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Abstract 
 

Peganum harmala L. (harmal) is a perennial herbaceous, multistage plant, having an ancient history of use for 
disinfection purposes, and in modern medicine, the relevance to the widespread use of the multi-purpose therapeutic 
properties of this species has increased. Evaluation of raw material base of harmal will allow balanced use as a dye and 
alkaloid medicinal plant in certified medicine. Peganum harmala L. showed resistance to external influences, since the 
influence of various environmental factors on the soil cover of southeast Kazakhstan led to an increase in degraded areas, in 
which it was found abundant growth of this plant. The results of geobotanical studies carried out over the last 2015-2018 
show that the raw material base of Peganum harmala L. causes wide application in medicine. In connection with the rich 
resource of Peganum harmala L.,it shows interest of local and domestic consumers for the application of raw materials in the 
form of an extract. In laboratory conditions, to identify signs of resistance to various conditions, complex studies were 
conducted to the the morphological and anatomical structure. Morphological characteristic and the anatomical structure of 
Peganum harmala L. were determined. Signs of stability are ring-shaped sclerenchyma in stems and roots, as well as the 
presence of a two-sided columnar mesophyll in leaves. To assess the therapeutic properties Peganum harmala L. 
experimental studies were conducted in the laboratory of pharmacodynamics and immunopharmacology and the influence of 
the water-alcohol extract of this plant on the metabolism of rats with alimentary obesity was investigated. 
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Introduction 

 
Peganum harmala (harmal) of the family Peganaceae is 

a plant widespread in the territory of Kazakhstan, namely in 
the Ile in the southwestern part of the sand of Taukum in the 
Ile region of the Akshi village and further in the sands for 20-
40 km. Also we surveyed a site from the village Kurtі to the 
village Aydarly with coverage of the adjacent territory within 
a radius of 20-30 km on the territory of Zhambyl district of 
Almaty region.76°23'16,056"E  44°40'16,52"N. A rich 
resource of plant P.harmala, allows to widely study it and 
apply it in the field of medicine (Adekenov et al., 2010).  

In-depth research the anatomical properties of the 
Peganum harmala L. have been studied. Assemblage of 
rootlets of the plants are woody, аnd the caulis grassy, 
leave amphistomatic (Кoyuncu et al., 2008). 

In Algerian highlands were studied the anatomical 
characteristics and contents of common alkaloids of 
Peganum harmala (:Sassoui & Seridi, 2013).  Flower 
development and vascular anatomy are investigated in 
Peganum harmala, emphasizing its unusual androecium 
with 15 stamens. Sepals arise consistently; petals appear 
simultaneously with five refractory stamens (Decraene et 
al., 1996). Оn ultrastructural observations, the plastids of 
secretory cells in the early stages of development were rich 
in starch grains, but they disappeared as nectar developed 
(Abedini et al., 2013).  

Characteristics and chemical compound of P. harmala 
are studied all over the world,  in the composition detected 
quinazoline, beta-carboline alkaloids-peganin (vasicine), 
desoxypeganin (desoxyvasicine), peganini glycoside 
(Herraiz et al., 2017; ). A total of 105 compounds were 
identified, the main components of which are oxygenated 
monoterpenes oxygenated sesquiterpenes, alkaloids of 
quinazoline have bronchodilatatory and imperfectly formed 

effect (Herraiz et al., 2017; Ayoob et al., 2017; Apostolico et 
al., 2016). From seeds of P. harmala detached rare alkaloid-
peganumaline and peganumaline F of alkaloid enantiomers 
with early unknown carbon skeleton, the isolates were tested 
for antiproliferative and antibacterial activity Wang et al., 
2018. From seeds of P. harmala seventeen quinazoline 
alkaloids and derivatives, containing new epimers were 
extracted (Li et al., 2018). A wide range of effects of P. 
harmala is shown, including antibacterial, antifungal, 
antiviral, antioxidant, antidiabetic, antineoplastic, 
insecticidal, cytotoxic and hepatoprotective (Asgarpanah & 
Ramezanloo, 2012). P. harmala seed oil components are 
characterized - tocopherol and linoleic acid,  in vivo shown 
anti-inflammatory, analgesic activity and antioxidant 
capacity, that the cream of P. harmala seed oil has anti-
inflammatory activity and analgesic effect (Khadhr et al., 
2017). Peganum harmala seeds treated with microwaves, 
used to synthesize a new adsorbent (Agarwal et al., 2017). 

