, 1888 m 
a.s.l., 43°05ʹ18.4ʺN, 76°56ʹ46.2ʺЕ, 28.08.2018, LAK; 
BAG, spruce forest, 1571 m a.s.l., 43°05ʹ59.2ʺN, 
76°55ʹ51.1ʺЕ, 23.05.2019, LAK; ib., spruce forest 
border, 1579 m a.s.l., 43°06ʹ00.5ʺN, 76°56ʹ52.0ʺЕ, 
23.05.2019, YVR; TG, above the village Batan, 
floodplain forest, 1910 m a.s.l., 43°13ʹ46.8ʺN, 
77°47ʹ25.3ʺЕ, 11.07.2019, YVR; ib., above the con-
fluence of the Karagayly river, floodplain forest, 1446 
m a.s.l., 43°16ʹ29.4ʺN, 77°43ʹ03.5ʺЕ, 21.05.2019, 
YVR; PG, spruce forest, 2069 m a.s.l., 43°04ʹ18.9ʺN, 
76°54ʹ28.6ʺЕ, 15.07.2019, UKJ; ib., 2085 m a.s.l., 
43°03ʹ59.7ʺN, 76°54ʹ27.7ʺЕ, 15.07.2019, AM Assyl-
bek; ib., floodplain forest, 1287 m a.s.l., 43°16ʹ17.1ʺN, 
77°44ʹ18.9ʺЕ, 20.05.2019, YVR; ib., pine forest 
border, 1994 m a.s.l., 43°04ʹ37.0ʺN, 76°54ʹ28.6ʺЕ, 
15.07.2019, LAK; on L. olgae Regel & Schmalh., SAG, 
Aman-Dzhailau valley, 2600 m a.s.l., 14.08.1936; 
ib., Talgar pass, 28.08.1946, MNK; on L. semenovii 
Regel, between the mountains of Maitobe and Aral-
tobe, 2500 m a.s.l., 01.09.1957, BK Kalymbetov; on 
L. karelinii and on L. altmannii Regel & Schmalh., 
Small Kemin gorge, Aktyuz, among juniper, 2400 m 
a.s.l., 06.09.1957, BK Kalymbetov; on Lonicera sp., 
Kastek range, Kastek gorge, bushes, 1854 m a.s.l., 
42º59ʹ70.7ʺN, 75º53ʹ30.3ʺE, 29.06.2012, YVR; BAG, 
path to the lake, 2111 m a.s.l., 13.08.2009, YVR.

Puccinia platypoda Syd. & P. Syd. (I, III) – on 
Atraphaxis caucasica (Hoffm.) Pavlov, IG, near the 
stream, 27.06.1937, M Prokopenko; on A. frutescens 
(L.) K. Koch, BAG, 12.09.1937; IG, 17.08.1937, 
MNK; on A. pyrifolia Bunge, Talgar gorge, 
24.07.1935; TG, 12.10.1938, MNK.

Puccinia pygmaea Erikss.(I) – on Berberis 
sphaerocarpa, foothills, 02.06.1936, Dobrotvor-
skaya; ib., Kamenskaya fissure, 18.06.1930, Sukach 
and Bulatov; SAG, 13.06.1946, MNK; Monk fissure, 
24.08.1935; Talgar gorge, 07.1936, GSN.
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Puccinia recondita Roberge ex Desm. (I) – on 
Atragene sibirica L., SAG, spruce forest, 1600 m 
a.s.l., 16.06.1941, MNK; TG, floodplain forest, 1287 
m a.s.l., 43°16ʹ17.1ʺN, 77°44ʹ18.9ʺЕ, 20.05.2019, 
YVR; ib., above the village Batan, spruce forest, 1646 
m a.s.l., 43°14ʹ02.9ʺN, 77°46ʹ24.4ʺЕ, 11.07.2019, 
LAK; ib., path to Kairak waterfall, floodplain for-
est, 1862 m a.s.l., 43°12ʹ48.6ʺN, 77°45ʹ01.5ʺЕ, 
13.07.2019, YVR; PG, near the waterfall, spruce 
forest, 1886 m a.s.l., 43°04ʹ56.1ʺN, 76°54ʹ27.4ʺЕ, 
14.07.2019, UKJ; on Atragene sp., BAG, path to 
the lake, 2111 m a.s.l., 43º04′44.3″N, 76º59′01.8″Е, 
13.08.2009, YVR; on Clematis orientalis L., foot-
hills, 25.06.1941, MNK; TG, path to the Bear water-
fall, floodplain forest, 1436 m a.s.l., 43°16ʹ33.1ʺN, 
77°42ʹ41.2ʺЕ, 22.05.2019, AM Assylbek; on Clem-
atis sp., Uzyn-Kargaly gorge, above the dam, 1198 
m a.s.l., 43º06ʹ85.1″N, 76º26ʹ01.7″Е, 07.07.2010, 
YVR.

Uromyces cytisi J. Schröt. (III) – on Caragana 
sp., Kaskelen gorge, 5 km above the ecological 
post, 1313 m a.s.l., 43º06ʹ23.8ʺN, 76º36ʹ35.6ʺЕ, 
07.07.2010, YVR; ib., 1307 m a.s.l., 43°06ʹ16.3ʺN, 
76°36ʹ20.7ʺЕ, 03.08.2016, YVR.

Pucciniastraceae Gäum. ex Leppik
Melampsoridium betulinum (Pers.) Kleb. (II) 

– on Betula pendula Roth, SAG, spruce forest, 
1400 m a.s.l., 18.09.1937, MNK; ib., trail to the 
Kok-Dzhailau pass, 1960m a.s.l., 43°09′37.9″N, 
77°01′52.1″E, 15.08.2012, YVR; ib., 2113m a.s.l., 
43°08′37.0″N, 77°00′56.2″E, 16.08.2012, YVR; Ay-
usai gorge, spruce forest, 1776 m a.s.l., 43°05ʹ45.5ʺN, 

76°56ʹ40.0ʺЕ, 27.08.2018, LAK; IG, forest above 
the lake, 1761 m a.s.l., 43°14ʹ43.1″N, 77°28ʹ35.7″E, 
14.07.2015, YVR; PG, near the waterfall, spruce 
forest, 1886 m a.s.l., 43°04ʹ56.1ʺN, 76°54ʹ27.4ʺЕ, 
14.07.2019, UKJ; on B. tianschanica Rupr., SAG, 
spruce forest, 1700 m a.s.l., 14.08.1946, MNK; on 
Betula sp., Almaty Reserve, 07.09.1937; IG, near the 
lake, 02.08.1935; Talgar gorge, 24.07.1936, Sergazin; 
BAG, 1662 m a.s.l., 43º06ʹ103ʺN, 76º56ʹ618ʺЕ, 
14.07.2011, YVR; IG, near the lake, 1744 m a.s.l., 
43º15ʹ35.7ʺN, 77º29ʹ10.1ʺЕ, 23.06.2011, YVR.

Pucciniastrum areolatum (Fr.) G.H. Otth (II) – 
on Padus avium Mill., foothills, Kamenskaya fissure, 
31.08.1933, K. Yatsynina; Talgar gorge, 24.08.1935; 
Middle Talgar gorge, 06.06.1936; IG, near the lake, 
28.08.1938, MNK; on Picea schrenkiana, Talgar 
gorge, 23.06.1936; SAG, 05.05.1945, MNK.

Uropyxidaceae Cummins & Y. Hirats.
Tranzschelia pruni-spinosae (Pers.) Dietel 

(II, III) – on Cerasus prostrate (Labill.) Ser., IG, 
17.08.1937, MNK.

The highest number of species (23) of rust fungi 
on trees and shrubs was recorded in the Turgen gorge 
of Zailiysky Alatau (Table 2). However, all identi-
fied species belonged only to 4 genera: Melampsora, 
Gymnosporangium, Phragmidium, and Puccinia. 
Similarly, to Turgen gorge, in the Big and Small Al-
maty gorges, high number of species of rust fungi on 
trees and shrubs was found (22 and 19, respectively). 
The lowest number of species (6) was detected in the 
Akterek gorge of the Zhetyzhol ridge, which is the 
western tip of the Zailiysky Alatau.

Table 2 – The number of species of rust fungi on trees and shrubs in the main gorges of Zailiysky Alatau

Genera
Gorges

BAG SAG Talgar Prokhodnoye Issyk Turgen Kastek Akterek
Chrysomyxa 2 2 2 2 - - - -

Gymnosporangium 3 3 2 1 2 4 2 -
Melampsora 3 1 1 2 2 3 2 2

Melampsoridium 1 1 1 1 1 - - -
Phragmidium 4 6 2 3 2 8 3 3

Puccinia 8 6 3 2 3 8 2 1
Pucciniastrum - - 1 - 1 - - -
Tranzschelia - - - - 1 - - -

Uromyces 1 - - - - - - -
Total 22 19 12 11 12 23 9 6
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As obligate biotrophic parasites, rust fungi are 
tightly associated with their host plants which pres-
ence is the primary prerequisite for rust fungi distri-
bution. In general, rust fungi can be found on trees 

and shrubs in many zones of the Zailiysky Alatau 
where the host plants can grow (Figure 1). As hosts 
for rust fungi, 22 species of trees, 30 shrubs, and 4 
lianas were noted.

The main species diversity of rusts is confined 
to elevations of 1300–1900 m a.s.l., which cor-
responds to the small-leaved forests (1400–1700 
m a.s.l.) and dark coniferous forests and mead-
ows (1700–2300 m a.s.l.) belts, which are the hot 
spots of studied host plants distribution. In addi-
tion, rust fungi prefer habitats with humid condi-
tions, which are typical in these zones. Due to low 
temperatures and high insolation subalpine and 
alpine belts are not ideal neither for the growth 

Figure 1 – Distribution of rust fungi species according to the vertical zoning 

of host trees and shrubs or for the development 
of rust fungi.

Comparing distribution of recorded rust fungi 
with previous literary data [14–18], it should be noted 
that the greatest similarity was observed between the 
species composition of rust fungi on trees and shrubs 
of Zailiysky Alatau and Ketmen ridge [18] (Table 3). 
Some species are common to both ranges. Represen-
tatives of the genera Pucciniastrum and Tranzschelia 
are characteristic only of the Zailiysky Alatau.

Table 3 – Number of rust species in the Zailiysky Alatau and neighboring territories

Genera
Number of species 

Zailiysky Alatau Terskei ridge[14] Chatkal and Kura-
ma ridges[15]

Inner Tian 
Shan[16, 17] Ketmen[18]

Chrysomyxa 2 2 - 1 1
Gymnosporangium 5 4 1 1 4
Melampsora 4 3 1 2 3
Melampsoridium 1 - - 1 1
Phragmidium 10 4 - 1 8
Puccinia 10 6 - 4 7
Pucciniastrum 1 - - - -
Tranzschelia 1 - - - -
Uromyces 1 - - - 2
Total 35 19 2 10 26
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On the woody-shrubby vegetation of the Terskey 
ridge, located in the south of the Zailiysky Alatau, 
only 19 species of rust fungi were noted [14]. An 
insignificant number of species in the Chatkal and 
Kuramin ranges [15] and the Inner Tian Shan ridges 
[16, 17] is explained by insufficient knowledge of 
these regions.

Conclusion

The presented work is devoted to the study of 
the diversity of rust fungi affecting trees, shrubs and 
lianas on the territory of the Zailiyskiy Alatau, and 
to the establishment of their distribution in terms of 
host plants, geography (location in separate gorges) 
and absolute heights. The material for the article was 
combined from both the authors’ own collections 
from the research area and the Institute’s herbarium 
data. 

In the Zailiysky Alatau we have recorded 35 spe-
cies of rust fungi on trees and shrubs, with the most 
spread genera Phragmidium and Puccinia (with 10 
species of each). The Turgen gorge, as well as the Big 
and Small Almaty gorges, is characterized by high 
number of rust species (23, 22 and 19, respectively). 
The main factor influencing distribution of rust spe-
cies is presence of host plants and optimal climatic 
conditions which corresponds to the small-leaved 
forests and dark coniferous forests and meadows 
belts in between 1300 and 1900 m a.s.l. The great-
est similarity in the species composition of rust fungi 
on trees and shrubs of Zailiysky Alatau was detected 
with Ketmen ridge. Knowledge of the species com-
position and distribution of rust fungi will contribute 
to organize correctly practical measures to combat 
forest diseases in the territory of Zailiysky Alatau.
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Urease purification from indigenous soil bacteria  
and accumulation of CaCO3 crystals

Abstract. Recently, microbiologically induced calcite precipitation has been evaluated as an effective and 
eco friendly alternative to a repair technique in plugging of microcracks and pores in concrete for building 
trade. Enzymatic activity of urease synthesized by microorganisms has been induced for precipitation of 
CaCO3 crystals. Urease activity and urease-induced calcium carbonate mineralization of indigenous soil 
bacteria (Bacillus spp.) isolated from Kilis, Turkey were studied. Total and specific urease activity of crude 
19B intracellular enzyme sample were calculated as 0.67±0.003 EU/mL/min and 0.63±0.011 µmol/min/
mg, respectively. Three protein bands (60.48, 23.27 and 20.17 kDa) indicating subunits of urease were 
detected by SDS-PAGE. Microbial calcium carbonate precipitation was analyzed by Scanning Electron 
Microscopy/Energy Dispersive X-Ray Analysis. Rhombohedral calcite crystals were clearly observed in 
SEM images. Element composition of precipitate was revealed to mostly comprise of calcium, carbon and 
oxygen. Results indicated that 19B strain may be evaluated for engineering applications such as remediation 
of concrete cracks and enhancing compressive strength of cement.
Key words: urease, Bacillus spp., microbial calcification, scanning electron microscopy, energy dispersive 
X-ray analysis.

Introduction 

Urease (EC 3.5.1.5) obtained from jack bean 
(Canavalia ensiformis) is identified as the first nickel 
dependent metalloenzyme [1; 2]. It catalyzes the hy-
drolysis of urea to ammonia and carbamate and is the 
first enzyme to be crystallized. Carbamate formed as 
a result of ureolytic activity spontaneously decom-
poses carbonic acid. Urease was revealed to be a 
globulin protein with an isoelectric point of five by 
James Sumner in 1926 [3].

Urease is synthezised in several higher plants, yeast 
and microorganisms. Both plants and microorganisms 
use urease to supply ammonia as a nitrogen source [4; 
5]. Prevailing number of eukaryotic ureases are repre-
sented by a single subunit including 840 amino acid 
residues. However, bacterial ureases are composed of 
three subunits, with e.g. 101, 106 and 567 amino acid 
residues identified for Klebsiella aerogenes urease. Ex-
ceptionally, Helicobacter pylori urease consists of two 
subunits, containing 238 and 569 acid residues [6].

Urease is an analytical tool widely used to deter-
mine urea content in blood, urine, alcoholic bever-

ages, spring water and environmental wastewaters 
[7]. 

Ureases may be used as anticancer agents, anti-
gen with strong stimulating ability in vaccines and 
in removal of urea from artificial kidney dialyzates 
[3; 7]. Ureases from Staphylococcus, Lactobacillus, 
and Klebsiella aerogenes are responsible of nitrogen 
metabolism in rumen sheep [3].

Recently, hydrolysis production of bacterial 
urease has been proposed as an effective alternative 
to cement [8]. Calcium carbonate deposits known 
as biocement, are calcite precipitation accumulated 
due to microbial urease activity [9]. Ammonia re-
leased after microbial ureolytic activity in surround-
ings leads to the accumulation of insoluble CaCO3 
by increasing pH. This is used for remediation of 
concrete cracks and thus increased compressive 
strength [10].

Consequently, the present study was focused on 
partial isolation of urease from indigenous soil bac-
terium, Bacillus spp., and accumulation of CaCO3 
crystals. Morphological properties of the latter were 
analyzed by scanning electron microscopy (SEM). 
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https://orcid.org/0000-0002-5394-4959
https://orcid.org/0000-0003-4172-0648
https://orcid.org/0000-0002-3096-1246


25Hatice Aysun Mercimek Takcı et al.

Int. j. biol. chem. (Online)                                               International Journal of Biology and Chemistry 13, № 2, 24 (2020)

Materials and methods 

All chemical materials in this study were suppli-
ed by Merck KGaA, Germany. 

Isolation of urease producing Bacillus spp. Ba-
cillus spp. were isolated from soil sample collected 
at Kilis, Turkey (36°43’48.6”N, 37°06’09.6”E). Fol-
lowing suspension by sterile water (1:9), soil sample 
was incubated at 65ºC for 30 min for stimulation of 
bacterial spores. 100 µL of this culture was inocu-
lated using serial dilution technique on nutrient agar 
and incubated at 37°C for 24 h. Single colony was se-
lected and maintained on nutrient agar slant for further 
identification and test of urease activity. Bacteria were 
identified by morphological (Gram staining, formation 
of spores and cell morphology) and standard micro-
biological procedures (catalase and urease test sys-
tems). To screen urease production by Bacillus strains, 
Christensen’s agar medium was used, containing  
20 g of urea, 1.0 g of peptone, 2.0 g of KH2PO4, 1.0 g 
of glucose, 5.0 g of NaCl, 15.0 g of agar, 0.012 g of 
phenol red indicator, pH 6.8±7.0. Strains were trans-
ferred to Christensen’s urea agar, and incubated at 
37°C for 48 h. According to the change of the medium 
color to pink from yellow with increase of pH, urease 
producing Bacillus strains were identified.

Urease purification from Bacillus strains. For 
preparation of bacterial inoculum, strains were 
grown overnight on Luria-Bertani broth at 37°C. 
Subsequently, 5 mL of inoculum was transferred into 
urea broth consisting of 1.0 g of peptone, 2.0 g of  
KH2PO4, 1.0 g of glucose, 5.0 g of NaCl and  
100 mM/L urea. Cultures were incubated at 37ºC, 
180 rpm for 24 h. Cells were harvested by centrifu-
gation at 5500 rpm for 20 min after incubation. Fol-
lowing removal of supernatant, pellet was lyzed by 
suspending with 0.2 mg/mL lysozyme prepared in 
0.05 M phosphate buffer (pH 7). Suspension was 
sonicated on ice for 30 s pulses within 5 min total pe-
riod. Acquired crude enzyme was stored at -20ºC for 
further analyses (of enzymatic activity, total protein 
concentration and protein molecular weight).

Urease activity and total protein content. Amount 
of released ammonia was measured by phenol-hypo-
chlorite reaction slightly modified in our lab [11]. 
Crude enzyme (50 µL) was added to 1.95 mL of sub-
strate solution contaning 6.6 mg/mL of urea prepared 
in 0.05 M phosphate buffer (pH 7). This mixture 
was incubated at 37ºC for 5 min. Then, 500 µL of 
phenol-nitroprusside solution (0.1 g/mL phenol and 
0.5 mg/mL sodium nitroprusside solutions prepared 
in distilled water) and alkaline sodium hypochlorite 
solution (5% NaOH and 26 mL/L NaOCl) at equal 
volume were added to this mixture. For monitoring 

of color development this mixture was incubated at 
55ºC for 5 min in water bath. Subsequently to blue 
color formation, absorbance was measured at 630 
nm. Calibration curve was plotted using ammonium 
sulfate standards (0-0.5 µmol/mL). One unit (U) of 
urease activity was calculated as amount of enzyme 
required for hydrolisation of 1 µmol of urea at 37ºC. 
Total protein concentration of crude enzyme was de-
tected by Lowry assay [12].

SDS-PAGE analysis. Molecular weight of urease 
was determined according to Laemmli [13]. Opti-
protein marker G252 (Applied Biological Materials 
ABM Inc., Canada) was used as a reference marker. 
Protein bands were monitored by staining with Coo-
massie Brilliant Blue R-250. 

Morphological analysis of CaCO3 minerals. 100 
mL of overnight culture and 10% filtered urea were 
added to 500 mL of distilled water sample. Culture 
was incubated for one week at 180 rpm 37ºC and 
centrifuged at 5500 rpm for 20 min. CaCO3 deposit 
(pellet) was dried on air at room temperature, in-
house. After that, CaCO3 crystals were observed by 
SEM [9]. Surface of the sample covering-stubs was 
coated by golden particles (Quorum Q150R Sputter 
Coater), viewed by SEM (FEI Quanta FEG 650) at 
10 kV accelerating voltage.

Results and discusssion 

Isolation and identification ureolytic Bacil-
lus strains. Twenty aerobic, motile, Gram-positive, 
spore-forming, rod-shaped and catalase-positive bac-
terial strains were observed. Four of them were deter-
mined to be producing urease based on the medium 
color change to pink from yellow (Figure 1). 

These isolates were entitled as 2B, 17B, 19B and 
XB. Similar findings related to urease activity in agar 
plate could be found in literature [14-17].

Intracellular urease activity. Intracellular urease 
activity in terms of unit (EU/mL/min) and total pro-
tein contents of crude enzyme samples are showed in 
Table 1. 

The highest urease activity was calculated as 
0.67±0.003 EU/mL/min in enzyme purified from 19B 
strain. The lowest activity was determined in 2B en-
zyme sample (0.38±0.000 EU/mL/min). As parallel 
to total urease activity, the lowest protein concentra-
tion was also recorded in 2B sample with 0.86±0.066 
mg/mL. For specific activity measurement of enzyme 
purity in sample, the highest value was detected as 
0.63±0.011 U/mg in 19B enzyme extract. 19B Bacil-
lus isolate was revealed to show more urease activity 
(0.67±0.003 U/mL) and specific activity (0.63±0.011 
µmol/min/mg) as compared to other isolates. 



26 Urease purification from indigenous soil bacteria and accumulation of CaCO3 crystals

Int. j. biol. chem. (Online)                                               International Journal of Biology and Chemistry 13, № 2, 24 (2020)

Table 1 – Total and specific urease activities of cell-free enzyme samples

Urease activity (EU/mL/min) Protein amount (mg/mL) Specific activity (µmol/min/mg)
2B 0.38±0.000 0.86±0.066 0.44±0.033
17B 0.65±0.003 1.30±0.022 0.50±0.006
19B 0.67±0.003 1.07±0.001 0.63±0.011
XB 0.58±0.014 1.08±0.004 0.53±0.011

Consequently, three protein bands (60.48, 23.27 
and 20.17 kDa) indicating the subunits of urease 
were calculated. These findings of molecular weight 
exhibited similarity with previous study: 70, 60 and 
55 kDa for B. sphaericus MTCC 5100 [21]; 66, 45, 
29 and 15 kDa for Proteus mirabilis [20]; 11, 13 and 
61 kDa for B. pasteurii [22].

Mineralogical results. Microbial cells adhere to dif-
ferent substrates for providing nutrition in natural envi-
ronments. The cells metabolize nutrients to acquire en-
ergy resulting in minerals precipitated as by-product. The 
accumulation of calcium carbonate precipitates based on 
bacterial activities improves soil quality [15]. This accu-
mulation is known as microbial induced calcite precipita-
tion (MICP). As a result of biomineralization by ureolytic 
bacteria, CaCO3 forms such as calcite, aragonite, vaterite 
and hydrated crystalline are obtained [18]. 

Morphological analysis of minerals for 19B 
strain having the highest urease activity was tested. 
Calcium carbonate precipitation potential of 19B 
strain was analyzed by SEM/EDX. Results are pre-
sented on Figure 3.

Figure 2 – Molecular weight analysis of ureases by SDS-PAGE 
using a 12% sperating gel. Note: M – marker DNA. 

Figure 1 – Screening of urease-producing Bacillus spp. 
Note: (a) pink color indicating urease-producing, (b) yellow 

color indicating non-urease activity

Similarly, Tepe et al. (2019) intracellular urease 
purified using Bacillus amyloliquefaciens U17 iso-
lated from calcareous soil of Denizli (Turkey) and 
specific enzyme activity found as 0.615±0.092 μmol/
min/mg [18]. In other study, different bacterial strains 
were isolated from soil samples collected on the farm 
field to test urease activity of isolates. The value of 
urease activity varied within 0.072 and 0.88 U/mL 

[14]. Similar observations were reported by Kim et 
al. (2015). For B. subtilis having functional urease, 
detectable value of urease specific activity equaled 
to 0.113±0.006 U/mg protein [19]. Enzyme activity 
findings (0.55 U/mg) of urease extracted from bacte-
rial sources reported by Mohammed et al. (2014) [20] 
were similar to our results.

Urease characterization. As can be seen from 
the Figure 2, the crude enzyme samples have many 
protein bands with different molecular weights. Pro-
tein bands belonging to urease in 19B sample were 
determined in comparison with bands having same 
molecular weight in other crude extracts.
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According to our results, calcites with a rhom-
bohedral crystalline structure are clearly observed 
(Figure 3a). The EDX peaks (Figure 3b) and quan-

titative analysis (Table 2) belonging to rhombohe-
dral crystalline show elemental composition of the 
precipitate. 

(a)

(b)

Figure 3 – SEM image of CaCO3 minerals. 
Note: (a) – SEM image of rhombohedral calcite produced by 19B urease activity; (b) – element analysis of precipitate. 

Table 2 – EDX quantitative analysis of rhombohedral calcites

Element Area 1 Area 2
Weight% Atomic % Weight% Atomic %

C 10.14 17.73 10.13 17.19
O 42.52 55.81 46.12 58.77

Mg 0.94 0.81 1.42 1.19
P 8.69 5.89 8.8 5.79

Ca 37.71 19.76 33.54 17.06
Total 100.01 100.00 100.01 100.00
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Composition of calcite observed to mostly con-
sist of calcium, carbon and oxygen elements. This is 
indicated that rhombohedral crystalline formed as a 
result of microbial calcium carbonate precipitation. 
In EDX analysis, % weight of Ca produced by B19 
was detected as 33.54-37.71 %.

Similar calcite morphologies to our results was 
showed by using Sporosarcina pasteurii strain ATCC 
11859 [10]. Tao and Whenkun (2012) also indicated 
to the calcites or calcites/vaterite crystal forms of 
calcium carbonate precipitation induced by Bacil-
lus pasteurii [23]. In other study, it was noted that 
Bacillus strain with high urase activity showed high 
microbial calcification (calcite shape) [24]. Anitha et 
al. (2018) detected needle-like crystals of biocement 
produced by Bacillus cereus KLUVAA [5]. The cal-
cium carbonate mineralization property of Paeniba-
cillus favisporus U3 were revealed and rhombohe-
dral vaterite and layered calcite crystals verified by 
mineralogical analyses by Tepe et. al. (2019) [18]. 
Present study and previous works indicated that dif-
ferent bacterial genus may produce different crystal 
structures, which may vary from strain to strain.

Conclusion

In this study, the CaCO3 mineralization and 
urease activitiy properties of Bacillus strains, in-
digenous soil bacterium, were investigated. Four 
urease-producing Bacillus strains from Kilis soil 
were purified. Total and specific urease activ-
ity of crude 19B intracellular enzyme sample 
were calculated as 0.67±0.003 EU/mL/min and  
0.63±0.011 µmol/min/mg, respectively. Urease was 
determined to be a trimeric enzyme of three 60.48, 
23.27 and 20.17 kDa molecular weight subunits by 
SDS-PAGE. The rhombohedral crystalline calcite 
accumulation of B19 strain having high urease ac-
tivity was revealed by SEM/EDX analysis. Our re-
sults emphasized that 19B strain may be evaluated 
for geological and engineering applications, such as 
remediation of concrete cracks and enhancing com-
pressive strength of cement. The hardness and dura-
bility of biocement obtained by B19 bacterial sus-
pension transferring to sand samples requires further 
research. 
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The features of novel miRNAs interaction  
with mRNA candidate genes having trinucleotide repeats  

in coding sequences and untranslated regions 

Abstract. Trinucleotide repeat disorders are a group of predominantly inherited neurological diseases 
caused by the expansion of repetitive sequences. miRNAs play major roles in transcriptional regulation and 
are expressed selectively and abundantly in the central nervous system. In the present research, MirTarget 
program predicted the miRNA-binding sites in mRNAs of genes with trinucleotide repeats. The MirTarget 
programme determines the following features of binding: the start of the initiation of miRNA binding 
to mRNAs; the localization of miRNA binding sites in 5’UTRs, CDSs and 3’UTRs; the free energy of 
binding; and the schemes of nucleotide interactions between miRNAs and mRNAs. In coding sequences 
the binding sites of ID00372.5p-miR with mRNA of ATXN2, FMN2 and MN1 genes having CAG (Q) 
repeats show the highest free binding energy. The mRNA of ADRBK1, BRSK2, C11orf87 and FMR1 
genes have ID01508.5p-miR binding sites in 5’UTR with CGG repeated regions. Also, the binding sites 
of ID00296.3p-miR and ID01702.3p-miR in 5’UTR of BLMH gene interacted with CCG repeats. DMPK 
gene with CUG repeated regions have ID00522.5p-miR binding sites in 3’UTR. Based on these results, the 
interactions of ID00372.5p-miR, ID01508.5p-miR, ID00296.3p-miR, ID01702.3p-miR and ID00522.5p-
miR and their target genes ATXN2, FMN2, MN1, ADRBK1, BRSK2, C11orf87, FMR1, BLMH and DMPK 
can be used for developing methods for diagnosing and therapeutic targets for neurological disorders.
Key words: miRNA, mRNA, binding site, coding sequence, untranslated regions, trinucleotide repeat.

Introduction

The extension of a tandem repeat array is re-
sponsible for disease pathology in a community of 
genetic disorders, repeat extension diseases includ-
ing, Fragile-X syndrome (FXS) [1], amyotrophic lat-
eral sclerosis (ALS) [2], Alzheimer’s disease (AD) 
[3], Intellectual disability (ID) [4], Schizophrenia 
[5], Huntington disease [6] and neuromuscular and 
myotendinous junctions [7].The critical point in the 
development of new therapeutic strategies for neuro-
logical disorders (NDs) is identifying the role of miR-
NAs in normal cellular processes and understanding 
how dysregulated miRNA expression is responsible 
for their neurological effects, also dysregulation of 
miRNA has been implicated in different NDs [8]. 
miRNAs are group of 22-nucleotide short RNA se-
quences, which mediate the post-transcriptional gene 
silencing [9]. In neurological disorders, regulating 
the expression and processing of miRNAs, and the 

mechanisms by which miRNAs locate to their correct 
targets, is not yet fully understood [10]. The first re-
searches of target prediction algorithms performance 
was carried out by TargetScanS, PicTar, DIANA-mi-
croT and EIMMO. TargetScanS, PicTar and miRan-
da used alone or as a union made the best trade off 
between sensitivity and specificity while TargetScan 
and DIANA-microT did not succeed [11]. Therefore 
in this study, using MirTarget program, we predict-
ed the features of the interaction of miRNAs from a 
wide list of Londin et al. (Londin, 2015: 1106) with 
mRNA of candidate genes with trinucleotide repeats 
in coding sequences (CDS) and untranslated regions 
(UTRs). 

Materials and methods

The nucleotide (nt) sequences of candidate 
genes of having trinucleotide repeats were down-
loaded from GenBank (http://www.ncbi.nlm.nih.
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gov). The nucleotide sequences of human novel 
miRNAs were taken from Londin et al. (Londin, 
2015: 1106) [12].The search for miRNA target 
genes were carried out using the MirTarget pro-
gram, which was developed in our laboratory. The 
MirTarget program defines the following char-
acteristics of miRNA binding to mRNAs: (a) the 
commencement of miRNA binding to mRNA; (b) 
the localization of miRNA binding sites in 5’UTRs, 
CDSs and 3’UTRs of the mRNAs; (c) the free en-
ergy of interaction between miRNA and the mRNA 
(∆G, kJ/mole); and (d) the schemes of nucleotide 
interactions between miRNAs and mRNAs. This 
program found hydrogen bonds between adenine 
(A) and uracil (U), guanine (G) and cytosine (C), 
G and U, and A and C. The ratio ΔG/ΔGm (%) 
was counted for each site,where ΔGm equaled the 
free energy of a miRNA binding with its perfect 
complementary nucleotide sequence [13].

Results and discussion

A study of 3701 novel miRNAs binding to 
mRNAs of 371 genes of having nucleotide repeats 
showed that 41 genes were targets for seven miR-
NAs in CDS with CAG trinucleotide repeats. Also, 
in untranslated regions (5/3’UTRs) 52 miRNAs bind 
with 25 mRNA genes having CGG, CCG and CUG 

trinucleotide repeats with ΔG/ΔGm values equal to 
85 % and more. 

The binding sites of ID00372.5p-miR, 
ID03311.5p-miR, ID01508.5p-miR, ID00296.3p-
miR, ID01702.3p-miR, ID00930.3p-miR, 
ID02986.5p-miR, ID00457.3p-miR and ID00522.5p-
miR in mRNA of 59genes have the highest free bind-
ing energy from -101 kJ/mole to -123 kJ/mole in 
CDS with CAG trinucleotide repeat, and between 
-104 kJ/mole to -148 kJ/mole in 5’UTRand 3’UTR 
with CGG,CCG,CUG repeats withΔG/ΔGm value 
from 85% to 98%, respectively.

Table 1 shows that ID00372.5p-miR, ID03311.5p-
miR, ID01508.5p-miR, ID00296.3p-miR and 
ID01702.3p-miR bind three or more mRNA genes. 
However in the CUG repeat region ID00930.3p-
miR, ID02986.5p-miR, ID00457.3p-miR and 
ID00522.5p-miR bind only one gene mRNA. More-
over, 20 genes are targets of two or more miRNAs. 
For example, we can see that the mRNA of ATXN1, 
ATXN2, ELMSAN1, FBXO11, FMN2, GIGYF2, 
IRS1, MED15, MEF2A and MN1 genes are targets 
for ID00372.5p-miR and ID03311.5p-miR in CDS. 
ID00296.3p-miR, ID01702.3p-miR, ID02986.5p-
miR and ID00522.5p-miR can bind to the mRNAs 
of AFF2, ANKH, ANKRD13D, BCL11A, BCL2L11, 
BLMH, BTF3L4, C4orf19, CA10 and DMPK genes 
in 5’UTR and 3’UTR. 

Table 1 – The list of miRNAs binding sites in mRNA of two or more genes having trinucleotide repeats

miRNA Gene Region mRNA
ID00372.5p-miR ATXN1, ATXN2, ELMSAN1, FBXO11, FMN2, GIGYF2, IRS1 MED15, MEF2A, MN1 CDS

ID03311.5p-miR

AR, ATN1, ATXN1, ATXN2, ATXN7, CELF3, DACH1, DCP1B, DENND4B, DLX6, DNER, 
E2F4, EGR1, ELMSAN1, EP400, ERN1, FAM104A, FAM155A, FAM157A, FAM157B, 
FBXO11, FMN2, FOXJ2, FOXP2, FRMPD3, GIGYF2, HTT, IRS1, MAML3, MED15, ME-
F2A, MLL2, MN1, NCOR2, RUNX2, SMARCA2, TBP, TNRC6B, TOX3, ZNF384

CDS

ID01508.5p-miR ADRBK1, B4GALT2, BRSK2, C11orf87, CARM1, CBL, CCDC93, FMR1 5’UTR
ID00296.3p-miR AFF2, ANKH, ANKRD13D, BCL11A, BCL2L11, BLMH, BTF3L4, C4orf19, CA10 5’UTR
ID01702.3p-miR ABCD3, AFF2, ANKH, ANKRD13D, BCL11A, BCL2L11, BLMH, BTF3L4, C4orf19, CA10 5’UTR
ID00930.3p-miR ATP6V0B 3’UTR
ID02986.5p-miR DMPK 3’UTR
ID00457.3p-miR C15orf39 3’UTR
ID00522.5p-miR DMPK 3’UTR

From these binding sites, the mRNA genes of 
ATXN2, ,FMN2, IRS1, MN1, ADRBK1, B4GALT2, 
BRSK2, C11orf87, CARM1, CBL, CCDC93 and 
FMR1 have binding sites for ID00372.5p-miR and 
ID01508.5p-miR with the highest free binding en-

ergy equal to -121 and -123 kJ/mole in CDS with 
CAG, and 5’UTR with CGG repeated regions. 
Also, the binding sites of ID00296.3p-miR and 
ID01702.3p-miR with 5’UTR mRNA of BLMH 
and C4orf19 genes having CCG repeats show the 

http://www.ncbi.nlm.nih.gov
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highest free binding energy equal to -148 kJ/mole. 
The mRNA of ATP6V0B, C15orf39 and DMPK 
genes with free binding energy from -118kJ/mole to 

-123kJ/mole have ID00930.3p-miR, ID00457.3p-
miR and ID00522.5p-miR binding sites in 3’UTR 
with CUG repeated regions (Table 2).

Table 2 – The characteristics of miRNAs interaction with mRNA of having trinucleotide repeat genes with the highest free binding 
energy

miRNA Gene Start of 
site, nt

Region 
mRNA

ΔG,
kJ/mole)

ΔG/
ΔGm,%

Length
miRNA,nt

Nucleotide 
repeat

ID00372.5p-miR

ATXN2 654 CDS -121 89 24 CAG
FMN2 836 CDS -123 90 24 CAG
IRS1 2085 CDS -121 89 24 CAG
MN1 1861 CDS -121 89 24 CAG

ID01508.5p-miR

ADRBK1 220 5’UTR -123 85 23 CGG
B4GALT2 137 5’UTR -123 85 23 CGG

BRSK2 103 5’UTR -123 85 23 CGG
C11orf87 17 5’UTR -123 85 23 CGG
CARM1 15 5’UTR -123 85 23 CGG

CBL 15 5’UTR -123 85 23 CGG
CCDC93 33 5’UTR -123 85 23 CGG

FMR1 101 5’UTR -123 85 23 CGG

ID00296.3p-miR
BLMH 184 5’UTR -148 94 25 CCG

C4orf19 75 5’UTR -148 94 25 CCG

ID01702.3p-miR
BLMH 184 5’UTR -148 98 24 CCG

C4orf19 75 5’UTR -148 98 24 CCG
ID00930.3p-miR ATP6V0B 901 3’UTR -118 86 22 CUG
ID00457.3p-miR C15orf39 4049 3’UTR -118 87 22 CUG
ID00522.5p-miR DMPK 2310 3’UTR -123 87 23 CUG

From indicated in table 2 genes, especially 
ATXN2, FMN2, MN1, ADRBK1, BRSK2, C11orf87, 
FMR1, BLMH and DMPK genes are the major re-
sponsible causes forneurological disorders (Table 
3). These genes are targets for ID00372.5p-miR, 
ID01508.5p-miR, ID00296.3p-miR, ID01702.3p-
miR and ID00522.5p-miR. Moreover, below we 
discuss miRNAs binding sites with these genes and 
their functions in neurodevelopmental disorders 
(Table 3). 

In CDS the mRNA of ATXN2 gene has (CAG)22 
repeat between 658 to 726. Usually larger than 34 re-
peat CAG expansions in coding regions of the ATXN2 
gene are the cause of type 2 spinocerebellar ataxia 
(SCA2) [14]. Also, CAG repeats in the ATXN2 gene 
were linked to an increased risk of amyotrophic lat-
eral sclerosis (ALS) [15]. ID00372.5p-miR binding 
sites located from 654 nt to 677 nt, encodes polyQ 
with an interaction value ΔG/ΔGm of 89%.

The binding sites of ID00372.5p-miR in mRNA 
of FMN2 and MN1 genes have (CAG)6 trinucleotide 
repeats of which binding sites started in 836 and 1861 
nt in the CDS (Figure 1). FMN2 was associated with 
synapse formation and deletion mutations are asso-
ciated with intellectual disability, suggesting a role 
for FMN2 in memory function in mice and humans 
[16; 17]. Also, recently research studies shows that 
FMN2 was highly expressed in human hippocampal 
neurons and the mouse [18]. For patients with post‐
traumatic stress disorder (PTSD) and Alzheimer’s 
disease (AD), FMN2 is deregulated [18]. MN1 gene, 
located on human chromosome 22, was first cloned 
in 1995 from a patient with t(4;22) (p16;q11) trans-
location meningioma, which in its first exon disrupts 
MN1 [19]. MN1 C-Terminal Truncation (MCTT) 
syndrome is a genetic disorder caused by an MN1 
gene alteration. A genetic modification of the MN1 
gene was related to intellectual disability (ID) [20]. 
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It can be seen from the figure 2 that the mRNA 
of four genes (ADRBK1, BRSK2, C11orf87, FMR1) 
are targets for ID01508.5p-miR in (CGG)8 repeated 
regions in 5’UTR. It is known that these genes are 
responsible for the development of a number of neu-
rodegenerative diseases.

Androgenic, beta, receptor kinase 1 (ADRBK1), 
also known as βARK, BARK, or G-protein – coupled 
receptor kinase 2 (GRK2), produced serine / threo-
nine intracellular kinase, a ubiquitous cytosolic en-
zyme that specifically phosphorylated the activated 
form of the beta-adrenergic and related G-protein 
– coupled receptors (GPCRs) [21-22]. ADRBK1 re-
lated illnesses include heart disease and Alzheimer’s 
disease [23]. 

BRSK2 interacts with many genes related to neu-
rodevelopmental disorders including autism, tuber-
ous sclerosis, developmental delay and intellectual 
disability [24].

The C11orf87 is mainly found in brain tissue, 
also known as neuronal integral membrane protein 
1 (NEURIM1). It is the only gene present within a 
locus known to harbour variations associated with 
schizophrenia in multiple genome-wide association 
studies in different populations, as well as association 
with self-reported educational achievement [25]. 

FMR1, located at Xq27.3, consists of 17 exons 
and measures approximately 38 kb [26]. CGG-repeat 
expansion in the 5′-untranslated region (5′UTR) of 
FMR1, inducing abnormal methylation of this region 
followed by transcriptional silencing, is the major re-

current mutagenic mechanism leading to the absence 
of FMRP. This regular expansion is thought to ac-
count for at least 99% of FXS cases [27]. Fragile-X 
syndrome (FXS) is the most widely recognised form 
of inherited intellectual disability (ID), and its neu-
rodevelopmental phenotype often overlaps with au-
tism spectrum disorder [28; 29].

Noticeably in Figure 3, ID00296.3p-miR and 
ID01702.3p-miR occupied the same binding site, 
starting from184 nt to 208 nt with (CCG)7 repeats in 
5’UTR mRNA of BLMH gene.

BLMH is involved in homocysteine metabolism 
and homocysteine constitutes a risk factor for Al-
zheimer’s disease (AD). BLMH is important in cyto-
skeleton dynamics, preserves synaptic plasticity and 
can associate the inactivation of the BLMH gene with 
AD [30]. 

Other mRNA gene of DMPK was a target of 
ID00522.5p-miR, for example: ID00522.5p-miR 
was bound the gene mRNA of DMPK (between 2310 
nt -2333 nt) with (CUG)5 repeats in 3’UTR (Figure 
4). A CUG repeat in DMPK is transcribed and is lo-
cated in the 3- prime untranslated region (UTR) of an 
mRNA that is expressed in tissues affected by myo-
tonic dystrophy [31]. Immunohistochemical staining 
revealed that DMPK is predominantly located at sites 
of human and rodent skeletal muscle neuromuscular 
and myotendinous junctions. The protein could also 
be seen in the neuromuscular junctions of adult and 
congenital DM muscle tissues, without any signifi-
cant changes in structural organisation [32].

Figure 1 – The encoded oligopeptides and schemes of ID00372.5p-miR(ID00372) binding sites  
in CDS mRNA of ATXN2, FMN2 and MN1 genes
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Figure 2 – The nucleotide sequences and schemes of ID01508.5p-miR binding sites  
in 5’UTR mRNA of ADRBK1, BRSK2, C11orf87 and FMR1 genes 

Figure 3 – The nucleotide sequences and schemes of ID01702.3p-miR  
binding sites in 5’UTR mRNA of BLMH gene

Figure 4 – The nucleotide sequence and scheme 
of ID00522.5p-miR binding site in 3’UTR mRNA of DMPK gene 
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Table 3 – Diseases and functions of miRNAs target genes which cause neurological disorders

Genes Function PMID Disease PMID

ATXN2

Ataxin-2 plays roles in a variety 
of cellular pathways including the 
maturation, translation and endocytosis 
of mRNA

27531668
2 spinocerebellar ataxia, 
amyotrophic lateral 
sclerosis(ALS)

25148523

FMN2 FMN2 plays an important role in the 
movement or differentiation of neurons

30227168 Intellectual disability, post‐
traumatic stress disorder, 
Alzheimer’s disease (AD)

28768717

MN1
During embryogenesis, MN1 plays a key 
role in the formation of membranous 
bones in the skull. 

15870292
C-Terminal Truncation (MCTT) 
syndrome, intellectual disability 
(ID)

31834374

ADRBK1

ADRBK1 plays a crucial role in 
fundamental cellular functions including 
cell proliferation , differentiation, and 
migration

25279970 Heart disease and Alzheimer’s 
disease 30463058

BRSK2

BRSK2 plays a major role in the 
distribution of synaptic vesicles, the 
development of synapse and neuronal 
polarisation 

3448725 Autism, tuberous sclerosis, 
developmental delay and 
intellectual disability (ID)

30879638

C11orf87

The C11orf87 is primarily expressed 
in brain tissue, also known as the 
neuronal integral membrane protein 1 
(NEURIM1).

31959813 Schizophrenia 31959813

FMR1

The gene FMR1 encodes FMRP with 
an amino terminal domain composed of 
structural modules, a tandem sequence 
of two domains Agenet / Tudor

29178241 Fragile-X syndrome (FXS) 28176767

BLMH

BLMH is an essential protective against 
death caused by Bleomycin and plays an 
important role in neonatal survival and 
the maintenance of epidermal integrity. 

10200322 Alzheimer’s disease 28781776

DMPK The gene DMPK plays a major role in 
muscle, heart and brain cells.

20301344 Skeletal muscle neuromuscular 
and myotendinous junctions, 
myotonic dystrophy

8036515

Conclusion

Using the bioinformatic study of the characteris-
tics of the interaction of novel miRNAs with mRNA 
of genes having trinucleotide repeats has not yet been 
performed. In the present research, for the first time 
MirTarget program was used to identify the inter-
action novel miRNAs with mRNA candidate genes 
having CAG, CGG, CCG and CUG trinucleotide 
repeats in coding sequences (CDS) and untranslated 
regions (UTRs).

We studied the characteristics of the interaction 
of miRNA with mRNA of genes having trinucleotide 
repeats. It has been identified five (ID00372.5p-miR, 

ID01508.5p-miR, ID00296.3p-miR, ID01702.3p-
miR and ID00522.5p-miR) key associations of miR-
NAs and nine gene’s mRNAs (ATXN2, FMN2, MN1, 
ADRBK1, BRSK2, C11orf87, FMR1, BLMH and 
DMPK) that have a free energy of interaction of -121 
kJ/mole to – 148 kJ/mole.

The binding sites of ID00372.5p-miR, 
ID01508.5p-miR, ID00296.3p-miR, ID01702.3p-
miR and ID00522.5p-miR and their target genes 
ATXN2, FMN2, MN1, ADRBK1, BRSK2, C11orf87, 
FMR1, BLMH and DMPK may be able to provide in-
sights into pathogenesis mechanism and pave the way 
for the development of new diagnostic markers and 
therapeutic targets for neurological disorders. Addi-

https://www.ncbi.nlm.nih.gov/pubmed/27531668
https://www.ncbi.nlm.nih.gov/pubmed/25148523
https://www.ncbi.nlm.nih.gov/pubmed/28768717
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https://www.ncbi.nlm.nih.gov/pubmed/25279970
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3448725/
https://www.ncbi.nlm.nih.gov/pubmed/30879638
https://www.ncbi.nlm.nih.gov/pubmed/31959813
https://www.ncbi.nlm.nih.gov/pubmed/31959813
https://www.ncbi.nlm.nih.gov/pubmed/29178241
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tionally, the binding sites of the nucleotide sequences 
of novel miRNAs from Londin et al. (Londin, 2015: 
1106) [12] with genes were derived from GenBank 
is not yet fully understood, therefore their function 
and target genes can be useful for understanding their 
physiological role in human diseaseas well as paving 
the way for new researches in the future studies. The 
research results can be used as a unified database as 
a basis for further experiments with animals and hu-
mans in biotechnology and medicine for early diag-
nosis, prevention and treatment of neurodegenerative 
diseases.
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Some morphological and phenological characteristics and  
volatile components of Campanula rapunculus L. var. rapunculus

Abstract. Campanula is one of the largest genus of the Campanulaceae family, represented by approximately 
115 species in Turkey and is spread through Iran-Turan, Eastern Mediterranean and Mediterranean 
phytogeographical regions. The aim of the current study was to determine some morphological features, 
phenological characteristics and leaf-flower volatile components of Campanula rapunculus var. rapunculus 
collected in different sites of Uludag Mountain (Bursa). The average plant height was calculated as 37.21 
cm, number of corolla was 2.4, the length of the corolla was 2.0 cm, calyx lobe length was 1.36 cm, leaf 
width was 1.7 cm and leaf length was 4.31 cm. Considering phenological features, it was measured that the 
first flowering ends in May, full flowering ends in June and late flowering ends in late July. A total of 32 
different volatile components were detected in Campanula rapunculus. With the aid of gas chromatography-
mass spectroscopy (GC-MS) of volatile components by solid phase microextraction technique (SPME), 
3-Methylbutanal (10.87%), cis-3-Hexene-1-ol (9.85%) and 3-Octanol (9.62%) were identified as major 
components. In addition to its medicinal benefits, studies on Campanula genus, considered as food and 
ornamental plants, should be increased and its value should be revealed.
Key words: Campanula, solid phase microextraction technique, volatile components, morphological and 
phenological features.

Introduction

Plants demonstrate an extensive range of posi-
tive features, including antibacterial, anthelmintic, 
antihypertensive, antimutagenic, carminative, cho-
leretic, sedative, antispasmodic, insecticide [1-8]. 
Medicinal and aromatic plants, which have never lost 
their importance throughout the history of mankind, 
are preferred extensively today with the rise of living 
standards [9,10].

Rich in medicinal and aromatic plants Campanu-
laceae is mostly presented by herbaceous or woody 
climber plants, rarely consisting of thick-bodied trees 
and bushes. Campanula, one of the largest genera of 
the Campanulaceae family, comprises around 300 
species across the globe, especially in the northern 
hemisphere and Mediterranean region [11]. However, 
according to some records, the number of species of 
this genus is reported to be approximately 500 [12].

Leaves of Campanula are altered but can some-
times vary. Flowers are violet or blue, big and showy. 
Seeds are endospermic. Fruit is a capsule, it can rarely 
be a capsule with caps in some breeds, meaty grapes 
or dry and unopened [13-16].

The genus Campanula is represented by about 
115 species in our country and has 43 taxa endemic 

at the species level [17]. Campanula rapunculus is a 
2-year plant with a length of 50-100 cm. The lower 
stem and leaves are obovate, while the top ones are 
reduced. Flowers are unique but rarely, can be simi-
lar to 2-3 paniculae and long spica. Corolla is fun-
nel-shaped, pale blue or whitish, slightly longer than 
calyx lobes. It has 3 stigmas. The taxon that blooms 
in May-July is 1500-2200 m in Uludag. It spreads be-
tween stunted junipers, shrubs and under the Pinus-
Fagus-Abies forest at altitudes [18].

Bursa city and Uludag are one of the most im-
portant centers of plant diversity in Turkey. Different 
vegetation zones starting from the skirts of Uludag 
mountain to the summit and are located at different 
altitudes are very rare in the world and are of particu-
lar importance [18]. Under the focus of the current 
study were morphological characteristics, phenologi-
cal features and leaf-flower volatile components of 
Campanula rapunculus var. rapunculus collected 
from different zones of Uludag.

Materials and methods

Object. Campanula rapunculus var. rapunculus 
collected from different points of Uludag mountain 
served the object of the study. During the field stud-

https://doi.org/10.26577/ijbch.2020.v13.i2.05
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ies within 2018-2019 vegetation period, coordinates 
of distribution points of Campanula rapunculus var. 
rapunculus were taken with Garmin GPS Map 64 S. 

20 different points, 20 x 20 m in size identified as 
sample areas representing different growing condi-
tions (Figure 1; Table 1). 

Table 1 – Information on the determined sample areas in the study area

Sample No. Sampling Locations Altitude Aspect
40°06,712’ N-29°06,162’ E 1707 m NW
40°06,751’ N-29°06,243’ E 1674 m NE
40°06,674’ N-29°06,277’ E 1649 m NE
40°06,821’ N-29°06,805’ E 1793 m NW
40°06,883’ N-29°06,501’ E 1677 m SW
40°07,009’ N-29°06,454’ E 1646 m SW
40°07,137’ N-29°06,525’ E 1685 m W
40°07,108’ N-29°06,817’ E 1744 m NW
40°08,006’ N-29°06,971’ E 1608 m NW
40°06,970’ N-29°07,029’ E 1701 m N
40°06,830’ N-29°06,985’ E 1830 m NE
40°06,675’ N-29°07,008’ E 1871 m N
40°06,174’ N-29°07,541’ E 1961 m E

Figure 1 – Sampling areas within the study area – Uludag mountain, Bursa 
(Source: Google Earth®)
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Sample No. Sampling Locations Altitude Aspect
40°06,035’ N-29°07,854’ E 1949 m N
40°06,389’ N-29°07,656’ E 1901 m NE
40°08,055’ N-29°08,707’ E 1671 m W
40°07,386’ N-29°09,284’ E 1741 m NW
40°06,889’ N-29°09,475’ E 1852 m W
40°06,764’ N-29°04,957’ E 1440 m NW
40°07,303’ N-29°05,534’ E 1521 m W

Table 1 continued

Samples were taken from 20 areas with altitudes 
varying from 1440 to 1961 m above the sea level.

Analysis of morphological properties. Samples 
of Campanula rapunculus var. rapunculus were col-
lected from sampling areas for determining of mor-

phological features and storage in herbarium. In order 
to calculate the morphological measurements, digital 
diameter meter and meter, 30 plant length, number 
of corolla, length of corolla, calyx lobe length, leaf 
width and height were measured (Figure 2).

Figure 2 – Images of some morphological measurements on Campanula rapunculus var. rapunculus. 
Note: a – plant height, b – corolla height, c – leaf width, d – leaf length. Photo by A.G. Sarıkaya

Estimation of phenological time. Field studies 
started on March, 2018. Along with some features of 
Campanula rapunculus characteristics of the spread-
ing area were considered, such as topographic, soil, 
climate, other vegetation and altitude.

Analysis of volatile components. Leaves and 
flowers of Campanula rapunculus collected from the 
testing site, were dried at room temperature (25°C), 
leaves and flowers components were determined by 
the Peak Cavity-Solid Phase Micro Extraction (HS-
SPME) technique combined with gas chromatogra-
phy/mass spectrometry (GC/MS).

Samples of leaves and flowers taken as 2.5 
g of each sample were placed in a 10 mL glass 
vial closed with a silicone cap and kept at 60°C 
for 30 minutes. The SPME apparatus was passed 
through 75 µm thin Carboxen/Polydimethylsi-
loxane (CAR/PDMS) coated fused silica fiber 
(Merck, Germany) to adsorb volatile compounds 
and then was directly injected into the capillary 
column (Rtx®-5MS 30 m x 0.25 mm I.D. df=0.25 
µm, Restek, USA).

Device was connected to the same brand mass 
selector detector operated in hand mode (70 eV). 
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This process was repeated three times and the ac-
curacy of the results was compared and the results 
were given as average. Helium with a flow rate of 
1.61 mL per minute was used as the carrier gas. 
Injection and detection temperatures were set at 
250°C. Retention Indices (RI) of the volatile com-
ponents were calculated according to the C7-C30 
alkane mixtures standard under the above-men-
tioned chromatographic conditions. The identifica-
tion of the compounds was determined by compar-
ison of mass spectra and compounds found in the 
spectral library (Wiley 7th edition, NIST 20, Tutor, 
FFNSC 3).

Results and discussion

Analysis of morphological properties and phe-
nological time. Mean plant height of Campanula ra-
punculus collected from different points of Uludag 
was determined as 37.21 cm, number of corolla – 2.4, 
corolla length – 2.0 cm, calyx lop length – 1.36 cm, 
leaf width – 1.7 cm, leaf length – 4.31 cm (Table 2).

It was noted that first flowering started in early 
May, full flowering was in June and late flowering 
ended in late July. The color of the flowers varied 
from whitish and pale blue to bluish-purple and lilac-
blue (Figure 3).

Table 2 – Morphological measurements of Campanula rapunculus var. rapunculus

Features Smallest Biggest Mean
Plant height 25 cm 55.5 cm 37.21 cm

Number of corolla 2 3 2.4
Corolla length 1.4 cm 3 cm 2.0 cm

Calyx lop length 0.5 cm 2.4 cm 1.36 cm
Leaf width 0.5 cm 2.7 cm 1.37 cm
Leaf length 2.3 cm 7 cm 4.31 cm

Figure 3 – Campanula rapunculus var. Rapunculus at Uludag, Bursa
Note: a – general view, b – flower. Photo by S.A. Kavaklı
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In the study by Davis [17], plant height of Cam-
panula rapunculus was determined as 50-100 cm, 
number of corolla as 2-3, the length of the corolla as 
1.2-2 cm, the calyx lobe length 0.9-1.6 cm, leaf width 
as 2 cm and the length as 4 cm. It was determined that 
morphological measurements other than the number 
of corolla differed from our study. Kaynak et al. [18] 
assessed the plant height of Campanula rapuncu-
lus as 50-100 cm, and the length of the corolla as 
slightly longer than the calyx lobes. The height of the 
plant differed from our study, though the fact that the 
length of the corolla and slightly longer than the ca-
lyx lobes supports our study.

In our study it was observed that first flowering 
began in early May, full flowering was observed in 
June, and flowering ended in late July. The color of 
the flower was determined to be whitish, pale blue, 

bluish-purple and lilac-blue. Kaynak et al. [18] de-
termined the flowering time as May-July and color of 
the flower as whitish to pale blue. It was determined 
that the phenological time and flower color were the 
same in both studies, and in our study, the color of 
the flower was bluish-purple and lilac-blue.

Analysis of volatile components. Volatile compo-
nents of Campanula rapunculus were determined by 
GC-MS using solid phase microextraction technique 
(SPME). A total of 32 different components were de-
tected in Campanula rapunculus. 3-Methylbutanal 
(10.87%), cis-3-Hexene-1-ol (9.85%) and 3-Octanol 
(9.62%) were identified as the main components. 
Among volatile components, aromatic aldehydes 
were found to be high (Figure 4; Table 3).

Peak values seen on Figure 4 revealed the pres-
ence of 32 components.

Figure 4 – Gas chromatogram of volatile components for Campanula rapunculus var. rapunculus

Table 3 – Leaf-flower volatile components of Campanula rapunculus var. rapunculus

Retention time Components % Formula Class
1.434 2-methyl-Pentanal 1.66 C6H12O AA
1.660 2-Methylpropanal 0.68 C4H₈O AA
2.215 3-Methylbutanal 10.87 C₅H₁₀O AAI
2.304 2-Methylbutanal 7.36 C₅H₁₀O AAI
2.684 Sorbaldehyde 6.14 C₆H₈O AA
3.264 3-Methyl-1-butanol 1.82 C₅H₁₂O AA
3.331 2-methyl-1-Butanol 1.09 C₅H₁₂O AA
3.615 (E)-2-Pentenal 0.71 C₅H₈O AAI
3.888 1-Pentanol 0.42 C₅H₁₂O AA
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Retention time Components % Formula Class
4.573 Hexanal 5.74 C₆H₁₂O AA
6.057 (E)-2-Hexenal 3.13 C₆H₁₀O AA
6.149 cis-3-Hexene-1-ol 9.85 C₆H₁₂O AA
6.505 (Z)-2-Hexen-1-ol 0.84 C₆H₁₂ AA
6.610 n-Hexanol 3.36 C₆H₁₄O AA
7.220 2-Heptanone 2.06 C₇H₁₄O AA
7.635 Heptanal 1.08 C₇H₁₄O AA
8.691 α-pinene 0.76 C₁₀H₁₆ MH
9.740 Benzaldehyde 4.69 C₇H₆O AAI
9.840 3-Octanol 9.62 C₈H₁₆O AAI
10.397 3-Octanone 3.62 C₈H₁₄O AAI
10.650 (Z)-6-Octen-2-one 0.75 C₈H₁₄O AAI
11.145 2.4-Heptadienal 0.97 C₇H₁₀O AA
11.387 Octanal 0.81 C₈H₁₆O AAI
12.327 Limonene 5.67 C₁₀H₁₆ MH
12.436 1.8-Cineole 2.49 C₁₀H₁₈O OM
12.885 Benzeneacetaldehyde 0.53 C₈H₈O OC
13.469 γ.-Terpinene 0.56 C₁₀H₁₆ MH
14.622 Fenchone 2.66 C₁₀H₁₆O OM
15.320 Nonanal 1.87 C₉H₁₈O AAI
16.872 Camphor 6.96 C₁₀H₁₆O OM
19.212 Decanal 0.65 C₁₀H₂₀O OM
26.764 Caryophyllene 0.58 C₁₅H₂₄ SH

Total 100
Component number 32
AA: Aromatic alcohol 38.84
AAI: Aromatic aldehyde 40.30
MH: Monoterpene hydrocarbon 6.99
OC: Other components 0.53
OM: Oxygen monoterpene 12.76
SH: Sesquiterpene hydrocarbon 0.58

3-Methylbutanal (10.87%), cis-3-Hexene-1-ol (9.85%) and 3-Octanol (9.62%) were identified as the main components. 
3-Methylbutanal component is used as a reagent for the production of pharmaceuticals and pesticides.

Table 3 continued

No study was found on the volatile components 
of Campanula rapunculus species. However, there 
are some researches on other Campanula species. In 
previous studies on volatile components of Campan-
ula genus, Politeo et al. [19] identified the presence 
of 53 different components in Campanula portensch-

lagiana, and identified labda-13 (16), 14-dien-8-o as 
the main components. Chenxing et al. [20] identi-
fied 57 different components in Campanula colorata 
Wall. with 1,2-benzenedicarboxylic acid, butyloctyl 
ester, cedar camphor, hexadecanoic acid, dibutyl 
phthalate, tetradecanoic acid, caryophyllene oxide, 
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6,10,14-trimethyl-2-pentadecanone as main compo-
nents. These results differ from the results presented 
in the current study. 

Conclusion

Fresh leaves and roots of C. rapunculus are used 
raw (salad, etc.) or cooked (soup, tea, etc.) [21-24]. 
Campanula rapunculus is begining to appear more 
frequently in local street markets in the Umbria Re-
gion, Central Italy and used to treat inflammation of 
the oral cavity, also leaves used to treat warts, in-
fusion of flowers used as a gargle [25]. It is known 
that leaves and roots were used as milk enhancer 
and stone reducer in Turkey, and today it is used in 
wound healing and constipation disorders [26-28]. 
Campanula species are especially rich in flavone 
and flavone glycosides. These species, which have 
decorative flowers, also find use as ornamental plants 
[29]. In addition to its medical benefits, it is recom-
mended to increase the anatomical, physiological, 
molecular and biochemical studies of Campanula 
taxa, which are considered as food and ornamental 
plants. Thus, the value and importance of Campanula 
genus, which spread naturally in our country, can be 
revealed.
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Geomagnetic, cardiovascular and geo-cardiovascular  
congruences of cycles: putative co-periodisms

Abstract. A sense for magnetism in humans and more broadly for nonphotic solar effects is not consciously 
perceived, even though the cosmos may have broad biospheric consequences. Associations are already 
documented for the human circulation and for mental and cellular functions with geo- and interplanetary 
magnetism. We compare interval estimates of periods in view of the ever-present uncertainties, congruence 
assess corresponding periods by the presence or absence of overlap between the CIs (95% confidence 
intervals) of the paired periods, found by the nonlinearly extended cosinors in time series of geomagnetic 
indices, Kp, quasi-logarithmic local index of the 3-hourly range, its derivatives Cp and C9, on the one 
hand and on the other hand in separate data sets of systolic (S) and diastolic (D) blood pressure (BP) and 
heart rate (HR) of 360 patients, each monitored ambulatorily (ABPM) for 24 hrs. Some circasemiseptan 
periods are shared by SBP, DBP and HR in female patients and further by C9 and Cp. Kp reveals a period 
of 4.31 days, with an even longer period found for SBP in men in the spectral region examined, the periods 
being picked because of their statistical significance in that spectral region. The gender differences in HR 
and SBP have their precedents in other regions of the circasemiseptan spectrum of these variables. The 
circaseptan coperiodisms between geomagnetic indices, Kp, Cp, C9 and cardiovascular system (SBP, DBP) 
in periodicity is clear for women patients only. The coperiodisms of HR with 10.7 C in 21 days period, and 
the circaseptan coperiodism again only of Kp with the BP were found.
Key words: geomagnetic, cardiovascular, patients, chronobiology, 24-hour blood pressure monitoring 
(ABPM), coperiodism, variability of vascular anomalies, variability of vascular disorders.

Introduction

Congruence or similarity in characteristics such 
as the period or phase of a spectral component in two 
or more concomitantly sampled time series of the 
same variables or of different variables within intra-
cellular entities, cells, tissues, organs, organ systems, 
individuals, populations with spectral temporal char-
acteristics of oscillations environmental factors such 
as space weather, ranging from infradians,multiples 
or submultiples of the week over transyears or trans- 
and cis-half-years to decadesis of undoubted scien-
tific and practical interest, for example, for predicting 
an increase in the number of infectious diseases, or 
exacerbations of cardiovascular diseases and other 
non-communicable diseases [1-4].

Wobbly nature of some natural physical environ-
mental and biospherical spectral components require 
an inferential statistical approach, e.g., according to 
Marquardt [5;6]. The congruence of anticipated com-
ponents can be meaningfully assessed to approxi-
mate a yet-to-be-developed test of H0: periodτ1 (e.g., 
environmental τ) = τ2 (e.g., biological τ) [= … = τk 
(e.g., sociological τ)], or the already available test at 
a fixed τ of H0 : φ1 = φ2 [= … = φk] [7]. 

The overlap of CIs of the periodin two or more 
time series being compared by the cosinor [5; 6; 8] 
extended by Marquardt’s algorithm [9] is the crite-
rion for congruence. The same comparison also de-
fines similarity and dissimilarity, the latter referred 
to as acongruence when the periods are separated by 
more than the length of a τwith its CI, admittedly an 
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arbitrary definition, to be refined as more data accu-
mulate [10]. The search for congruence and similarity 
among periods based on CIs realizes that the changes 
in many physiological and geomagnetic variables are 
in part aeolian, i.e. nonstationary cycles that wax and 
wane in amplitude, A, to the point of disappearance 
and reappearance, that drift in period, sometimes bi- 
and trifurcating, and drift in phase, φ. These cycles 
are nonstationary in time and in space [11, 12]. 

Environmental about half-weekly periods are 
likely harmonics of the sun’s rotation around its axis 
at the solar equator and influence geomagnetic indi-
ces like Kp. A likely double tidal contribution and 
its harmonics are difficult to separate, although this 
has been attempted in a newborn studied around the 
clock for 27 months [2]. Other harmonics are circadi-
septans, described by Hermann Fritz in 1888, as an 
~13.8-day cycle and by Franz Halberg [10]. With a 
different (selective) assortment, circaseptans have 
been found in an individual, in the form of congruent 
periods of blood pressure and heart rate with periods 
in the solar wind and/or the geomagnetic indices aa, 
Kp and/or Dst [13]. The biospheric circaseptans were 
damped but persisted in the absence of circaseptans 
in the area of sunspots [14]. Thus, a link between the 
sun and the earth’s magnetism, and our heart and cir-
culation was rendered extremely likely at multisep-
tan frequencies [10].

Non-photic solar effects in humans are not 
consciously perceived, that is, “felt”, even though 
space may have wide biospheric implications [15; 
10]. Associations are already documented for the 
human circulation and for mental and cellular func-
tions with geo- and interplanetary magnetism [16-
19]. Emphasis was placed on the study of shared 
frequencies or their reciprocals, the periods, period. 
Rather than looking for the same point estimates of 
period in paired nonstationary wobbly oscillations, 
we compare interval estimates of periods in view of 
the ever-present uncertainties. Consequently, con-
gruence is a way to assess corresponding periods 
by the presence or absence of overlap between the 
CIs (95% confidence intervals) of the paired peri-
ods, found by the non-linearly extended cosinors in 
time series of geomagnetic indices, C9, Cp and Kp 
on the one hand and on the other hand in separate 
data sets of SBP (systolic blood pressure), DBP (di-
astolic blood pressure) and HR (heart rate) of treat-
ed cardiac patients, each monitored ambulatorily. 
Widely known researches studied the effect of the 
solar magnetic cycles of solar activity and magnetic 
storms on various aspects of human life, physiologi-
cal parameters, and including cardiovascular system 

[13, 14, 17, 19]. Also are known geographical dif-
ferences associated with superposition of geomag-
netic and heliomagnetic fields, that local, specific 
for each of the geographical areas [3, 4]. Almaty in 
this aspect is a specific region, located in the foot-
hills and earthquake-prone area, the population of 
this largest metropolis in Central Asia undergoes a 
more pronounced influence of the solar magnetic 
storms and the effect of the geomagnetic field more 
pronounced in connection with the periodic seis-
mic activity, but we didn’t found research related 
geomagnetic influence to cardiovascular diseases in 
this region. 

Materials and methods

We performed this retrospective forward obser-
vational study in the “Smart health university city” 
Kazakh National university, Almaty, Kazakhstan 
from January 2018 to December 2019. We consecu-
tively recruited patients older than 18 years patients 
with diagnosed hypertension after treatment. In to-
tal, 360 patients (167M +193F) were enrolled in this 
study. The TM-2430 monitor from A&D (Japan), 
BPLab monitor from OOO Petr Telegin (Russia) was 
used to measure BP and HR.

Averages per 24 hrs of HR and S or DBP were 
assigned to the calendar date of the monitoring and 
spectra of each time series as a whole (globally in 
time) were separately computed for men and women 
and for each variable. Mean values assigned to the 
date of monitoring were assembled irrespective of 
age into two separate series by gender. Basic con-
gruences were subsequently sought and found among 
the series of the mean values of each of the individu-
als and each of the variables in each set, and further 
between the paired periods of geomagnetic and or-
ganismic time series, with focus on the about half-
weekly (circasemiseptan) spectral region. A combi-
nation of linear and nonlinear cosinor methods [5, 
6, 8, 9] served for temporally global analyses (of a 
time series as a whole). Plexograms, complemented 
by analyses of variance of the stacked data visual-
ized signals detected by cosinor spectra [5, 6, 8]. For 
each series data were analyzed by sphygmochron [6], 
consisting of parametric and non-parametric assess-
ments. Parametrically, by least squares (Figure 1), a 
two-component model, consisting of cosine curves 
with anticipated periods of 24 and 12 hours, is fitted 
to the data (Figure 2) yielding estimates of the ME-
SOR (M, Midline Estimating Statistic Of Rhythm), 
24-hour and 12-hour double amplitudes (2A) and ac-
rophases (φ) [6]. 
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The study was done after clearance from the lo-
cal bioethical committee of the Al-Farabi Kazakh 
National University, IRB00010790, protocol No. 
IRB-A080) and consent was taken from all subjects.

Results and discussion

Non-parametrically, percentage time elevation, 
area of excess and timing of largest excess are deter-
mined by numerical integration. In addition to ME-
SOR-hypertension, deviations from these chronobio-
logical norms lead to diagnoses of CHAT (Circadian 
Hyper-Amplitude Tension) and/or ecphasia when the 
24-hr BP-2A is excessive and/or the 24-hr BP- φ is 
outside acceptable limits but the 24-hr HR- φ is ac-
ceptable. These conditions along with an excessive 
pulse pressure (above 60 mmHg) and a deficient HR 
variability (standard deviation of HR <7.5 beats/min) 
constitute Vascular Variability Anomalies (VVAs) 
when present during one or a few days, or Vascular 
Variability Disorders (VVDs) when the abnormali-
ties are confirmed over repeated week-long records 
in the absence of a persisting load [20]. Any two or 
more coexisting VVDs are referred to as Vascular 
Variability Syndromes (VVSs).

The figure 1 shows that after treatment, arterial 
hypertension, with which all patients were referred, 

remained in 27% of patients, in a small part, mainly 
women, the SBP mesor (2.5%) and the DBP MESOR 
(6.4%) fell even below the normocoridor, almost 
one third of patients (28.3%) had bradycardia, 22% 
of patients had no VVA, whereas 50% had multiple 
VVAs, Figure 1. CHAT of SBP and DBP, deficient 
heart rate variability, etc. were found, each of which 
increases the likelihood of complications of cardio-
vascular diseases, up to lethal [20].

 The performed spectral analysis of the aggregate 
ABPM data and fluctuations in geomagnetic activity 
in the same time period revealed a number of peri-
odicities up to month. Some circasemiseptan periods 
are shared by SBP, DBP and HR in female patients 
and further by C9 and Cp. Kp reveals a period of 4.31 
days, with an even longer period found for SBP in 
men in the spectral region examined, the periods be-
ing picked because of their statistical significance in 
that spectral region. The gender differences in HR 
and SBP have their precedents in other regions of the 
circasemiseptan spectrum of these variables.

The circaseptan coperiodisms between geomag-
netic indices, Kp, Cp, C9 and cardiovascular system 
(SBP, DBP) in periodicity is clear for women patients 
only, see Table 1. The coperiodisms of HR with 10.7 
C in 21 days period, and the circaseptan coperiodism 
again only of Kp with the BP were found. 

Figure 1– Incidence of VVAs in about 24-hr ABPM records 
obtained in routine hospital practice during consecutive two years

SM – SBP MESOR, DM – DBP MESOR, S-CHAT – Circadian Hyper-Amplitude-Tension (CHAT) of SBP, 
D-CHAT – CHAT of DBP, EPP – Excessive pulse pressure, 
EDP – Excessive double product, SD – standard deviation
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Table 1 – Coperiodism geomagnetis and cardiovascular indices in circaseptan-monthly range 

SBP DBP HR
Kp Ap Cp C9 10.7C

men women men women men women
Period, 

days
7.9*; 
9.1*

7*; 
21* 9.1* 7* 14.4*;

21*
6.4*;
21*

7*;
14*

8.7**;
13.65* 14* 14* 15.6*;

21*

Note: *p<0.05; **p<0.001

However, acrophases in this circaseptan rhytms 
are not in same phase time, vascular answer time is 
differ with geomagnetic acrophases time for about 
2-3 days. Earlier in the literature, the “anticipatory 
response” of heart rate, blood pressure and other 
physiological parameters has already been described, 
which can occur 2–3 days before the onset of mag-
netic storms [21]. This anticipatory effect was first 
discovered by Chizhevsky in the 1920s, and suggest-
ed that some unknown solar radiation was responsi-
ble for this [22, 23]. The increased radiation caused 
by coronal ejections reaches the Earth in 8 minutes, 

while the increased density and speed of the solar 
wind takes several days to reach the Earth’s magne-
tosphere, resulting in a magnetic storm [21].

21-days period in HR, male and female patients 
both correlates to 10.7C geomagnetic indices. The 
dispersion of the acrophase time lies within the same 
range. Sex differences had been noted earlier in the 
circadian MESOR and circadian double amplitude 
of heart rate variability in the range of seconds and 
minutes. Moreover, an about 2-week cycle in the 
ECG was detected for heart rate only in women (not 
in men) [24].

Figure 2 –Circasemiseptan coperiodism between geomagnetics indices (Kp, C9 & Cp)  
and the human circulation. Periods – in days, abscissa. 

Figure 2 shows differences among variables 
and further differences between genders, as well as 
among the geomagnetic indices, which is consistent 
with previous studies [25]. Some circasemiseptan pe-

riods are shared by SBP, DBP and HR in female pa-
tients and further by C9 and Cp. Kp reveals a period 
of 4.31 days, with an even longer period found for 
SBP in men in the spectral region examined, the pe-
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riods being picked because of their statistical signifi-
cance in that spectral region. The gender differences 
in HR and SBP are also present in other regions of 
the circasemiseptan spectrum of these variables [21; 
24]. 

Analysis of cardiovascular monitoring data for 
geomagnetic and other coperiodisms will be impor-
tant to rule out chance contributing to congruence, 
once more than the 6 pooled time series examined 
herein on a few hundred patients become available 
on much larger data sets. Beyond establishing the 
degree of generality of congruences, one could try, 
notably on longer series, to implement a remove-and-
replace approach [10; 25]. The relative merits of vari-
ous helio- and geomagnetic indices, other than those 
here studied, could then also be examined in the light 
of biological coperiodisms, assuming that sooner or 
later a remove-and-replace or at least a subtract-and-
add approach has found biospheric consequences, as-
sociated with changes with a geomagnetic coperiod-
ism. In Figure 2, C9 and Cp seem to be closer to the 
human circulation than Kp.

Monitoring the environment by self-measure-
ment of blood pressure on a population basis has al-
ready served to detect the after-effect of the Japanese 
earthquake and tsunami in Sendai in 2011 [26]. Staff 
measurements in Ladakh, Kashmir, India, have de-
tected the paradecadal solar cycle’s signature primar-
ily in the systolic blood pressure of men and diastolic 
blood pressure of women, again on a population ba-
sis [26]. Ambulatory blood pressure measurements 
on a relatively small group of 11 subjects found an 
increase in systolic blood pressure for 2 days before 
the Sendai earthquake and tsunami [28]. The con-
comitant geomagnetic and cardiovascular monitoring 
may contribute to understanding cataclysms of soci-
etal health, including military and political affairs, 
that carry signatures of the sun in the decadal spec-
tral range [10]. Coperiodisms in the circasemiseptan 
range involve a much shorter turn-around time for 
interpretation and are particularly pertinent to neo-
natology, when the infradians (near the circadians) 
dominate in the spectrum. Furthermore, in this range, 
by several methods, an association with the human 
heart has been validated by cross-spectral coherence 
with both geo- and interplanetary magnetism [10]. 

Conclusion

Some circasemiseptan periods are shared by 
SBP, DBP and HR in female patients and further 
by C9 and Cp. Kp reveals a period of 4.31 days, 
with an even longer period found for SBP in men 

in the spectral region examined, the periods being 
picked because of their statistical significance in 
that spectral region. The coperiodisms of HR with 
10.7 C in 21 days period, and the circaseptan cope-
riodism again only of Kp with the BP were found. 
The circaseptan 7-days rhythms were significant 
in BP women’ variable only, and in geomagnet-
ic indices, for Kp, acrophases in this circaseptan 
rhytms are not in same phase time, vascular answer 
time differs with geomagnetic acrophases time for 
about 2-3 days. Such “anticipatory response” of 
blood pressure may contribute to work with bioin-
dication of cataclysms.
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Next Generation Sequencing in diagnosis  
of mitochondrial epilepsy

Abstract. Epilepsy is a common manifestation of mitochondrial disorders, in addition mitochondrial 
oxidative stress may play an important role in epileptogenesis since it affects the excitability of neurons. 
Mitochondrial diseases are often difficult to diagnose unless the symptoms are clearly identified as a 
part of a specific mitochondrial mutation. The use of next-generation sequencing would lead to the rapid 
identification of genes associated with epilepsy syndromes. In this study, we evaluate the applicability of 
the NGS method for diagnosis of mitochondrial epilepsy by clinicians and laboratories in Kazakhstan. We 
performed complete mitochondrial genome sequencing on the Illumina MiSeq platform for 6 patients with 
epilepsy. Using the MITOMAP and HmtDB databases, we identified three pathogenic variants (MT-ND1 
m.3697G> A, m.5628T> C and m.7547T> C) leading to the development of epilepsy, additionally we found 
6 variable sites (m.5586C> T, m.10095C> T, 514_515delCA, 16180_16181delAA, C514.CACACA, A955.
ACCCC), the clinic of which was not previously mentioned in the literature. Our preliminary study suggests 
that mitochondrial genes potentially play a role in the pathogenesis of epilepsy and mutations in these genes 
cause various forms of epilepsy. It is necessary to elucidate the main mechanisms and participation of 
variants of mtDNA haplogroups in the development of epilepsy to apply the NGS method in diagnosis of 
mitochondrial epilepsy.
Key words: Epilepsy, Next Generation Sequencing, mitochondrial DNA, mutation.