P. harmala seeds antiviral effect for hepatitis A and 
genital herpes has been proven (Moradi et al., 2017; 
Benzekri et al., 2018). Powder of P. harmala seed, coated 
with nanoparticles ZnO is used for absorption of Cr (VI) 
(Fazlzadeh et al., 2017). In alternative medicine P. harmala  
used to treat memory disorders, it has a beneficial effect on 
learning processes in mice, plant is recommended as a 
valuable source for meds development in the treatment of 
memory disorders, Senile Dementia of the Alzheimer Type 
(Liu et al., 2017).The cytotoxic effect of P. harmala against 
a variety of tested cancer cell lines is shown, including those 
resistant to chemotherapy (Ayoob et al., 2017; Mashhadi et 
al., 2017; Wang et al., 2017; Bournine et al., 2016; Wang et 
al., 2016). Antibacterial activity against Escherichia coli and 
Staphylococcus aureus has shown moderate inhibitory 
effects demonstrating its antibacterial value against 
pathogenic diseases (Azizi et al., 2017). Active compounds 
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of P. harmala have a pronounced acaricidal activity against 
Psoroptes cuniculi and can be widely used for the treatment 
of acariasis in animals (Shang et al., 2016). Diuretic action of 
the P. harmala is shown, so the plant can be used as an 
effective diuretic (Al-Saikhan & Ansari, 2016). In 
intoxication CCl4 the therapeutic effect of protein 132 KD, 
which educed from seeds of P. harmala, revealed that the 
isolated protein has a pronounced antioxidant activity 
(Soliman et al., 2013). It has been experimentally confirmed 
that P. harmala affects the metabolism of rat lipids, the use 
of P. harmala reduces the level of total cholesterol and low-
density cholesterol in the blood, increasing the effect of 
cholesterol excretion (Kalhor et al., 2015). Many scientific 
papers have been devoted to the study of alimentary obesity 
with plant extracts (McManus et al., 2015, Ierardi et al., 
2016) Mohammadi et al., 2016; Quintieri et al., 2016). 

Drinking with added plant stanol esters effectively 
reduces the total serum cholesterol and LDL cholesterol 
in hypercholesterolemic patients after two weeks (Lestiani 
et al., 2018). It is shown that the P. harmala seed extract 
is effective in the treatment of chronic ethanol 
intoxication. Combined introduction of P. harmala and 
ethanol inhibited lipid peroxidation and improved 
antioxidant activity, it is shown that treatment with P. 
harmala extract effectively protects hepatic function of 
rats with alcoholic intoxication and reduces the level of 
aminotransferase (Bourogaa et al., 2016).  

It is also shown that the methanol extract of P. 

harmala can be effectively used for broilers to optimize 

the profile of serum lipids, reduce the cost of feed and 

maximize gross income (Tanweer et al., 2013. At present, 

the biochemical parameters of blood have been studied in 

an experiment on the model of diabetes mellitus with the 

use of P. harmala water extracts. It was shown that the 

ALT, LDL-C, TG and creatinine was restored to healthy 

control levels after 4 weeks of treatment with the extract, 

it was experimentally confirmed that the water-alcohol 

extract of P. harmala seeds has antidiabetic and lipid-

lowering activity and can be useful in the treatment of 

diabetes (Gaballu et al., 2015; Komeili et al., 2016). P. 

harmala is recommended by many authors as a raw 

material for an effective natural preparation for preclinical 

and clinical studies (Niroumand et al., 2015; Azizi et al., 

2017; Liu et al., 2017). 
In this study, we evaluated the effect of the water-

alcohol extract of P. harmala on blood glucose, lipid 
profile, liver function, and protein metabolism in rats with 
alimentary obesity. 
 