Introduction

Epilepsy is a chronic neurological disease with 
a high degree of genetic heterogeneity, which is ac-
companied by recurrent unprovoked seizures and 
has different clinical manifestations. The overall 
incidence of epilepsy is 61.4 per 100,000 people 
[1].  Long course, low cure rates, and high rates of 
disability from illness have a profound impact on pa-
tients and society. In recent years, numerous studies 
have been conducted on the pathogenesis of epilepsy, 
but despite this, the exact mechanism of the disease 
has not been fully understood. Presumably 20-30% 
of epilepsy cases are caused by acquired conditions, 
such as skull trauma, previous stroke, brain tumors, 
previous infectious diseases of the brain [2, 3], but 
the remaining 70-80% of cases are caused by one or 
more genetic factors [4]. 

Mitochondrial dysfunction and oxidative stress 
are considered as factors that play a role in the patho-
genesis of a number of neurological diseases, includ-

ing epilepsy [5]. Many studies show the relationship 
between mitochondrial dysfunction and epilepsy, 
but most of them does not study mitochondrial ge-
nome (mtDNA) of patients suffering mitochondrial 
diseases which would be extremely important for 
determining the role of mitochondrial genome in the 
development of disease and for the treatment of pa-
tients as mitochondrial epilepsy is often difficult to 
treat and resistant to antiepileptic drugs. Diagnosis of 
mitochondrial disease is often challenging unless the 
symptoms are clearly identified as part of a specific 
mitochondrial mutation [6]. 

Screening for mutations of the underlying genetic 
defects in epilepsy is often complicated by the many 
presumably responsible genes. Next Generation Se-
quencing (NGS) is a valuable and reliable diagnostic 
tool for massively parallel sequencing of as many genes 
as possible, and it is a fast and cost-effective diagnostic 
method to analyze genetic cause of epilepsy [7]. 

The use of NGS technologies in research and di-
agnostic laboratories has led to the rapid identifica-
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tion of genes associated with epilepsy syndromes. In 
this study, we will evaluate the suitability of the NGS 
method for diagnosis of mitochondrial epilepsy by 
clinicians and laboratories in Kazakhstan. 

Materials and methods

Patients. The study protocol was approved by the 
local ethics committee of the Kazakh-Russian Medi-
cal University (protocol No. 51 from 05.09.2017). 
The studies included three patients with epileptic 
encephalopathy and three patients with myoclonic 
epilepsy. All patients were treated at SVS clinic (Al-
maty, Kazakhstan). When collecting biological mate-
rial, patients filled out a questionnaire and signed an 
informed consent form. 

DNA isolation and sequencing. Total DNA was 
extracted by GeneJet Genomic DNA Purification 
Kit (Thermo Fisher Scientific, USA) according to 
the protocol recommended by the manufacturer. We 
used MiSeq Sequencing Platform (Illumina, USA) 
and Nextera XT Library Prep Kit to sequence the en-
tire human mitochondrial DNA (mtDNA) genome. 
During sample preparation, the mtDNA genome was 
amplified in two PCRs to generate two long frag-
ments spanning the entire human mitochondrial ge-
nome (16,569 bp). The amplicons were quantified 
and pooled before library preparation. 

Primers 
MTL‐F1 5’‐ AAA GCA CAT ACC AAG GCC AC ‐3’
MTL‐R1 5’‐ TTG GCT CTC CTT GCA AAG TT ‐3’
MTL‐F2 5’‐ TAT CCG CCA TCC CAT ACA TT ‐3’
MTL‐R2 5’‐ AAT GTT GAG CCG TAG ATG CC ‐3’

Data analysis. Raw FASTQ files were processed 
and mapped to the mitochondrial reference rCRS 

using Eager [8]. Genotyping was performed using 
GATK HaplotypeCaller and Genotype GVCF [9]. 
Geneious software version 2019.2.1 was used to vi-
sually assess the sequencing depth and the quality of 
genotype calling [10]. The genome for alignment is 
the Revised Cambridge Reference Sequence (rCRS), 
a mtDNA genome used by the Forensic Genomics 
community. Confirmed differences from the CRS 
were compared to previously reported mutations or 
polymorphisms listed in the MITOMAP database 
(http: //www.mitomap.org) and HmtDB (http://www.
hmtdb.uniba.it). 

Results and discussion

Mitochondrial diseases encompass a geneti-
cally and clinically heterogeneous group of diseases 
caused by defects in mitochondrial oxidative phos-
phorylation. Epilepsy is a common manifestation of 
mitochondrial disorders; in addition, mitochondrial 
oxidative stress may play an important role in epi-
leptogenesis, as it affects the excitability of neurons 
[11]. 

mtDNA mutation analysis. We sequenced using 
NGS the mitochondrial genome of 6 patients with 
epileptic encephalopathy and myoclonic epilepsy. 
Bioinformatic analysis of NGS data showed the pres-
ence of 115 mutations, of which 80 mutations are lo-
calized in genes encoding proteins; the D-loop was 
also a sensitive region in which we found 35 variable 
sites. Using the MITOMAP and HmtDB databases, 
we found 21 missenses, 41 synonymous variants, 11 
mutations in the 12S rRNA and 16S rRNA genes, 5 
mutations in the tRNA genes (MT-TA, MT-TC, MT-
TD, MT-TH, MT- TR) and two mutations in the reg-
ulatory region of the MT-NC3 gene. The distribution 
of variable sites in each gene is shown in Figure 1. 

Figure 1 – The distribution of variable sites in each gene
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Variable sites in the MT-ND5 gene were more fre-
quent (11 mutations), 8 mutations were found in the 
MT-RNR1, MT-CO1, MT-ND1 and MT-CYB genes, 
6 mutations were in the MT-ND2 gene, 5 variable 
sites were identified in the MT-ND6 and MT-ATP6 
genes, 4 variable sites were in the MT-ND4 gene, the 
MT-RNR2 and MT-ND4L genes each had 3 variable 
sites, the MT-ND3 and MT-NC3 genes had 2 muta-

tions. The least variable sites were in the genes of the 
transport RNA, 1 each in the genes MT-TA, MT-TC, 
MT-TD, MT-TH, and MT-TR. According to the MI-
TOMAP and HmtDB databases, 26 mutations were 
associated with the development of epilepsy, 17 of 
them (Table 1) of them occurred in positions associ-
ated with haplogroups, and 9 mutations (Table 2) were 
directly involved in the development of epilepsy. 

Table 1 – Variable sites of mtDNA associated with epilepsy and haplogroups

POS Locus Mutation 
type AA Change

Population frequency

dbSNP ID MITOMAP 1000G
152 MT-HV2 Т→С rs117135796 26.319% NA
183 MT-HV2 A→G rs113913230 0.6% 0.0078
961 12S rRNA Т→С rs3888511 0.9% 0.0066

1736 16S rRNA A→G  rs193303006 2.7% 0.0477
5628 MT-TA T→C rs1556423015 0.19% 0.0062
6671 MT- CO1 T→C Syn: His256 His rs1978028 0.7% 0.0033
6962 MT-CO1 G→A Syn: Leu353Leu rs1970771 2.4% 0.0271
7547 MT-TD T→C rs879076142 0.107% NA
7738 MT-CO2 T→C Syn: Thr51Thr rs878875354 0.2% NA
8794 MT-ATP6 C→T Non-syn: His90Tyr rs2298007 2.8% 0.045
8887 MT-ATP6 A→G Non-syn: Ile121Val rs1556423565 0.2% 0.0029
10310 MT-ND3 G→A Syn: Leu84Leu rs41467651 3.6% 0.0382
10410 MT-TR T→C rs200478835 0.5% 0.0054
10609 MT-ND4L T→C Non-syn: Met47Thr rs200487531 2.4% 0.0255
13368 MT-ND5 G→A Syn: Gly344Gly rs3899498 5.0% 0.023
14569 MT-ND6 G→A Syn: Ser35Ser rs386420019 2.5% 0.0233
14668 MT-ND6 C→T Syn: Met2Met rs28357678 4.1% 0.0468

Mainly single nucleotide substitutions were 
found in genes encoding proteins, most of them are 
synonymous (7 variants: His256 His, Leu353Leu, 
Thr51Thr, Leu84Leu, Gly344Gly, Ser35Ser, Met-
2Met). The frequency of these mutations accord-
ing to the MITOMAP database was less than 5% 
in the population. The frequency of the three mis-
sense mutations found in the protein encoding genes  
(His90Tyr, Ile121Val, Met47Thr) was less than 
2.8%. Non-synonymous single nucleotide substitu-
tions may result in dysfunction of the protein, which 
may cause epileptic seizures. Thus, single nucleotide 
substitutions found in the MT-ATP6 gene can cause 
the development of epileptic syndromes NARP and 
Leigh [12]. 

Thus, we identified 4 synonymous variants (Met-
100Met, Ala375Ala, Ile123Ile, Leu36Leu); three 

non-synonymous (Gly131Ser, Thr112Ala, Hr194 
Ala), and two variable regions were found in rRNA 
genes (m.955A> C, m.2706A> G). 

The pathogenic mutation of MT-ND1 gene  
(Non-syn: Gly131Ser) was previously described by 
Kirby et al. in patients with MELAS syndrome [13]. Our 
study confirms the clinical significance of this mutation, 
as it was found in a patient with epileptic encephalopathy 
and was possibly the cause of epileptic seizures. 

The protein encoded by the MT-ND1 gene is one 
of the main components that form the hydrophobic 
core of complex I of the mitochondrial OXPHOS 
complexes [14]. Defects in the respiratory chain dis-
rupt its functioning, reduce the gradient of the mi-
tochondrial proton potential and interfere with the 
synthesis of ATP in mitochondria, even if ATP syn-
thetase is not affected [15]. 

https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=rs117135796
https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=rs113913230
https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=rs3888511
https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=rs193303006
https://www.mitomap.org/bin/view/MITOMAP/GenomeLoci#LocusMTND5
https://www.mitomap.org/bin/view/MITOMAP/GenomeLoci#LocusMTND6
https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=rs386420019
https://www.mitomap.org/bin/view/MITOMAP/GenomeLoci#LocusMTND6
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Table 2 – Variable sites of mtDNA associated with epilepsy

POS Locus Mutation type AA Change
Population frequency

dbSNP ID MITOMAP 1000G
955 12S rRNA A→C rs1556422497 0.006% 0.0004
2706 16S rRNA A→G rs2854128 78.9% NA
3697 MT-ND1 G→A Non-syn: Gly131Ser  rs199476122 NA 0.0004
4769 MT-ND2 A→G Syn: Met100Met rs3021086 97.6% NA
7028 MT-CO1 C→T Syn: Ala375Ala rs2015062 80.8% NA
8860 MT-ATP6 A→G Non-syn: Thr112Ala rs2001031 98.5% NA

12705 MT-ND5 C→T Syn: Ile123Ile rs193302956 41.8% NA
14854 MT-CYB C→T Syn: Leu36Leu rs1057516071 0,012% NA
15326 MT-CYB A→G Non-syn: Hr194Ala rs2853508 98.65% NA

Two mutations found in the transport RNA genes 
(m.5628T> C and m.7547T> C) are predicted to be 
pathogenic (disease Score: 0.75 and 0.5) according to 
the HmtVar Pathogenicity Prediction database. Over 
the past 20 years, many studies have found links be-
tween inherited population variants of mtDNA and 
neurological diseases. Since the first association of 
Leber hereditary optic neuropathy (LHON) with mi-
tochondrial haplogroup J in the late 90s was revealed 
[16-19], many other mitochondrial disorders along 
with classic neurodegenerative diseases such as Par-
kinson’s disease (PD), Alzheimer’s disease (AD), 
disseminated sclerosis (MS) and amyotrophic lateral 
sclerosis (ALS) were also associated with mitochon-
drial disfunction [20].

In the case of MELAS, a study of 142 unrelated 
french families with the m.3243A> G mutation found 

statistically significant under-representation of the 
mutation in patients with haplogroup J [21]. Analysis 
of the same mutation in a smaller sample of the Span-
ish population found no association [22].

The increased risk of diseases with a mitochon-
drial contribution to pathogenesis is most likely de-
termined by the balance between beneficial and dam-
aging mtDNA mutations in haplogroups. In the case 
of some haplogroups, the balance tends more towards 
the harmful side. Deleterious mtDNA mutations are 
supposed to be population-specific, that is one vari-
ant may be associated with disease in one population 
but not in another [23].

Using the next-generation sequencing we re-
vealed 6 variable sites in patients with epilepsy, the 
clinic of which was not previously mentioned in the 
literature (Table 3). 

Table 3 – Variants of unknown significance

POS Locus Mutation typy AA Change dbSNP ID
Population frequency

MITOMAP 1000G
514 D-loop GCA→ GCACACA 0.061%

514-515 D-loop GCA→ G 23.838%
955 12S rRNA A→ACCCC NA
5586 MT-NC3 C→T    rs879067503 0,104%
10095 MT-ND3 C → A Non-syn: Leu13Met   0.002%
16179 D-loop CAA → C rs371240719 0,00% 0.0084

Genetic variants with unknown significance 
were mainly found in regulatory regions and were 
represented by deletions (514_515delCA and 

16180_16181delAA), insertions (C514.CACACA 
and A955.ACCCC) and single nucleotide substitu-
tions (m.5586C> T and m.10095C> A). 

https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=rs2854128
https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=rs199476122
https://www.mitomap.org/haploinfo_genbank/A8860G.html
https://www.mitomap.org/bin/view/MITOMAP/GenomeLoci#LocusMTND5
https://www.mitomap.org/bin/view/MITOMAP/GenomeLoci#LocusMTCYB
https://www.mitomap.org/bin/view/MITOMAP/GenomeLoci#LocusMTCYB


57O.K. Khamdiyeva et al.

Int. j. biol. chem. (Online)                                               International Journal of Biology and Chemistry 13, № 2, 53 (2020)

Deletion of 514_515delCA was detected in 3 
patients with epileptic encephalopathy and in 1 with 
myoclonic epilepsy. The pathogenicity of these vari-
able sites has been tested in the MITOMAP and 
HmtDB databases and has not been confirmed. A 
non-synonymous mutation in the MT-ND3 gene re-
sulted in the substitution of the amino acid leucine 
for methionine at position 13. The pathogenicity of 
this mutation was confirmed in the HmtDB database 
(disease Score: 0.71) and its population frequency is 
0.002%, but despite this, the clinic of this mutation is 
not described. Previously, mutations in the MT-ND3 
gene have been described for patients with Lee syn-
drome and MELAS [24]. Xiao-Li Fu et al. described 
the T10158C mutation in the MT-ND3 gene for pa-
tients with mitochondrial encephalopathy [25]. In our 
case, the MT-ND3 gene mutation m.10095C> A was 
found in a patient with epileptic encephalopathy.

Conclusion

Advances in DNA sequencing and interpreta-
tion of genetic variation are rapidly changing our 
understanding of the etiology of epilepsy, which af-
fects clinical diagnostic and treatment protocols. In 
developed countries, genetic testing for epilepsy is 
rapidly entering clinical practice, helping to accu-
rately diagnose the type of epilepsy, establish heredi-
tary epileptic syndromes, predict the course of the 
disease, choose specific treatment, and identify the 
risk of developing epilepsy for other family mem-
bers. Unfortunately, in Kazakhstan, genetic methods 
for diagnosing epilepsy have not yet been introduced 
into medical practice. Many patients from Kazakh-
stan and Central Asia apply to laboratories in other 
countries for molecular genetic diagnosis of epilepsy.

Our preliminary study suggests that mitochondri-
al genes potentially play a role in the pathogenesis of 
epilepsy and identify subgroups of patients with dif-
ferent clinical phenotypes. To apply the NGS method 
in the diagnosis of mitochondrial epilepsy by clini-
cians and laboratories, it is necessary to determine 
the main mutations associated with the development 
of the disease and elucidate the role of haplogroup 
variants associated with the development of epilepsy. 
For this purpose, we plan to increase the sample and 
sequence of mtDNA in patients with epilepsy in the 
Kazakhstani population.
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Effects of blended polyvinyl alcohol/urea on the growth, yield and  
chemical content of tomato (Lycopersicon esculentum L. Mill)

Abstract. Tomato (Lycopersicon esculentum L. Mill) is one of the most important solanaceous vegetables 
widely cultivated in the world. The growth yield and chemical content of tomato (Lycopersicon esculentum 
L. Mill) treated with nitrogen fertilizers (PU) were investigated. Nitrogen fertilizers were based on 
polyvinyl alcohol blended with three different composites of urea (PU35, N: 8.45%; PU50, N: 34.1%, 
and PU65, 44.04%). In each of the five replicates of the treatments, 500 mL (1% w/v) of PU was applied 
directly to the soil. The first treatment was given at 15-day-old seedlings. Thereafter, treatments were given 
at intervals of 15 days (6 times) each until 90 days. Final harvest was at 112 days. Data was analyzed using 
variance analysis (ANOVA) and compared using control without fertilizer. The vegetative growth, leaf and 
fruit chemical composition, and flowering and fruiting of tomato responded positively to PU fertilizers 
compared to control plants. However, application of PU50 (nitrogen content 34.1%) gave significant 
increase in vegetative growth, chlorophylls a and b, flower and fruit characteristics more than PU35, PU65 
and control. 
Key words: Nitrogen fertilizers, tomato, growth, yield, parameters.

Introduction 

Tomato (Lycopersicon esculentum Miller) be-
longs to the family Solanaceae and is an important 
vegetable crop grown throughout the world under 
field and greenhouse conditions [1-5]. Growing to-
mato is difficult due to many constraints (diseases, 
climate, nutrition, etc.), while the fruit itself has to 
meet certain market requirements. Numerous authors 
have studied the effects of different plant nutrients 
on the yield and quality of tomato and it becomes 
clear that some of these nutrients play key role in to-
mato production [2-8]. Nitrogen is one of the most 
important elements for plant growth, development 
and nutrition. Among commonly used are ammoni-
um-, nitrate-, amide- and cyanamide-nitrogen fertil-
izers [6]. A number of researchers have studied the 
effects of nitrogen fertilizers on growth and yield 
components of tomato plants [7-11]. They reported 
that nitrogen application showed an increase in stem 
length, number of flowering branches and total plant 
dry weight. The amount of nitrogen required for op-
timal growth is between 2-5 % of plant dry weight. 
A higher supply of nitrogen has side effects such as 
delayed senescence, change in plant morphology, 

i.e., smaller roots and higher shoot/root dry weight 
ratio. Therefore, management of nitrogen fertilizers 
such as rate, type and application time are very im-
portant [12,13]. Asit et al. [5] reported that urea fer-
tilization at the rate of 1,000 ppm increased tomato 
plant height (136.2 cm), number of leaves (30.73), 
number of green fruits per plant at harvest (21.08), 
number of flower clusters (11.89), number of flow-
ers (75.18), fruit clusters (5.81), fruits per cluster 
(4.14), fruits per plant (21.49), and fruit length (4.72 
cm), fruit diameter (6.58 cm) and weight of indi-
vidual fruit (151.0 g). Mercado et al. [14] evaluated 
the impact of different concentrations of nitrogen on 
tomato seedling production. The nitrogen fertilizer 
was based on N-NO3- with different concentrations 
of 4, 8, 12 and 16 mEq/L with highest morphological 
values at 16 mEq/L and shortened production time 
of seedlings for transplant. Nitrogen had the largest 
effect on yield and quality of tomato [15].  Number 
of authors reported that increased concentration of 
nitrogen fertilizer led to increase in nitrogen content 
in plant leaves [16,17]. Increase of nitrogen content 
results in increased protein concentration and con-
secutive increase in plants vegetative growth [18]. 
When urea fertilizer inputs to the soil system exceed 

https://orcid.org/0000-0002-7176-8012
https://orcid.org/0000-0002-0804-1259
https://orcid.org/0000-0002-1217-9613
https://orcid.org/0000-0002-4370-8995
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the crop needs, there is a possibility that half of the 
applied fertilizer escapes to the environment due to 
leaching, surface runoff, decomposition and ammo-
nium volatilization in the soil as only a fraction is 
actually absorbed by plants. The objective of this 
study was to investigate nitrogen fertilizers based on 
polyvinyl alcohol blended with different concentra-
tions of urea on vegetative growth, yield and quality 
of tomato plants. With the use of PVA/U systems, 
nutrients are released at a slower rate throughout the 
seasons, and plants are able to take up most of the 
nutrients without waste by leaching.

Materials and methods

Synthesis of nitrogen fertilizers. The nitrogen fer-
tilizers based on polyvinyl alcohol (PVA) with urea 
(U) were synthesized with composition ratios of 65: 
35 (PU35), 50: 50 (PU50) and 35: 65 (PU65) respec-
tively by blending polymerization in presence of ace-
tic acid as catalyst. The preparation of nitrogen fertil-
izers and methods of analysis (1H NMR, FTIR, SEM, 
DSC and TGA) have been described in a previous 
investigation [19]. The elemental analysis was car-
ried out for the determination of carbon, nitrogen and 
oxygen content in the fertilizers as shown in Table 1. 

Table 1 – Elemental composition of nitrogen fertilizer

Elements C (%) N (%) O (%)
PU35 49.41 8.45 42.15
PU50 28.79 34.09 37.58
PU65 21.54 44.04 34.42

The analysis was performed on a Vario Micro El-
emental Analyzer (Elementar, Germany). The chem-
ical structure of PU is presented on Figure 1. 

 

Figure 1 – Nitrogen fertilizer [polyvinyl  
alcohol + urea (PU)]

Nitrogen fertilizers (PU) were used in a constant 
concentration of 1% w/v using dH2O. 

Experimental design and treatments. The crop 
plant selected for the present study was Lycopersicon 
esculentum (tomato). The hybrid tomato seeds (Pearl 
– F1) were purchased from the local market and kept 
for one hour in a glass beaker with fresh water. Only 
the seeds that settled at the bottom of the beaker were 
used for the experiment. Seeds were carefully sowed 
in plastic trays and regular sprinkling with water was 
performed to keep the compost soil moist. After two 
weeks, germinated seedlings were transferred and 
planted in plastic pots.  The seedlings were pushed 
5 cm deep into the soil and the depression was then 
loosely covered back by the soil. The soil was air-
dried, sieved and packed (13.5 kg/pot), and was prop-
erly filled in 15 pots.

Each pot was labelled with the pot number and 
the date of sowing of the seeds were recorded to de-
termine the offset date for analysis. The day on which 
the seedlings were planted in the pot was treated as 
day zero. The plants were watered every day or on 
alternate days depending on the requirement.   

All 3 sets were prepared in five replicates, with 
nitrogen fertilizer treatment given to the plants name-
ly PU and a set of control pants. In each of the treat-
ment, 500 mL (1% w/v) of PU was applied directly to 
the soil. The first treatment was given at 15-day-old 
seedlings. Thereafter, treatments were given at inter-
vals of 15 days each until 90 days. The control set 
was watered only with tap water without any fertil-
izers.   

Physical and chemical properties of the soil. In 
order to know the type and properties of soil used 
for the experiment, its physical and chemical proper-
ties were analyzed prior to addition of the nitrogen 
fertilizer (PU). Results are presented in Table 2. The 
ingredients of the experimental soil were a mixture of 
clay (56.63%), fine sand (14.22%), and silt (24.15%). 
The chemical properties of the soil were 1.4 mhos/
cm3, 81.0 ppm N, 3.04 ppm P, 40.8 ppm K, 0.6 ppm 
of organic matter and pH was 7.8. 

Data recorded on vegetative growth. Plant height, 
number of main lateral branches, number of leaves, 
leaf area as well as fresh and dry weights of shoots 
were recorded at 4- and 8-weeks after transplanting.

Study of chemical composition. Leaf disks were 
taken at 4- and 8-weeks after transplanting to deter-
mine chlorophyll a, b according to the method de-
scribed by Sartory  and Grobbelaar [20]. Total carbo-
hydrate content in dry matter of leaves was determined 
ин spectrophotometrically method described by Du-
bois et al. [21]. Nitrogen, phosphorus and potassium 
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elements were determined in the leaves of tomato 
plants via digestion procedure according to Piper 
[22]. Nitrogen content was determined by modified 
micro-Kjeldahl method as described by Pregl [23]. 
Phosphorus content in the sample was estimated 
using ammonium molybdate method according to 
Chapman and Pratt [24]. Potassium was determined 
using flame photometer according to reference [24].

Table 2 – Physical and chemical properties of the soil.

Physical properties (percentage of mixed type of soil)
Sand (%) 14.22 
Silt (%) 24.15 
Clay (%) 56.63 

Soil texture Clay loam
Chemical properties

pH 7.8
Ec (mhos/cm3) 1.4 

Available N (ppm) 81.0 
Available P (ppm) 3.04 
Available K (ppm) 40.8 
Organic matter (%)                                   0.6

Study of flowering and fruit yield. Node number 
bearing the first flower, number of flower clusters per 
plant, number of flowers per cluster, number of flow-
ers per plant, weight and number of fruits per plant 
were recorded.

Study of physical characteristics of fruits. Fruit 
shape index was calculated using the ratio of verti-
cal to horizontal diameters. Fruit volume was deter-
mined by immersion method.  

Study of сhemical characteristics of fruits. Sol-
uble solids content (SSC) was determined by hand 
refractometer according to the method described 
by AOAC, 1965 [25]. Titratable acidity was deter-
mined using the method described by AOAC, 2005 
[26] and AOAC, 1970 [27]. Ascorbic acid content 
(vitamin C) was determined as described by AOAC, 
1970 [27]. Lycopene in the tomato samples was ex-
tracted with hexane: ethanol: acetone (2:1:1) (v/v) 
mixture following the method of Sharma and Le 
Maquer [28].

Statistical analysis. The data calculated on dif-
ferent variables were subjected to analysis of vari-
ance (ANOVA) to observe the differences among the 
treatments and their interactions. Means were sepa-

rated using Least Significant Difference (LSD at 5%) 
test. Statistical computer software Statistix 8.1 was 
used for computing the ANOVA and LSD [29,30].

Results and discussion

Plant height (cm).  The plant height (cm) of the 
tomatoes treated with different nitrogen levels at 4 
and 8 weeks is presented in Figure 2. As a result of 
the increased nitrogen rate up to PU50 (N: 34.1 %), 
the plant height of tomatoes is increased compared 
to other treatments. The plants fertilized with PU35 
(N: 8.45 %) gave the tallest plant at 4 weeks (93.125 
cm), while PU50 (N: 34.1 %) gave the tallest plant 
at 8 weeks (129 cm) compared with control (84.5 
and 118.33 cm respectively). The highest N-rate of 
PU65 (N: 44.04 %) caused a decrease in plant height 
in comparison with PU35 (N: 8.45 %) lowest N-rate. 
The increase in plant height with N-fertilizer is attrib-
uted to the fact that nitrogen promoted plant growth 
which resulted in the progressive increase in plant 
height [31; 32]. Some investigators reported that ni-
trogen fertilizers including urea (46% N), ammonium 
sulphate nitrate (26% N), ammonium sulphate (21% 
N) increased plant height [31-34]. 

Number of lateral branches. Figure 3 shows maxi-
mum number of lateral branches per tomato plant fer-
tilized with PU35 (N: 8.5%) at 4 and 8 weeks. PU50 
(N: 34.1 %) and PU65 (N: 44.04 %) showed lower 
number of lateral branches per plant than PU35 and 
control at 4 and 8 weeks. Increases in nitrogen level 
within limit are associated with increase in number of 
lateral branches per plant [35-37].  The same behav-
ior was reported by authors [33] when they studied 
synthetic polymer and nitrogen fertilizer on tomato 
plants. These results were also in harmony with those 
reported by authors [38] on mandarin. The research-
ers indicated that using mineral nitrogen fertilizer in-
creased number of lateral branches per plant. 

Number of leaves per plant. Increases in plant 
height resulted in an increase in the leaf number per 
plant as shown in Figure 4. Plants fertilized with 
PU35 (N: 8.5 %) resulted in the highest number of 
leaves per plant (51.5, 108.5), while the lowest num-
ber of leaves per plant was related to plant treated with 
PU65 (N: 40.3 %) 41 & 90.35 in the 4- and 8-weeks 
respectively. This is attributed to the response of to-
mato plants growth to nitrogen fertilizer (PU) and 
contributed to producing new shoot and increasing 
the number of leaves per plant [39]. Authors reported 
that number of leaves per tomato plant increased with 
increasing nitrogen rate in fertilizer [31, 40]. 
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Figure 2 – Effect of nitrogen fertilizer on plant height of tomato 
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Figure 3 – Effect of nitrogen fertilizer  
on the number of lateral branches per tomato plant.
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Figure 4 – Effect of nitrogen fertilizer  
on the number of leaves per plant tomato

Leaf area (cm2). Figure 5 shows leaf area of to-
mato plants fertilized with different nitrogen levels 
(PU) compared with control (without fertilizers) at 
4 and 8 weeks. When the levels of nitrogen are in-
creased from 8.5 % (PU35) to 34.1 % (PU50), the 
leaf area of the tomato plants increased from 215.3 
cm2 to 248.2 cm2 respectively at 4 weeks, and from 
227.2 cm2 to 265.5 cm2 respectively at 8 weeks, due 
to the increase of photosynthetic activities of the leaf, 
which is directly responsible to increment leaf area 

of the plant [41].  At PU65 (N: 44.04 %) the leaf area 
reduced but was higher than the control. This effect 
of nitrogen on increasing leaf area of tomato plants 
was also observed by authors [42-44]. 

Fresh and dry weight of shoots (g/ plant). Figure 
6 shows that the highest fresh and dry weights of to-
mato shoots were recorded by plants fertilized with 
PU50 (N: 34.1 %) at 4 and 8 weeks. On the other 
hand, tomato plants fertilized with PU65 (N: 44.04 
%) exhibited the lowest fresh and dry weights of 
shoots but still higher than the control plants (without 
treatment). It was evident that PU fertilizer treatment 
caused an increase in the fresh and dry weights of 
shoots, especially PU50. The increase in fresh and 
dry weight of shoots attributed to the fact that nitro-
gen promotes plant growth [45]. The same behavior 
was reported by authors [46,47] when he studied 
the effect of different levels of urea on the growth 
and yield of tomato. The results showed that tomato 
plants fertilized with urea 150 mg per kg of soil gave 
the highest fresh and dry weights in comparison with 
plants fertilized with urea 200 mg per kg of soil. 

Chlorophyll (a, b) content (mg/ dm2). The role of 
nitrogen as a macronutrient essential for plant growth 
and development is well known. Nitrogen is the com-
ponent of protoplasmic proteins, enzymes, amino 
acids, nucleic proteins and chlorophyll. Therefore, 
plant growth vigor is greatly affected by increasing 
or decreasing level of nitrogen application. The effect 
of nitrogen fertilizer (PU) with different levels of ni-
trogen on chlorophyll (a and b) contents in the tomato 
leaves at 4 and 8 weeks is shown in Figure 7. Gen-
erally, all N-fertilizer treatments caused an increase 
in the chlorophylls a and b content of the leaves as 
compared to the control. The highest content of the 
photosynthetic pigments was obtained from tomato 
plants fertilized with PU50 (N: 34.1 %) at 4 and 8 
weeks. This favourable effect of N-application on 
plant growth might be due to the vital role of nitrogen 
on the synthesis of plant proteins, chlorophyll and 
enzymes. This result was in agreement with authors 
[46, 47] on tomato. If nitrogen was added at high lev-
els more than 34.1% the depression effect of fertilizer 
on plant growth should be expected as shown by the 
treatment PU65, N: 44.04%. However, there were in-
vestigators who mentioned positive effects of heavy 
N-application on plant growth [48].

Carbohydrate content (%). The carbohydrate 
content in leaves of tomato plants fertilized with 
PU fertilizer at 4 and 7 weeks is shown in Figure 8. 
The treatment plants with all PU fertilizers resulted 
in high carbohydrate content in leaves compared 
with the control plants. The carbohydrate content in-
creased with increasing nitrogen from 8.5 % (PU35) 
to 34.1 % (PU50) but decreased with nitrogen of 
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44.04 % (PU65). The increase of carbohydrate con-
tent is attributed to the increasing in the process of 
photosynthesis and pigments [49]. Furthermore, PU 
as N-fertilizer enhanced carbohydrate content in the 
leaves of tomato plants. The same behavior was re-
ported by authors [50] when they studied the effect 
of different nitrogen fertilizers on the carbohydrate 
content in leaves of wheat.

Nitrogen, phosphorus and potassium content 
(%). Figure 9 shows the effect of a variety of nitrogen 
fertilizer (PU) on the nutrient percentage of tomato 
leaves at 4 and 8 weeks. PU fertilizer had a high sig-
nificant effect on nitrogen percentage, no significance 
on phosphorus percentage, and low significance of 
potassium percentage in the tomato leaves. An in-
crease in nitrogen content in fertilizer (PU), increased 
the nitrogen and potassium percentages in the leaves 
of tomatoes at 4 and 8 weeks. Nitrogen is the most 
important nutrient for the synthesis of proteins and 
the enhancement nutrient content in the leaves of 
plant including nitrogen and potassium content [18]. 
The obtained data was in accordance with those pre-
viously reported by authors [51,52] who reported that 
N-fertilizer increased the leaf nitrogen concentration. 

Characteristics of flowers. Figure 10 indicates 
that the node number bearing the first flower as com-
pared to the control increased due to nitrogen fertiliz-
er (PU) application and this effect was more evident 
with PU50 (N: 34.1 %).  Number of flower cluster 
per plant, number of flowers per cluster and number 
of flowers per plant significantly increased with in-
creasing the content of nitrogen in PU fertilizers from 
8.5% (PU35) to 34.1 % (PU50) and decreased with 
increasing content of nitrogen 44.04 % (PU65). 

The greatest number of flowers per plant was ob-
served when the tomato plants were fertilized with 
PU50 (N: 34.1 %) while the lowest number of flow-
ers was observed when the plants were fertilized with 
PU65 (N: 44.04 %) (Figure 11). Authors [40-47] re-
ported that tomato plants treated with nitrogen fer-
tilizer produced higher number of flowers than the 
control plants. The increase flower numbers might be 
due to increased content of available nitrogen which 
promotes better vegetative growth and enhances 
flower of tomatoes. From the Figure 11, it is clear 
that the nitrogen fertilizer (PU) promotes the produc-
tion of flowers up to PU50 (N: 34.1 %) at which fur-
ther increase in the fertilizer do not bring a significant 
increase in the flowers

Characteristics of fruits
Number of fruits per plant. Fruit number is the 

most impressive feature of all physiological process 
and plant growth phenomenon that express the re-
sponse of plants to applied substances.
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Figure 5 – Effect of nitrogen fertilizer on the leaf tomato area.
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Figure 6 – Effect of nitrogen fertilizer  
on shoot fresh and dry weights per tomato plant.

Figure 7 – Effect of nitrogen fertilizer  
on chlorophylls a and b in leaves of tomato plants.
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Tomato plants fertilized with PU enhanced the 
number of fruits per plant than control plants as 
shown in Figure 12. Increasing the nitrogen content 
in PU fertilizer from 8.5 % (PU35) to 34.1 % (PU50) 
increased the number of fruits per plant from 27.73 to 
29.85. At nitrogen level 44.04 % (PU65), the number 
of fruits was lower. This is attributed to the increase 
in the number of flowers per plan with increasing the 
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Weight and volume of fruits. Data of the aver-
age fruit weight (Figure 13), volume (Figure 14) and 
shape index (Figure 15) produced by tomato plants 
fertilized with nitrogen fertilizer showed that PU fer-
tilizer resulted in an increase in these parameters over 
control. Maximum values were recorded in tomato 
plants treated with PU50 (N: 34.1 %) and lowest val-
ues recorded in plants treated with PU65 (N: 44.04 %).  
Figure 13 shows the highest weight (69.8 gm) of 
fruits were obtained with PU50 (N: 34.1%) treat-
ment, while lowest weight (50.83 gm) of fruits were 
observed for PU65 (N: 44.04 %) treatment.  

Figure 14 shows that nitrogen fertilizers had a 
significant favorable effect on the fruit volume as 
compared to the control plants. The maximum signif-
icant values were obtained as a result of PU50 treat-
ment. The increment was 20 % for for volume of fruit 
as compared to control plants.

Figure 8 – Effect of nitrogen fertilizer  
on carbohydrate in leaves of tomato plant.
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Figure 9 – Effect of nitrogen fertilizer on nitrogen and 
potassium percentages in leaves of tomato plants.
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Figure 11– Effect of nitrogen fertilizer  
on number of flowers per tomato plant.

Figure 10 – Effect of N-fertilizer on node number bearing 
first flower, number of flower clusters per plant and number of 

flowers per cluster

content on nitrogen in the fertilizer. The result was 
in agreement with authors [53, 46, 31] who reported 
increased in the fruit number with increasing rate of 
nitrogen fertilizer. This could be attributed to the in-
creased uptake of nitrogen and its associated role in 
chlorophyll synthesis (and hence the process of pho-
tosynthesis and carbon dioxide assimilation) leading 
to enhanced number of flowers and fruits.   

0,0
10,0
20,0
30,0
40,0
50,0
60,0
70,0
80,0
90,0

100,0

Control PU35 PU50 PU65N
o.

 o
f f

lo
w

er
s p

er
 to

m
at

o 
pl

an
t

Nitrogen fertilizer

0,0
5,0

10,0
15,0
20,0
25,0
30,0
35,0

Control PU35 PU50 PU65

N
um

be
r o

f f
ru

its
 

Nitrogen fertilizer

Figure 12 – Effect of nitrogen fertilizer  
on number of fruits per tomato plant. 
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Figure 13 – Effect of nitrogen fertilizer on the fresh weight of 
tomato fruits.

Figure 14 – Effect of nitrogen fertilizer on the volume of tomato fruits.

0,0
5,0

10,0
15,0
20,0
25,0
30,0
35,0
40,0
45,0

Control PU35 PU50 PU65

Fr
ui

t v
ol

um
e 

(c
m

3 )

Nitrogen fertilizer

The effects of the nitrogen fertilizers (PU) on the 
shape index of fruits showed an increase over the 
control except for treatment with PU50 (Figure 15). 
Tomato plants treatment with PU50 gave the high-
est shape of index fruits shape index (1.19) but PU65 
gave the lowest shape index of fruits  (1.12). The in-
creased fruit weight, volume and shape index of to-
mato fruits under PU application could be attributed 
to the positive effect of nitrogen with balanced fer-
tilization which increased weight, volume and shape 
index of fruit. The increments of the physical char-
acters of tomato fruits response to nitrogen fertilizer 
were also reported by authors [54, 46, 47].

Chemical composition of fruits. Figure 16 shows 
that the SSC increased from 4.45 % to 5.48% with 
increasing nitrogen from 8.5 % (PU35) to 34.1 % 
(PU50) and decreased from 5.48% to 4.3% with 
increasing nitrogen of 34.1 % (PU50) to 44.04 % 
(PU65), but still more than the control. This might be 
due to the characteristics of N, which usually plays 
a role in increasing the amount of foliage, the quan-
tity of chlorophyll, and ultimately the photosynthetic 
activity of the plant [46, 47]. However, Warner et al. 
(2004) [55] indicated that nitrogen did not affect the 
SSC of tomato fruits. Factors that might also influ-
enced the solid content of tomato fruits include the 
number of fruits, rate of assimilates exported from 
leaves, rate of assimilates imported by fruits and fruit 
carbon metabolism. 

The titratable acid of tomato fruits significantly 
increased with increasing nitrogen rate in PU fertil-
izer. Tomato plants fertilized with PU50 (N: 34.1 %) 
gave the highest percentage of acid (0.79 %) while 
plants fertilized with PU65 (N: 44.04 %) gave the 
lowest percentage of titratable acid (0.68 %) though 
higher than the control as shown оn Figure 16. Wang 
et al. (2007) [56] reported that nitrogen was related 
to improved fruit shape, the reduction of ripening 
disorders, and an increase in fruit acid concentration, 
which subsequently improved the taste.  

PU65 fertilizer reduced the ascorbic acid (vita-
min C) and lycopene content (Figure 17).  Rodriguez 
et al. (1994) [57] also reported that higher nitrogen 
fertilization decreased the vitamin C content and also 
worsened the fruit color. In this study, the highest 
values of ascorbic acid and lycopene contents were 
recorded with PU50 (N: 34.1 %). 

This result was in agreement with previously 
reported results by Kobryń and Hallmann (2005) 
[57], whereas lycopene content increased with differ-
ent nitrogen rates to 50 %. In fact, De Pascale et al. 
(2006) [12] suggested that since lycopene was syn-
thesized by the isoprenoid pathway, nitrogen fertil-
izer enhanced the enzymes in this pathway therefore 
increasing the lycopene concentration in the fruits.

Figure 14 – Effect of nitrogen fertilizer on the volume of 
tomato fruits.
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Figure 15 – Effect of nitrogen fertilizer  
on the shape index of tomato fruits

Figure 16 – Effect of nitrogen fertilizer on SSC and titratable acidity in tomato fruits.
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Figure 16 – Effect of nitrogen fertilizer  
on SSC and titratable acidity in tomato fruits. 
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Conclusion 

The results revealed that nitrogen fertilizers based 
on polyvinyl alcohol blended with various ratios of 
urea [PU35 (N: 8.5 %), PU50 (N: 34.1%), PU65 (N: 
44.0%)] affected vegetative growth of tomato plants.   
It was observed that PU35 treatment with nitrogen 
content (8.45%) was found to be the best treatment 
for the number of lateral branches and leaves per 
plant. Whereas the application of PU50 (nitrogen 
content 34.1%) resulted in a significant increase in 
other vegetative growth, chlorophylls a and b, flower 
and fruit characteristics higher than PU35, PU65 and 
control plants. Tomato fruit yields (23%) were best 
applied to PU fertilizers with a nitrogen content of 
34.1% (PU50).
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Anatomic-morphological and phytochemical study  
of an rare species - Rheum wittrockii Lundstr. 

Abstract. The article presents the features of the anatomical and morphological structure of the vegetative 
organs of Rheum wittrokii Lundstr. and the results of its qualitative and quantitative phytochemical analyses. 
The structure of the leaf shows the presence of calcium oxalate druses, which are located mainly under the 
layer of columnar mesophyll, along the Central part of the leaf blade. Druses in the spongy parenchyma 
are clearly distinguished and have an almost spherical shape with a peculiar needle-like structure. In the 
main vein, sections of the sclerenchymic lining are adjacent to the conducting bundle. The covering tissue 
of the roots has a secondary structure and is represented by a three-layer periderm. In the cells of the 
main parenchyma of the cortex, numerous calcium oxalate druses are found, which have a round-crystal 
configuration and are collected in small groups. The vessels of the root xylem are large with ladder and 
mesh perforation. Features of the main stem parenchyma are its larger, rounded-oblong or oval shape with 
slightly thickened cell walls. The revealed anatomical features can be used in the case of the diagnosis of 
medicinal plant raw materials. The study of the chemical composition, the study of biological activity and 
the development of new herbal medicines is relevant. As a result of studying the chemical composition 
of the ethanol extract of Rheum wittrokii obtained by extracting 96% ethanol, 8 main components were 
identified. Rhizomes are dominated by chrysophanic acid with an identification probability of 41.4%. The 
presence of components was found: chrysarobin, chrysophanic acid, emodin-3-methyl ether, emodin-
1,3,8-trihydroxy-6-methylanthracene-9,10-dione, which are directly involved in the body’s metabolism, 
providing antioxidant, antiseptic and anti-cancer effects, and also help in the removal of toxins from the 
body, which has a beneficial effect on the liver, increasing the level of glycogen.	
Key words:  Rheum wittrokii Lundstr., rare species, anatomical and morphological characteristics, 
phytochemical composition, extracts.

Introduction

The greatest phytochemical interest is the study 
of the root of this species. The rhizome of an rare 
species Rheum wittrokii Lundstr. contains two main 
groups of biological substances. The first group in-
cludes tannoglycosides-tannins that have antiseptic, 
antidiarrheal, and astringent properties. Atroglyco-
sides, the second group, are substances that can en-
hance intestinal peristalsis. Plant raw materials have 
good choleretic and laxative properties. In the au-
tumn, raw materials are harvested, the decoction of 
which is used for anemia and tuberculosis, as well 
as it contains carbohydrates, organic acids, catechins, 
anthraquinones [1].

Currently, research on the study of rare plant spe-
cies that are vulnerable and endangered, have a small 
habitat and are subject to anthropogenic factors, as 
well as the possibility of obtaining effective herbal 
medicines with medicinal properties is of particular 
relevance [2; 3]. To date, the species composition 
of the flora of South-Eastern Kazakhstan, its num-
ber and location of endemic and rare species is little 
studied and requires a comprehensive study [4; 5].  
More than 6 thousand vascular plants with biologi-
cally active substances are found in the flora of Ka-
zakhstan, which require special attention to study the 
factors of their vital activity: the ecological state of 
populations, the degree of land degradation that de-
termine the species number, their composition, loca-
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tion, geographical distribution, which contributes to 
the restoration and further existence of the dominant 
in natural conditions [6].

The flora of Kazakhstan consists of 68 species 
of trees, 266 species of shrubs, 433 species of semi-
shrubs, 2598 species of perennial grasses and 849 
species of annual grasses, as well as 515 endemic 
species, 303 species listed as vulnerable, endan-
gered and rare plants, including Rheum wittrokii. The  
Polygonaceae family includes about 30 genera and 
800 species that are widely distributed around the 
globe, especially in the Northern temperate zone. 
Species of the Polygonaceae family are characterized 
by the presence of tannins in all parts of the plants, 
especially in the rhizomes, which are used as excel-
lent tanning agents, being a valuable raw material for 
the tanning and extraction industry [7-10]. Rhubarb 
varieties are very valuable medicinal herbs contain-
ing secondary metabolites that grow in the moun-
tainous and flat-desert regions of Kazakhstan: on the 
grassy and forest slopes of the mountains. Occurs in 
Dzhungarian Alatau, Zaili Alatau, Kirghiz Alatau, 
Kungei and Terskei Alatau, Ketmen ridge, Western 
Tien Shan [11-13].

Rheum wittrokii Lundstr. - a perennial herb with 
a juicy, furrowed, hollow inside, stem, 50-100 cm 
high, with reddish droplets and stripes. Numerous 
fleshy roots radiate from the powerful short rhizome. 
The basal leaves are five-and seven-lobed, having a 
diameter of up to 75 cm, at the top with scattered 
small villi, on the reverse side along the entire sur-
face densely pubescent with long hairs, and on long, 
up to 30 cm, cylindrical, often reddish cuttings, col-
lected by a rosette. Stem leaves are ovate-triangular, 
alternate, up to 10 cm in diameter, with short cut-
tings. Whitish-pink or red flowers are small, regular, 
bisexual, collected in numerous paniculate inflores-
cences and are up to 2 mm long. The fruit is a three-
sided, broad-winged and wrinkled, brownish-red nut. 
Rheum wittrokii blooms in the third year of life in 
June-July and bears fruit in July-August. It grows on 
grassy and forest slopes of mountains, in the habitat 
of dark coniferous forests, in open spaces between 
trees, in infrequent spruce trees and cracks in rock 
crevices, in the forest, rising to the subalpine belt.

Some chemical components from Rheum L. spe-
cies are pharmacologically important. They are used 
as a herbal therapeutic agent, in vegetables and for 
the preparation of natural dyes. More than 250 com-
ponents, including anthraquinones (emodin, chryso-
phanol, phizion, aloe-emodin and emodin glycides), 
antrons, flavonoids, acylglucosides, pyrons stilben, 
tanning components, etc. are the main biologically 

active substances of rhubarb, which are widely used 
in folk medicine: for the treatment of fever, dysen-
tery, blood clotting, laxative, antitumor, and are also 
used for various skin diseases [14; 15].

The healing potential of rhizome extracts of 
Rheum wittrokii is a promising direction for further 
study of its biologically active components as sources 
of necessary compounds for life and its maintenance, 
including those caused by adverse environmental 
factors. In the absence of additive effects biologically 
active compounds of natural origin have a therapeu-
tic effect on the regulation of the main metabolic 
processes of the body [16].

Materials and methods

Plant raw materials were collected in July 2019, in 
the flowering phase in the Almaty region (Butakovsky 
gorge), on the left bank of the Butakovka river, the slope 
of the South-Eastern exposure with a steepness of 40-
450. The soil on which this species grows is mountain 
black soil. Collection coordinates: N 43010/19//,  
E 07706/50//, 2183 m above sea level.

The objects of anatomical and morphological 
research were vegetative organs (leaf blade, root and 
stem) of Rheum wittrockii Lundstr. Raw materials 
were collected and dried in accordance with the 
requirements of the State Pharmacopoeia of the 
Republic of Kazakhstan [17]. 

The extraction of raw materials was carried out 
twice. Combined extract concentrated and dried in 
vacuo. Research was carried out in the Laboratory 
Ecology of the Biosphere, RSE Al-Farabi KazNU, 
SSE Center for Physical and Chemical Methods of 
Research and Analysis, and Laboratory of plant anat-
omy and morphology (Al-Farabi KazNU).

In laboratory conditions, plant material was 
recorded in order to study the features of the 
anatomical structure of the plant. Conservation of 
plants was carried out by the method of Strasburger-
Flemming. The preserving liquid was a mixture of 
alcohol-glycerine-water in a ratio of 1:1:1. Fixation 
was performed in 96% ethyl alcohol. Aboveground 
and underground vegetative organs of the studied 
species were recorded [18; 19].

Anatomical sections were enclosed in glycerine 
and balsam. Anatomical preparations were made 
using a microtome with a TOC-2 freezing device 
(made in USSR).

Microphotographs of anatomical sections were 
made using a MC 300 microscope (magnification 
10x14, 10x20, 10x40) with a CAMV400/1.3 m video 
camera (Micros company, Austria).



71T.N. Kobylina et al.

Int. j. biol. chem. (Online)                                               International Journal of Biology and Chemistry 13, № 2, 69 (2020)

Anatomical and morphological studies were 
conducted in accordance with generally accepted 
methods [20-22].

As part of the phytochemical study, the extrac-
tion of biologically active substances of plants was 
carried out using 96% ethyl alcohol. 10 g of dry, 
crushed raw material was selected, then 50 ml of 
alcohol was extracted by infusing at room tempera-
ture for 5 hours, then 1.5 ml of the extract was trans-
ferred to 2 ml vials and analyzed by chromatographic 
method with mass spectrometric detection (Agilent 
7890B/5977A, USA). The analysis conditions were 
as follows: sample volume 3.0 µl, sample input tem-
perature 240 °C, without flow division. Separation 
was performed using a chromatographic capillary 
column DB-35MS (Agilent, USA) with a length of 
30 m, an internal diameter of 0.25 mm and a film 
thickness of 0.25 microns at a constant velocity of 
the carrier gas (helium) 1 ml/min. The chromatogra-
phy temperature is programmed from 40 °C (0 min 
exposure) to 300 °C with a heating rate of 10 °C/min 
(15 min exposure). Detection was performed in the 
SCAN mode m/z 34-750. Agilent MSD ChemStation 
software (version 1701EA, USA) was used to control 
the gas chromatography system, record and process 
of the obtained results and data. Data processing in-
cluded determination of retention times, peak areas, 
and processing of spectral information obtained us-
ing a mass spectrometric detector. The Wiley 7th edi-
tion and NIST’02 libraries were used to decipher the 
obtained mass spectra (the total number of spectra in 
the libraries is more than 550 thousand).

Results and discussion

Microscopic studies were performed to determine 
the morphological and anatomical features of roots, 
stems and leaves.

It is noted that the leaf blade of wittrock rhubarb 
has a single-layer upper and lower epidermis in 
cross-section (Figure 1). The upper epidermis 
consists of narrow cells of an oblong shape with rare 
single simple hairs. The lower epidermis consists 
of rounded and rounded-oblong thin-walled cells, 
between which there are single stomata. The cells of 
the upper and lower epidermis are weakly sinuous, 
connected tightly and covered with a thin layer of 
cuticle. Under the upper epidermis, the palisade 
mesophyll is located in two rows, the cells of the 
spongy mesophyll are located under the columnar 
mesophyll of the leaf blade and have a loose 
structure, quite large, with numerous intercellular 
cells filled with air, elongated and few. In vittrok 

rhubarb, calcium oxalate druses are noted in the 
structure of leaf blades, which are located mainly 
under the layer of columnar mesophyll, along the 
Central part of the leaf blade. Druses in the spongy 
parenchyma are clearly distinguished and have an 
almost spherical shape with a peculiar needle-like 
structure. The conducting system in the area of the 
Central part of the leaf blade is represented by two 
open collateral conducting bundles. One small, 
and the other larger. The conducting beams are 
surrounded by a parenchymal lining. In the main vein 
to the conducting beam adjacent areas sclerenchyma 
lining. Conducting bundles have a thin lining formed 
of sclerenchyma cells.

Figure 1 – Cross section of a leaf of Rheum wittrockii 
(magnification 200).  

1-upper epidermis, 2-lower epidermis, 3-columnar 
mesophyll, 4-spongy mesophyll, 5-central conducting bundle, 

6-sclerenchyma cells, 7-calcium oxalate druses

Biometric indicators of the leaf blade of wittrock 
rhubarb were determined, average measurements 
of the anatomical structure of the leaf blade were 
obtained by repeating ten times.  Results of the Ta-
ble 1 show that the cells of the lower epidermis are 
larger, and the thickness of the columnar mesophyll 
is expressed better than the thickness of the spongy 
mesophyll.

When studying the anatomical structure of the 
root of Rheum wittrockii, it was noted that it has a 
rounded shape and consists of tissues of the central 
cylinder and primary cortex.  From the surface is 
the periderm (plug). Integumentary tissue of roots 
secondary structure represented by a three-layer 
periderm (vellema, phellogen, theloderma). The 
cork layer consists not only of old flaking layers, but 
also has new layers consisting of even rows of cells, 
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regular, elongated rectangular shape in an amount 
of 3 to 5. Next, after the periderm, is the main paren-
chyma of the cow part of the root, individual cells 
of which have numerous starch grains-inclusions of 
a rounded fine-grained structure. Rounded, loosely 
located cells of the cow parenchyma have more or 
less thickened cell walls and irregular shape of the 
cavities. In the cells of the main parenchyma of the 
cortex, numerous calcium oxalate druses are found, 
which have a round-crystal configuration and are 
collected in small groups. The root of the secondary 
structure is characterized by the presence of a cam-
bial ring that stands out on the cross section. To the 
center of the cambium are the elements of the sec-

ondary xylem, and to the periphery of the secondary 
phloem. In the secondary xylem, the primary radial 
rays of the parenchyma are slightly visible, reach-
ing the center of the root, the primary xylem. The 
secondary phloem of the root has small breaks, wid-
er to the periphery, evenly spaced along the radius 
of the root. Xylem vessels are large with stair and 
mesh perforations. The primary xylem, represented 
by several vessels, is preserved in the center of the 
root (Figure 2). 

Biometric indicators of the vittrok rhubarb root 
were determined (Table 2). Table 2 shows the average 
measurements of the anatomical structure of the root 
obtained by repeating ten times.

Table 1 – Morphometric indicators of the anatomical structure of the leaf blade.

Thickness, µm
Epidermis Mesophyll leaf blade

Upper Lower columnar spongy
197.55± 14.02

10.06± 0.06 13.11± 0.09 93.23± 0.16 81.15± 0.24

Figure 2 – Cross section of the root of Rheum wittrockii (magnification 140).  
Note: 1-cork (fellema), 2-phellogen,3-phelloderm, 4-main parenchyma of the cortex,  

5-cambial ring, 6-xylem parenchyma, 7-wood vessels (secondary xylem), 8 - calcium oxalate druses, 
9 – secondary phloem, 10 – primary xylem.

.

Table 2 – Morphometric indicators of the anatomical structure of the root.

Thickness of the primary crust, µm Diameter of the central cylinder, µm Area of xylem vessels, µm2

120.09± 7.12 161.28± 10.89 86.13± 16.81
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It is noted that the diameter of the central cylinder 
exceeds the thickness of the primary crust.

On the cross section of the stem, it was noted that the 
shape of the stem is ribbed.  Outside the stem is covered 
with one or two rows of small cells of the epidermis. The 
cells of the epidermis have an oval, elongated shape. Un-
der the epidermis is the chlorophyll-bearing parenchyma 
of the primary cortex, consisting of 3-5 rows of loosely 
arranged isodiametric cells with inclusions. 

The cells of the main parenchyma are larger, 
rounded-oblong or oval in shape with slightly thick-

ened walls. It should be noted that the main part of 
the central cylinder is occupied by closely spaced 
vascular-fibrous conducting bundles of the collateral 
closed type.  Each bundle has a distinct sclerenchyma 
the cover (Figure 3). 

In the thickness of the central cylinder, large pa-
renchymal cells are noted. The main biometric indi-
cators of the stem include: the thickness of the pri-
mary bark, the diameter of the central cylinder and 
the area of xylem vessels, whose biometric indicators 
are shown in Table 3. 

Figure 3 – Cross section of the stem Rheum wittrockii (magnification 140).  
Note: 1-epidermis, 2-chlorophyll-bearing parenchyma of the primary cortex,

3-rounded cells of the primary cortex, 4-conducting bundle,
5-sclerenchymal lining of the bundle, 6-inclusions.

Table 3 – Morphometric indicators of the anatomical structure of the stem.

Thickness of the primary crust, µm Diameter of the central cylinder, µm Area of conducting beams, х10-3mm2

60.18± 3.32 123.17± 9.26 35.72± 6.42

Table 3 shows that the thickness of the primary 
crust is half the diameter of the central cylinder. 
Thus, the anatomical study of the leaf blade, root and 
stem of Rheum wittrockii allowed us to determine 
the features of their structure, as well as to identify 
additional diagnostic features. As a result of the 
morphological and anatomical studies of rhubarb 
wittrockii confirmed the classic structure of the root. 

Based on the results of morphological and anatomical 
studies, the criteria for differential diagnosis of 
the leaf blade, root and stem of Rheum wittrockii 
Lundstr. were determined, which allow for reliable 
identification of medicinal raw materials.

The next stage of the work was the phytochemical 
study of this species. Gas-liquid chromatography 
was used to determine the chemical components 
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of rhizomes of Rheum wittrockii, which allows the 
analysis, separation and purification of polymers, 
drugs, proteins, hormones, detergents and other 
biologically important compounds. When using highly 

sensitive detectors, the work was carried out with very 
small amounts of compounds (10-11-10-9 g), which is 
very important. GC-MS chromatogram of the ethanol 
extract of Rheum wittrokii Lundstr. (Figure 4). 

Figure 4 - Chromatogram analysis of Rheum wittrokii rhizome extract.

The chromatogram of the analysis of Rheum 
wittrokii rhizome extract (Fig. 4) shows the peak re-
tention time (min) of the following components: su-
crose - 14.8, levoglucosan - 15.4, chrysarobin - 24.0, 
chrysophanic acid - 24.4, emodin-3- methyl ether - 
27.0, 4,4’-dimethoxy-2,2’-dimethylbiphenyl - 27.6, 
emodine 1,3,8-trihydroxy-6-methylanthracene-9,10-
dione - 28.3, anthracene octahydrate , 3,9-dimethyl-
4-hydroxymethyl-3- [[1-carboxy-2,5,6-trimethyl] 
heptyl] - 28.7 minutes.

As a result of studying the chemical composition 
of the ethanol extract Rheum wittrockii Lundstr. 
obtained by extracting 96% ethanol, 8 main 
components of various chemicals were identified 
using GC-MS.  Chemical analysis of rhizomes 
allowed to determine useful and medicinal 
properties with the content of certain components 
(Figure 5).

Figure 5 determines the chemical content of 
Rheum wittrokii rhizome extract (%), which showed 
the results: sucrose - 3.2%, levoglucosan - 9.2%, 

chrysarobin - 2.4%, chrysophanic acid - 41.4%, 
emodin 3- methyl ether - 6.0%, 4,4’-dimethoxy-
2,2’-dimethylbiphenyl - 30.3%, emodine 1,3,8-tri-
hydroxy-6-methylanthracene-9,10-dione - 2.5% , 
anthracene octahydrate, 3,9-dimethyl-4-hydroxy-
methyl-3- [[1-carboxy-2,5,6-trimethyl] heptyl] - 
4.9%.

Table 4 shows the list and number of biologi-
cally active components identified by GC-MS in 
rhizomes of Rheum wittrokii.  In the course of a 
phytochemical study, 8 main compounds of various 
nature were isolated from the rhizomes of the 
studied species, according to literature sources: 
sucrose, laevoglucose, chrysarobin, chrysophanic 
acid, emodin 3-methyl ether, 4,4’-dimethoxy-2,2’-
dimethylbiphenyl, emodin, anthracene octahydrate, 
3,9-dimethyl-4-hydroxymethyl-3-[1-carboxy-2,5,6-
trimethyl] heptyl], which are shown in table 4. It is 
obvious that with the probability of identification, the 
percentage of chrysophanic acid predominates in the 
rhizomes, which is 41.4%. 
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Table 4 – Results of chromatographic analysis of the extract of Rheum wittrokii.

No. Retention 
time, min Compound Identification 

probability,% Percentage,%

1 14.8 Sucrose 71 3.2

2 15.4 Levoglucose 80 9.2

3 24.0 Chrysarobin 69 2.4

4 24.4 Chrysophanic acid 93 41.4

5 27.0 Emodin 3-methyl ether 84 6.0

6 27.6 4,4’-dimethoxy-2,2’-dimethylbiphenyl 76 30.3

7 28.3 Emodin 1,3,8-Trihydroxy-6-methylanthracene-9,10-dione 71 2.5

8 28.7 Anthracene octahydrate, 3,9-dimethyl-4-hydroxymethyl-3-[[1-
carboxy-2,5,6-trimethyl] heptyl] 74 4.9

Figure 5 – Content of chemical substances in the extract of rhizomes of Rheum wittrokii (%). 
Note: 1- Sucrose, 2 – Levoglucosan, 3 – Chrysarobin, 4 – Chrysarobin, 

5 - Chrysophanic acid, 6 - 4,4’-dimethoxy-2,2’-dimethylbiphenyl, 7 - Emodine 1,3,8-trihydroxy-6-methylanthracene-9,10-dione, 
8 - Anthracene octahydrate, 3,9-dimethyl-4-hydroxymethyl-3- [[1-carboxy-2,5,6-trimethyl] heptyl]

From Table 4 it is seen that the components that 
make up the rhizomes of Rheum wittrokii, such as 
chrysophanic acid (41.4%), 4,4’-dimethoxy-2,2’-
dimethylbiphenyl (30.3%), levoglucosan (9.2%), 
anthracene octahydrate, 3,9-dimethyl-4-hydroxy-
methyl-3-[[1-carboxy-2,5,6-trimethyl] heptyl] 
(4.9%) are in the largest quantities. The smallest 
amount was found for emodin 3-methyl ether 
(6.0%), sucrose (3.2%), emodin 1,3,8-trihydroxy-6-
methylanthracene-9,10-dione (2.5%) and chrysarobin 
(2.4%).  

Results of chromatographic analysis of the 
extract, the activity of some of the studied components 

of rhizomes of Rheum wittrokii Content, % should be 
distinguished (Table 5).

From Table 5 it should be noted that in the extract 
of Rheum wittrokii rhizomes there are components, 
such as sucrose used in the treatment of type 2 dia-
betes mellitus, in the pharmaceutical industry for the 
manufacture of various medicines. Levoglucosan is 
an intermediate of the usual distillation of cellulose. 
Chrysarobin is intended for the treatment of skin dis-
eases (lichen and eczema), is a product of the restora-
tion of chrysophanic acid, has a stable, anti-inflam-
matory and absorbable effect, can be used for fungal 
infections of the fingers and feet, pro-inflammatory 
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and antipruritic, and also relieves cramping in the 
gastrointestinal tract and biliary tract. Chrysophane 
acid has an antioxidant effect and is used to treat 
skin diseases (lichen and eczema). Emodin 3-methyl 
ether suppresses 26 types of bacteria: Staphylococ-
cus aureus, Escherichia coli, green sepsia, strepto-
coccus and dysentery; participates in mutation in an 

experiment with salmonella TA1535; more strongly 
inhibits the growth of HeLa cells in cervical cancer, 
has antibacterial properties, is used as a laxative, etc. 
Emodin 1, 3, 8-trihydroxy-6-methylanthracene-9, 
10-dione inhibits cell proliferation, induces apopto-
sis and metastasis prophylaxis, and is involved in the 
death of liver and lung cancer cells.

Table 5 – Activity of Rheum wittrokii rhizome extract.

No. Components Formula Active action Reference

1 Sucrose C12H22O11

useful in the treatment of type 2 diabetes, in the 
pharmaceutical industry for the manufacture of various 
medicines

[23]

2 Levoglucose C6H10O5 conventional cellulose intermediate [24]

3

Chrysarobin
(methyldioxyanthranol) 
chrysarobinum
hydroxyl derivatives 
of anthracene and 
dihydroanthracene 
hydrocarbons

C30H26O7

valuable in the treatment of skin diseases (lichen and 
eczema), it is a product of the restoration of chrysophanic 
acid, has a stable, anti-inflammatory and resorbing 
effect, can be used for fungal lesions of the fingers and 
feet, proinflammatory and antipruritic agent, as well as 
relieves spasms in the gastrointestinal tract and bile ducts

[25-27]

4

Chrysophanic acid
(1,8-dihydroxy-3-
methylanthraquinone) or 
(dioxymethylanthraquinone)

C15H10O4 
famous for its antioxidant effect, for the treatment of skin 
diseases (lichen and eczema)

[28-30]

5 Emodin-3-methyl ether C16H12O5

destroys 26 types of bacteria: Staphylococcus aureus, 
E. coli, green sepsis, Streptococcus and dysentery; 
mutation in the experiment with Salmonella TA1535; 
stronger inhibition of Hela cell growth in cervical cancer; 
antibacterial, used as a laxative, etc.

[31-34]

6 Emodin 1,3,8-trihydroxy-6-
methylanthracene-9,10-dione C15H10O5

inhibits cell proliferation, stimulates the induction of 
apoptosis induction and profilaktiku of metastasis, is 
involved in cell death of liver cancer and lung cancer

[35–40]

Thus, components such as chrysarobin, chryso-
phanic acid, emodin 3-methyl ether, emodin-1, 3, 
8-trihydroxy-6-methylanthracene-9, 10-dione are 
directly involved in the metabolism of the body, pro-
viding antioxidant, antiseptic and anticancer effects 
[41; 42].  Based on our results, it can be concluded 
that Rheum wittrokii, as a representative of rare and 
endangered species, contains in its roots biologically 
active compounds, which, according to research and 
literature review, can beneficially affect the human 
body.

Conclusion

The following morphometric indicators of 
the leaf blade anatomical structure were found in 
the medicinal rare plant Rheum wittrokii: upper 

epidermis, lower epidermis, columnar mesophyll, 
spongy mesophyll, central conducting bundle, 
sclerenchyma cells, and calcium oxalate druses. The 
cross section of the stem of Rh. wittrockii L. includes: 
the epidermis, chlorophyll-bearing parenchyma of 
the primary cortex, rounded cells of the primary 
cortex, conducting bundle, sclerenchymal lining of 
the bundle, inclusions. The cross section of the root of 
Rheum wittrockii is characterized by morphological 
indicators on the anatomy of this plant: cork (fellema), 
fellogen, felloderm, main bark parenchyma, cambial 
ring, xylem parenchyma, wood vessels (secondary 
xylem), calcium oxalate druses, secondary phloem, 
primary xylem. Thus, morphometric indicators of the 
anatomical structure of the leaf blade have a thick-
ness of the upper epidermis of 10.06 ± 0.06 μm and 
the lower epidermis of 13.11 ± 0.09 μm, the thickness 
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of columnar mesophyll 93.23 ± 0.16 μm and spongy 
mesophyll 81.15 ± 0.24 μm, and the thickness of 
the sheet plate itself is 197.55 ± 14.02 μm. Morpho-
metric parameters of the anatomical structure of the 
root consist of a thickness of the primary cortex of 
120.09 ± 7.12 μm, a diameter of the central cylinder 
of 161.28 ± 10.89 μm, and an area of ​​xylem ves-
sels of 86.13 ± 16.81 μm2. Morphometric indicators 
of the anatomical structure of the stem include the 
thickness of the primary cortex 60.18 ± 3.32 μm, the 
diameter of the central cylinder 123.17 ± 9.26 μm 
and the area of ​​the conducting beams 35.72 ± 6.42 
x 10-3 mm2.

Phytochemical analysis showed that the root 
of Rheum wittrokii contains carbohydrates, organic 
acids, catechins, anthraquinones: tannoglycosides 
and atroglycosides. As is already known, GC-MS 
(Agilent 6890N/ 5973N, USA) analysis in the study 
showed the results of chemical compounds, their 
percentage, retention time can be especially useful 
in assessing and the likelihood of identifying their 
chemical characteristics. Components such as chryso-
phanic acid (41.4%), 4,4’-dimethoxy-2,2’-dimethyl-
biphenyl (30.3%), levoglucosan (9.2%), anthracene 
octahydrate, 3,9-dimethyl-4-hydroxymethyl-3-[[1-
carboxy-2,5,6-trimethyl] heptyl] (4.9%) are in the 
greatest quantities. The smallest amount was found 
for emodin 3-methyl ether (6.0%), sucrose (3.2%), 
emodin 1,3,8-Trihydroxy-6-methylanthracene-9,10-
dione (2.5%) and chrysarobin (2.4%). Thus, 41.4% 
of the content of ethyl extract of rhizomes of Rheum 
wittrokii contains chrysophanic acid, which indicates 
an effective antioxidant effect in the treatment of 
skin diseases (lichen and eczema). Emodin 3-methyl 
ether is involved in the suppression of 26 types of 
bacteria: Staphylococcus aureus, E. coli, green 
sepsis, Streptococcus and dysentery; mutations 
in the experiment with Salmonella TA1535; in 
stronger inhibitions of Hela cell growth in cervical 
cancer; antibacterial, used as a laxative, etc. Emodin 
1,3,8-Trihydroxy-6-methylanthracene-9,10-dione 
inhibits cell proliferation, induces the induction 
of apoptosis and praphylaxis of metostases, and is 
involved in the death of liver cancer and lung cancer 
cells. Chrysarobin is a product of the recovery of 
chrysophanic acid, has a stable, anti-inflammatory 
and resorbing effect, can be used for fungal lesions of 
the fingers and feet, anti-inflammatory and antipruritic 
agent, and also relieves spasms in the gastrointestinal 
tract and bile ducts. In the ethyl extract of rhizomes, 
the presence of chemical components that have 
great potential in the treatment of many diseases of 
the body, providing antiseptic, anti-inflammatory, 

astringent properties that can enhance intestinal 
peristalsis, which makes it a choleretic and laxative. It 
also affects the treatment of anemia and tuberculosis, 
participating in the removal of toxins, which has a 
beneficial effect on the overall therapeutic state.
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Analysis of the Kazakh tribe Baiuly based on the distribution  
of the Y-chromosome haplogroups 

Abstract. A haplogroup is a group of similar alleles that have a common ancestor in which a mutation 
has occurred, inherited by all descendants. Haplogroups, particularly from the Y-chromosome (Y-DNA), 
is widely used in population genetics and genetic genealogy, a science that studies the genetic history of 
mankind. Recent studies of the Y-chromosome of modern Kazakhs have demonstrated the diversity of 
the Kazakh gene pool. During the expedition carried out in 2014-2016, clinical material was collected 
from varios regions of Kazakhstan, representing samples of peripheral blood and buccal scrapings. All 
representatives of Kazakh nationality were familiarized with informed consent. In total 1623 respondents 
participated in the study, 169 of whom were representatives from Baiuly tribe of Junior zhuz. We analyzed 
the provided samples and found that the Baiuly is characterized by 10 haplogroups, the most prevailing of 
which is the C2 haplogroup (85%). 
Key words: Y-chromosome, haplogroup, haplotype, kazakh, junior zhuz, Baiuly tribe.

Introduction

Historically, Kazakhs were formed by a combina-
tion of previously isolated or differentiated nomadic 
tribes belonging to the Golden Horde. Kazakh tribes 
were geographically divided into three tribal asso-
ciations – Senior, Middle and Junior zhuzes. Each of 
which is characterized by its own unique tribal com-
position and occupied territory [1]. Nowadays, many 
modern representatives of previously nomadic ethnic 
groups, including Kazakhs, have retained knowledge 
of their tribal affiliation as part of their tradition and 
culture. 

According to the latest estimates of Professor 
B. Rakishev, carried out in 2013, the smallest of the 
three Kazakh zhuzes is the Junior Zhuz, numbering 
2,521,900 people. The junior zhuz is made up of 
three main tribes – Baiuly, Alimuly and Zhetiru. The 
Baiuly tribe is the most numerous tribe in the Junior 
Zhuz and with 1,120,000 people, it is the third in size 
among all Kazakh tribes after the Argyn and Dulat 
tribes [2]. 

At the moment, the Baiuly tribe mainly inhabits 
the western part of Kazakhstan, namely in the Man-
gistau, Atyrau and West Kazakhstan regions, as well 
as in the border regions of Russia, such as the Astra-
khan region or Orenburg. Due to the small number 
of sources and inconsistent accounts, many ques-
tions remain regarding the origin of Kazakh tribes. 
The formation of Kazakh zhuzes is also not recorded 
in written history, which contributed to existence of 
various versions of the Kazakh origin among histori-
ans and ethnographers.

In the encyclopedia of Brockhaus and Efron, 
published from 1890 to 1916: “Baiuly are one of the 
three generations that make up the Junior Kazakh 
Horde. According to Kazakh legend, the ancestor of 
this generation is Kadyrkazhi (Kadyr-Hajja), the son 
of Alshin, the founder of the Junior Horde. “Baiu-
ly” (Kadyrkazhi) had 12 sons who were the found-
ers of the 12 tribes of Baiuly dynasty. The names of 
the tribes of the Baiuly dynasty: Berish, Sherkesh, 
Maskar, Adai, Zhapas (Zhappas), Ysyk, Essentemir, 
Baibakty, Alasha, Tana, Kyzylkurt and Taz”. How-
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ever, there are other facts in the historical literature 
[3].

According to the genealogy, Baiuly became a 
member of the Junior Zhuz and joined to the Alshin 
union. According to some reports, the Baiuly tribe 
was once located on the banks of the Bai-Taiga (rich 
taiga), which covers an area of 600 square kilometers 

in the upper reaches of the Alash river (Figure 1). The 
people of this taiga, with rich wildlife, where hunting 
is practiced, probably joined the Jochi army under 
the name of Bai. The name «Baiuly» first appears in 
historical documents in 1561. On June 23 same year, 
the bi of Nogai Horde Smail, in a letter to the Russian 
Tsar Ivan the Terrible, called Baiuly as ulus [4].

Figure 1 – Bay-taiga region in the upper reaches of the Alash River, 
which in ancient times was the habitat of the Bayuly tribe [5] 

In addition to the study of historical text, another 
important approach to study the formation of any eth-
nic groups, tribes or tribes is through population ge-
netic research of the ancient and modern population 
using modern methods of physical anthropology and 
molecular genetics.

Research on the Y-chromosome is the most re
levant to the current study here. Because of haploidy, 
Y-chromosome is transmitted strictly through the pa-
ternal line and does not undergo recombination. As 
a result, the Y chromosome haplogroups are very ef-
fective markers that can be used to study migration 
events in the history of certain peoples and the for-
mation of an ethnic group as a whole. Such studies 
have been carried out in many populations around 
the world. At this time, there is an active accumula-

tion of information on various markers of the Y-chro-
mosome in Kazakh tribes [6-8]. However, the hap-
logroup of the Baiuly tribe has not been sufficiently 
studied.

Therefore, the purpose of this work was to study 
the composition of the gene pool of the Baiuly tribe 
using materials from the Population Genetics Labora-
tory of the Institute of General Genetics and Cytology.

Materials and methods

The study used biomaterials of the modern popu-
lation of Kazakhstan (DNA, blood and buccal scrap-
ings) stored in the Genbank of the Laboratory of Pop-
ulation Genetics of the Institute of General Genetics 
and Cytology. In total, 1623 volunteers participated 
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in the study, of which 169 people are representatives 
of the Baiuly tribe. The main biomaterial was collect-
ed during the expedition in 2014-2016 from Kazakh 
nationals with voluntary informed consent across 
various regions of the Republic of Kazakhstan. The 
ethnic and tribal affiliation of the volunteers was de-
termined by a detailed individual questionnaire. 

DNA was extracted from buccal scrapings and 
frozen (-20 °C) peripheral blood samples contain-
ing EDTA as an anticoagulant agent. The QIAamp 
DNA Mini Kit (Qiagen, Germany) and the GeneJET 
Genomic DNA Purification Kit (Thermo Scientific, 
USA) were used for extracting genomic DNA.

Quantitative and qualitative assessment 
of the extracted DNA was performed using a 
DNA photometer (Biofotometer Plus, Eppen-
dorf, Germany) and electrophoretic analysis  
using EV265 Power Supply (Consort, India).

Genotyping of 17 polymorphic STR loci (DYS19, 
DYS389I, DYS389II, DYS390, DYS391, DYS392, 
DYS393, DYS385a, DYS385b, DYS437, DYS438, 
DYS439, DYS448, DYS456, DYS458, DYS448, 

DYS456, DYS458, DYS635, multi-GATA format) 
by PCR using the enzymatic amplification system 
of the AmpFlSTR YfilerTM kit (Life Technologies, 
USA). Amplification products were separated and 
determined using an ABI PRISM 310 genetic ana-
lyzer (Applied Biosystems, USA). Alleles were iden-
tified using the GeneMapperID ID-X v1.4 software 
(Thermo Scientific, USA) based on the allelic ladders 
included in the sets.

Previously, haplogroups were identified using 
Whit Athey’s online predictors (http://www.hprg.
com) and NEVGEN (http://www.nevgen.org/) based 
on microsatellite haplotype data. Then the samples 
were tested for 15 single nucleotide polymorphisms 
(M231, M217, M215, M17, M285, M242, M343, 
M172, M122, P37.2, M61, P15, M253, M479 and 
M267) to clarify the haplogroups of the Y chromo-
some. Analysis of polymorphisms was performed us-
ing PCR with subsequent restriction and analysis of 
the length of restriction fragments (PCR-RFLP). The 
primer sequences and reaction conditions are shown 
in Table 1.