Materials and Methods 
 

P. harmala was collected on the territories in the 
Kurti district of Almaty region. Initially, from the 
specimen of the herbarium, morphological characteristics 
of the species were detailed (Gemedzhieva et al., 
2016).The plant species was confirmed at the Department 
of Biodiversity and Bioresourses of al-Farabi Kazakh 
National University. Anatomical structure of the parts of 
P. harmala was studied in accordance with the methods 
of Terletskaya et al., (2017). For the anatomical study of 
the part of the plant, the root, stem and leaf of P.harmala 
fixed in a 70% solution of alcohol in the 1:1:1 ratios of 
water, glycerin. Anatomic sections with a thickness of 15 
μm were obtained using a cryotome, the preparations 

were encapsulated in glycerin, the micrographs were 
made on a microscope MC-300, Мicros Austria.  

For statistical analysis, sections were made from 15 
plants. More than 200 sections were prepared.  

Experimental studies were conducted in compliance 
with the ethical standards in the laboratory of 
pharmacodynamics and immunopharmacology of RSE 
Central Laboratory for Biocontrol, Certification and 
Preclinical Testing. For the study, white rats were selected 
at the age of 6 months.  Rats weighing 200-250 g were 
kept in standard laboratory conditions at a temperature of 
20±3 oС. All animals received a normal diet of vivarium 
and water in excess.  

For the experiment, 40 male rats were used, the 
animals were divided into control and experimental groups. 
The model of alimentary obesity was formed by 
introducing into the diet of animals products containing 
high doses of cholesterol for 28 days (Apryatin et al., 2016; 
Onopchenko et al., 2014).  All rats with a model of 
alimentary obesity were divided into 3 groups and received 
50, 100 and 200 mg/kg of P.harmala extract daily for 28 
days (Komeili et al., 2016, Kalhor et al., 2015). 

Daily monitoring of the experimental animals was 
carried out, at the end of the experiment all the rats were 
blood sampled. P. harmala was collected in the Almaty 
region in 2015. The ground portion of the plant was dried, 
homogenized into a powder and placed in a dark glass 
container at a rate of 30 g with a 60% ethanol solution to 
obtain a 20% aqueous alcohol solution and left for 24 
hours in a thermostat at 37°С. During the experiments, 
before oral supplementation, the extract was further 
dissolved in water, and the animals were forcibly fed. 
Both in the control and in the experimental group, rats 
received 50, 100 and 200 mg / kg of water-alcohol extract 
of P. harmala daily. 

The analysis of the clinical chemistry of sera from 
experimental animals was carried out on an automatic 
biochemical analyzer BioChem FC-200 and semi-automatic 
biochemical analyzer LIHD116 Screen Master Touch with 
the use of commercial reagents BioSystems S.A.  

The statistical processing of the results was carried 
out using of V. Lakin programs (link if available) and 
Student's t-test. 

 

Results 
 

Anatomical features. For anatomical studies, samples 

were taken from the root, stem and leaves of plants.  
 

Root: The thickness of the root is 3481, 99±12,15μm. Due to 

the fact that the plant is considered perennial covering cloth 

is periderm. Periderma covers a very large area, the thickness 

of which is 232,55±0,55μm, periderma perform the functions 

of endurance and resistance of plants against external 

influences. The thickness of the cortex 549,16±1,19 μm, 

consists of sclerenchyma cells and parenchyma. In the 

central cylinder, we can distinguish phloem formed by 2-3-

layer cells, and a layer of cambium between phloem and 

xylem, and the main central part completely embraces the 

xylem. Diameter of the central cylinder - 2700±5,78 μm. In 

the central cylinder, we can distinguish phloem formed by 2-

3-layer cells, and a layer of cambium between phloem and 

xylem, and the main central part completely embraces the 

xylem (Fig. 1, Table 1).  
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Fig. 1. Transverse section of root P.harmala: enlarge.100. 