Table 1 – The primer sequences and reaction conditions

Haplogroup Marker(1) Primer sequence 5’-3’ Fragment 
Size (bp) Mutation

Mutated 
position 

(nt)
Enzyme Allele Fragments 

(bp)

С2 М217
f 

tgaaggagaatgaaaaagttgggtggc
r agcaaaagataattgttccagggt

352 А→С 327 BanI (А)352 (С)327/25

N M231 f attatcctggaaaatgtgggctcg
r tccgattcctagtcacttggtt 326 G→A 326 TaqI (G)221/105 (A)326

E1b1b M215 f gtaaaactcagatatatacatcccatg
r aaaaaaaaagaatcactatcttaacg 386 A→G 222 Bse1l (A)386 (G)222/164

R1a1 M17 f ctggtcataacactggaaatc
f tgaacctacaaatgtgaaact 168 4G→3G  DdeI MluI (4G)168 (3G)24/144

Q M242 f aactcttgataaaccgtgctg
r tccaatctcaattcatgcctc 366 C→T 180 Alw21I (C)187/179 (T)366

G2a P15 f gagttttctaacagggcgtaaca
r caactttcatctgccttcagac 155 C→T 133 HpyCH4IV (C)134/23 (T)157 

I1 M253 f gcaacaatgagggtttttttg
r cagctccacctctatgcagttt 400 C→T 283 HincII (C)280/120 (T)400

I2 P37.2 f cgtctatggccttgaaga
r tccgaaaatgcagacttt 447 T→C 135 HpyCH4III (T)447 (C)311/136

J2 M172 f aaattaggagccagatgacc
r aataataattgaagaccttttgagt 176 T→G 151 HinfI (T)176 (G)151/25

L M61 f attggattgatttcagccttc
r attttattttctgtgttccttgc 190 C→T 98 TaqI (C)97/93 (T)190

R1b M343 f gcagagtgccctcgtggt
r acctggaaccagtgctcctt   A→G   Hpy8I  
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Haplogroup Marker(1) Primer sequence 5’-3’ Fragment 
Size (bp) Mutation

Mutated 
position 

(nt)
Enzyme Allele Fragments 

(bp)

G1 M285 f ggatggacaaggtaagacttttca
r ctgttgcccaggctagtgtc 371   G→C  371 RsaI (G)175/196 (C)371

О2 М122 f tagaaaagcaattgagatactaattca
r gcgatgctgatatgctagttcag 122 A→G  73 Hin1II 

(NlaIII) (A)100/22 (G)122

J1 M267 f acgtcacccatctcaacatc
r aaagaatgtctccccatgagg 306 T→C 189 DdeI (T)158/69/49/3 

(C)207/69/30

R2 M479 f gatactttatcaggcttacttc
r cgattctgagagatttggtt 323 C→T 107 HphI

Continuation of table 1

Results and discussion

The study of the haplotype diversity of the Y chro-
mosome in the Kazakh population belonging to the 
Baiuly tribe (Junior Zhuz) revealed 10 haplogroups, 
of which 8 were identified as a result of testing single 
nucleotide polymorphisms, and 2 haplogroups (O1b2 
and T) were determined by the NevGene predictor 
using the microsatellite haplogroup. Analysis of the 
spectrum of Y-chromosome haplogroups in the Bai-
uly tribe showed the presence of a major haplogroup 
C-M217, which makes up 85% of their gene pool. 
The remaining 15% of the Bayuly tribe gene pool is 
represented by the sector of 9 identified haplogroups, 

but their percentage is extremely small, where each 
of them is less than 5% of the total composition of 
haplogroups (Figure 2).

Haplogroup C-M217, also known as  C2  (and 
previously as C3), is the most frequently occurring 
branch of the wider Y-chromosome DNA haplogroup 
C (M130) [9]. It is found mostly in central Asia, East-
ern Siberia and at is present at significant frequencies 
in part of East Asia and Southeast Asia including some 
populations in the Caucasus and Middle East. It is as-
sumed that haplogroup C-M217 originated approxi-
mately 7,100 – 16,700 years ago in eastern or central 
Asia. The closest phylogenetic relatives are found in 
the vicinity of South Asia, East Asia, or Oceania.

Figure 2 – Diagram of distribution of the Y-chromosome haplogroups 
in the Kazakh tribe Baiuly 

The haplogroup C-M217 is now found at high 
frequencies among  Central Asian  peoples,  indig-
enous Siberians, and some Native peoples of North 
America. In particular, males belonging to peoples 

such as the  Buryats, Evenks, Kalmyks, Kazakhs, 
Mongolians, and  others  have high levels of M-217 
[10-17]. Among Kazakhs from different regions of 
Kazakhstan, the total occurrence of variants of hap-
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logroup C2 on average reaches 80% [18-22]. One 
particular  haplotype  within Haplogroup C-M217 
(star-cluster C2*(C2*-ST)) has received a great deal 
of attention, because of the possibility that it may rep-
resent direct patrilineal descent from Genghis Khan 
[23], though that hypothesis is controversial. In a re-
cent study [24] of Y-chromosomes of more than 800 
people, carriers of the “star-cluster” C2 *, showed 
that its origin and distribution in Eurasia is more 
likely associated with the ancient Mongol-speaking 
tribes than with Genghis Khan. According to the 
data, the estimated age of the C2 * – ST star cluster 
was 2576 years, preceding the rise of the Great Mon-
gol Empire [25]. The authors hypothesize that the C2 
* -ST line originated in the northern region of the 
Greater Khingan and spread during the dispersal of 
ancient Mongolian-speaking populations. Thus, this 
is the initially dominant haplogroup of the “proto-
Mongols”. The highest frequency of C2 * -ST was 
noted in several populations of Kazakhs in South-
East Kazakhstan, followed by populations of North-
West China, Mongolia, Buryatia and Uzbekistan. In 
Kazakhstan, with a frequency of more than 50%, C2 
* -ST occurs in tribal groups of the Elder Zhuz and 
the Kerey tribe of the Middle Zhuz [14], [20].

After haplogroup C2-M217, the second most 
prevalent component of the Y-chromosome gene 
pool of the Kazakh tribe Baiuly (about 8%) is rep-
resented by three variants of haplogroup R: R1b (M-
343) – 4.1%, R1a1a (M-17) – 3.6% and R2 (M-479) 
– 0,6%. 

Haplogroup R1b arose from a mutation of the 
haplogroup R1 that occurred in a man who lived 
about 22,800 years to the present day (the date was 
determined from SNPs by YFull [26]). The last com-
mon ancestor of R1b carriers lived 20.4 thousand 
years ago [21].

A number of modern geneticists believe that 
R1b originated in Central [27] or Western Asia [28] 
presumably 16,000 years ago [29]. At first, the hy-
pothesis was put forward that R1b is indigenous to 
Western Europe, the geographical location where the 
haplogroup is most prevalent. Subsequently, it was 
shown that R1b haplotypes have greater variety of 
small side branches in Anatolia and the Caucasus 
than in Europe [30].

As was mentioned R1b is the most common 
haplogroup in Western Europe, reaching over 80% 
of the population in Ireland, the Scottish Highlands, 
western Wales, the Atlantic fringe of France, the 
Basque country and Catalonia. It is also common in 
Anatolia and around the Caucasus, in parts of Russia 
and in Central and South Asia. Besides the Atlantic 
and North Sea coast of Europe, hotspots include the 

Po valley in north-central Italy (over 70%), Arme-
nia (35%), the Bashkirs of the Urals region of Russia 
(50%), Turkmenistan (over 35%), the Hazara people 
of Afghanistan (35%), the Uyghurs of North-West 
China (20%) and the Newars of Nepal (11%). R1b-
V88, a subclade specific to sub-Saharan Africa, is 
found in 60 to 95% of men in northern Cameroon 
[31]. It is also found in Central Asia, Eastern Europe, 
North Africa, Western Asia. After the migration of 
Europeans to America and Australia, it makes up a 
significant share there as well.

R1b is found in almost all kazakh tribes, with 
predominance in the Kypshak tribe of the Middle 
zhuz [32].

The haplogroup R1a is a Y-chromosomal hap-
logroup common in Central and Eastern Europe, 
Central and South Asia, South Siberia and Scandi-
navia [33,34].

R1a arose about 22 thousand years ago [35] (ac-
cording to other sources – about 25 thousand years 
ago [29]) from a mutation of the haplogroup R1 that 
occurred in a man who lived about 22 800 years ago 
(the date was determined from snips by YFull [36]) 
presumably in Asia.

While R1a arose about 22,000 to 25,000 years 
ago, its subclass (R1a1a1) diversified around 5800 
years ago [29]. The place of origin of the subclade 
plays a role in the debate about the origin of the Pro-
to-Indo-Europeans.

There are different hypotheses about timing and 
origin of haplogroup R1a. According to recent stud-
ies [37], R1 haplogroup and its subclade R1a resulted 
from a series of mutations on the root R haplogroup. 
The time of occurrence is approximately after the 
last glacial maximum. The exact place of origin of 
the haplogroup R1a is currently unknown, but could 
include geographic regions such as Pakistan, North-
west India, the Balkans as these regions have the 
greatest genetic diversity of this haplogroup. An al-
ternative hypothesis is that the haplogroup R1a came 
to the Balkans from migratory flows coming from the 
Eurasian steppes, and due to the fact that migrations 
occurred in waves, a diversity of mutations was pro-
vided. In South Asia, for 10,000 years, the density 
and number of population are the largest on the plan-
et, and therefore the diversity of the haplogroup is 
also great. Based on this, geneticists suggest that the 
R1a haplogroup could have arisen either in Central 
Asia or in southern Russia – in Siberia [33].

In Kazakhstan R1a also is found in representa-
tives of almost all kazakh tribes, but with a predomi-
nance in the Kozha tribe [16]

The rest of the haplogroups of the Y-chromo-
some were found in the sample of representatives of 
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the Baiuly tribe with a frequency of less than 2%. 
Thus, the genetic portrait of the Kazakh tribe Baiuly, 
at least though the male linage, is determined by a 
very high contribution of the Central Asian (proto-
Mongolian) component (haplogroup C-M217) and 
a small presence of a “paleo-European” substrate 
(variants of haplogroup R), which prevailed in Cen-
tral Asia during the Scythian-Sarmatian period. 

Conclusion

In this study, we have characterized for the first 
time the gene pool of the Kazakh tribe Baiuly. Our 
study was based on a single extensive panel (17 STR 
loci, 15 SNP) of Y-chromosome markers in a sam-
ple of 169 people. For representatives of this tribe, 
the major haplogroups are C2-M217, as well as R1b 
– M343, typical for the peoples of the countries of 
Western and Central Europe [38]. In general, this 
tribe has a fairly high level of genetic diversity. 

The information we have uncovered about the 
ethnogenesis of the Baiuly tribe is important for its 
people given the increasing ethnic self-awareness, 
the strengthening of national culture and language, 
and the growing interest in the history of their people. 
In addition, the results are important for understand-
ing the ethnogenesis of Kazakhs, which are relevant 
for anthropologists, archaeologists, linguists, histori-
ans, or ethnographers interested in the reconstruction 
of the history of the people of Kazakhstan. This study 
lays the foundation for subsequent large-scale studies 
of the Baiuly tribes with its unique history, including 
genome-wide analysis.
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Utilization of fruit wastes for enzyme production  
in submerged fermentation

Abstract. This study was aimed at production of cellulase, amylase, tannase and ethanol by co-culturing 
of Bacillus megaterium and Saccharomyces cerevisiae using fruit waste as the sole substrate in submerge 
fermentation. Maximum amylase production (1.208 ± 0.14 IU/mL) was observed in fresh melon peel 
substrate after 48 h of fermentation. Maximum filter paper activity (0.645 ± 0.02 IU/mL) and tannase 
production (0.25 ± 0.01 IU/mL) was obtained from rotten peach after 24 h of fermentation. Sweet lemon 
peels yielded highest carboxymethyl cellulase production (0.435± 0.02 IU/mL) after 24 h of fermentation. 
Maximum reducing sugars (2.537± 0.07 mg/mL) and total sugars (17.703 ± 0.13 mg/mL) liberation was 
observed from sweet lemon peels after 24h of fermentation. Maximum ethanol production (0.56 ± 0.03 mg/
mL) was also found from sweet lemon peel after 72h of fermentation. Findings of this study showed that 
sweet lemon peels had potential for production of biologically active compounds via microbial fermentation.
Key words: Fruit waste, Bacillus megaterium, Saccharomyces cerevisiae, bioethanol, sugars, amylase, 
tannase, cellulase.

Introduction

Disposal of massive food, fruits and vegetables 
waste (FVW) is currently an alarming matter; be-
cause of emitting significant amount of greenhouse 
gases. Hence it has been proved to be a reason of soil 
and water pollution. About 4.14 tons of CO2 is count-
ed to be released by per ton of wood waste. Despite 
that, food and vegetable wastes also seem to be rich 
in carbohydrates, proteins, fats, antioxidants, some 
biologically active compounds, natural colorants and 
in moisture. Due to the biochemical features and size 
of FVWs, numerous studies have been carried out to 
get valuable yields by transforming global FVWs [1]. 
Studies based on microbial processing provide new 
perspectives by producing organic acids, enzymes, 
flavoring materials, biomethane, food colorants and 
bioethanol from FVWs via microbial applications 
[1].

Enzymes are mostly proteinaceous in nature and 
found in all living systems in order to catalyze vari-
ety of reactions. In production of wine, cheese, beer, 
bread, vinegar and manufacturing supplies like linen 
and leather enzymes are substantially being used in 
the form of plant or bacterial extracts. But the ma-

jor issue associated with enzymes usage in industrial 
processes is their cost. Wide ranging enzyme produc-
tion is a matter of high budget utilization and applica-
tion in manufacturing processes will ultimately affect 
the prices of the final product. Though, raw materials 
are contributing 28% of functioning cost. Lignocel-
lulosic material is being used from many decades as a 
source of inexpensive carbohydrates and can be used 
as raw matter to produce great valuable yields like 
organic acids, enzymes, bioethanol, and biodegrad-
able plastics. Processed waste produced via food in-
dustries is uneatable and has lignocellulosic nature. 
Lignocellulose is composed of lignin, cellulose, and 
hemicellulose, some traces of salts, pectin, minerals, 
and ash [2].

Lignocellulose is recalcitrant due to its complex 
structure so we cannot use it directly for microbial 
processing. Though, lignocellulose is subjected to 
enzymatic hydrolysis and pretreatment to release 
fermentable sugars which are utilized for growth 
and sustenance of enzymes producing microbes [3]. 
Lignocellulolytic enzymes are being considered very 
important because of broad range of demand in paper 
and pulp, detergent, textile, and bioethanol industries. 
Currently cellulosic-bioethanol is commonly used as 
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a carbon-neutral technology along with a source of 
renewable energy. So cellulolytic enzymes demand 
is increasing day by day [1]. Transformation of ligno-
cellulosic matter into significant products like biofu-
els has a noteworthy global outcome. Lignocellulosic 
material has a significant role in biofuels production 
and dropping the world’s reliance in overwhelming 
fossils fuel [4].

Amylolytic enzymes are used to hydrolyze 
oligosaccharides, polysaccharides, and starch into 
simple sugars, such as maltose, fructose, and glu-
cose having low molecular weights. The starches 
are composed of two foremost elements, amylose 
that is a linear chain of unbranched D-glucose re-
mains linked through α 1-4 bond plus amylopectin, 
which is well branched D-glucose remains linked 
by α 1-6 bond. The amylases might be categorized 
into exo and endoamylases on the basis of their 
approaches of hydrolysis. Prevailing number of 
exoamylases attacks α 1-4 bonds, but some of them 
like glucoamylase can target both α 1-4 and α 1-6 
bonds in order to yield simple sugars like glucose 
and maltose [5].

Endoamylase cleaves α 1-4 bond in starch, while 
does not interrupt α 1-6 bond in amylo-pectin and its 
correlated complex polysaccharides. Best illustra-
tion of α-amylase is endoamylase due to production 
of varying fragments of oligosaccharides by starch. 
Glucoamylase only targets non-reducing ends while 
α -amylase acts on random locations in starch [6].

Tannase (tannin-acyl-hydrolase) is acknowl-
edged for hydrolyzing tannin to glucose and gallic-
acid which is a substrate used for the manufacturing 
of trimethoprim and propylgallate. Tannin is con-
sidered to be forth utmost plentiful plant component 
after celluloses, hemicelluloses, and lignin. Tannase 
can be used to reduce a stringency of the products so 
commonly it is used in beverage and food industries, 
beside that it is valuable in dropping tannic-acid ab-
sorption in tannery effluents [1]. All these enzymes 
had potential application in various industries. This 
study was designed to produce valuable products 
(enzymes) from rotten fruits and fruit waste by co-
culturing of Bacillus megaterium and Saccharomy-
ces cerevisiae in submerged fermentation.

Materials and methods

Objects. Microbial strains (Bacillus megaterium 
and Saccharomyces cerevisiae) were attained from 
the microbial collection of Biotechnology laboratory 
of the Department of Biotechnology, University of 
Sargodha, Pakistan. B. megaterium was revived on 
nutrient agar (Oxoid, UK) slants and S. cerevisiae 

was revived on potato dextrose agar (Oxoid, UK) 
slants.

Inoculum preparation. The Bacillus culture was 
taken on loop from nutrient agar slants. Furthermore, 
it was maintained in sterile nutrient broth vials and 
harvested for 24 h. The cloudy appearance of B. 
megaterium growth predicted that the successful in-
oculum was ready to use as stock. S. cerevisiae was 
maintained as stock culture on potato dextrose agar 
(Oxoid, UK) slants.

Fermentation technique. Submerged fermenta-
tion was conducted in Erlenmeyer flasks of 250 mL 
capacity containing 15 mL fermentation media com-
prised of 2% of substrate separately in each flask and 
sterilized at 121 °C and 15 Psi for 15 min. Inoculation 
was carried out in a sterilized environment with 1% of 
each 24 h old vegetative culture of B. megaterium and  
S. cerevisiae. After that inoculated flasks were placed 
on shaking incubator at 35°C with shaking rate of 
120 rpm for 72 h and samples were collected after 24 
h, 48 h and 72 h. After each sampling, the sample was 
centrifugated at 10,000 x g for 10 min at 4°C. The ob-
tained supernatant was further employed for analysis.

Cellulase assay. Carboxy methyl cellulase 
(CMCase) and filter paper activity (FPase) was done 
as explained in our previous reports [7]. Estimation 
of CMCase activity was carried out by adding 0.5 mL 
of crude enzyme with 0.5 mL of 1% CMC (prepared 
in 0.05 M citrate buffer having pH 5) and reaction 
was incubated for 30 min at 50 oC. While for FPase 
500 µL of crude enzyme was added up in a test tube 
having Whatman No.1 filter paper strips (1x 6 cm) 
and 0.5ml of 0.05 M Sodium Citrate Buffer (pH 5). 
Mixture was further incubated at 50oC for 30 min. 
After incubation 1.5 mL DNS (Sigma, USA) was 
added in test tubes to stop the reaction and boiled in a 
water bath for 10 minutes and absorbance was taken 
at 540nm. Glucose was utilized as standard. 

Amylase assay. Activity of α-amylase was cal-
culated using amylase assay conditions [8]. Reaction 
mixture having 0.5 mL of crude enzyme and 0.5mL 
of 1% starch solution (pH 7) incubated at 60°C for 
30 min. After that 1.5mL of 3,5 dinitro-salicylic acid 
(DNS) reagent was added to stop the reaction and the 
mixture was kept in boiling water bath for 10 min. 
After the cooling of mixture, optical density was re-
corded at 540 nm. Maltose was taken as a standard.

Tannase assay. Tannase activity was calculated 
by method described by Miller [9]. The enzyme solu-
tion volume was taken 1 mL which was added with 
1mL tannic acid reagent as substrate. Reagent was 
prepared in 0.5% tannic acid in acetate buffer. The 
reactants were incubated for 30 min at 37°C and then 
placed for 15 min boiling in water bath to stop the en-
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zyme substrate activity. From this enzyme-substrate 
system, 1 mL was taken in test tube and 3 mL of di-
nitro-salicylic acid (DNS) reagent was added in test 
tubes and the mixture again boiled for 10 min. After 
boiling, solution with 10ml distilled water was dilut-
ed and absorbance was recorded at 540 nm via above 
mentioned method against blank solution. Each reac-
tion was carried out in triplicate.

Analytical methods. Estimation of reducing sugars 
released by the hydrolytic action of enzymes was car-
ried out by using dinitro-salicylic acid (DNS) method 
[9], by taking 0.5 mL sample with 1.5 mL DNS (Sig-
ma, USA). Boiling was carried out at 100 oC for 10 min 
and OD was measured at 540 nm. Total sugars were 
estimated through phenol sulfuric acid method [10], 
by taking 0.5 mL sample, 25 mL H2SO4 and 0.5 mL 
phenol. It was kept under room temperature only for 
30 min, after that optical density was measured using 
spectrophotometer at 490nm. Ethanol was measured 
by HPLC as described by Irfan et al [11]. BioRad 
Aminex HPX 87H column (250 mm 9 4.6 mm) was 
used having mobile phase of 5mM H2SO4, 0.7 mL/
min flow rate and 60°C column temperature. Each 
sample was passed from sterile membrane filter of  
0.2 µl and analysis was done by using 20µl injection 
volume.

Statistical analysis. The whole data generated 
from experiments was analyzed statistically using 
Microsoft excel program (version 2016) and values 
presented as mean of triplicates.

Results and discussion

Three kinds of fruit wastes were used comprising 
of fresh melon peel, rotten peach, and sweet lemon 
peel. Each of the fruit waste medium was inoculated 
with co-culture of Bacillus megaterium and Saccha-

romyces cervisae and incubated for 3 days. After 24, 
48 and 72 h, sample was taken and enzyme assays 
for CMCase, Fpase, amylase, tannase and total sugar, 
reducing sugar and ethanol were conducted.

Using the fresh melon peel as a substrate, 
highest enzyme activities of amylase (1.208 ±  
0.14 IU/mL), tannase (0.18± 0.01 IU/mL) and 
CMCase (0.078± 0.01 IU/mL) was observed after 
48 h of fermentation. Highest FPase activity (0.43± 
0.03 IU/mL) was observed after 24 h of fermentation 
(Figure 1). Minimum CMCase, amylase and tannase 
activities were observed with 24 h of fermentation 
indicating the importance of the fermentation period. 

Maximum reducing sugar0.047± 0.001 mg/mL 
was obtained after 48 as well 72 h of fermentation by 
using fresh melon peels, while maximum total sugar 
0.335 ± 0.004 mg/mL was estimated after 24 h of fer-
mentation time. No ethanol production was evaluated 
after 24 h, and 0.14 ± 0.01 mg/mL was experienced 
after72 h of fermentation period (Figure 2).

When rotten peach was used as substrate for 
fermentation, the maximum evaluated enzyme pro-
duction of FPase (0.645± 0.02 IU/mL), amylase 
(0.45± 0.01 IU/mL), tannase (0.25± 0.01 IU/mL) and 
CMCase (0.057 IU/mL) was obtained after 24 h of 
fermentation time (Figure 3). By increasing the fer-
mentation period up to 48 or 72 h minimum enzyme 
activity was noted.

Reducing sugar estimated from rotten peach was 
0.013 ± 0.001mg/mL, which remained same after 48 
and 72 h of fermentation. Maximum total sugar pro-
duction 1.87± 0.05 mg/mL was optimized after 48 
and 72 h of fermentation. Ethanol production by us-
ing rotten peach was 0.051± 0.001 mg/mL appeared 
after 48 and 72 h of fermentation, while 24h of fer-
mentation period gave minimum ethanol production 
(Figure 4).

Figure 1 – Enzymes production from fresh melon peels in submerged fermentation
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Figure 2 – Reducing sugars (mg/mL), total sugars (mg/mL) and ethanol (mg/mL) 
produced in submerged fermentation using fresh melon peels

Figure 3 – Enzymes production from rotten peach in submerged fermentation

Figure 4 – Reducing sugars (mg/mL), total sugars (mg/mL) and ethanol (mg/mL)
produced in submerged fermentation using fresh rotten peach
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Sweet lemon peel also exhibited potential for en-
zyme production. The maximum production of amy-
lase (0.529± 0.03 IU/mL), CMCase (0.435 ± 0.02 IU/
mL) and FPase (0.295± 0.01 IU/mL) was examined 
after 24 h of fermentation, while after increasing 

fermentation period up to 72 h minimum amylase, 
CMCase and FPase activities were observed. Tan-
nase production was noted maximum after 48 h of 
fermentation, which remained same even after 72 h 
of fermentation (Figure 5). 

Figure 5 – Enzymes production from sweet lemon peels in submerged fermentation

Reducing sugar and total sugar for the sweet lem-
on peels were observed to be 2.537± 0.07 mg/mL and 
17.703± 0.13 mg/mL respectively after 24h of fermen-
tation time, by increasing fermentation time to 48 or 72h 

a decline in reducing and total sugar was experienced. 
Maximum ethanol production for this substrate was 
0.56± 0.03 mg/mL estimated after 72 h of fermentation 
(Figure 6), while 24h gave minimum ethanol yield.

Figure 6 – Reducing sugars (mg/mL), total sugars (mg/mL) and ethanol (mg/mL) 
produced in submerged fermentation using sweet lemon peels

Norsalwani and Norulaini, [12] reported maxi-
mum cellulase activity of 2.65 FPU/ml, produced 
by palm kernel cakes as substrate. Co-culturing of 
Cellulomonas carte, B. megaterium, P. putida and 
Pseudomonas fleuroscence on banana solid waste ex-
hibited maximum β, D glucosidase activity of 0.602 

U/mL on 25th day and FPase of 0.178 U/mL on 20th 

day of fermentation [13]. In a study, decayed fruit 
waste was taken and novel cellulase producing ac-
tinomycetes were isolated and highest enzyme pro-
duction was observed using fruit waste media as our 
carbon source [14]. 
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Commonly fungi are known for the production 
of tannase but some bacterial species like Lacto-
bacillus sp. and Bacillus sp. were also well known 
for the production of tannase [15]. A recent study 
revealed that Klebsiella oxytoca had potential of 
tannase production using peels of Citrus limetta in 
solid state fermentation [16]. Although the findings 
reported in earlier reports differed with the present 
study due to substrate, microorganism, and cultur-
ing technique. 

In a recent study by Cyprian et al [17], 
maximum concentration of amylase 259.00 ±  
1.23 U/mL was reported to be obtained by using Ba-
nana waste. It was reported that fermentation period 
plays an important role in amylase production by 
using fruit waste. Moreover, decline in amylase pro-
duction may be caused due to nutrients exhaustion or 
denaturation of enzyme. Hence short duration of fer-
mentation period may lead to cost effective amylase 
production. Oshoma et al [18] has reported that Ba-
nana peel has a potential of producing amylase due 
to its easy availability and cost effectiveness. It was 
further reported that maximum amylase yield can be 
obtained after 96 h of fermentation. After this period 
amylase activity gradually decreases due to deple-
tion of nutrients required for microbial growth and 
amylase production [18]. In a study done for amylase 
estimation, maximum yield of amylase was reported 
by using solid waste of banana with microbial strain 
of Bacillus subtilis [19]. Mango kernel was used as a 
substrate under optimized conditions with microbial 
strain of Fusarium solani and 0.889 U/g of amylase 
was successfully produced [20]. α-amylase produc-
tion was optimized to be 8.26 U/mL in submerged 
fermentation after 5 days of fermentation by Strepto-
myces sp. using orange waste as a sole carbon source 
[21]. In another study amylase production was ex-
perienced with brewer’s spent grain hydrolysate as 
substrate using Catabolite-repressed strain of Bacil-
lus subtilis KCC103 through submerged fermenta-
tion [22]. Cassava waste has also been utilized for 
amylase production by Bacillus sp. [23].

Zabed et al [24] has reported that S. cerevisiae 
can be employed for ethanol production using fruit 
and vegetable waste materials and the pH was main-
tained in the range of 4.0-5.0. In a recent study, it 
has been reported that maximum bioethanol yield 
can be obtained by using pineapple waste if fermen-
tation is carried out under low pH range of 3.0-4.0 
[25,26]. S. cerevisiae has proved to be much better in 
pineapple waste as compared to other fruit and veg-
etable wastes. Another study reveals that bioethanol 
production from Orange peel and Banana was around 
2 and 3% [27]. Strain of S. cerevisiae with the ca-

shew apple juice has also shown bioethanol produc-
tion [28]. Banana peel and Apple pomace produced 
38% of ethanol yield by S. cerevisiae after the 36 h of 
fermentation [29]. Recent study reported that mango 
waste yield maximum amylase activity using Bacil-
lus sp. in submerged fermentation [30]. Fruit waste 
of longan had potential of bioethanol production in 
submerged fermentation [31]. Banana peels has been 
reported as potential substrate for ethanol production 
by Klebsiella sp. SWET4 [32]. So, these studies have 
shown that the fruit waste could be utilized as a po-
tential substrate for the production of enzymes and 
bioethanol. 

Conclusion

Results of this study showed that a huge amount 
of fruit wastes that are being thrown in open places 
could be utilized for the production of valuable prod-
ucts through microbial fermentation. Sweet lemon 
peels were found to be the best substrate for the pro-
duction of cellulases (CMCase 0.435 ± 0.02 IU/mL 
and FPase 0.295± 0.01 IU/mL) and amylase (0.529± 
0.03 IU/mL) in submerged fermentation after 24h. 
Maximum ethanol production was obtained by sweet 
lemon peels after 72h of fermentation.
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Study of the adaptive reaction to salt stress of Сicer arietinum L., 
grown from seeds exposed to presowing γ – irradiation

Abstract. It was found that γ-irradiation under certain conditions accelerates the growth and development 
of plants, improves their productivity and quality characteristics. Based on this, in the presented article, we 
tried to determine the range of the seed irradiation dose, which helps to reduce the negative effect of salt. 
For this, a fairly wide range of both the radiation dose and the salt concentration was used. The response 
of the plant to salt stress was determined on the basis of changes both in a biometric parameters, and in the 
content of malondialdehyde (MDA), proline, and total protein. According to the results, the main biometric 
indices increased markedly in chickpea upon pre-sowing irradiation at doses of 1-5 Gy and germination 
under normal conditions. The maximum increase in individual indices was found at a dose of 5 Gy. In the 
case of non-irradiated seeds grown under salt conditions, even a low concentration (1 mmol) of salt led to 
inhibition of the plant development. Seedlings, germinated from seeds irradiated in the dose range from 5 
to 100 Gy, were shown to grow normally even at high salt concentrations. At a stimulating dose of 5 Gy, 
an increase in salt concentration from 1 to 50 mmol led to a gradual increase in MDA levels in the leaves. 
An increase in salt concentrations in the range of 1-200 mmol also led to a marked increase in the proline 
content. Under high concentrations (from 10 to 200 mmol) of salt, seed irradiation led to a sharp decrease 
in the total protein content. Irradiation of seeds at doses of 5- 100 Gy is assumed to reduce the effects of 
salt stress to some extent. At high salt concentrations, proline plays a significant role in protecting the plant 
from salt stress. 
Key words: Cicer arietinum L., presowing γ-irradiation, salt stress, biometric indices, malondialdehyde, 
proline, total protein.

Introduction

It is generally known that seeds during their ger-
mination are quite susceptible to the action of various 
environmental factors [1-3]. This attribute facilitated 
the use of various physical or chemical agents prior 
to sowing, primarily focused on increase in produc-
tivity of agricultural plants [4].

At the present time, due to its relative simplicity 
and cheapness, pre-sowing γ-irradiation of seeds has 
become the most used seed treatment method. The re-
sults of previous studies have shown that pre-sowing 
γ-irradiation of seeds allows increasing the economic 
efficiency of crop cultivation, which is reflected in 
acceleration of plant productivity, reduction of the 
vegetation period and cost price of production.

For example, in their studies, Singh et al. [5] 
showed that an irradiation treatment, in general, 
causes an improvement in plant growth and yield 
characteristics, such as shoot and root mass, root 
length and surface area, leaf area and chlorophyll 
Soil Plant Analysis Development (SPAD) index, 

tiller number and grain yield. The study concludes 
that γ-irradiation at a low dose (25  Gy or lower) 
stimulates, while a high dose (100 Gy and above) 
inhibits plant growth and development of wheat. 
The adverse effect at 100 Gy and more are ex-
plained by the author by the low efficiency of car-
bon and nitrogen assimilation and plant assimila-
tion of mineral nutrients, which are a determining 
factor in plant health.

Jae-Sung Kim et al. investigated the effect of 
small doses of γ-rays on the germination rate and the 
germination physiology of the seeds of Welsh onion 
(Allicm fistulosum L.) and spinach (Spinacia olera-
cea L.). The authors showed that the germination rate 
of the irradiated group was significantly higher than 
that of control; most notably in the irradiation groups 
of 1 or 2 Gy prior to sowing of spinach seeds. On the 
Welsh bulb, the germination rate of the 1 Gy irradia-
tion group increased by 17% as compared to control 
[6].

Subhan et al. investigated the effect of γ- radia-
tion at the rate of 10, 20 and 30 krads on growth and 

https://doi.org/10.26577/ijbch.2020.v13.i2.12
https://orcid.org/0000-0003-4711-3283
https://orcid.org/0000-0002-6859-4111


97E.S. Jafarov, M.Z. Velijanova

Int. j. biol. chem. (Online)                                               International Journal of Biology and Chemistry 13, № 2, 96 (2020)

yield of barley. Irradiation had positive effects on 
grain yield with maximum production at the rate of 
10 krads of γ- rays [7].

The influence of γ- radiation in doses of 100, 200, 
300 and 400 Gy on the germination and physiologi-
cal characteristics of wheat seedlings was studied by 
Borzouei et al. [8]. The authors showed that the mean 
germination time, the length of the roots and shoots, 
as well as the dry weight of the seedling decreased 
with increasing radiation dose. However, the proline 
content in a dose of 100 Gy increased approximately 
2 times in comparison with the control. According to 
the authors, the positive regulation of some physio-
logical characteristics and the growth of wheat seed-
lings after treatment with γ- radiation can be used to 
combat diseases such as drought and salt stress. 

Brazilian scientists Ramabulana et al. have found 
that ionizing radiation causes metabolites, glucomo-
rin and its derivatives in Moringa oleifera with vari-
ous biological activities in plants. In their opinion, 
these molecules can be considered as components of 
the inducible defense mechanism of a plant from oxi-
dative stress [9]. 

Another study examined the effect of low dose 
γ- radiation on improving the drought resistance of 
a local Iranian rice variety. The results showed that 
under stressful conditions, preliminary treatment of 
seeds with γ-irradiation cause a significant increase 
in callus growth compared to those of controls [10].

 Pre-sowing irradiation of seeds is not only an 
agricultural method for increasing yield, but it is also 
used to improve the quality characteristics of agricul-
tural plants [11]. For example, there was an increased 
sugar content in sugar beet, protein in cereal plants, 
starch in potato, useful alkaloids in medicinal plants, 
and vitamins in fruit and vegetable crops [12,13]. 
There was also an increase in the content of pro-
line and chlorophyll in wheat seedlings grown from 
γ-irradiated seeds at a dose of 100 Gy [4], an increase 
in the concentration of soluble sugars, proteins and 
proline in soybeans, grown from seeds subjected to 
pre-sowing γ-irradiation at a dose of 20 Gy [14]. 

Ionizing radiation is suggested to activate intra-
cellular defense systems, thereby leading to stimu-
lation of physiological processes through a complex 
chain of signaling pathways [15]. 

There is another opinion, according to which the 
stimulating effect of γ-irradiation of seeds at small 
doses is the result of a phytohormonal balance change 
[16]. 

It was established that pre-sowing treatment of 
seeds with γ- irradiation was not inferior in results 
(sometimes are even superior) to the chemical treat-
ment of seeds [17] and human lymphocytes exposed 

to low doses of ionizing radiation become insensitive 
to both high doses of radiation and chemical muta-
gens that cause double-stranded DNA break [18]. 

Another interesting fact is that it was found that 
high concentrations of NaCl cause a decrease in plant 
growth, the content of photosynthetic pigments, the 
total content of soluble protein, the content of nucleic 
acids, and yield characteristics. At the same time, 
lipid peroxidation and the content of non-enzymatic 
antioxidants such as anthocyanin, ascorbic acid and 
α-tocopherol are also increased [19-21]. However, ir-
radiation of seeds with γ- rays mitigates the adverse 
effect of salt stress compared to non-irradiated seeds 
[19]. 

It should be noted that, despite the complete sup-
pression of metabolism, the genetic program of plant 
development is preserved in the seed [22]. There-
fore, when seeds are in the aquatic environment, it 
contributes to the proceeding of metabolic reactions. 
However, energy is consumed in the course of these 
reactions. The energy of ionizing radiation absorbed 
by seeds was shown to be able to accelerate the tran-
sition of the deeply repressed genome of embryonic 
cells to active state and, thereby, reduce the harmful 
effects of the stressor [23-25]. 

The radiation energy in stimulating doses may be 
sufficient to accelerate the implementation of the ge-
netic program of plant development without chang-
ing it, which will result in the reduction of the matu-
ration time, an increase in yield and an improvement 
in its qualitative characteristics.

Hanafy Ahmed et al. [26] show an increase in the 
resistance of Ambrosia maritima L. to salt stress, the 
seeds of which were subjected to pre-sowing γ- ir-
radiation. The authors found that irradiation of plant 
seeds with 40 or 80 Gy increased plant tolerance 
to salinity comparing to control, concerning plant 
height, fresh and dry weights, photosynthetic pig-
ments. It was noticed that radiation alleviates the ad-
verse effect of salinity by increasing total sugar and 
total soluble phenols in shoots of damsissa plants.

Kumar et al. [27] carried out a more detailed 
study of the effect of pre-sowing γ- radiation of seeds 
on salt tolerance. The authors tried to establish the 
role of pre-sowing γ- radiation of seeds at 2.5, 5, 10, 
20, 50, and 100 Gy on the growth of pigeon peas, 
seed yield and seed quality under salt stress at 0, 80 
and 100 mM NaCl. Irradiated plants showed better 
results than non-irradiated plants, even with increas-
ing salinity. Seed yield and protein and iron content 
were also positively influenced by low-dose γ- radia-
tion under NaCl stress.

Kumar et al. [28] also showed that a low dose of 
γ-radiation leads to accelerated growth and a number 
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of other physiological signs in non-leguminous and 
leguminous crops. As a result, plants become more 
salt tolerant. The relationship between γ- radiation of 
seeds and the response to salinization stress may be 
associated with the favorable maintenance of gas ex-
change characteristics, antioxidant enzyme activity, 
membrane stability, and proline and glycine betaine 
contents. According to the authors, one or more of 
these mechanisms can simultaneously contribute to 
the salt tolerance of agricultural plants.

In the present work, by studying the defense re-
actions, namely, we tried to find out the role of pre-
sowing γ-irradiation of seeds in the development of 
chickpea under high salinity conditions. The reaction 
of the plant was assessed by estimating changes in 
both biometric indices and in the content of MDA, 
proline and total protein.

A quite wide range of irradiation doses (from 1 
to 200 Gy) and salt concentrations (from 1 to 200 
mmol) was used. The effects of irradiation and salt 
were studied both individually and in combination. 

Materials and methods

Object of the study. Chickpea (Cicer arietinum 
L.) is an annual plant, which belongs to Fabaceae 
family. The variety of chickpea Uqu nene was cho-
sen. The choice of peas as an object of research is be-
cause the local variety of peas “Uqu nene” has been 
released in Azerbaijan. The variety is patented by the 
Ministry of Agriculture of the Republic of Azerbai-
jan (number and time of patent filing – No. 00278, 
02/14/2019), and the patent holder of the variety is 
the Azerbaijan Scientific Research Institute of Agri-
culture [29]. A characteristic feature of this variety is 
that it grows normally in the soil and climatic condi-
tions of the Republic. In addition, peas are one of the 
main elements of the human diet. The increase in the 
size of saline lands all over the world (including in 
Azerbaijan) prompted the study of the influence of 
salt on the development and quality indicators of this 
variety.

Equipment – RUXUND installation with a 60Co 
γ-radiation source, spectrophotometer JENWEY – 67 
Series (UK), centrifuge HIMAC-CT 15 RE (UK), 
dielectric separator SDL-1 (Kropotkin Plant MiSSP-
SOVPLAST, Inc., Russia), grain moisture meter Fau-
na-M (LLC firm Lepta, Russia), thermostat (Lasers 
and Equipment Co., Russia), chamber – phytotron 
– FED 53 (Binder, Germany) for growing seedlings. 

Plant growth conditions. Considering that the 
development of plants significantly depends on seed 
moisture, seeds with the moisture content of 16-17% 
were selected for experiments. Seed samples were 

separated by an electric separator SDL-1 (Kropot-
kin Plant MiSSP-SOVPLAST, Inc., Russia) and the 
moisture content was measured by the dielcometer 
Fauna-M (LLC firm Lepta, Russia). Using a 60Co ir-
radiation source (Rosenergoatom Concern, Russia), 
seeds were exposed to pre-sowing γ-irradiation (the 
irradiation dose in all cases was 0.048 Gy/s). For this, 
the seeds were placed in paper packets (30 seeds into 
each packet) with a surface area of 20 cm2. To study 
the dose-response relationship, doses of 1, 5, 10, 50, 
100 and 200 Gy were applied.

Both irradiated at doses of 1, 5, 10, 50, 100 and 
200 Gy, and non-irradiated seeds were grown in the 
dark (thermostat, 300 К) in a 9 cm-diameter plastic 
Petri dishes (15 seeds per Petri dish). 4 days later, 
seedlings, both test and control, were placed in dishes 
filled with tap water and placed in a growth chamber 
(temperature, humidity presented below) in condi-
tions of hydroponics. In order to create salt stress, 
NaCl in concentrations of 1, 5, 10, 50, 100, and 200 
mM was added to dishes with water before planting 
seedlings. 

The experiments were carried out in three differ-
ent variants:

1 – seeds irradiated at different doses were grown 
in an aqueous medium without salt;

2 – non-irradiated seeds were grown in saline so-
lutions with different concentrations of NaCl;

3 – seeds irradiated at different doses were grown 
in different concentrations of salts. 

In all cases, conditions were created that were 
similar to the natural ones. While grown in the ther-
mostat, seeds were exposed to 12/12 day-night pe-
riod (by wrapping the Petri dishes in dark paper). 
The temperature and humidity in the growth cham-
ber where seedlings were grown during the day was 
23 ± 1°C and 55 %, and at night 15 ± 1°C and 70 %, 
respectively. To provide the necessary lighting con-
ditions, a fluorescent lamp (37.6 W/m2) was used.

Estimation of malondialdehyde content. The 
malondialdehyde (MDA) content, as a product of 
lipid peroxidation, was determined by thiobarbituric 
acid reaction [30]. After recentrifugation at 12,000 
g for 10 min, the absorbance of supernatant was re-
corded at 532 and 600 nm. The value for non-specific 
absorption at 600 nm was subtracted. The concentra-
tion of MDA was calculated using the formula:

CMDA = (D1 – D2)  V2 / ε  I  V1,

where:  and  – optical densities at 532 and 600 
nm, respectively; – coefficient of absorbance (155 
mM-1 cm-1); V1 – the total and V2 – the final volume 
of the ditch in cm-3; I – the length of the ditch in cm. 
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MDA concentration was estimated in mmol/L per 1 
g of dry weight. 

Estimation of proline content. The content of free 
proline in fresh plant material was determined using 
the method of Bates et al. [31]. The plant material was 
homogenized in 3% sulfosalicylic acid. The homog-
enate was filtered and centrifuged for 15 min at 1,000 
g. The ninhydrin reagent prepared without heating 
(1.25 g of ninhydrin, 30 mL of glacial acetic acid,  
20 mL of 6 M H3PO4 solution) and 2.0 mL of gla-
cial acetic acid were added to the filtrate. The reac-
tion mixture was incubated for 1 h on a water bath 
at 1000C and then it was quickly cooled to the room 
temperature. After cooling, 4 mL of toluene was add-
ed to each tube, shaken for 30 s and settled. After 15 
min, the upper toluene layer, into which all the dye 
passed, was separated from the aqueous phase. The 
color intensity was measured using a spectrophotom-
eter JENWEY – 67 Series (UK), at a wavelength of 
520 nm against toluene.

The proline content was determined from a cali-
bration curve constructed using a set of standard so-
lutions in 3% sulfosalicylic acid. The data obtained 
were expressed in μmol of proline per 1 g of fresh 
weight.

Estimation of the total protein content. The 
method developed by Sedmak and Grossberg [32] 
was used to determine the protein content in leaf 
samples. For this purpose, a 0.12% Sedmak solution 
(0.6 g of Coomassie brilliant blue G-250 + 500 mL 
of HClO4) and a diluted leaf extract solution (10 mL 
of leaf extract diluted with 90 μL of dH2O) were pre-
pared. The Sedmak solution (750 μL), glycerol-water 
solution (1:1) (750 μL) and homogenization buffer 
(40 μL) were added to the leaf extract solution (10 
μL). The optical density of the resulting mixture was 
determined at 610 nm, and the protein concentration 
was established using a calibration curve constructed 
on the basis of known optical densities. To build the 
calibration curve, bovine serum albumin (Reanal, 
Hungary) was used as a standard.

The total protein content was determined by the 
formula:

m = A ∙ E / H,

where: A – the protein concentration determined by 
the calibration curve; E – the dilution coefficient; H – 
the plant material mass.

Study of biometric parameters and germination. 
For 4-day-old seedlings the number of seeds germi-
nated at a certain time was determined by conven-
tional method (manual counting). For 2-week-old 
seedlings some biometric parameters (sprout length, 

main root length, the number of rootlets, number and 
size of leaves, number, and average length of inter-
nodes) along with MDA level, proline and total pro-
tein content in the leaves were estimated.

The experiments on biometric parameters were 
carried out in three biological replicates. In all cases, 
the results were almost the same (results of one of 
them are presented in Table 1 and shown on Figure 
1). The experiments were also carried out in three 
analytical replicates. To evaluate the experimental 
data, parametric statistical methods were used, and to 
assess the reliability of the difference between the ex-
perimental data and the control, the Student’s crite-
rion was used [33]. In this case, the average statistical 
error of analytical replication was approximately 15 
– 20%, and the differences between the experimental 
data and the control became significant at | t | ˃ 2 (p 
˂ 0.05).

Results and discussion

Biometric indices of chickpea seedlings germi-
nated from seeds subjected to pre-sowing γ – irradia-
tion. It should be noted that the method of pre-sow-
ing irradiation of seeds, leading to radiation-induced 
stimulation of plant growth and development, was 
actively developed at the end of the last century [12]. 
However, researchers continue to obtain guaranteed 
improvement in product quality. This is attributed to 
the fact that over the past years the set of regionalized 
varieties and crops has almost completely changed. 
A need arises to determine the optimal dose range 
for each crop and regionalized variety, since the eco-
nomic effect of pre-sowing irradiation depends on it 
[34]. Considering this, we compared biometric pa-
rameters of the plant, such as the length of the sprout, 
length of the main root, number of rootlets, number 
and size of leaves, number, and average length of in-
ternodes for assessment of the reaction of chickpea 
seeds to irradiation in the dose range of 1-200 Gy.

The general view of chickpea seedlings grown 
from irradiated seeds under normal conditions is 
shown in Figure 1a and the data determined for its 
biometric indices is presented in Table 1.

Biometric observations have shown that plants 
grown from irradiated seeds in the dose range of 
5-10 Gy significantly exceeded control in growth 
intensity. In this case, there was an increase in both 
length of stems and root. In this dose range, the num-
ber and average length of internodes also increased. 
The maximum increase in individual indices (about 
20%, compared to control) was observed at a dose of 
10 Gy, while relatively larger doses inhibited plant 
growth and development. 
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Table 1 – Dependence of the biometric indices of chickpea on the irradiation doses of seeds

Irradiation 
doses, Gy

Sprout length, 
см

Number of 
leaves

Number of 
internodes

Average length 
of internodes, 

cm

Main root 
length

Number of 
rootlets

Leaf surface 
area, сm2

C 18-19 13 8 2.2 – 2.3 7-8 10 48
1 19-20 14 9 2.2 – 2.3 7-8 12 46
5 20-21 15 9 2.3 – 2.4 9-10 10 50
10 20-21 15 8 2.2 – 2.3 8-9 11 46
50 17-18 10 6 2.1 – 2.2 5-6 10 44
100 13-14 8 6 2.1 – 2.2 3-4 10 42
200 13-14 7 6 2.0 – 2.1 3-4 9 42

Figure 1 – Visibility of chickpea seedlings growing from:
a – irradiated seeds under normal conditions; b – non-irradiated under salt conditions.

Approximately same results were obtained for 
wheat. It was shown that low doses (25 Gy and low-
er) of γ- radiation contribute to the development of 
the plant, which manifests itself in an increase in the 
basic biometric parameters [5]. Moreover, high doses 
inhibit the growth and development of wheat [8].

The irradiated seeds of Welsh onion (Allicm 
fistulosum L.) and spinach (Spinacia oleracea L.) 
at low doses (1-2 Gy) also showed high germina-
tion rate compared to control [6]. Kumar et al. [28] 
also showed that a low dose of γ-radiation leads to 
increased growth and several other physiological at-
tributes in non-legume and legume crops.

The studied seeds of the chickpea were charac-
terized by high germination (87-92%). Interestingly, 
the studied range of this parameter was practically 
independent of the irradiation dose. 

The number of rootlets was also practically inde-
pendent of the irradiation dose. 

A different picture was observed for the length of 
the roots. Irradiation in the dose range of 1 to 10 Gy 
stimulated root development.

Based on the results of studying the growth and 
development of the chickpea plant, we can conclude 
that the stimulating dose for seeds was in the range 
of 5 – 10 Gy. Wherein, irradiation doses of more than 
10 Gy were found to negatively affect the growth and 
development of this plant.

Biometric indices of chickpea seedlings grown 
in salt solutions at various concentrations of NaCl. 
High salinity is known to be one of the main abiotic 
factors in some places leading to the destruction of 
the ionic balance of the soil. In this case, plants are 
exposed to even greater salt concentrations, which 
inevitably leads to violation of the metabolism of 
plant cells. In particular, it was found that salt stress 
leads to the destruction of the biological structure of 
membranes, chloroplasts, and mitochondria [35]. As 
a result, their biological functions are disrupted, and 
the electron transfer rate decreases leading to the de-
creased productivity of cultivated plants and reduced 
biodiversity of wild plants [35]. 

According to the results of our experiments, 
germination of chickpea seeds strongly depends 
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on salt concentration (Figure 1b). Its significant 
decrease was noted with increasing NaCl concen-
trations. For instance, about 90 % germination rate 
was observed for the control variant, whereas at 1 
mmol, 5 mmol, 10 mmol and 50 mmol concentra-
tions of NaCl the approximate germination was, 
respectively, 80%, 70%, 50%, and 20%. The seeds 
did not grow at higher concentrations of NaCl, 
namely 100 and 200 mmol. Biometric indices of 

chickpea grown at various concentrations of NaCl 
are presented in Table 2.

According to the results, salt stress has a more 
dramatic effect on the plant development. Even low 
salt concentration (1 mmol) leads to the inhibition of 
the plant development. Further increase in the con-
centration of salt from 1 mmol to 10 mmol has more 
inhibitory effects: plant growth practically stopped at 
10 mmol concentration.

Table 2 – Dependence of the biometric indices of chickpea on the concentration of NaCl

Concentra-
tions of NaCl, 

mmol

Sprout length, 
см

Number 
of leaves

Number of 
internodes

Average length 
of internodes, 

cm

Main root 
length

Number of 
rootlets

Leaf surface 
area, сm2

C 18 13 8 2.2 – 2.3 7-8 11 47
1 15 9 6 1.8 – 1.9 7-8 12 26
5 11 5 5 1.3 – 1.4 5-6 11 11

10 5 2 2 0.4 – 0.5 3-4 10 0,7
50 2 - - - 2-3 8 -

100 - - - - 1-2 8 -
200 - - - - - - -

At 1-10 mmol concentrations of NaCl, biometric 
indices, such as the leaf size, the length of the main 
root, the number and the average length of internodes 
also decrease in addition to the plant growth. The 
number of rootlets remains practically unchanged. 

It is known that salt stress is one of the main en-
vironmental factors that reduce plant productivity. 
Plants under stress survive due to the functioning of 
protective mechanisms [36]. Zhani et al. [37], using 
five Tunisian varieties of chili peppers (Capsicum 
frutescens L.) as an example, showed that increased 
salt stress for all varieties negatively affects basic 
biometric parameters, such as length, fresh and dry 
root mass, amount, and surface area of leaves. The 
authors note that in response to salt stress in the 
leaves of the studied plants, proline biosynthesis is 
activated.

A significant slowdown in growth and develop-
ment with an increase in the concentration of NaCl 
was also demonstrated for seedlings of Jatropha 
curcas L. [21].

Salt stress resulted in the decrease of total fresh and 
dry weight by 41.75% and 53.62%, respectively [38].

NaCl induced significant differences in quanti-
ties of proteins and enhanced activities of superox-
ide dismutase (SOD), catalase (CAT) and peroxidase 
(POX) [39]. The authors suggest that an increase in 

antioxidant enzyme activity may be a response to cel-
lular damage caused by NaCl. According to them, an 
increase in the activity of these enzymes could not 
stop the harmful effect of NaCl, but it reduced the 
severity of stress and, thus, allowed Excoecaria agal-
locha to grow in the salty habitat of mangroves. 

Change in biometric indices of chickpea seed-
lings grown from irradiated seeds at various concen-
trations of NaCl. The effects of salt stress on the de-
velopment of chickpea grown from seeds subjected 
to pre-sowing γ-irradiation are presented on Figure 2.

According to the results, when 1 Gy dose pre-
irradiated seeds germinated under salinity, the nor-
mal development of the seedlings was delayed. This 
was more pronounced at NaCl concentrations of 50 
mmol or more.

It is interesting that when seeds were irradiated in 
doses of 5-100 Gy, seedlings grew normally even at 
high concentrations of salt. 

These results attract the most attention. Phenom-
enon called cross-adaptation has been confirmed by 
some researchers [40-42]. According to this phenom-
enon, the adaptation of a plant to the effects of any 
environmental factor increases its tolerance to the 
effects of another environmental factor. We assume 
that our results are completely consistent with these 
conclusions.
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Considering that in real conditions, plants are si-
multaneously exposed to the combined effects of sev-
eral environmental factors, and these actions can be 

antagonistic, additive, or synergistic, our results on 
the combined effects of irradiation and salt stress on 
plants are explainable from this point of view.

Figure 2 – Biometric indices for chickpea grown from seeds exposed to pre-sowing
γ –irradiation under salt stress

Increasing the resistance of plants to salt stress, 
the seeds of which were subjected to pre-sowing γ- 
radiation, is shown in many works. For example, in 
the case of damssisa plants (Ambrosia maritima L.) it 
was shown that irradiation of seeds at doses of 40 (or 
80 Gy) significantly increases the resistance of plants 
to salinization compared to control [26]. 

It is interesting to note that pre-sowing seed ir-
radiation positively affects the biometric parameters 
in drought conditions [43]. This suggests the identity 
of the role of pre-sowing irradiation of seeds under 
stressful conditions of various kinds.

Kumar et al. [27] showed that irradiation of pea 
seeds at relatively low doses leads to an increase in 



103E.S. Jafarov, M.Z. Velijanova

Int. j. biol. chem. (Online)                                               International Journal of Biology and Chemistry 13, № 2, 96 (2020)

the salt tolerance of the plant. At the same time, irra-
diated plants show better results than non-irradiated 
ones, even with an increase in salinity.

Wang et al. [44] showed that γ-irradiation with 
a dose of 50 Gy has a beneficial effect on seedlings 
of highland barley under stress conditions with lead/ 
cadmium. Moreover, seedlings irradiated at a dose 
of 50 Gy have a lower content of hydrogen perox-
ide and MDA under stress compared with seedlings 
without prior irradiation. Moreover, proline levels 
in γ-irradiated seedlings at 50 Gy were significantly 
higher than in non-irradiated seedlings under stress 
conditions with lead/ cadmium. The authors suggest 
that γ- radiation, to some extent, reduces the toxic ef-
fects of heavy metals on crops.

From the large amount of data available on tran-
script-profiling studies in plants subjected to drought 
and salt it is becoming apparent that plants perceive 
and respond to these stresses by quickly altering gene 
expression in parallel with physiological and bio-
chemical alterations [35]

Brazilian scientists Ramabulana et al.  have 
found that ionizing radiation causes production of 
glucomoringin and its derivatives in Moringa oleif-
era. These molecules can in turn be regarded as com-
ponents of the inducible defense mechanism of the 
plant against the effects of oxidative stress [9].

Effect of salt stress on the content of MDA in 
chickpea grown from the seeds exposed to pre-sow-
ing γ-irradiation. The mechanisms of the effects of 
irradiation on biological objects are known to be as-
sociated either with chemical transformations in the 
cells (indirect effect) [45], or with direct effects on 
DNA (target theory) [46]. The mechanism of indirect 
action is based on the interaction of ionizing radia-
tion with water molecules and the reactions caused 
by various ions and free radicals, which are formed 
as a result of such effects. Mechanisms of direct ex-
posure are associated with the direct effect of ion-
izing radiation on DNA and RNA, which play the 
role of a target in the cell [46]. It should be noted 
that the interaction of free radicals with lipids of the 
cell membranes takes place. As a result of this in-
teraction, the oxidation of lipids by the radical chain 
mechanism occurs [47]. The oxidation and damage 
of membranes were shown to cause the formation of 
several final products including MDA [47,48] and 
the degree of structural damage was determined by 
the level of this product.

The results of our studies regarding the effect of 
salt stress (at various NaCl concentrations) on the 
dynamics of changes in the MDA content in leaves 
of chickpea, grown from the seeds exposed to pre-
sowing γ – irradiation are presented in Figure 3. 

Figure 3 – The dynamics of changes in the MDA content under the combined 
conditions of radiation and salt stresses.

In this case, the dose of seed irradiation was 5 
Gy. This dose was selected for the following reason: 
firstly, it is a stimulating dose for chickpea growing 
under normal conditions, and secondly, the biometric 
indices at irradiation doses of 10, 50, and 100 Gy un-
der all concentrations of salt are almost identical to 
those obtained at 5 Gy (Figure 2). 

According to the results, with increasing salt 
concentrations from 1 to 50 mmol, the MDA content 

gradually increased in chickpea seedlings, germinat-
ed from the seeds exposed to pre-sowing irradiation 
at a dose of 5 Gy. However, a further increase in the 
salt concentration from 50 to 200 mM did not lead to 
a noticeable increase in the MDA content.

Salt stress can be assumed to manifest itself at 1 
mmol concentration of NaCl. A further increase in 
salt concentration, i.e., an increase in the intensity of 
salt stress, causes an increase in the structural dis-

https://www.sciencedirect.com/science/article/pii/S0102695X1730087X#!
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mantling of membrane lipids, which is accompanied 
by a noticeable increase in the content of MDA. The 
increase in the content of MDA, i.e., structural dis-
mantling of membrane lipids continued till 50 mmol 
concentration of salt (MDA content in the 50 mmol 
NaCl solution is approximately 1.5 times higher 
compared to control). However, at higher concentra-
tions of NaCl (greater than 50 mmol), further oxida-
tion and damage to lipid membranes did not occur.

At salt concentrations of 1 to 10 mM, the MDA 
content does not increase significantly. A marked in-
crease occurs at concentrations from 10 to 50 mM 
NaCl.

Similar results were obtained for barley under the 
action of heavy metals [44], where γ- irradiation with 
a dose of 50 Gy demonstrated a beneficial effect on 
seedlings of highland barley under stress conditions 
with lead/ cadmium. Moreover, seedlings irradiated 
at a dose of 50 Gy have a lower content of H2O2 and 
MDA under stress compared with seedlings without 
irradiation.

Our previous research showed that for non-irra-
diated chickpea grown at 50 mmol NaCl, the MDA 
content exceeded the control level by about 2.1 times 
[49].

Based on these data, it can be assumed that irra-
diation of seeds in stimulating doses to some extent 
prevents the lipid peroxidation of cell membranes of 
chickpea, grown at low concentrations of NaCl (1-50 
mmol NaCl). Therefore, salt stress does not signifi-
cantly damage the membranes, and as a result, a large 
amount of MDA does not form.

However, at higher concentrations of NaCl, the 
nature of the action of salt stress, i.e., the dynamics 
of changes in the content of MDA changes. In this 
case, pre-sowing irradiation of seeds does not allow 
the further development of the reaction of lipid oxi-
dation, and the content of MDA remains almost con-
stant.

Effect of salt stress on the proline content in 
leaves of chickpea, grown from the seeds exposed 
to pre-sowing γ-irradiation. The response of plants 
to the damaging effects of the stressor is known to 
lead mainly to increased development of reactive 
oxygen species, which is usually accompanied by 
an increase in the activity of antioxidant enzymes. 
Low molecular weight antioxidants, including pro-
line, have protective effect on the plant [50]. An un-
derstanding of the molecular mechanisms of plant 
responses to various abiotic stresses gives hope that 
genetically modified crops will cope better with 
these stresses.

Kadhimi et al. [43] showed that pre-sowing 
γ-irradiation, having a positive effect on the growth 
and development of rice under drought conditions, 
contributes to an increase in proline content. Zhani 
et al. [37] also demonstrated the activation of proline 
biosynthesis for Capsicum frutescens L. under con-
ditions of salt stress. Borzouei et al. [8] showed that 
with γ-irradiation the proline content for wheat can 
increase up to two times.

Concentration-dependent changes in the proline 
content in freshly picked chickpea leaves are present-
ed in Figure 4.

Figure 4 – The dynamics of changes in the proline content 
under the combined conditions of radiation and salt stresses

According to the results of our studies, there is a 
concentration-dependent dynamic of changes in the 
content of proline. In other words, an increase in the 

salt concentration in the studied range (1-200 mmol) 
leads to a marked increase in the proline content. 
However, the levels of these changes at various con-
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centrations are not the same. More precisely, while at 
low concentrations (1-10 mmol) of salt, the dynam-
ics of changes is more monotonous and the scale of 
changes is not large, then at high concentrations (50-
200 mmol), changes in the proline content are larger. 

A significant increase in proline content under 
stressful conditions (including salt stress) is indicated 
for many plants. An increased proline content under 
stress conditions was reported previously by Kishor 
et al. [51] and Kolupaev et al. [52]. Proline accumu-
lation under abiotic stress, depending on the type and 
degree of stress amounts to several millimolar con-
centrations [53]. Proline accumulation is believed to 
be caused by de novo synthesis or a decrease in its 
degradation, or both [54].

It has been established that for many plants under 
conditions of salt stress and drought, due to an in-
crease in synthesis and/ or a decrease in degradation, 
the proline content reaches up to 80% of the amino 
acid pool (under normal conditions, it is 5%) [55,56].

It should be noted that genes encoding the major-
ity of enzymes associated with proline synthesis and 
degradation were cloned and partially characterized. 
However, factors regulating the expression of these 
enzymes have not been identified [51]. 

Several attempts have been made to increase the 
level of proline accumulation in plants by transfer-
ring genes that activate its biosynthesis pathways. 
For example, tolerance to abiotic (in particular, salt) 
stress, as well as improved growth and development 
were observed in various transgenic plants, which 
were characterized by an increased content of proline 
[51].

A significant increase in proline content under 
stressful conditions (including salt stress) is indicated 
for many plants. Proline accumulation is associated 
with both an increase in synthesis and a decrease in 
its degradation [37,51]. Similarly, a decrease in the 
level of accumulated proline in the rehydrated plants 
is due to both down regulation of proline biosyn-
thetic pathway enzymes and upregulation of proline 
degrading enzymes [51].

Effect of salt stress on the total protein content 
in leaves of chickpea, grown from the seeds exposed 
to pre-sowing γ – irradiation. The main goal of culti-
vating cereals and leguminous crops is, first of all, to 
increase the content of proteins, carbohydrates, lip-
ids, vitamins, etc. [57]. Therefore, researches on the 
effect of various factors on the qualitative and quanti-
tative composition of agricultural plants are still rel-
evant. Ionizing radiation has a special place among 
these factors. Although the chemical composition of 
plants, which determines their quality, is formed in 

the process of evolution, variability is also inherent 
in it. Under the influence of external factors, both 
quantitative and qualitative changes in the chemi-
cal composition of plants can occur. The creation of 
new, more tolerant to environmental conditions and 
more productive plant genotypes is conditioned by 
this circumstance. Moreover, the ability of plant cells 
to respond to adverse effects ensures their existence 
also in severe environmental conditions [58].

There are facts according to which the nature of 
protein biosynthesis also changes, metabolic pro-
cesses and physiological functions of the organism 
as a whole are disrupted [59,60].

In the leaves of seedlings germinated from seeds 
exposed to pre-sowing irradiation and grown at 1-10 
mmol NaCl concentrations, the total protein content 
was approximately the same as in the control sample 
(Figure 5). However, under high salt concentrations 
(10-200 mmol), seed irradiation led to a sharp de-
crease in the total protein content. 

It should be noted that different dependence is 
characteristic of non-irradiated chickpea seeds grown 
under salinity. At low NaCl concentrations (up to  
1 mmol NaCl), changes in the protein content were 
not observed. A significant change in the protein 
content occurred at NaCl concentrations higher than 
1mmol. At these concentrations, salt stress was ac-
companied by a significant decrease in the total pro-
tein content [61]. 

The comparison of the results of our current and 
previous researches shows that the irradiation of 
seeds in stimulating doses relative to the total pro-
tein content, to some extent expands the field of plant 
tolerance to salt stress. In other words, irradiation of 
seeds at a dose of 5 Gy prevents the destruction of 
proteins in the range of NaCl concentrations from 1 
to 10 mmol. Because, under such severe conditions, 
the total protein content remains almost constant and 
does not differ from the content of the control sam-
ple. It is seen that pre-sowing irradiation of seeds at 
a dose of 5 Gy, to some extent, facilitates the effect 
of salt at its low concentrations. Since, in contrast 
to high concentrations, in this case, the total protein 
content does not undergo a large-scale decrease.

It should be noted that our results on the total 
protein content for chickpeas do not differ from the 
results obtained for pigeon peas. For two genetical-
ly diverse varieties of pigeon peas (Pusa-991 and 
Pusa-992), pre-sowing γ- radiation at low radiation 
doses (<0.01 kGy) gave a positive effect. In other 
words, low-dose γ- radiation in this case also had a 
positive effect on protein content under stress NaCl 
[27].



106 Study of the adaptive reaction to salt stress of Сicer arietinum L., grown from seeds exposed ...

Int. j. biol. chem. (Online)                                               International Journal of Biology and Chemistry 13, № 2, 96 (2020)

 Conclusion

The results of our research have shown that:
- a significant increase in the main biometric in-

dices is observed in chickpea seeds irradiated at dos-
es of 5-10 Gy and grown in normal conditions. The 
maximum increase in individual indices (about 20% 
compared to control) is detected at a dose of 10 Gy. 
Negatively affecting, irradiation doses higher than 10 
Gy, inhibit plant growth and development;

- for non-irradiated chickpea seeds grown under 
salinity conditions, even a small concentration (1 
mmol) of salt leads to an inhibition of the develop-
ment of this plant (salt stress is manifested at 1 mmol 
NaCl). A further increase in the concentration from 
1 to 10 mmol impedes the development even more, 
and at concentrations above 10 mmol, plant develop-
ment practically stops. At salt concentrations in the 
range of 1-10 mmol, in addition to growth, biometric 
indices of plants, such as number and size of leaves, 
length of the main root, number and average length 
of internodes also decrease;

- seedlings germinated from seeds irradiated in 
doses of 5-10 Gy grow normally even at high con-
centrations of NaCl;

- at stimulating doses increase in salt concentra-
tion from 1 to 50 mmol leads to a gradual increase 
in the MDA content in the leaves. However, further 
increase in salt stress does not lead to a marked in-
crease in the content of the product of membrane 
lipid peroxidation;

- an increase in the NaCl concentration in the 
range of 1-200 mmol, at stimulating doses leads to a 
noticeable increase in the proline content. The scale 
of the changes at different salt concentrations is not 
the same. More precisely, while at low salt concen-
trations (1-10 mmol) the dynamics of changes is 

more monotonous and the changes are not large, at 
high concentrations (50-200 mmol), changes in the 
proline content are more significant, which proves its 
positive role in protecting plants from salt stress;

 	 - irradiation of seeds at stimulating doses 
relative to the total protein content, to some extent 
expands the degree of plant tolerance to salt stress. In 
other words, when NaCl concentrations range from 1 
to 10 mmol, irradiation of seeds at a stimulating dose 
prevents the destruction of proteins, the total protein 
content remains almost constant and does not differ 
from its content in control. However, at high salt con-
centrations (from 10 to 200 mmol), seed irradiation 
leads to a sharp decrease in the total protein content.

In general, the results showed that irradiation of 
seeds in doses from 5 to 10 Gy, to some extent, re-
ducing the effects of salt stress, can partially balance 
the destructive consequences of excess salt.

We suggest that pre-sowing treatment of seeds 
with low doses of γ- irradiation (from 5 to 10 Gy) can 
be used to increase tolerance to salt stress and mini-
mize yield loss caused by excess salt. This perspec-
tive method can serve as a useful tool for promotion 
of agriculture in areas with low salinity.
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Dynamics of some physical and chemical properties оf  
biological fluids in surgical treatment оf alveolar hydatid disease of liver

Abstract. The aim of the current work was to clarify the dynamics in crystallogenic and initiating activity 
of patients’ biological fluids in alveococcosis during surgery and in the late postoperative period. The 
material of the study included samples of saliva of 22 patients treated for alveococcosis. Sampling of 
biological fluids was managed at the admission and prior to discharge from the hospital. Subsequently slides 
were prepared using teziocrystalloscopy technique that combines the study of the crystal forming activity 
of mixed saliva (classical crystalloscopy) and its initiating properties considering 0.9% sodium chloride 
solution as basis substance (comparative teziography). Criterial evaluation of the results of crystalloscopic 
and tezigraphic tests was carried out using own system of parameters. The data of visual morphometry of 
microslides of dehydrated saliva was supplemented with spectrophotometric analysis of crystalloscopic 
and tezigraphic facies performed on PowerWave XS microplate spectrophotometer (USA) at wavelengths 
of 300, 350 and 400 nm. It was noted that surgical treatment leads to partial normalization of physical and 
chemical parameters and composition of patient’s biological fluids during hospital discharge.
Key words: alveococcosis, alveolar hydatid disease, surgical treatment, saliva, crystallization.

Introduction

Significantly large group of patients with focal 
liver diseases was considered to be radically “inop-
erable” based on the data of exploratory laparotomy 
and palliative invasions [1-5].

Recently, in repeated operations on liver, doc-
tors limited themselves to excision or curettage of 
fistulas, dissection of purulent cavities and injecting 
parasitotropic drugs [6-9]. There seems to be a real 
possibility to perform repeated radical operations on 
patients previously considered as “inoperable” [2-5, 
9-11].

It is generally assumed that the first radical dis-
section of liver after exploratory laparotomy due 
to alveococcosis was performed by S.S. Yudin 
(1929) [1]. According to Merzlikin et al. (2011) and 
Błaszkowska, Góralska (2016), the development of 
surgery contributed to the fact that the majority of 
patients with focal liver lesions were not operated in 
specialized medical institutions [8,9]. Simultaneous-
ly, many of them due to technical complications and 
incorrect assessment of the operability of the lesion 
focus are limited to palliative surgery or exploratory 

laparotomy, thus dooming patients on disability and 
poor outcome [1, 4, 10-12].

Since 1964, a number of works of Russian sur-
geons dedicated to repeated operations, mainly on 
the liver alveococcosis, has been published [1-5]. Pa-
pers of Zhuravlev V.A. and other researchers showed 
that there is a serious problem of providing a radical 
means to “inoperable” patients with focal lesions of 
the liver, which occurred in parallel with advent of 
different skills in surgical treatment of patients with 
focal lesions of the liver [1-4, 8, 12-14].

On the other hand, it is important to support the 
full diagnostic guiding of alveococcosis surgery. The 
use of modern instrumental methods for study of 
liver morphology (X-ray diagnostics with contrast-
ing, CT and magnetic resonance imaging, ultraso-
nography) enables evaluating with a high degree of 
accuracy the nature, depth and severity of structural 
damage of the organ associated with the develop-
ment of the disease [10, 13, 15-19]. Intensity of the 
immune response to the presence of the parasite can 
be verified using latex agglutination reactions, and 
a specific ELISA alveococcosis diagnosticum [20]. 
Furthermore, alveococcus scolexes in some cases 
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can be found in the sputum. At the same time, the 
features of the metabolic changes, including changes 
in the physical and chemical properties of biologi-
cal fluids in alveococcosis, surgical treatment of it as 
well as treatment within postoperative period were 
insufficiently studied previously. In this regard, we 
have shown that the presence of alveococcus signifi-
cantly and directionally changes the crystallogenic 
properties of biological substrates, and the nature of 
this transformation leads to similar shifts in crystallo-
stasis of saliva and urine [21-23]. In connection with 
the above, clarifying the dynamics of crystallogenic 
and initiating activity of patients’ biological fluids 
in alveococcosis during surgery and in the late post-
operative period, designating current research, has a 
great scientific and practical interest.

Materials and methods

Samples of saliva of 22 patients treated for al-
veococcosis at the Kirov Zonal Centre of Liver and 
Biliary Tracts were studied. The diagnosis was veri-
fied with standard instrumental (ultrasound, CT and/
or MRI) and laboratory (latex agglutination, ELISA) 
tests. All the patients have successfully undergone 
surgery (partial hepatectomia, lobectomia, hemi-
hepatectomia). 

Sampling was managed at the admission and 
prior to hospital discharge. Within 3 hours before 
the study, patients did not engage in physical activ-
ity, neither they were in a state of psycho-emotional 
stress. Before collection of biological fluids, patients 
rinsed their mouths thoroughly with approximately 
100 mL of dH2O for 5 min. Afterwards 1 mL of oral 
fluid was collected by spitting into clean and dry test 
tubes.

Subsequently slides were prepared using tezio-
crystalloscopy technique that combines the study of 
the crystal forming activity of mixed saliva (classical 
crystalloscopy) and its initiating properties consider-
ing 0.9% sodium chloride solution as basis substance 
(comparative teziography) [21-23].

Criterial evaluation of the results of crystallo-
scopic and tezigraphic tests was carried out, using 
own system of parameters [21, 23]. It allows estimat-
ing specialties of crystallization (initiation potential – 
in teziography) of the biological substrate, severity of 
the individual zones of the facia, degree of destruc-
tion of crystalline and amorphous components, the 
uniformity of their distribution on the texture of the 
sample, etc. 

The data of the visual morphometry of mi-
croslides of dehydrated saliva was supplemented 

with spectrophotometric analysis of crystalloscopic 
and teziographic facias, performed on PowerWave TM 
XS microplate reader (BioTek, USA) at the wave-
lengths of 300, 350 and 400 nm. To neutralize the 
influence of the characteristics of glass to the results 
of spectrometric studies of biological crystals we 
calculated the level of optical density of facies by 
subtracting the optical density of pure glass from the 
total value of the indicator.

The study was approved by the local ethi-
cal committee of Kirov State Medical University 
(19.09.2016, No. 16).

Statistical data analysis was done using the 
Microsoft Excel 2007 spreadsheets along with Prim-
er of biostatistics version 4.03 program.

Results and discussion

Considering that saliva is the most convenient 
noninvasive marker of modification of physical and 
chemical properties and composition of the blood 
and also biological substrates secreted in the diges-
tive tract. Last one is locus morbi of alveococcosis 
and therefore advantageously reflects its functional 
and metabolic status, consequently current analysis 
of crystallogenic activity of the biological fluid was 
of particular scientific and practical interest. Based 
on the studies it was found that the dynamics of vary-
ing parameters is observed in all major morphomet-
ric parameters of crystalloscopic facies of patients’ 
saliva (Figure 1). 

In particular, the multidirectional changes record-
ed in respect of the indicators of dehydration struc-
turing of biological medium – the structure index 
(SI) and crystallizability (Cr) of biological substrate 
components. So, initially in patients with alveococ-
cosis on the slides of oral fluid there are more com-
plex by the nature of the organization elements, fern-
like, dendrite crystals with branching order of 3.4 or 
higher, which is reflected in the growth of structure in 
relation to the level of the index microslides of saliva 
of nearly healthy people (p<0.05). The enlargement 
of the main structural elements of the saliva facies 
of patients with alveococcosis leads to a decrease in 
the density of the crystals (Figure 2), being regis-
tered as a parameter “crystallizability” (p<0.05). In 
turn, the pathological character of the detected shifts 
of crystalogenic potential of considered patients is 
clearly manifested in the dynamics of facies destruc-
tion, reaching almost 2 relative units (rel.un.), which 
corresponds to the formation of severe disturbance 
of crystal elements formation while maintaining their 
differentiation by types.
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Figure 1 – The result of parametric analysis of own crystallization of patients’ saliva during surgical treatment  
of alveococcosis (SI – structure index, Cr – crystallizability, 

FDD – facia destruction degree, Mz – clearity of marginal zone;
“*” – value of statistical differences to the level of healthy people is p<0.05)

                       A. In healthy person                                            B. In patient with alveococcosis

Figure 2 – Crystallosopic facias of the saliva of healthy person 
and patient with alveococcosis (magnification x56)

It is known that in the pathogenesis of alveococ-
cosis not only mechanical properties of the develop-
ing liver and other organs of the parasite, but the im-
munological reactions to its presence are manifested. 
Therefore, in the blood, and to a lesser extent in 
other biological substrates an increased concentra-
tion of immunoglobulins was noted that leads to an 
increase in their protein levels. Data for markers of 
metabolic shifts in saliva crystallogram serves as a 
manifestation of the marginal zone of the slides (pa-
rameter Mz), where the protein macromolecules of 

dehydration are concentrated. It was found that this 
index in patients with alveococcosis is registered on 
high value, and it is significantly below normal level 
(p<0.05). In general, prior to the surgery crystallo-
genic properties of saliva significantly differ from 
crystalloscopic “pattern” of a healthy person.

Within the early postoperative period crystal-
logenic properties of studied biological fluid are 
transformed significantly (Figure 1). Thus, there 
is almost complete normalization of the param-
eters characterizing the complexity and density of 
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structure-building crystal elements (SI and Cr, re-
spectively). It should be noted that both of these 
parameters do not significantly vary in relation 
to control (pre-surgery) level, while greatly differ 
from the baseline (p<0.05). The main parameter de-

scribing the “correctness” of crystallogenesis – the 
facia destruction degree (FDD) – is also reduced 
significantly compared with the preoperative crys-
talloscopic “pattern” (p<0.05) but does not reach 
the physiological level.

Figure 3 – Spectrometric analysis of saliva crystalloscopic facias of patients  
with alveococcosis during surgery (“*” – value of statistical differences to the level of healthy people is p<0.05)

It is interesting that the severity of the marginal 
zone of saliva microslides after the operation changes 
at a minimum degree. This trend is perhaps related to 
the persistence of high concentrations of anti-alveo-
coccus antibodies in the blood and, therefore, in other 
biological fluids. This, in turn, has a corresponding 
impact on the parameter Mz, being directly depen-
dent on the level of a protein. Upon completion of 
surgery partial normalization of crystallogenic prop-
erties of saliva is observed in patients with alveococ-
cosis. 

Such data is fully confirmed by a verifying method 
– spectroscopic study of crystalloscopic facies (Figure 
3). Considering the fact that the prevalent trend of the 
shifts of crystallogenic properties of saliva in alveo-
coccosis is enlargement of crystal elements along with 
the complexity of their construction, the increase of 
the optical density of the sample as a whole, for all 
wavelengths used in the preoperative period, seems to 
be logical from control values (p<0.05). The presence 
of such shifts was first shown in this study.