1- periderma; 2- cortex; 3- phloem;4- cambium,5-xylem 

 

 
 

Fig. 2. Transverse structure of the stem P.harmala:enlarged. 

100. 1- epidermis; 2-ring sclerenchyma; 3-phloem; 4-cambium; 

5-xylem; 6-parenchyma of the core. 
 

 
 

Fig. 3. Transverse leaf structure P.harmala: enlarged 100. 1-

upper epidermis; 2-columned mesophyll; 3-xylem; 4-xylem; 5-

spongy mesophyll; columnar mesophyll; 7-lower epidermis 

The thickness of the root is 3481,99 ± 12,15 μm. In 

the anatomical structures of the P. harmala root, the root 

is covered with the secondary covering tissue by 

periderm. The periderma occupies a small area and its 

thickness is 232.55 ± 0.55 μm. A significant part of the 

cortex is covered by an annular sclerenchyma, and this 

ring of sclerenchyma performs the functions of endurance 

and resistance of the plant against external influences. 

The thickness of the P. harmala bark is 549.16 ± 1.19 μm, 

which consists of sclerenchyma cells and parenchyma. In 

the central cylinder, one can distinguish phloem formed 

by 2-3-layer cells and a layer of cambium between 

phloem and xylem, and the main central part completely 

embraces the xylem. The diameter of the central cylinder 

is 2700 ± 5.78 μm. The xylem vessel has a double wall. 

On the outer side of the xylem there is an even thinner 

cell wall, consisting of a small inner dense wall and large 

parenchymatous cells (Fig. 1, Table 1). 

A feature of the anatomical structure of the root is 

that the cortex consists of a thick layer of annular 

sclerenchyma, and the vessel of xylem has a double shell, 

the revealed anatomical signs give the root an essential 

strength.  

 

Stem: In the transverse section, the stem consists of the 

epidermis, the cortex and the central vascular cylinder. 

The cells of the epidermis are strongly cutinized. Under 

the cells of the epidermis, a small part of the cortex is 

made up of parenchymal cells. In the cortex, after the 

layer of parenchymatous cells, an annular sclerenchyma is 

located. Under the ring of sclerenchyma, the parenchymal 

cells of the cortex come from 5-6 layers. The thickness of 

the primary cortex is 568.00 ± 2.45 μm. The thickness of 

the central cylinder is 2616.01 ± 4.78 μm. The phloem is 

well developed in the central cylinder and there is a clear 

separation of phloem from xylem with a continuous thick 

cambium layer. An identical ratio of phloem to xylem was 

observed by alternating continuous beams. The core of 

the stem was completely filled with parenchymatous cells 

of various sizes (Fig. 2, Table 1). 

On the transverse section of the stem, the presence of 

an annular sclerenchyma was determined, which in turn 

shows signs of adaptation to an external factor. 
 

Leaf: In the anatomical structures of the leaf, it was 

observed that the outer walls of the epidermal cells are 

highly cutinized as from the upper and so on the lower 

side. The thickness of the transverse section of the leaf 

was 2424.12 ± 14.43 μm. In the transverse section of the 

leaf, the outer side of the upper epidermis had a thick 

cuticle. The epidermal cells had different sizes. The 

thickness of the upper epidermis was 168.76 ± 0.9 μm, 

and the lower epidermis was 144.22 ± 0.7. The peculiarity 

of P. harmala is that the leaf structure has a double 

columnar mesophyll. In this case, its thickness was 

408.08 ± 2.4 μm under the upper epidermis and under the 

lower epidermis 296.43 ± 1.3 μm, the thickness of the 

spongy mesophyll is 1032.77 ± 4.7 μm. The columnar 

mesophyll under the upper epidermis is most developed in 

comparison with the mesophyll which borders on the 

lower epidermis. The vascular bundles of the P. harmala 

leaf consist of xylem and phloem, beneath the phloem 
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there is a sclerenchyma. Conductive beams are in the 

spongy mesophyll which consist of chlorenchyma cells. 

The vascular bundles of the P. harmala leaf consist of 

xylem and phloem, beneath the phloem the sclerenchyma 

was located, the bundles were surrounded by 

chlorenchyma. The central vein is located on the central 

beam (Fig. 3, Table 1). 

A feature on anatomical structure of leaf of the 

medicinal plant P. harmala is that the epidermis is 

strongly coutinized, the characteristic is characteristic of 

xerophytes, and columnar mesophylls are also found on 

both sides, which cause resistance to various external 

influences of the environment. 

 

Animal study: In order to determine the therapeutic 

properties of P. harmala, a water-alcohol extract was 

obtained, which was used to detect the effect on the 

metabolism in alimentary obesity in rats. 

According to our data, shown in Table 1, in the group 

of obesity rats there was a statistically significant increase 

in the level of GGT and ALT level in comparison with the 

intact group (р<0,05). In terms of total, direct bilirubin, 

AST and AP, no significant changes were observed.  

According to the results of Table 1, in the control 

group of animals taking P. harmala extract 100 and 200 

mg/kg, a statistically significant increase in the level of 

alanine aminotransferase (р<0,05). Analysis of the results 

of the GGT level showed a statistically significant 

increase in the level of GGT in rats with a model of 

alimentary obesity and against the background of 

P.harmala extract (р<0,05). 

Based on the results of Table 2, the high cholesterol 

diet led to a statistically significant (p≤0-0.5) increase in 

the level of Triglycerides, Cholesterol, total, dLDL-

Cholesterol in rats (p<0,05) compared to the intact group.  

Daily enteral administration of the P. harmala extract 

resulted in a statistically significant decrease in the level 

of Triglycerides, Cholesterol, total, dLDL-Cholesterol 

(p<0,05) in experimental animals.  

Along with this, with alimentary obesity in rats, there 

was a statistically significant decrease in the albumin 

level, Creatinin and Glucose (р<0,05) (Table 3). 

 

Table 1. Morphometric data of the anatomical structure of the P. harmala. 

Root 

Root thickness, μm Periderm, μm Cortex, μm Diameter of the central cylinder, μm 

3481,99 ± 12,15 232,55 ± 0,55 549,16 ± 1,19 2700 ± 5,78 

Stem 

Epidermis, μm Primary cortex, μm Ploema, μm Xylem, μm 

107,33 ±1,34 368,19 ± 2, 32 296,17 ± 0,23 336,10 ± 1,64 

Leaf 

Leaf thickness, μm Upper epidermis, μm Lower epidermis, μm Center beam area, m2 

2424,12 ± 14,43 168,76 ± 0,9 144,22 ± 0,7 125663,70 

 

Table 2. Liver function indices for control and treatment in rats. 

The group is alive / 

marker 

Bilirubin  

total 

Bilirubin 

direct 

Bilirubin in 

Dir 
GGT ALT AST 

Alkaline 

phosphatase 

Intact 13,4±2,06 3,32±0,64 10,08±1,96 20,96±2,11 2,36±0,16 1,04±0,22 1,74±0,48 

Control 50mg/kg ext 15,28±1,95 4,00±0,81 11,28±1,36 23,8±5,91 3,02±0,88 1,56±0,45 1,74±0,48 

Control 100mg/kg ext 14,1±3,10 4,88±1,16 9,22±3,03 26,0±7,24 4,92±0,23* 2,16±0,50 2,02±0,66 

Control 200mg/kg ext 15,28±1,63 4,16±0,50 11,12±1,13 24,8±4,71 3,62±0,54* 2,04±0,12 2,14±0,16 