After the surgery, the level of the total optical 
density of crystalloscopic facies of saliva decreas-

es but remains significantly higher than the values 
which are typical for healthy individuals (Figure 3). 
It should be noted that this dynamic is most clearly 
seen in the spectroscopic study at λ = 300 nm, but is 
less pronounced at λ = 350 nm, and at the maximum 
λ = 400 nm, as a result of rather low absolute values, 
it is almost eliminated.

Analysis of the initiating properties of saliva 
of the considered cohort of patients during surgery  
(Figure 4) demonstrated initially significantly higher 
level of the basic indicator of the initiating potential 
of biological fluid – tezigraphic index (TI), when 
compared to healthy subjects (p<0.05). Upon com-
pletion of surgical treatment, this parameter is mod-
erately decreased, but these changes are not even sta-
tistically significant. A similar pattern was registered 
respectfully to the complication marker of structure-
building elements – crystallinity (C). However, the 
postoperative level of the indicator does not signifi-
cantly differ from both the pre-surgery and normal 
tezigraphic pattern of saliva. The minimal variation 
among the basic tezigraphic indicators (Figure 4) is 
uncovered for the belt coefficient (BC), which is the 
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criterion of scattering of molecular weight of biologi-
cal substrate components.

The effectiveness of surgical treatment is most 
clearly manifested in the dynamics of the principal 
tezigraphic criterion of “correctness” of the process-
es of structure formation – the facia destruction de-
gree, as well as the clearity of the marginal zone of 
the slides (Figure 4). These figures after the comple-

tion of surgery were significantly reduced relative 
to the preoperative level, but without reaching the 
structures which are typical for healthy individuals 
(p<0.05). This trend is an indirect evidence of the 
safety of alveococcus-associated metabolic shifts 
of the composition and physical-chemical proper-
ties of biological fluids and after performing radical 
surgery.

Figure 4 – The data of tezigramms parametric analysis of saliva during surgical treatment  
of alveococcosis (TI – teziographic index, BC – belt coefficient, C – crystallinity, FDD – facia destruction degree,  

Mz – clearity of marginal zone; “*” – value of statistical differences to the level of healthy people is p<0.05)

Figure 5 – Results of spectrometry of saliva tezigraphic facias of patients with alveococcosis during surgery 
(“*” – value of statistical differences to the level of healthy people is p<0.05)
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These variations are fully verified by the results of 
spectroscopic study of tezigraphic facies of patients’ 
saliva in the dynamics of surgical treatment (Figure 
5). In this case the dynamics of the total optical den-
sity of tezigrams is evident at all wavelengths used.
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Conclusion 

Conducted crystalloscopic studies allowed us to 
establish that in alveococcosis of the liver there are 
significant transformations of the crystallogenic prop-
erties of saliva. They are manifested in an increase in 
the structure index, the severity of the sample mar-
ginal zone and the degree of destruction of individual 
structures, as well as in a decrease in crystallizability. 
Such shifts lead to an increase in the optical density 
of facias. After surgical treatment, most of the param-
eters are normalized, while only the degree of facias 
destruction and the clarity of the marginal zone of the 
samples are preserved at elevated values. At the same 
time, the optical density of micro-preparations remains 
elevated only at a wavelength of 350 nm. Identifica-
tion of such dynamics of crystalloscopic indicators al-
lows us to consider them as an additional indicator of 
the effectiveness of treatment of alveococcosis of the 
liver. Further verification of the diagnostic information 
content of the technology used by us can become the 
basis for developing a method for rapid testing of the 
usefulness of liver resection in alveococcosis. In ad-
dition, our data complement the understanding of the 
metabolic changes that are formed in the body of pa-
tients with alveococcosis of the liver.
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Neutron activation analysis of rare earth raw material 
using a planar detector and thorium as an internal standard

Abstract: The application of comparator instrumental neutron activation analysis (INAA) combined with 
the internal standard method and counting of the induced activity by a planar type HPGe detector was 
considered to determine eleven lanthanides by the long-lived radionuclides in some types of rare earth 
and rare metal ores. The enhanced thorium contents of these objects made possible to use it as an internal 
standard in comparator INAA. Thorium mass fractions of the samples were determined by the method of 
instrumental gamma-spectrometry with the relative standard uncertainty less than 4% (P = 0.68). Four 
samples of geological reference materials (rocks, including a uranium-bearing rock) certified for rare 
earth element (REE) contents were used to verify accuracy of the method. The proposed variant of 
comparator INAA was shown to insure accuracy of routine analysis of the corresponding geological 
objects for REE contents by the III category of precision according to the industrial standard OST 41-08-
221-04 (Russian Federation). To test the method twenty thorium-enriched samples from Shock-Karagai 
rare earth deposit (North Kazakhstan) and several similar rare metal ore samples were analyzed for 
lanthanide contents.
Key words: lanthanides, neutron activation analysis, internal standard.

Introduction

Instrumental neutron activation analysis (INAA) 
proved itself as one of the most effective methods of 
geological sample analysis for element contents 
long ago [1]. Despite the continued dynamic 
development of the alternative methods of elemental 
analysis [2] INAA is still widespread to solve a 
range of geochemical tasks from rock 
characterization [3-6] to identification of 
metallogenic provinces [7]. 

One of the most important INAA applications in 
geochemistry should be associated with the solution 
of such a difficult problem as individual lanthanide 
analysis [8-12]. Different investigators repeatedly 
emphasized undoubted advantages of INAA 
comparing with the other up-to-date instrumental 
methods of rock analysis for lanthanide contents [4, 
13-15]. INAA is mostly known to get the benefit 
from rare earth element (REE) determination at the 
levels far lower their Clarke (crust average) 
contents, from the absence of sample decomposition 
and hence the need of chemical blank evaluation, 
clear and generally minimal matrix effect, 
insignificant spectral interferences and reasonable 
cost of the analysis. Typical rocks being analyzed 
by INAA, corrections for uranium fission products 

are usually small, and neutron flux self-shielding by 
major elements is practically absent. 

In the case of REE analysis, main disadvantage 
of INAA by the long-lived radionuclides consists in 
its long duration, no less than 30 days after sample 
irradiation, to guarantee complete decay of 153Sm (a 
spectral interference of 153Gd).

All the long-lived radionuclides – the products 
of lanthanides activation – are characterized by 
rather low-energy analytical gamma-lines the most 
high-energy of which belongs to 40La (328.8 keV). 
This makes possible to use in INAA a planar type 
semiconductor detector distinct from a coaxial one 
in higher detection efficiency of low-energy gamma 
radiation, far better energy resolution, and lower 
background of Compton continuum [10]. Moreover, 
gadolinium content being determined by 
radionuclide 161Tb (25.7 keV), analysis can be 
carried out 1–2 weeks earlier.

Soon after becoming commercially available, 
high purity (HP) Ge planar type detectors found 
their broad application to analyze rocks [16, 17], 
chondrites [18], river sediments [19], etc. for REE 
contents by INAA. After getting access to the high-
effective coaxial detectors with HPGe crystals of big 
volumes (≥200 cm3), taking into account their 
higher cost, the planar type detectors were 

https://doi.org/10.26577/ijbch.2020.v13.i2.14
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continually used as additional ones to determine a 
wide range of elements including lanthanides in 
chondrites [20], rock reference materials [21], to 
study continental shelf sediments [22] and so on. 

Widespread and convenient k0-method as a 
variant of comparator INAA had long been 
recognized for concentration standardization [23]. 
Although it doesn’t need certified reference 
materials (CRMs) to calibrate gamma 
spectrometers, k0-method is not deprived of some 
drawbacks because the comparator (an Au-
containing sample) is used as an external standard 
[13]. All the advantages of comparator INAA can be 
realized only by joint application of the internal 
standard method [24] and an independent method to 
analyze the element used as the comparator [25].

Iron is often selected as the internal standard to 
implement comparator INAA of different rock 
samples [26], while its content can be conveniently 
determined by X-ray fluorescence method (XRF) 
[13, 25]. A planar type detector measures 59Fe count 
rate by the 192.3 keV gamma-line with 3.1% of the 
quantum yield. Insufficient intensity of this line 
restricts application of iron as the internal standard 
within its content of the samples no less than ≈5%. 
Other comparators being used, particularly –
thorium the enhanced contents of which often 
accompany REE deposits [27], the range of the 
objects accessible for analysis could be substantially 
expanded.

In this work comparator INAA using a planar 
type detector was tried to analyze eleven lanthanides 
in the thorium-enriched objects such as REE and 
rare metal ores. Instrumental gamma-spectrometry 
(IGS) was used to measure thorium content of the 
samples since this method usually provides the 
higher precision of thorium determination than 
XRF. 

Materials and methods

To implement INAA about 100 mg of the 
investigated rock samples ground to the particle size 
≈0.07 mm were sealed in plain double polyethylene 
bags (approximately 1 mm of the sample thickness) 
and stacked up in aluminium foil. Every package 
prepared for a separate irradiation included ten 
assays and a zirconium monitor of the neutron flux 
(10 mg of ZrO2) placed in the middle. Package 
length was about 10 mm. 

All the packages were irradiated for 2.5 h in the 
position № 4 inside the peripheral vertical channel 
№ 10-6 of the light-water research reactor WWR-K

(Almaty, Kazakhstan) by the thermal neutron flux 
density 8.9 × 1013 cm-2 s-1; the fast neutron flux 
density amounted to 6.0 × 1012 cm-2 s-1 [28]. The 
selected time of activation was based on the 
previous experience of typical rock sample 
investigations using the same facilities. To reduce 
the influence of the gradient of neutron spectrum 
composition, the packages were oriented along the 
channel axis. In this case the radial component of 
the gradient (8.5% per 1 cm) was the same for all 
irradiated assays and the axial one (1.2% per 1 cm) 
can be neglected.

Gamma-spectrometric measurements of the 
studied assays were conducted several times: after 
6–7 days of decay (to determine La, Sm, and Ho), 
12–13 days (to determine Nd, Lu, and Gd), and after 
3 weeks (to determine Ce, Eu, Tb, Yb, Tm). 
Counting time was about 30 min, 40 min, and 1 h, 
correspondingly. The distance from the assay bags 
to the detector cap amounted to 40 mm ("far" 
geometry) for the first counting and 10 mm for the 
others two. The irradiated samples were counted by 
a planar HPGe detector GLP36360 with the crystal 
dimensions 36×13 mm and an energy resolution of 
585 eV at the 122 keV peak of 57Co connected to an 
ORTEC multi-channel analyzer DSPEC LF. 
MAESTRO software by ORTEC was used for the 
spectra collection. Detector calibration for relative 
detection efficiency ε(E), where E is a gamma-ray 
energy, was made with the help of a multi-gamma 
ray standard MGS-1 (152Eu, 154Eu, 155Eu) and an 
isotopic source 133Ba, both by Canberra. ε(E) values 
were evaluated in the interval from the weighted 
energy 30.85 keV of CsKα1 and CsKα2 X-ray lines 
(133Ba) to 411.12 keV (152Eu). A fourth power 
polynomial was used to fit the calibration curve.

Spectra treatment was carried out by 
"AnalGamma" software developed in the Institute of 
Nuclear Physics. The software approximates a part 
of gamma-ray spectrum in the treatment window by 
Gaussian curves and a flat background and 
calculates peak count rates in cps. Partly 
overlapping peaks can be reliably resolved. Quality 
of the approximation is checked by the χ2 test. 

Main nuclear parameters of the analytical 
gamma-lines of the radionuclides used to determine 
lanthanide content (including thorium as the internal 
standard) and the accounted interferences are 
presented in Table 1. If more than one line can be 
used for analysis preference was given to the cases 
of higher count rate (taking account of the detection 
efficiency) and minor peak overlapping. Thus, the 
same gamma-lines as the usually recommended 
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ones (e.g. [10]) were used for 152Eu and 177Lu 
counting. The part of 177Lu count rate resulted from 
176Yb by the (n, γ) reaction was evaluated using the 
basic equation of activation [10]. With the Yb to Lu 
relation corresponding to their Clarke contents 176Yb 
contribution to 177Lu activity after 2.5 h of 
irradiation is ≈1.7% and can be neglected. The low-
energy 153Sm gamma-line was selected to avoid 
spectral interference by 233Pa due to the thorium 
high contents. The same reason prevailed in the case 
of terbium determination by 160Tb; the latter is 

accounted for a 233Pa gamma-line only if thorium 
content exceeds that of terbium by more than one 
order of magnitude. The most intensive gamma-line 
of 169Yb (63.12 keV) is overlapped by a 177Lu 
gamma-line only to a small extent. U(n, f) means 
that an analyzed radionuclide (40La and others) is 
produced by the fission of the uranium containing in 
the sample. 133Xe is a uranium fission product too, 
but it was accounted as a spectral interference. Other 
interferences in the similar aluminum-siliceous 
matrixes are insignificant and hence were ignored.

Table 1 – Main nuclear parameters and interferences of the radionuclides used to calculate lanthanides by INAA internal standard 
method

Radionuclide Half-life,
days

Energy,
keV

Quantum
yield, % Interferences Energy,

keV
Quantum
yield, %

140La 1.7 328.76 20.3 U(n, f) - -

141Ce 32.5 145.44 48.3 U(n, f) - -

147Nd 11.0 91.11 28.1 U(n, f) - -

153Sm 1.9 69.67 4.73 187W 69.31 3.17

152Eu 4943 121.78 28.7 - - -

161Tb (161Gd ) 6.9 25.65 23.2 122Sb 25.27 0.95

160Tb 72.3 298.58 26.1 233Pa 298.81 0.088

166Ho 1.1 80.57 6.71 133Xe 81.00 36.9

170Tm 128.6 84.25 2.48 182Ta 84.68 2.65

169Yb 32.0 63.12 43.6 177Lu 63.24 0.599

177Lu 6.6 208.37 10.4 176Yb→177Lu 208.37 10.4

233Pa (233Th) 27.0 311.90 38.5 - - -

Contribution coefficients FUi of uranium fission 
products to analyze La, Ce, and Nd contents were 
evaluated empirically with the help of a CRM of 
uranium ion solution (by Perkin Elmer). FUi values 
were assessed as the ratios of the count rates of the 
corresponding radionuclide analytical gamma-lines 
to the count rate of 239Np (106.12 keV) under the 
same counting conditions.

REE ore samples were scanned at first with the 
help of XRF. Then the selected samples with the 
enhanced thorium content were analyzed by IGS. 
About 100 g (±0.1 g) of each assay measured by an 
analytical balance was placed in a cylindrical 
polyethylene beaker. To provide gamma-
spectrometric counting a HPGe coaxial detector 
GX5019 (relative efficiency is 50% and an energy 

resolution is 1.86 keV at the 1332 keV peak of 60Co) 
was used connected to an Canberra multi-channel 
analyzer. The spectrometer was calibrated for 
detection efficiency using a volumetric gamma-ray 
source – thorium ore CRM IAEA-RgTh-1 and the 
homemade software. Counting time of the 
investigated assays amounted to 3–4 h. 

Thorium content was determined by the 
equilibrium activity of its daughter radionuclide 
212Pb using the 238.6 keV gamma-line, quantum 
yield is 43.6%, on the assumption of undisturbed 
secular equilibrium with the other members (228Ra 
and 228Th) of the decay chain. If the rocks were not 
being subjected to geochemical leaching, 
equilibrium in the thorium nuclear series usually 
maintains [29]. Moreover, due to the short half-time 



120 Neutron activation analysis of rare earth raw material using a planar detector and thorium as an internal standard

Int. j. biol. chem. (Online)                                             International Journal of Biology and Chemistry 13, № 2, 117 (2020)

of 220Rn (56 s) – a predecessor of 212Pb – it’s no 
need to seal the assays. 

Results and discussion

Lanthanide contents Ca (%) of the analyzed 
samples were calculated according to the equation 
of simple comparator method of standardization in 
INAA [30] (lower case indices a and c mean an 
analyzed element and the comparator, respectively):
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where Cc is the element comparator content of the 
sample (%), k0 is k0-factor relatively to the 411.8 
keV gamma-line of radionuclide 198Au for the 
gamma-lines of the comparator and an analyzed 
element [31], Np is the net peak area of the 
analytical gamma-line of the corresponding 
radionuclide (cps), Q0 is the resonance integral I0
(cm2) to the thermal neutron cross-section σ0 (cm2)
ratio, f is the thermal to epithermal neutron flux 
ratio, S = 1 – exp(– λtirr) is saturation factor 
depending on the irradiation time tirr and decay 
constant λ, D = exp(– λtd) is decay factor depending 
on the decay time td after the end of irradiation. 
Since there is no a k0-factor for radionuclide 161Tb in 
the data base [31], a k-factor was used instead 
composed of the nuclear constant product:

1
0

−= MPk γθσ ,                  (2)

where θ is isotopic abundance (%), Pγ is the yield of 
the measured gamma-line (%), M is the atomic mass 
(Da). Here σ0, θ, and M relate to the activated short-
lived radionuclide 160Gd, and Pγ – to the gamma-line 
of the daughter long-lived 161Tb (25.7 keV). 

When INAA of rock samples for the long-lived 
radionuclides is carried out correction for the 
measuring time is always <1% and can be 
neglected. Neutron self-shielding of the thermal and 
resonance neutron flux by a 100 mg rock sample 
was assessed following C.Chilian, et al. [32] using a 
spreadsheet kindly presented by the authors. The 
correction factor does not exceed 1% up-to the 
twenty-fold excess of Gd, Sm, and Eu contents over 
their Clarke values. Gamma-ray self-absorption by 
the rock samples was evaluated using a model 
sample corresponding to the crust averages of the 
main rock-forming elements in the approximation of 

a thin irradiating layer [33]. Gadolinium content 
being analyzed by 161Tb (E = 25.7 keV, Table 1) 
photoelectric absorption and scattering [34] of the 
analytical gamma-line in a typical plane sample (1 
mm of the thickness) comes up to approximately 
9%. However self-absorption by the sample of the 
next low-energy gamma-line – 169Yb (E = 63.1 keV) 
is lower 1%, i.e. it can be neglected. 

The empirical correction factor Ka,c is applied to 
compensate for an analytical bias caused by the 
errors of detector calibration for detection 
efficiency, absence of Q0 correction for the 
deviation of thermal neutron flux from 1/E law, and 
by other reasons. In particular, using the same 
counting geometries, there is no need to correct J for 
true coincidences. Ka,c values were assessed by the 
repeated irradiation and counting of the CRMs 
certified for REE and thorium contents. 

The model resonance to thermal neutron flux 
ratio 1/f was evaluated using the "bare bi-isotopic 
method" [35] with the help of a monitor of the 
neutron flux spectral composition – a ZrO2 sample 
[13]:
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where lower indices 1 and 2 correspond to two Zr 
isotopes (Q0,1 << Q0,2). During the investigation 1/f
values in the irradiation position varied within the 
small range 0.029–0.034.

To assess accuracy of lanthanide determination 
by comparator INAA the following four rock CRMs 
certified for REE content were selected thorium 
content of which was sufficient to apply IGS: SG-4
(Russian Federation), GBW-07110 (China), DC-
73301 (China), and OREAS 100a (Australia). REE 
mass fractions of these CRMs ranged from 
approximately Clarke ones (DC-73301) to several 
Clarke values (OREAS 100a) (Tables 2–5). The 
CRM samples were prepared, irradiated and 
analyzed as described above. To avoid 
overirradiation the assay mass of OREAS 100a was 
diminished to 50 mg. A single measurement of each 
CRM was carried out. 

Uranium content of DC-73301 reaches 18.8 
μg/g and comes up to 135 μg/g in OREAS 100a. 
GBW-07110 is characterized by a negligible 
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contribution of uranium fission products to the 
count rate of La analytical gamma-line and a 
minimum contribution to Ce and Nd gamma-lines, 
no more than 1–1.5%. In case of OREAS 100a 
analysis the corresponding correction reached 10% 
for Ce, 16% for Nd and 1% for La.

As for the other spectral interferences presented 
in Table 1, W contribution to Sm analytical gamma-
line count rate ranged within 1.5–2.5%, Ta to Tm –
from 29% (SG-4) to 68% (DC-73301), and Lu to Yb 
– within 2.5–6%. 133Xe contribution to the area of 
unresolved double peak 166Ho + 133Xe came up to 
24–25% for GBW-07110 and SG-4, and 48% for 
DC-73301 after 7 days of the decay time. The 
corresponding contribution reached 59.5% in case 
of OREAS 100a counting 6 days after irradiation. 
Due to Sb low content, 2.5 μg/g of OREAS 100a 
and no more than 1.3 μg/g of the other CRMs, 
contribution of SnKα1 X-ray line resulting from 
122Sb decay (Table 1) to 161Tb gamma-line was 
neglected.

Expanded uncertainty of the INAA results was 
estimated as follows (P = 0.95):

2 2 2
2

2 2 2

( )

( ) ( ) ( )2

a

a c c
a a

a c c

U C

u J u J u CC
J J C

δ

≈

≈ + + +
, (4)

where u(Ja), u(Jc), and u(Cc) are standard 
uncertainties of the corresponding values as in Eq. 
1, δa is the standard deviation of element analysis 

(methodical uncertainty) by comparator INAA (all 
the ratios and δa are in %). δa values were assessed 
earlier with the help of the CRMs and ranged from 
2.6% (Eu determination) to 5.0% (determination of 
Ho and Tm). Relative standard uncertainty of the 
233Pa analytical gamma-line count rate amounted to 
<2%. 

To assess relative standard uncertainty (%) of 
thorium content determination by IGS the next 
expression was used (P = 0.68):
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u J u J u C
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δ
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where u(Ja) and u(Jr) are standard (statistical) 
uncertainties of the 212Pb analytical gamma-line 
count rates of the investigated sample and CRM 
IAEA-RgTh-1 (P = 0.68), u(Cr) is standard 
uncertainty of the thorium certified content Cr of 
IAEA-RgTh-1(1%, P = 0.68), δm is relative 
methodical uncertainty resulting from measuring of 
the cylindrical assay height (≈1%). Relative 
standard uncertainty of 212Pb analytical gamma-line 
count rate never exceeded 2.5%. So, relative 
standard uncertainty of thorium comparator 
determination was no more than 4% (P = 0.68).

The results of four CRM analyses for lanthanide 
contents by comparator INAA including thorium 
content by IGS are presented in Tables 2–5. 

Table 2 – REE contents of SG-4 (subalkaline granite) by comparator INAA, μg/g (P = 0.95)

Element Certified value Measured value En-number

La 91 ± 7 86.0 ± 8.2 -0.47

Ce 177 ± 27 191 ± 17 0.44

Nd 84 ± 14 84.6 ± 8.5 0.04

Sm 19 ± 3 17.3 ± 1.7 -0.49

Eu 0.64 ± 0.06 0.64 ± 0.05 0.01

Gd 15 ± 2 15.1 ± 1.7 0.04

Tb 2.5 ± 0.3 2.59 ± 0.26 0.23

Ho 2.6 ± 0.5 2.48 ± 0.35 -0.20

Tm 1.1 ± 0.2 1.18 ± 0.15 0.32

Yb 7.4 ± 1.4 7.95 ± 0.82 0.34

Lu 1.3 ± 0.3 1.31 ± 0.13 0.03

Th 20 ± 3 20.1 ± 1.4 0.04
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Table 4 – REE contents of DC-73301 (rock) by comparator INAA, μg/g (P = 0.95)

Element Certified value Measured value En-number

La 54 ± 4 53.7 ± 4.8 -0.05

Ce 108 ± 7 106 ± 10 -0.17

Nd 47 ± 4 44.0 ± 4.4 -0.50

Sm 9.7 ± 0.8 9.57 ± 0.91 -0.11

Eu 0.85 ± 0.07 0.83 ± 0.07 -0.19

Gd 9.3 ± 0.7 9.1 ± 1.2 -0.18

Tb 1.65 ± 0.09 1.67 ± 0.17 0.10

Ho 2.05 ± 0.17 2.08 ± 0.29 0.09

Tm 1.06 ± 0.09 0.99 ± 0.12 -0.49

Yb 7.4 ± 0.5 7.32 ± 0.75 -0.09

Lu 1.15 ± 0.09 1.11 ± 0.12 -0.27

Th 54 ± 3 53.9 ± 3.5 -0.02

Table 3 – REE contents of GBW-07110 (trachyte andesite) by comparator INAA, μg/g (P = 0.95)

Element Certified Value Measured value En-number

La 62.5 ± 2.5 61.9 ± 5.8 -0.09
Ce 117 ± 7 121 ± 11 0.31
Nd 47.2 ± 2.5 49.0 ± 4.9 0.33
Sm 8.63 ± 0.23 8.60 ± 0.86 -0.03
Eu 1.96 ± 0.07 2.03 ± 0.16 0.40
Gd 6.54 ± 0.40 6.37 ± 0.92 -0.17
Tb 0.99 ± 0.07 0.99 ± 0.11 0.04
Ho 1.1 ± 0.1 1.12 ± 0.19 0.10
Tm 0.50 ± 0.04 0.463 ± 0.073 -0.44
Yb 3.15 ± 0.10 3.12 ± 0.32 -0.09
Lu 0.49 ± 0.04 0.511 ± 0.052 0.32
Th 16.7 ± 0.6 16.2 ± 1.1 -0.41

The measured thorium internal standard contents 
are well comparable with the certified ones within ≤3% 
of discrepancy. All the lanthanides analyzed mass 
fractions differ from their certified contents by no more 
than 10%. Expanded uncertainty of lanthanides analysis 
in all the four CRMs U(Ca) by comparator INAA 
doesn't exceed the allowable standard deviation of the 
results of their determination directed by the III category 
of precision (of analysis) according to OST 41-08-221-
04 [36]. 

En-number of lanthanides determination was 
additionally evaluated as a criterion recommended by 
IUPAC to verify the laboratory performance [37]: 

,
)()( 22

ra

ra
n

CUCU
CCE
+

−
=              (6)

where U(Cr) is expanded uncertainty of the analyzed 
element certified value Cr (P = 0.95). En-number 
values within –1<En<1 interval are considered 
admissible if the relative deviation Ca – Cr doesn't 
exceed a predetermined quantity. In the present 
investigation maximum deviation ±10% was 
accepted. 
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Table 5 – REE contents of OREAS 100a (uranium-bearing rock) by comparator INAA, μg/g (P = 0.95)

Element Certified Value Measured value En-number

La 260 ± 8 269 ± 25 0.34
Ce 463 ± 20 477 ± 43 0.30
Nd 152 ± 8 156 ± 15 0.24
Sm 23.6 ± 0.4 24.2 ± 2.4 0.25
Eu 3.71 ± 0.23 3.89 ± 0.31 0.47
Gd 23.6 ± 1.4 23.5 ± 2.9 -0.03
Tb 3.80 ± 0.23 3.82 ± 0.38 0.05
Ho 4.81 ± 0.14 4.99 ± 0.66 0.27
Tm 2.31 ± 0.12 2.22 ± 0.27 -0.30
Yb 14.9 ± 0.4 14.9 ± 1.5 0.00
Lu 2.26 ± 0.11 2.37 ± 0.26 0.39
Th 51.6 ± 2.7 52.4 ± 3.3 0.19

Since En-number absolute values appeared less 
than unity (Tables 2–5) and the relative bias – less 
than 10%, the results of lanthanide analysis can be 
considered acceptable by En-number criterion too.

So the opportunity to use comparator INAA by 
long-lived radionuclides with a planar type HP Ge 
detector and thorium as the internal standard to 
analyze the rock CRMs for lanthanide contents was 
demonstrated. Then to verify this approach it was 
tried for real geological objects.

One of them is the rare earth deposit Shock-
Karagai in North Kazakhstan, a part of the big 
complex rare metal and rare earth province 
Syrymbet. Industrially significant agglomerations of 
REEs in the deposit are associated with the 
weathering crusts and Cenozoic loose sediments. 
Placers are enriched with the light lanthanides and 
accompanied by thorium increased contents 0.008–
0.02% [38]. 

The results of eleven lanthanides determinations 
in twenty REE ore samples by comparator INAA (P
= 0.95) are presented in Table 6. Preliminary 
elemental analysis of the core material was carried 
out by XRF. All the samples are characterized by 
relatively low iron mass fractions 0.5–3.3%, 
insufficient to measure 59Fe count rate by a planar 
detector in the "far" geometry with the necessary 
statistical uncertainty. Thorium content of the 
samples is high enough and therefore was 
determined by IGS. 

The ratio of sum contents of the cerium and 
yttrium groups (Table 6) confirms the conclusion 
that the light lanthanides are characteristic of the 
Shock-Karagai weathering crust [38] unlike that of 
some other Kazakhstan’s REE deposits. Several 
samples such as 2001/5, 7005/14, 7008/12 and TT-2

are distinguished by the enhanced relative sum mass 
fraction of the heavy REEs.

It may be noted that a high enough value of the
thermal neutron cross-section and monoisotopic 
composition makes possible to use thorium as an 
internal standard in comparator INAA beginning 
from its Clarke contents. This opportunity is 
restricted only by the sensitivity of thorium 
determination by an independent method. Neutron 
activation analysis of the REE ores characterized by 
thorium enhanced mass fractions for lanthanide 
contents causes no difficulties and may be regarded 
as a major application of the planar type detectors in 
comparator INAA. 

Typical gamma-ray spectra of an REE ore 
sample (№ 7004/2) are presented in Fig. 1 in a log-
linear scale after 7 days (a) and 3 weeks (b) of 
decay. The first spectrum was counted for 35 min 
and the second one – for about 50 min. Fig. 1(b) 
displays a low-energy part of the spectrum with the 
analytical lines of 169Yb and 170Tm. GLP36360 
doesn’t discriminate between 170Tm and 182Ta 
gamma-peak energies (84.3 and 84.7 keV) but it 
resolves the sum peak up to the background, unlike 
coaxial detectors. Gamma-lines of 160Tb (298.6 keV) 
and 233Pa (300.1 keV) partly resolved by the planar 
detector are usually reliably divided by the software 
even when thorium content of the samples exceeds 
100 μg/g. Despite the much lower count rate of 
298.6 keV gamma-line comparing with 86.8 keV 
one of 160Tb, the latter was not chosen as the 
analytical line because of the frequently fallible 
results caused by 233Pa spectral interference (86.6 
keV). 152Eu and 141Ce gamma-lines are not shown in 
Fig. 1(b) since there is no problem with 
corresponding element determination.
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Figure 1 – Parts of the gamma-ray spectra of REE ore sample № 7004/2 

counted by GLP36360 after 7 days (a) and 3 weeks (b) of decay (in a log-linear scale) 
 
 
Another example of the approach verification 

relates to a nontraditional REE source such as rare 
metal deposits. As throughout the world, rare earth 
elements in Kazakhstan are often found in close 
association with zirconium, niobium, tantalum, and 
thorium [39]. In the absence of the samples 
collected from the corresponding fields, several 
different types of rare metal CRMs with sufficiently 
high thorium contents were selected for 
investigation. They are: GSO-2273 (a zirconium 
ore), NFS-15 (a tantalum-niobium-zirconium ore), 
both by Russian Federation, GSO-1711 (a tungsten 
ore, Kazakhstan), and IAEA-RgTh-1. All these 
CRMs were not certified for lanthanide mass 
fractions. Thorium content of GSO-2273 and GSO-
1711 was determined by IGS and certified in the 
other samples. Based on preliminary analysis, to 
conduct INAA IAEA-RgTh-1 assay was 
significantly diminished to 20 mg, and the other 
CRM assays – to 40–50 mg.  

The results of REE determination in the four 
rare metal ore samples by comparator INAA (P = 
0.95) are presented in Table 7. Certified contents of 
the elements or their oxides accounting for the ore 
types are tabulated too. The table is supplemented 
with the certified or measured mass fractions of 
uranium since it often accompanies rare metal ores 
in higher contents. 

In case of zirconium ore analysis, contribution 
of the uranium fission products to the count rate of 
La analytical gamma-line were negligible and 
reached approximately 6% and 11% to Ce and Nd 
ones. Sm gamma-line count rate was corrected for 
≈8%. Due to a rather high tantalum content, 
correction to Tm gamma-line intensity amounted to 
82%. 161Tb count rate was increased by 8% 
comparing with INAA of a typical (model) rock 
according to the estimated self-absorption of the 
25.7 keV gamma-line by zirconium. 

The tungsten ore sample was analyzed in the standard 
manner with the exception that Sm content was found by the 
103.2 keV gamma-line because of the extremely high 
correction of the 69.7 keV line count rate. Uranium 
contribution as a spectral interference to 103.2 keV gamma-
line amounted to 10%. 

The sample of complex tantalum-niobium-
zirconium ore presented a rather difficult challenge 
resulted from the high contents of three interfering 
elements – uranium, thorium and tantalum. The 
former one caused substantial corrections to the 
intensities of La, Ce, and Nd analytical gamma-lines 
amounted to approximately 10%, 39% and 62%, 
correspondingly. Thorium contribution to Tb 
gamma-line count rate reached 15%. Very high 
correction in the case of Tm analysis (≈97%) made 
the result a rather approximate one.  
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Table 7 – Lanthanides, thorium and some basic element contents of the rare metal ore samples by comparator INAA, μg/g (P = 0.95)

Element Zirconium
ore

Tungsten
ore

Tantalum-niobium-
zirconium ore

Thorium
ore

La 56.1 ± 5.8 16.3 ± 1.6 19.9 ± 2.0 1530 ± 140

Ce 119 ± 11 51.2 ± 5.1 63.3 ± 6.3 3640 ± 330

Nd 48.4 ± 5.1 25.6 ± 2.6 24.4 ± 3.2 1740 ± 160

Sm 8.33 ± 0.89 9.16 ± 0.85 10.6 ± 1.0 280 ± 27

Eu 1.04 ± 0.10 0.122 ± 0.011 0.119 ± 0.013 69.1 ± 5.8

Gd 7.7 ± 1.6 8.5 ± 1.0 9.2 ± 1.8 154 ± 17

Tb 1.77 ± 0.18 2.01 ± 0.20 3.97 ± 0.40 15.5 ± 1.5

Ho 3.77 ± 0.53 3.03 ± 0.32 7.6 ± 1.0 5.2 ± 1.5

Tm 1.52 ± 0.24 1.86 ± 0.23 1.0 ± 0.3 < 0.2

Yb 33.9 ± 3.4 15.8 ± 1.6 53.5 ± 5.3 2.58 ± 0.29

Lu 5.03 ± 0.48 2.76 ± 0.26 8.61 ± 0.87 0.32 ± 0.04

Zr, % 3.87 ± 0.09 a - 0.35 ± 0.02 a -

Nb2O5, % - - 0.199 ± 0.009 a -

Ta2O5, % 0.0039 ± 0.0004 0.0020 ± 0.0002 0.019 ± 0.002 a -

W 17.7 ± 1.8 286 ± 16 a - -

U 21.3 ± 1.9 10.0 ± 1.0 134 ± 7 a 6.3 ± 0.4 a

Th 34.6 ± 1.4 38.9 ± 1.8 740 ± 38 a 800 ± 16 a

a Certified value

All the three samples are characterized by the 
Clarke, or sub-Clarke contents of the light 
lanthanides and by the several times increased 
contents of the heavy ones, from Ho to Lu, 
comparing with their Clarkes. This allows 
considering the corresponding ore types as a 
valuable source of heavy lanthanide by-product 
production.

The thorium ore sample differs from the three 
above in high industrial contents of the light REEs, 
while the heavier ones correspond to their crust 
averages. 

In several cases the planar detector enabled to 
determine the elements inaccessible to coaxial ones 
due to the very high thorium content. The first of 
them is Gd since the 103.2 keV analytical gamma-
line of 153Gd can’t be reliably separated from the far 
more intensive 103.9 keV line of 233Pa. The other 
examples include Eu and Nd determination in the 
sample of tantalum-niobium-zirconium ore, Yb and 
Lu in the thorium ore sample. These failures of the 

coaxial detectors result from the very poor peak-to-
background ratios of the corresponding 
radionuclides due to their low count rates and a high 
Compton continuum of the spectra. 

Conclusion 

A variant of comparator INAA using a planar 
type HPGe detector and thorium as the internal 
standard was shown as a reliable method for eleven 
lanthanides analyses by the long-lived radionuclides 
in the REE ore samples characterized by the 
enhanced thorium contents and low contents of iron 
insufficient to use it as the internal comparator. 
Thorium mass fraction of the samples was 
conveniently found by the method of IGS insuring 
in this case better precision than usually used XRF. 
A planar type detector makes possible to determine 
gadolinium by the generally interference-free 
analytical gamma-line of 161Tb (25.7 keV) thus 
reducing the whole time of the analyses by one-two
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weeks and making free coaxial detectors for other 
applications. 

By the example of INAA of several rock CRMs 
and the ore samples from the Shock-Karagai REE 
deposit the possibility of routine analysis of the 
similar objects by the III category of precision 
according to OST 41-08-221-04 was demonstrated. 

The proposed variant of comparator INAA also 
suggests an advantage in the analysis of REE and 
thorium-containing rare metal ores comparing with 
the traditional application of the coaxial detectors.
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Assessment of minor and trace elements  
in mineral fertilizers purchased in Almaty city,  

Kazakhstan, using k0-INAA

Abstract. The fertilizers are essential in agriculture as they supply macro and micronutrients to growing 
crops. The appropriate consumption of nutrients, as well as minimized concentrations of pollutants are the 
basis of good health of human. The control of content of minor and trace elements in fertilizers can lead to 
improvement of living conditions of local population. The presenting study is aimed on the investigation 
of concentration of minor and trace elements, purchased in Almaty city, Kazakhstan. The concentrations 
were found by k0-INAA method after crushing and homogenization of the samples. Ljubo-zeleno mineral 
fertilizer contains high concentration of calcium, potassium, sodium, as well as elevated concentrations 
of strontium and barium. In Fertika main components are calcium and potassium, although strontium and 
barium are presented in lower concentrations, than in Ljubo-zeleno mineral fertilizer. In Bujskie udobreniya 
monopotassium phosphate and ammonium nitrate Fasko mineral fertilizers most of analyzed components 
(except macrocomponents) are contained in concentrations, lower than the limit of detection of the used 
method.
Key words: mineral fertilizers, minor and trace elements, k0-INAA.

Introduction

Agriculture plays a great role in modern life, as 
the exponentially growing population need to in-
crease crop yields to provide food [1]. Deficiencies 
in essential nutrients or unavailability in soil can 
result in a lower quantity and quality of produced 
foods [2-4]. The question of accumulation of dif-
ferent elements by growing crops is complex and 
very complicated, although the presence of ele-
ments in soils is one of the most important factors, 
influencing on chemical composition of crops. The 
usage of different types of chemicals for improve-
ment of crops quality also became “normal” for 
modern society. One type of these chemicals are 
fertilizers, which serve a source of most impor-
tant macro and micronutrients for growing plants. 
Macronutrients include calcium, potassium, mag-
nesium, phosphorus, and sulfur, while selected 
micronutrients are iron, manganese, sodium, sili-
con, and zinc, among others [5]. These nutrients 
are required by plants in various quantities and are 
essential for crop growth, development, and yield 
[6-8]. They can enter agroecosystems through both 

natural (weathering of soil parent material) and an-
thropogenic processes (use of fertilizers, organic 
manures, industrial and municipal wastes, metal-
based pesticides, irrigation, and atmospheric depo-
sition) [9].

Although fertilizers can consist not only of those 
elements, which are essential for these crops, but 
also of other accompanying elements, which in some 
cases can be dangerous and even poisonous for ani-
mals and human. So, for example, in case of phos-
phate fertilizers used for agricultural purposes, the 
starting material for their production are phosphate 
rocks. Phosphate rock is a general term which refers 
to rock which is most commonly of the apatite group 
{Ca5(PO4)3[F, OH or Cl]} [10]. Phosphate rock of 
sedimentary origin exists in the earth’s crust in the 
form of calcium phosphates Ca3(PO4)2 and the rock 
contains NORM (naturally occurring radioactive ma-
terial) [11-12].