Obecity 15,64±1,99 4,42±0,80 11,22±1,78 32,8±2,48* 3,07±0,20* 1,64±0,40 2,42±0,30 

Obecity 50mg/kg ext 15,16±2,63 4,52±0,79 10,64±1,85 31,00±2,19** 3,02±0,22 1,58±0,26 2,18±0,17 

Obecity 100mg/kg ext 15,28±1,63 4,16±0,50 11,12±1,13 33,6±1,50** 3,14±0,44 1,52±0,20 2,99±0,51 

Obecity 200mg/kg ext 15,36±2,32 4,42±0,80 10,94±1,62 33,80±3,12** 3,20±0,41 1,70±0,18 2,54±1,26 

*Statistically significant (p≤0-0.5) 

 

Table 3. Lipid metabolism for control and treatments in rats. 

Group of animals /marker Triglycerides Cholesterol, total dHDL-Cholesterol dLDL-Cholesterol 

Intact 0,74 ± 0,02 2,68 ± 0,31 1,02 ± 0,15 1,24 ± 0,10 

Control 50mg/kg ext 0,78 ± 0,09 2,58 ± 0,20 0,86 ± 0,15 1,60 ± 0,03 

Control 100mg/kg ext 0,66 ± 0,08 2,52 ± 0,1 1,10 ± 0,15 1,42 ± 0,29 

Control 200mg/kg ext 0,64 ± 0,05 2,14 ± 0,16 0,86 ± 0,16 1,28 ± 0,13 

Obecity 0,98 ± 0,07* 4,55 ± 0,09* 1,20 ± 0,06 2,64 ± 0,10* 

Obecity 50mg/kg ext 0,86 ± 0,08 3,72 ± 0,20** 1,28 ± 0,12 2,44 ± 0,21 

Obecity 100mg/kg ext 0,82 ± 0,04 3,20 ± 0,21** 1,24 ± 0,10 1,96 ± 0,14** 

Obecity 200mg/kg ext 0,78 ± 0,07** 3,28 ± 0,44** 1,22 ± 0,17 1,86 ± 0,09** 

*Statistically significant     
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Table 4. Protein metabolism and glucose of control and treated rats. 

Group of animals /marker Protein, total Albumin BUN urea nitrogen Uric acid Creatinin Glucose 

Intact 66,58±2,09 26,60±1,02 12,70±0,89 404,20±29,48 88,80±3,97 6,04±0,16 

Control 50mg/kg ext 66,00±3,16 27,20±1,60 14,00±2,35 382,20±22,65 99,20±3,49 6,28±0,61 

Control 100mg/kg ext 63,74±2,99 23,60±1,85 13,28±1,08 362,40±35,52 93,20±7,93 6,06±0,74 

Control 200mg/kg ext 66,14±2,51 27,60±1,02 13,18±1,23 370,20±20,90 101,00±3,35 6,26±0,22 

Obecity 68,44±2,91 30,60±1,36* 14,02±1,72 382,20±22,65 107,20±3,25* 7,53±0,20* 

Obecity 50mg/kg ext 67,62±3,46 28,20±1,33 13,04±0,80 386,60±27,24 103,60±3,44 7,44±0,46 

Obecity 100mg/kg ext 66,00±1,79 29,60±1,02 14,8±20,4 395,20±30,43 106,40±8,14 6,96±0,08** 

Obecity 200mg/kg ext 64,40±2,42 29,60±1,02 13,40±1,50 400,60±32,18 106,00±3,79 6,70±0,22** 

*Statistically significant (p≤0-0.5) 

 

In addition, the data showed that alimentary obesity 

causes a significant increase in glucose, triglycerides, 

total cholesterol, and LDL-c (р<0,05). The intake of the 

water-alcohol extract of P. harmala statistically 

significantly reduces the glucose (р≤0,05). 
 