Hence, precise control of concentration of ele-
ments in fertilizers is one of the factors, which can 
improve the quality of living conditions of human in 
general. The presenting study is aimed on determina-
tion of minor and trace elements in several mineral 
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fertilizers, which were purchased in the specialized 
shops of Almaty city, and hence are used by locals 
for improvement of quality of crops.

Materials and methods

Description of fertilizers
In the study five different fertilizers were chosen 

for investigation, among them are “Ljubo-zeleno” 
(Russian Federation), organic-mineral mixture Fer-

tika (Russian Federation), superphosphate Fasko 
(Garden Retail Service, Russian Federation), mono-
potassium phosphate (Bujskie udobreniya, Russian 
Federation) and ammonium nitrate Fasko (Garden 
Retail Service, Russian Federation). Most of them 
are recommended for usage for vegetables, common-
ly grown in Kazakhstan and used by local population, 
including private houses and farms.

The content of some components is presented by 
producer and presented in Table 1.

Table 1 – Content of components, reported by producer

Fertilizer N, % P2O5, % K2O, %
Ljubo-zeleno 10 12 15
Fertika - 5 8
Superphosphate Fasko 9 30 -
Monopotassium phosphate Bujskie udobreniya - 50 33
Ammonium nitrate Fasko 33 - -

All samples of fertilizers were crushed in mortar 
and homogenized before the analysis. 

Description of k0-INAA
The mass of aliquot taken for k0-instrumental 

neutron activation analysis (k0-INAA) varied from 
0.200 g to 0.210 g [13]. The sample was sealed 
in a pure polyethylene ampoule (SPRONK sys-
tem, Lexmond, The Netherlands). A sample to-
gether with an Al-0.1%Au standard (IRMM-530R 
produced by Institute for Reference Materials and 
Measurements (IRMM), Belgium) were stacked 
together, fixed in the polyethylene vial in sandwich 
form and irradiated for 18 h in the carousel facil-
ity of the TRIGA Mark II reactor of Jožef Stefan 
Institute (JSI) [14-15] at a thermal neutron flux 
of 1.1×1012 cm-2 s-1. Following irradiation the ali-
quot was measured after 4, 8 and 22 days cooling 
time on absolutely calibrated high-purity germa-
nium (HPGe) detectors (40% and 45% relative ef-
ficiency). For peak area evaluation, the HyperLab 
2002 program was used [16]. The values f = 28.43 
(thermal to epithermal flux ratio) and α = –0.0042 
(epithermal flux deviation from the ideal 1/E dis-
tribution) were used to calculate element concen-
trations. For elemental concentrations and effec-
tive solid angle calculations, the software package 
Kayzero for Windows was applied [17]. The k0-IN-
AA procedure at the Department of Environmental 
Sciences of the JSI is accredited according to ISO/
IEC 17025 by the Slovenian Accreditation Agency 

(Accreditation Certificate LP-090). For QA/QC 
purposes for k0-INAA the certified reference ma-
terial BCR-320R channel sediment (produced by 
IRMM, Belgium) was used.

In order to prove the reliability of the results the 
calculation of En-score via the following equation 
was used [18]:

,                     (1)

where: Xlab and Xref are results of determination of 
concentration in laboratory and reference values, cor-
respondently; Ulab and Uref are uncertainties (k=2) for 
laboratory and reference values. The results obtained 
by k0-INAA with their associated combined standard 
uncertainties (uc) are given in Table 2 and compared 
with certified values. Combined standard uncertainty 
(uc) is calculated as follows:

          
(2)

where uNp,AREA is uncertainty for number of counts 
in net peak area of gamma ray and uc,method is the 
combined standard uncertainty of the k0-INAA es-
tablished as 3.5% with a coverage factor k=1. The 
overall combined standard uncertainty of 3.5% is ob-
tained by quadratic summation of the individual con-
tributions [k0 ~ 1%, Q0 ~ 1%, α ~ 1.5%, f ~ 1%, εp ~ 
2% and coincidence correction factors (COI) ~ 1.5%] 
as described elsewhere [19-21].
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Table 2 – Results obtained by k0-INAA for BCR-320R channel sediment on dry mass basis

El.
This work IRMM

EnContent
(mg/kg)

uc
(mg/kg)

Certified value
(mg/kg)

U (k=2)
(mg/kg)

Ag 0.517 0.073

As 23.1 0.8 21.7 2 0.55

Au 0.0076 0.0003

Ba 263 9

Br 82.0 2.9

Ca 36746 1305

Cd 2.70 0.18 2.64 0.18 0.15

Ce 34.7 1.2

Co 9.94 0.35 9.7 0.6 0.26

Cr 60.4 2.1 59 4 0.24

Cs 4.32 0.15

Cu < 909 46.3 2.9 N/A

Eu 0.695 0.037

Fe 25746 903 25700 1300 0.02

Ga 8.41 0.75

Hf 4.77 0.17

Hg 0.891 0.049 0.85 0.09 0.31

K 12269 452

La 19.9 0.7

Mo 1.01 0.09

Na 9325 329

Nd 17.6 0.7

Rb 63.5 2.2

Sb 1.13 0.04

Sc 5.39 0.19 5.2 0.4 0.34

Se 0.804 0.092 (0.96) (0.18) N/A

Sm 3.07 0.11

Sr 191 8

Ta 0.506 0.019

Tb 0.429 0.015

Th 5.27 0.19 5.3 0.4 -0.05

U 1.55 0.05 1.56 0.2 -0.04

Yb 1.51 0.05

Zn 329 12 319 20 0.32

Zr 179 8

Notes: uc – combined standard uncertainty; U – expanded uncertainty (k=2); Results in brackets are informative values; N/A – not ap-
plicable; < ‒ Limit of detection (LD) of the method used.
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The calculated En-scores are within the follow-
ing inequality |En|≤1.0 [18], hence the used method 
shows good results.

Results and discussion

The measurement of the fertilizers was done in 
duplicate, the obtained data are presented in Tables 
3-7. Averaged value (XAVG) and its associated uncer-
tainty (uXAVG ) are calculated as follows:

                        (3)

(4)

where X1, X2, uc,1, uc,2 denote the result and its asso-
ciated combined standard uncertainty for each repli-
cate, respectively, XAVG is the averaged value of two 
replicates. For data presented as LD, the averaged 
value represents the higher value of the replicates if 
not stated otherwise.

The data of the Table 3 showed that Ljubo-zele-
no mineral fertilizer contains high concentration of 
calcium, potassium, sodium, which were essential 
components of mineral fertilizers. Although elevated 
concentrations of strontium and less of barium, which 
being chemical analogue of calcium, can substitute it 
in biological systems, causing serious illnesses of an-
imals and human, should be mentioned. Thorium and 
uranium also were detected in this mineral fertilizer. 

Table 3 – The results obtained by k0-INAA for Ljubo-zeleno are given on air dry mass basis

El.
Replicate 1 Replicate 2 Average

nContent
(mg/kg)

uc
(mg/kg)

Content
(mg/kg)

uc
(mg/kg)

Content
(mg/kg)

uc
(mg/kg)

uc
(%)

Ag < 0.18 < 0.16 < 0.18 2
As < 1.5 < 1.4 < 1.5 2
Au < 0.0032 < 0.0024 < 0.0032 2
Ba 123 5 127 5 125 5 4.3 2
Br 43.4 1.5 44.1 1.5 43.7 1.6 3.6 2
Ca 145100 5200 133800 4802 139450 7548 5.4 2
Cd < 4.8 < 3.8 < 4.8 2
Ce 238 8 244 9 241 9 3.7 2
Co 0.538 0.020 0.539 0.023 0.538 0.021 4.0 2
Cr 3.80 0.33 3.93 0.70 3.86 0.55 14.3 2
Cs 0.195 0.012 0.180 0.008 0.188 0.013 6.7 2
Cu < 4223 < 4353 < 4353 2
Eu 5.99 0.21 5.90 0.21 5.95 0.22 3.6 2
Fe 1487 53 1462 52 1475 54 3.6 2
Ga < 7.1 < 6.8 < 7.1 2
Gd 21.2 0.9 21.9 0.9 21.6 0.9 4.3 2
Hf 0.258 0.011 0.277 0.013 0.268 0.016 5.8 2
Hg < 0.064 < 0.18 < 0.18 2
K 140000 4974 140200 4996 140100 4986 3.6 2
La 135 5 138 5 136 5 3.7 2
Mo < 3.6 1.87 0.44 1.87 0.44 23.7 1
Na 27740 978 26620 941 27180 1111 4.1 2
Nd 110 4 113 4 111 4 3.9 2
Pr < 50.7 < 39.9 < 50.7 2
Rb 47.0 1.7 45.8 1.6 46.4 1.8 3.8 2
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El.
Replicate 1 Replicate 2 Average

nContent
(mg/kg)

uc
(mg/kg)

Content
(mg/kg)

uc
(mg/kg)

Content
(mg/kg)

uc
(mg/kg)

uc
(%)

Sb 0.102 0.006 0.074 0.006 0.088 0.015 17.6 2
Sc 0.165 0.006 0.149 0.005 0.157 0.010 6.1 2
Se < 0.49 < 0.51 < 0.51 2
Sm 18.0 0.6 18.3 0.6 18.1 0.7 3.6 2
Sn < 50.7 < 21.6 < 50.7 2
Sr 4726 168 4807 170 4767 174 3.6 2
Ta 0.500 0.018 0.499 0.018 0.499 0.018 3.6 2
Tb 2.14 0.07 2.19 0.08 2.16 0.08 3.7 2
Th 8.36 0.29 8.61 0.30 8.48 0.32 3.8 2
Tm 0.812 0.075 0.773 0.041 0.792 0.063 8.0 2
U 1.86 0.09 1.78 0.08 1.82 0.10 5.4 2
W < 2.6 < 2.5 < 2.6 2
Yb 2.83 0.10 2.85 0.10 2.84 0.10 3.6 2
Zn 10.6 0.5 11.4 0.5 11.0 0.6 5.7 2
Zr < 22.6 < 20.5 < 22.6 2

Notes: uc – combined standard uncertainty; n – number of replicates; < ‒ Limit of detection (LD) of the method used.

Table 4 – The results obtained by k0-INAA for Fertica are given on air dry mass basis

El.
Replicate 1 Replicate 2 Average

nContent
(mg/kg)

uc
(mg/kg)

Content
(mg/kg)

uc
(mg/kg)

Content
(mg/kg)

uc
(mg/kg)

uc
(%)

Ag < 0.14 < 0.14 < 0.14 2
As 0.788 0.039 0.796 0.051 0.792 0.045 5.7 2
Au < 0.0012 < 0.0011 < 0.0012 2
Ba 43.5 2.5 41.5 2.2 42.5 2.5 6.0 2
Br 131 5 126 4 128 5 4.0 2
Ca 104800 3697 103300 3646 104050 3747 3.6 2
Cd < 1.0 < 1.2 < 1.2 2
Ce 24.5 0.9 27.4 1.0 25.9 1.7 6.7 2
Co 2.18 0.08 2.25 0.08 2.22 0.08 3.8 2
Cr 11.3 0.4 11.5 0.5 11.4 0.5 4.1 2
Cs 0.328 0.013 0.330 0.012 0.329 0.013 3.8 2
Cu < 575 < 604 < 604 2
Eu 0.519 0.023 0.477 0.021 0.498 0.031 6.1 2
Fe 3391 119 3495 123 3443 132 3.8 2
Ga < 1.9 < 2.9 < 2.9 2
Gd < 1.6 < 1.6 < 1.6 2
Hf 0.354 0.013 0.335 0.013 0.345 0.016 4.7 2
Hg < 0.060 < 0.125 < 0.125 2

Continuation of table 3
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El.
Replicate 1 Replicate 2 Average

nContent
(mg/kg)

uc
(mg/kg)

Content
(mg/kg)

uc
(mg/kg)

Content
(mg/kg)

uc
(mg/kg)

uc
(%)

K 64580 2273 64140 2260 64360 2277 3.5 2
La 16.2 0.6 17.8 0.6 17.0 1.0 5.8 2
Mo 0.217 0.097 0.342 0.123 0.279 0.127 45.6 2
Na 1987 70 1995 70 1991 70 3.5 2
Nd 9.93 0.63 11.37 0.67 10.7 1.0 9.1 2
Pr < 6.0 < 10.2 < 10.2 2
Rb 7.42 0.29 7.62 0.30 7.52 0.31 4.2 2
Sb 0.0867 0.0054 0.0837 0.0041 0.0852 0.0051 5.9 2
Sc 1.15 0.04 1.19 0.04 1.17 0.05 3.9 2
Se < 0.32 < 0.25 < 0.32 2
Sm 1.55 0.06 1.65 0.06 1.60 0.08 4.8 2
Sn < 16.0 < 16.6 < 16.6 2
Sr 289 11 303 11 296 13 4.5 2
Ta 0.365 0.013 0.370 0.014 0.367 0.014 3.7 2
Tb 0.231 0.008 0.246 0.009 0.238 0.011 4.8 2
Th 2.35 0.08 2.38 0.08 2.36 0.09 3.6 2
Tm < 0.13 < 0.13 < 0.13 2
U 0.978 0.036 0.975 0.036 0.977 0.036 3.7 2
W < 0.32 < 0.54 < 0.54 2
Yb 1.16 0.04 1.17 0.04 1.16 0.04 3.6 2
Zn 12.0 0.5 12.9 0.5 12.4 0.6 5.0 2
Zr < 15.2 < 15.6 < 15.6 2

Notes: uc – combined standard uncertainty; n – number of replicates; < ‒ Limit of detection (LD) of the method used.

Continuation of table 4

In Fertika (Table 4) main components were cal-
cium and potassium, less – iron and sodium. Stron-
tium and barium were presented in it, but in lower 

concentrations, than in Ljubo-zeleno mineral fertil-
izer. The same situation was observed for thorium 
and uranium.

Table 5 – The results obtained by k0-INAA for superphosphate Fasko are given on air dry mass basis

El.
Replicate 1 Replicate 2 Average

nContent
(mg/kg)

uc
(mg/kg)

Content
(mg/kg)

uc
(mg/kg)

Content
(mg/kg)

uc
(mg/kg)

uc
(%)

Ag < 0.52 < 0.44 0.52 2
As 2.20 0.32 2.32 0.33 2.26 0.33 14.5 2
Au < 0.0151 < 0.0195 0.0195 2
Ba 246 17 250 11 248 15 5.9 2
Br 2.81 0.18 3.04 0.25 2.92 0.24 8.3 2
Ca 91750 3803 86250 3673 89000 4641 5.2 2
Cd < 10.8 < 10.7 10.8 2
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El.
Replicate 1 Replicate 2 Average

nContent
(mg/kg)

uc
(mg/kg)

Content
(mg/kg)

uc
(mg/kg)

Content
(mg/kg)

uc
(mg/kg)

uc
(%)

Ce 1088 38 1085 38 1087 38 3.5 2
Co 1.49 0.06 1.50 0.06 1.49 0.06 3.7 2
Cr 19.5 0.8 18.5 0.8 19.0 1.0 5.0 2
Cs 0.405 0.020 0.377 0.026 0.391 0.027 6.9 2
Cu < 6018 < 6466 6466 2
Eu 18.5 0.7 18.6 0.7 18.6 0.7 3.6 2
Fe 3775 134 3756 138 3766 136 3.6 2
Ga < 18.3 < 19.3 19.3 2
Gd 66.4 2.7 68.3 2.6 67.4 2.8 4.2 2
Hf 0.693 0.031 0.683 0.030 0.688 0.031 4.5 2
Hg < 0.57 < 0.49 0.57 2
K 2698 329 3672 431 3185 620 19.5 2
La 652 23 650 23 651 23 3.5 2
Mo 3.70 1.36 < 2.1 3.70 1.36 36.8 1
Na 3253 114 3283 116 3268 116 3.5 2
Nd 423 15 424 15 423 15 3.6 2
Pr 117 9 109 9 113 10 8.6 2
Rb 12.6 0.7 11.5 0.6 12.1 0.9 7.1 2
Sb 0.264 0.016 0.249 0.018 0.256 0.019 7.3 2
Sc 0.839 0.030 0.819 0.029 0.829 0.031 3.7 2
Se < 1.8 < 1.2 1.8 2
Sm 63.1 2.2 63.2 2.2 63.1 2.2 3.5 2
Sn < 145 < 130 145 2
Sr 6169 220 6137 216 6153 218 3.5 2
Ta 1.27 0.05 1.30 0.05 1.28 0.05 3.9 2
Tb 6.28 0.22 6.23 0.22 6.26 0.22 3.5 2
Th 17.4 0.6 17.4 0.6 17.4 0.6 3.6 2
Tm 5.16 0.31 4.46 0.33 4.81 0.47 9.8 2
U 12.0 0.5 12.1 0.5 12.0 0.5 3.9 2
W < 3.3 < 3.4 3.4 2
Yb 7.36 0.26 7.29 0.26 7.32 0.26 3.6 2
Zn 33.1 1.6 33.1 1.4 33.1 1.5 4.6 2
Zr 52.8 19.0 < 62.2 52.8 19.0 36.1 1

Notes: uc – combined standard uncertainty; n – number of replicates; < ‒ Limit of detection (LD) of the method used.

Continuation of table 5

In superphosphate Fasko mineral fertilizer (Table 
5), calcium, iron, and potassium were the main compo-
nents. Strontium and barium found in significant con-
centrations in Fasko mineral fertilizers, as well as urani-
um and thorium, are present in considerable quantities. 

In monopotassium phosphate (Table 6) the domi-
nant component was potassium, which is evident. 
Most of the rest components were contained in con-
centrations, lower than the limit of detection of the 
used method.
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Table 6 – The results obtained by k0-INAA for monopotassium phosphate are given on air dry mass basis

El.
Replicate 1 Replicate 2 Average

nContent
(mg/kg)

uc
(mg/kg)

Content
(mg/kg)

uc
(mg/kg)

Content
(mg/kg)

uc
(mg/kg)

uc
(%)

Ag < 0.20 < 0.18 < 0.20 2
As < 0.17 < 0.63 < 0.63 2
Au < 0.0035 < 0.0027 < 0.0035 2
Ba < 21 < 20 < 21 2
Br < 0.24 < 0.23 < 0.24 2
Ca < 894 < 897 < 897 2
Cd < 4.5 < 3.3 < 4.5 2
Ce < 1.5 < 1.4 < 1.5 2
Co < 0.021 < 0.020 < 0.021 2
Cr < 1.3 < 1.2 < 1.3 2
Cs < 0.044 < 0.040 < 0.044 2
Cu < 1049 < 1101 < 1101 2
Eu < 0.0057 < 0.0030 < 0.0057 2
Fe < 17 < 11 < 17 2
Ga < 4.3 < 4.5 < 4.5 2
Gd < 6.0 < 5.5 < 6.0 2
Hf < 0.069 < 0.064 < 0.069 2
Hg < 0.42 < 0.39 < 0.42 2
K 284900 9998 286400 10050 285650 10052 3.5 2
La < 0.028 < 0.020 < 0.028 2
Mo < 5.7 < 4.4 < 5.7 2
Na 1751 61 1736 61 1744 62 3.5 2
Nd < 4.8 < 4.5 < 4.8 2
Pr < 13.0 < 13.4 < 13.4 2
Rb 33.5 1.2 34.0 1.3 33.8 1.3 3.7 2
Sb 0.314 0.013 0.303 0.014 0.309 0.014 4.7 2
Sc 0.0105 0.0006 0.0104 0.0005 0.0105 0.0006 5.3 2
Se < 0.99 < 0.91 < 0.99 2
Sm < 0.081 < 0.057 < 0.081 2
Sn < 48 < 44 < 48 2
Sr < 30 < 28 < 30 2
Ta < 0.016 < 0.014 < 0.016 2
Tb < 0.018 < 0.016 < 0.018 2
Th < 0.10 < 0.09 < 0.10 2
Tm < 0.53 < 0.49 < 0.53 2
U < 0.54 < 0.40 < 0.54 2
W < 1.1 < 1.1 < 1.1 2
Yb < 0.10 < 0.09 < 0.10 2
Zn 1.37 0.15 1.67 0.14 1.52 0.21 13.9 2
Zr < 21.9 < 20.0 < 21.9 2

Notes: uc – combined standard uncertainty; n – number of replicates; < ‒ Limit of detection (LD) of the method used.
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Table 7 – The results obtained by k0-INAA for ammonium nitrate Fasko are given on air dry mass basis

El.
Replicate 1 Replicate 2 Average

nContent
(mg/kg)

uc
(mg/kg)

Content
(mg/kg)

uc
(mg/kg)

Content
(mg/kg)

uc
(mg/kg)

uc
(%)

Ag < 0.029 < 0.029 < 0.029 2
As 0.0111 0.0016 0.0141 0.0017 0.0126 0.0023 17.9 2
Au < 0.00004 0.00042 0.00002 0.00042 0.00002 4.8 1
Ba 5.34 0.25 5.16 0.23 5.25 0.26 4.9 2
Br 0.0339 0.0021 0.0237 0.0016 0.0288 0.0055 19.0 2
Ca < 170 121 20 121 20 16.3 1
Cd < 0.068 < 0.051 < 0.068 2
Ce 0.0303 0.0051 0.0413 0.0051 0.0358 0.0075 21.0 2
Co < 0.009 < 0.002 < 0.009 2
Cr 0.523 0.058 0.846 0.058 0.685 0.172 25.1 2
Cs < 0.004 < 0.003 < 0.004 2
Cu < 11.7 < 13.6 < 13.6 2
Eu < 0.001 < 0.001 < 0.001 2
Fe 52.1 2.2 53.2 2.2 52.7 2.3 4.3 2
Ga < 0.071 < 0.077 < 0.077 2
Gd < 0.095 < 0.057 < 0.095 2
Hf < 0.005 0.00678 0.00068 0.00678 0.00068 10.1 1
Hg < 0.017 < 0.017 < 0.017 2
K < 7.4 7.85 1.60 7.85 1.60 20.4 1
La 0.0138 0.0009 0.0214 0.0012 0.0176 0.0039 22.4 2
Mo < 0.027 < 0.015 < 0.027 2
Na 14.7 0.5 15.8 0.6 15.2 0.8 5.1 2
Nd < 0.053 < 0.051 < 0.053 2
Pr < 0.27 < 0.28 < 0.28 2
Rb < 0.17 < 0.16 < 0.17 2
Sb 0.00770 0.00040 0.00743 0.00036 0.00757 0.00040 5.3 2
Sc 0.00268 0.00015 0.00299 0.00013 0.00283 0.00021 7.4 2
Se < 0.031 < 0.014 < 0.031 2
Sm 0.00354 0.00015 0.00455 0.00019 0.00404 0.00053 13.1 2
Sn 5.05 0.46 7.09 0.46 6.07 1.12 18.4 2
Sr 30.8 1.3 31.1 1.2 30.9 1.3 4.1 2
Ta < 0.0028 < 0.0028 < 0.0028 2
Tb < 0.0012 < 0.0009 < 0.0012 2
Th < 0.0021 0.00420 0.00057 0.00420 0.00057 13.5 1
Tm < 0.0078 < 0.0079 < 0.0079 2
U 0.00637 0.00045 0.00512 0.00037 0.00574 0.00075 13.1 2
W < 0.013 < 0.016 < 0.016 2
Yb 0.00369 0.00046 0.00338 0.00035 0.00353 0.00044 12.4 2
Zn 0.245 0.062 0.200 0.040 0.223 0.057 25.6 2
Zr < 3.6 < 1.6 < 3.6 2

Notes: uc – combined standard uncertainty; n – number of replicates; < ‒ Limit of detection (LD) of the method used.
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In ammonium nitrate Fasko mineral fertilizer 
(Table 7), most of the analyzed elements were pre-
sented in very low concentrations.

Conclusion

The current investigation provided the data on 
minor and trace elements, presented in five fertiliz-
ers, purchased in specialized shops of Almaty city, 
Kazakhstan. Among them are “Ljubo-zeleno” (Rus-
sian Federation), organic-mineral mixture Fertika 
(Russian Federation), superphosphate Fasko (Garden 
Retail Service, Russian Federation), monopotassium 
phosphate (Bujskie udobreniya, Russian Federation) 
and ammonium nitrate Fasko (Garden Retail Service, 
Russian Federation). The fertilizers under investiga-
tion are recommended for growing of vegetables, 
commonly used by local population for everyday 
consumption.

The analysis was done by k0-instrumental neu-
tron activation analysis. The quality control of the 
method was done, based on measurements of certi-
fied reference material BCR-320R channel sediment. 
The obtained values of En-scores varied within the 
interval from -0.05 to 0.55, so the method validified 
the accuracy. 

According to the obtained results, Ljubo-zeleno 
mineral fertilizer contains high concentration of cal-
cium, potassium, sodium, as well as elevated con-
centrations of strontium and barium, which being 
chemical analogue of calcium, can substitute it in 
biological systems, causing serious illnesses of ani-
mals and human. In Fertika main components are cal-
cium and potassium, although strontium and barium 
are presented in lower concentrations, than in Ljubo-
zeleno mineral fertilizer. 

In monopotassium phosphate and ammonium ni-
trate Fasko mineral fertilizer most of analyzed com-
ponents (except macrocomponents) are contained in 
concentrations, lower than the limit of detection of 
the used method, hence can be recommended to utili-
zation by local population.

Based on data presented in this work obtained by 
k0-INAA and data presented by the producer, we can 
confirm that content of K in K2O is in good agree-
ment with stated the producer declaration in Table 1 
for Ljubo-zeleno, Fertika and monopotassium phos-
phate Bujskie udobreniya (see Tables 3, 4 and 6, re-
spectively).

It is necessary to note, that for more precise con-
clusion, detailed investigations of the bioavailability 
of minor and trace elements of the investigated fertil-
izers should be done in future.
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Copper smelter slag leaching with hydrochloric acid  
in isopropyl alcohol: kinetic study

Abstract. The solvometallurgical approach was applied for the first time for processing copper smelter 
slag. A comparative analysis of the processes of slag leaching with hydrochloric acid dissolved in water, 
as well as in isopropanol is presented. The use of isopropanol as a solvent leads to an increase in the 
extraction of copper in comparison with an aqueous solution (84 and 66%, respectively, at 348 K). The 
rate constants of leaching processes in an alcohol environment are an order of magnitude higher than those 
in aqueous solutions at 298, 328 and 348 K. The calculated activation energy values were 28.1±0.8 and 
15.7±0.5 kJ/mol for aqueous and alcohol environments, respectively. Diffusion and chemical reactions 
are the limiting stages of the leaching in aqueous solution while the only diffusion limits the leaching rate 
in alcohol environment, according to the shrinking core model. The much higher leaching ability of the 
isopropanol solution is explained by the lower energy of acid solvation in alcohol in comparison with the 
energy of hydration in an aqueous solution. 
Key words: copper smelter slag, copper dissolution, leaching, solvometallurgy.

Introduction

Pyrometallurgical copper production is ac-
companied by the formation of smelter slag, with 
about three tons of slag being formed for each ton 
of copper produced. The copper content in the slag 
is on average about 1%, depending on the smelt-
ing mode used [1]. Being under the open air and 
exposed to temperature changes and atmospheric 
precipitation, the slag components partially dis-
solve and pass into the soil and water. Thus, cop-
per smelter slag should be considered in two as-
pects: as a raw material for copper production and 
as a potential source of environmental pollution [2, 
3]. Slag is currently processed in three ways: (i) 
flotation (mainly); (ii) pyrometallurgy; (iii) hydro-
metallurgy. All these routes have significant disad-
vantages: flotation loses up to 50% of copper; py-
rometallurgy is energy-intensive and an expensive 
way of processing raw materials with low content 
of valuable metals. Hydrometallurgical processing 
of slag seems to be attractive [4-6]. However, the 
action of the acid on the silicon-containing com-
ponents of the slag dissolves silicon in the form 
of silicic acid [7-10]. The dissolved silicon under-
goes polymerization to form a gel. This gel makes 
it practically impossible to separate the pulp into 

solid and liquid phases [11-12]. Dissolved silicon 
is a problem not only in acid leaching but also in 
alkaline processing.

For the formation of silicic acid, water is re-
quired; thus, the use of non-aqueous solvents for 
leaching will avoid the problems associated with the 
formation of siliceous gels.

Solvometallurgy is a promising approach to the 
processing of metallurgical raw materials containing 
a significant amount of silicon. The difference be-
tween this approach and the hydrometallurgical one 
lies in the use of non-aqueous solutions for leaching 
raw materials [13-16]. Despite the well-known ex-
amples of use, solvometallurgy is today considered a 
new branch of extractive metallurgy [17].

We assumed the possibility of using solvometal-
lurgy for processing copper smelter slag. Isopropyl 
alcohol was used as a non-aqueous solvent. Aliphatic 
alcohols are known as ionizing solvents capable of 
dissolving ionic and covalent compounds; in this 
case, the molecules and ions of the solute in the so-
lution are strongly solvated [18]. Hydrochloric acid 
was used as a leaching agent, which is an effective 
reagent for leaching copper minerals [19, 20]. To the 
best of our knowledge, the solvometallurgical ap-
proach has not previously been used to process cop-
per smelter slag.
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Materials and methods

Copper smelter slag samples. Copper smelter 
slag was sampled at the slag dump of the «Kazakh-
mys Smelting» copper smelter (Balkhash, Central 
Kazakhstan), by hand. XRD analysis demonstrated 
that the major minerals were fayalite (Fe2SiO4) and 
quartz (SiO2); copper presented mostly as chalcopy-
rite (CuFeS2) and chalcocite (Cu2S). The chemical 
composition of the slag sample determined by ICP-
AES (Perkin Elmer, Optima 8000) was, wt %: Fe 
35.17, Si 15.28, Zn 2.73, Al 1.12, Cu 1.09, S 0.85. 
After milling, slag was sieved; samples with particle 
size 90% ≥ 200 mesh were used for leaching experi-
ments.

Reagents. Isopropyl alcohol (≥98%) and hydro-
chloric acid (37%) were purchased from Sigma-Al-
drich and used without further purification.

Leaching. The leaching tests were performed 
in a thermostated 1-L flask. The slag sample (15 g) 
was placed in the flask filled with aqueous or alcohol 
solution of hydrochloric acid with pre-determined 
concentration. A magnetic stirrer was used to stir 
the pulp. After pre-determined leaching time, quan-
titative analysis of copper ions in the leachate was 
performed by using ICP-AES (Perkin Elmer, Optima 
8000). All experiments were repeated 3 times; the av-
eraged results were used further. 

Results and discussion

Dissolution of copper-bearing minerals present 
in the slag sample. In the presence of hydrochloric 
acid, the following basic reactions are possible with 
the participation of copper-containing minerals:

CuFeS2 + 4HCl = CuCl2 + FeCl2 + 2H2S        (1)

CuFeS2 + 3CuCl2 = 4CuCl + FeCl2 + 2S         (2)

Cu2S + 2HCl = 2CuCl + H2S                           (3)

Leaching of chalcopyrite with hydrochloric acid 
leads to the formation of copper (II) chloride, which, 
in turn, is also a leaching agent.

In general, the above reactions are rather slow 
because chalcocite and (especially) chalcopyrite are 
refractory minerals. Besides, the vitreous matrix of 
the slag prevents the leaching agent from accessing 
the copper minerals. Acceptable leaching rates and 
recovery rates are achieved only when the slurry is 
heated.

Slag leaching in the aqueous and isopropanol 
solutions. To reveal the role of isopropyl alcohol in 

the process of copper leaching from slag, compara-
tive experiments were carried out in aqueous and 
alcoholic media. The concentrations of hydrochloric 
acid in both media were kept the same for correct 
comparison.

Figure 1 demonstrates the dependences of the 
degree of copper extraction into an aqueous solution 
on the hydrochloric acid concentration and the leach-
ing duration. Solution temperature was maintained at 
298 K, the liquid-to-solid ratio was 20: 1, and the stir-
ring rate was kept at 600 rpm.

Increasing both the leach time and the acid con-
centration increased the copper recovery to a certain 
limit. After 240 minutes of leaching and using 1M 
HCl, copper recovery reached 42%; further, the in-
crease in acid concentration and leaching duration 
did not increase copper recovery.

It should be noted that as a result of leaching, a 
hard-to-filter slurry was formed; the separation of the 
solids from the liquid was a difficult task.

Figure 1 – Effect of hydrochloric acid concentration and 
leaching duration on copper recovery (%) into an aqueous 

solution (298 K, liquid-to-solid ratio = 20:1, 600 rpm)

A similar series of experiments were also per-
formed for an alcoholic solution of hydrochloric 
acid. The results are presented in Figure 2.

It can be noted that the nature of the curves in Fig-
ure 2 is similar to that for Figure 1. An increase in the 
leaching duration, as well as an increase in the acid 
concentration from 0.4 M to 1.0 M, led to an increase 
in the copper extraction into solution. Meanwhile, the 
maximum achievable copper recovery is higher than in 
aqueous solution (46% vs 42%); besides, the maximum 
copper recovery in an alcoholic solution was achieved 
in less time than in an aqueous one (200 min vs 240 
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min). Thus, it can be assumed that the isopropanol me-
dium favours the leaching of copper from the slag from 
both thermodynamic (increased recovery) and kinetic 
(decrease in leaching duration) points of view.

Figure 2 – Effect of hydrochloric acid concentration and 
leaching duration on copper recovery (%) into alcohol solution 

(298 K, liquid-to-solid ratio = 20:1, 600 rpm)

In contrast to the aqueous solution, the alcoholic 
solution after leaching was filtered quite easily. Visu-
ally, no siliceous gel was observed, as in the case of 
an aqueous environment.

In the next series of experiments, the tempera-
ture was varied; acid concentration was maintained at 
1M (since further increase in acid concentration did 
not increase copper recovery, see Figs. 1 and 2), the 
liquid-to-solid ratio was 20: 1, and the stirring rate 
was kept at 600 rpm.

Figures 3 and 4 demonstrate the dependences of 
the degree of copper recovery into aqueous and alco-
holic solutions, respectively.

It can be seen that with increasing temperature, 
the degree of copper extraction into solution also in-
creases, in both media. Upon reaching 200 min (in an 
aqueous medium) and 160 min (in an alcoholic me-
dium), the curves reached a plateau. The maximum 
extraction of copper in solution was 66% (aqueous 
solution) and 84% (an alcohol solution).

To determine the limiting stage of leaching in 
both studied media, as well as the kinetic parameters, 
the shrinking core model [21] was applied. Accord-
ing to this model, slag particles were considered as 
ideal spheres, the radius of which decreased over 
time. Depending on which stage of leaching is the 
limiting one, one of the following straight-line rela-
tionships can be observed:

Figure 3 – Effect of leaching duration and temperature on 
copper recovery (%) into an aqueous solution (1 M HCl, liquid-

to-solid ratio = 20:1, 600 rpm)

Figure 4 – Effect of leaching duration and temperature on 
copper recovery (%) into alcohol solution (1 M HCl, liquid-to-

solid ratio = 20:1, 600 rpm)

1 – (1-X)2/3 = kτ                             (4)

1 – (1-X)1/3 = kτ                            (5)   

1 – 2(1-X)1/3 + (1-X)2/3 = kτ                (6)

where X is the fraction of the recovered component 
at the leaching time τ, and k is the apparent rate con-
stant.

Eqs. 4, 5 and 6 correspond to diffusion, kinetic 
and mixed control leaching processes, respectively. 
By substituting the values of the degree of copper 
extraction (X) into the above equations, it was de-
termined which equation led to the straight-line de-
pendence. 
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Calculations demonstrated that for an aqueous 
solution, a linear dependence was observed corre-
sponding to the equation (6), see Fig.5. 

Figure 5 – Plot of 1-2(1-X)1/3+(1-X)2/3 = kτ vs  
time for leaching in aqueous solution(1 M HCl,  

liquid-to-solid ratio = 20:1, 600 rpm) 

This fact indicates a mixed, diffusion-kinetic 
control of the process of dissolution of copper in an 
aqueous solution of hydrochloric acid. The apparent 
rate constants for these reactions have been found as 
0.00012, 0.00019, and 0.00051 min-1 for 298, 328 
and 348 K, respectively.

For the alcoholic solution, a different rectilinear 
relationship was observed (Fig. 6), that can be de-
scribed by Eq.(4).

Figure 6 – Plot of 1-2(1-X)1/3+(1-X)2/3 = kτ vs  
time for leaching in alcohol solution (1 M HCl,  

liquid-to-solid ratio = 20:1, 600 rpm)

This fact testifies in favour of diffusion control of 
the copper dissolution process in isopropanol solu-
tion of hydrochloric acid. The apparent rate constants 
for these reactions have been found as 0.00182, 

0.00285, and 0.00452 min-1 for 298, 328 and 348 K, 
respectively.

It can be seen that the apparent rate constants in 
the case of an alcohol solution are an order of magni-
tude higher than those for an aqueous solution.

By using the Arrhenius plot (Fig.7), the activa-
tion energies have been calculated for copper leach-
ing processes in both aqueous and alcohol environ-
ments. 

Figure 7 – Arrhenius plot for copper dissolution from slag in 
aqueous and alcohol environments (1 M HCl,  

liquid-to-solid ratio = 20:1, 600 rpm)

The activation energy values were 28.1±0.8 and 
15.7±0.5 kJ/mol for aqueous and alcohol solutions, 
respectively. The activation energies values con-
firmed the initial assumptions about mixed control 
for a process in an aqueous environment and diffu-
sion control for a process in an alcohol environment.

We assume that the higher capacity of hydrochlo-
ric acid in a non-aqueous (alcoholic) solution is due 
to the lower energy of acid solvation compared to its 
energy of hydration in an aqueous solution. 

Thus, the use of isopropanol hydrochloric acid 
solution has the following advantages in compari-
son with an aqueous solution: (i) higher extraction of 
copper into solution, (ii) higher copper leaching rate, 
(iii) much easier filterability of the pulp.

The above advantages determine the promising 
use of the solvometallurgical approach for leaching 
the copper smelter slag. 

Conclusion

The traditional ways of processing copper smelter 
slag are characterized by various disadvantages, such 
as significant losses of copper with tailings (flota-



145R.K. Nadirov et al.

Int. j. biol. chem. (Online)                                             International Journal of Biology and Chemistry 13, № 2, 141 (2020)

tion enrichment), energy intensity (pyrometallurgy), 
as well as the formation of hard-to-filter pulp due to 
acid dissolution of silicon (hydrometallurgy). In this 
work, a solvometallurgical approach to the process-
ing of copper slag has been applied for the first time. 

It was found that the use of isopropanol as a sol-
vent for hydrochloric acid leads to an increase in the 
extraction of copper in comparison with an aqueous 
solution (84 and 66%, respectively, at 348 K).

The kinetic characteristics of slag leaching in 
aqueous and isopropanol hydrochloric acid solutions 
have been compared. The rate constants of leaching 
processes in an alcohol environment are an order of 
magnitude higher than those for an aqueous one at 
the three operating temperatures (298, 328 and 348 
K). The calculated activation energy values were 
28.1±0.8 and 15.7±0.5 kJ/mol for aqueous and alco-
hol solutions, respectively. It has been demonstrated 
that during leaching in an aqueous solution, diffusion 
process and chemical reactions are the limiting stag-
es, while when using an isopropanol environment, 
the leaching process is controlled only by the diffu-
sion stage.

The much higher ability of the isopropanol so-
lution to leach copper from the slag is explained by 
the lower energy of acid solvation in alcohol in com-
parison with the energy of hydration in an aqueous 
solution. 

In contrast to leaching with an aqueous solution, 
the use of an alcohol environment results in the for-
mation of an easily filterable slurry.

The results obtained demonstrate the promise of 
applying the solvometallurgical approach to the pro-
cessing of copper smelter slag.
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