Discussion 

 

This study was conducted to determine the effect of 

the introduction of the water-alcohol extract We believe 

that important studies discovered in the study of the 

anatomy and morphology of P. harmala will lead to a 

better understanding of the species and will contribute to 

any future research (Кoyuncu et al., 2008, Niroumand et 

al., 2015, Abedini et al., 2013, Ronse Decraene et al., 

1996). This study was conducted to determine the effect 

of the introduction of the water-alcohol extract of P. 

harmala on the biochemical parameters of carbohydrate, 

lipid and protein metabolism and liver function of healthy 

rats, and also with induced alimentary obesity for 28 days 

(Table 4). In our study, alimentary obesity in rats was 

accompanied by an increase in the level of glucose, total 

cholesterol and low-density lipoprotein cholesterol, 

triglycerides, i.e. changes in the lipid profile, increased 

activity of the enzyme gamma glutamyltranspeptidase.  

When the P. harmala extract was taken within 28 days, 

the parameters began to return to physiological. According to 

Komeili et al., (2016) the introduction of an extract to 

diabetic rats resulted in a significant decrease in glucose, 

lipid, MDA, ALT, AST, GGT, bilirubin and HbA (1C) 

levels and an increase in TAC compared with the untreated 

diabetic group is consistent with our results. Most likely, the 

factor involved in reducing blood glucose is the presence of 

flavonoids, which have antihypercholesterolemic and 

antidiabetic properties (Komeili et al., 2016, Kalhor et al., 

2015). It is also impossible to exclude the hypoglycemic 

effect of quinazaline, beta-carbolines of alkaloids (Herraiz et 

al., 2017). Since only 105 compounds have been identified 

from P. harmala, the main components of which are 

oxygenated monoterpenes and sesquiterpenes, rare alkaloids-

peganumaline and peganumaline F alkaloid enantiomers, 

seventeen quinazoline alkaloids and derivatives containing 

new epimers, it is impossible to exclude the complex effect 

of P. harmala components on the level of glucose in the 

blood and lipids (Herraiz et al., 2017; Ayoob et al., 2017; 

Apostolico et al., 2016; Wang et al., 2018; Li, et al., 2018). 

Also, we confirmed the data of Kalhor et al., 2015, about the 

effect of P. harmala on the metabolism of lipids in rats, 

including the reduction of total cholesterol and low density 

cholesterol in the blood. According to Gaballu et al., 2015, 

ALT, LDL-C, TG and creatinine were restored to healthy 

control levels after 4 weeks of treatment with the extract in 

the treatment of induced diabetes.  It is known that 

hyperlipidemia is one of the characteristic symptoms of 

obesity and, in the absence of adequate therapy, leads to 

metabolic disorders, diabetes mellitus, impaired liver 

function (Obrosova et al., 2017. The hypolipidemic effect of 

P. harmala may have an indirect effect on the modification 

of hepatic enzymes. Our data showed that functional liver 

tests, such as ALT, AST and bilirubin against a background 

of alimentary obesity, that P. harmala extracts possess 

hepatoprotective properties. We confirmed experimentally 

that the water-alcohol extract of P. harmala can be useful in 

the treatment of alimentary obesity, metabolic syndrome and 

as a consequence, pre-diabetes.  

Based on the foregoing, we can recommend P. 

harmala as a raw material for a natural pharmaceutical or 

biologically active additive for combating obesity, 

metabolic disorders and pre-diabetes with preclinical and 

clinical studies.  

 

Conclusion  
 

As a result of analysis of the anatomical structures 

of P. harmala Almaty region a peculiar structure was 

observed, which implies that the columnar mesophyll in 

the leaves are found on both sides. In the structure of the 

stem, an annular sclerenchyma was seen between the 

parenchyma layers, as well as the same ratio of phloem 

to xylem. 

The results of our study demonstrate that the water-

alcohol extract of P. harmala Almaty region lowers the 

level of glucose in alimentary obesity and has a 

hypolipidemic effect.  We consider it necessary to carry 

out further research to obtain purified extracts and to take 

full advantage of all the known therapeutic properties of 

P. harmala extracts. 
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