
© 2018 al-Farabi Kazakh National University                                    Printed in Kazakhstan

International Journal of Biology and Chemistry 11, № 2, 129 (2018)

IRSTI 31.23.99

1D.S. Nurpeisova, 1М. Toktarbek, 1*G.A. Seitimova, 1B.K. Yeskaliyeva,  
1G.Sh. Burasheva, 2M. Iqbal Choudhary

1Al-Farabi Kazakh National University, Faculty of Chemistry and Chemical Technology, Almaty, Kazakhstan
2H.E.J. Research Institute of Chemistry, International Center for Chemical and Biological Sciences,  

University of Karachi, Karachi-75270, Pakistan
*e-mail: sitigulnaz@mail.ru

Phytochemical analysis of Petrosimonia sibirica grown in Kazakhstan

Abstract. In this study, complete phytochemical analyses of the component composition of Petrosimonia 
sibirica was conducted for the first time. Phytochemical screening showed the presence of a variety 
of primary and secondary metabolites. The data for quantitative determination of biologically active 
compounds were presented. The qualitative composition of amino, fatty acids of the plant Petrosimonia 
sibirica has been studied by using the method of paper chromatography (PC) and thin-layer chromatography 
(TLC), their quantitative composition of amino, fatty acids have been identified by gas chromatography. 
The composition of 20 amino, 8 fatty acids of Petrosimonia sibirica, family Chenopodiaceae have been 
established. The major amino acids in studied plant were glutamic acid (2.440%), alanine (0.618%), 
aspartic acid (1.254%), arginine (0.405%), tyrosine (0.340%), and proline (0.306%). The dominant fatty 
acids in plant with respect to quantity were oleic (48.3%) and linoleic (26.7%) acids. In order to optimize 
the extraction process technological parameters (extracting solvent, a ratio between solvent and solid plant 
material and process temperature) were selected. The most suitable solvent is 70% ethyl alcohol, solid – 
solvent ratio (1: 6-8), extraction time (3 days), and extraction temperature (20-25 oC). In addition, Kazakh 
species of Petrosimonia sibirica plant are valued as a rich source of saponins and flavonoids. Quercetin 
3-O-β-D-glucopyranoside (isoquercitrin) was isolated from Petrosimonia sibirica. Flavonoid glycoside 
was identified by 1H NMR, 13C NMR, and MS, and compared with the data in the literature. The results 
revealed the presence of medicinally important constituents in the studied plant. Therefore, extracts from 
these plants could be seen as a good source for useful drugs.
Key words: Petrosimonia sibirica, halophytes, amino acids, fatty acids, flavonoids, quercetin 3-O-β-D-
glucopyranoside (isoquercitrin).

Introduction

Despite the intensive growth of medicinal prod-
ucts, plants continue to occupy a significant place in 
the arsenal of medicines, since their lesser side effect, 
accumulation in the body, as well as the effective-
ness in the treatment of certain diseases, have been 
proved. 

The importance of plants is known to us well. The 
flora of the Republic of Kazakhstan has the richest re-
serves of plant resources, but it is not used enough in 
medical practice, which requires more in-depth study 
and introduction into the domestic medicine of effec-
tive medicines derived from plant materials.

Plant cells produce two types of metabolites: 
primary metabolites involved directly in growth and 
metabolism (carbohydrates, lipids, and proteins), and 

secondary metabolites considered as end products of 
primary metabolism and not involved in metabolic 
activity (alkaloids, phenolics, sterols, steroids, essen-
tial oils, lignins, and tannins, etc.). They act as de-
fense chemicals [1]. Secondary metabolites are also 
relevant to medicine and agriculture.

Therefore, the study of the chemical composition 
of the plant materials, development of methods for 
the isolation of biologically active substances and the 
study of biological activity in order to isolate new 
drugs and herbal remedies is an important task.

Plants of the family Chenopodiaceae, which 
occupy the predominant part of the landscape of 
the Republic of Kazakhstan, are of great interest. 
Chemical studies of most plants of this family indi-
cate their high nutritional value. From the literature, 
it is known that plants growing in arid zones have 
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an interesting chemical composition and practical 
significance.

Petrosimonia sibirica (Pall.) Bunge belongs to 
the family Chenopodiaceae, a family comprising of 
probably about 100 genera and 1400 species, which 
is represented in Kazakhstan by 47 genera and 218 
species. There are 11 species of the plant genus Petro-
simonia; 10 of these are indigenous to Kazakhstan. 
Petrosimonia is the basic fodder for camels in the au-
tumn [2, 3]. According to literary studies, phenolic 
compounds, an alkaloid, quinone, lactone, and esters 
have been isolated from plant Petrosimonia sibirica, 
which grown in China [4, 5]. However, there are no 
reports on phytochemical analysis of Kazakh species 
of the plant genus Petrosimonia.

The investigation of the chemical constituents 
from the aerial part of Petrosimonia sibirica was re-
ported for the first time.

Materials and methods

Melting points were determined in open capillary 
tubes on Buchi M-560 melting point apparatus and 
are uncorrected. NMR spectra were recorded using 
CD3ОD as solvent on Avance AV 400 MHz Instru-
ment (Bruker Co., Switzerland). Chemical shifts are 
given in δ (ppm), and coupling constants are reported 
in Hz. The 1H, 13C-NMR and ESI-MS spectra were 
recorded at HEJ Research Institute of Chemistry, 
University of Karachi, Pakistan. Thin layer chroma-
tography (TLC) was performed by using silica gel 
plates Alugram SIL G/UV 254 (Macherey-Nagel, 
Germany) and identification of the spots on the TLC 
plate was carried out by spraying ceric sulfate.

Plant material. The aerial part of Petrosimonia 
sibirica was collected during flowering period from 
saline soils at Karatal district of Almaty region, Ka-
zakhstan. The plant material was taxonomically 
identified, authenticated by professors of botany at 
Institute of Botany and Phytointroduction, Almaty. 
The aerial parts of the plant were air dried, powdered 
to particle size in the range 6.0-8.0 mm, according 
to regulatory documents, sieved, weighed and trans-
ferred into airtight containers with proper labeling for 
future use.

Extraction and Isolation. The air-dried and finely 
powdered aerial parts of the plant (1.0 kg) wad ex-
haustively extracted by maceration for 72 hrs. at 
room temperature with ethanol (70%) till complete 
exhaustion. Extraction is repeated twice. The etha-
nolic extract was concentrated under reduced pres-
sure using rotary vacuum evaporator to obtain a dark 
brown residue (130 g). The combined extract was 

dissolved in a least amount distilled water/alcohol 
mixture (9:1) and successively extracted with hex-
ane, chloroform, ethyl acetate, and n-butanol. Each 
extract was separately evaporated to dryness using 
rotary vacuum evaporator under reduced pressure 
at a temperature not exceeding 45 ºC. Each of the 
obtained fractions was subjected to thin layer (TLC) 
and paper (PC) chromatographic techniques and 
then column chromatography for isolation of its ma-
jor constituents. The ethyl acetate soluble extract of 
Petrosimonia sibirica (28 g) was chromatographed 
on silica gel column using different ratio of chloro-
form and methanol in gradient elution manner fol-
lowed by Sephadex LH-20 with MeOH to yield 17 
mg of compound 1.

Acid hydrolysis of the compound carried by 2% 
HCl on a boiling water bath, while mild acid hydro-
lysis was sampled at a certain time interval. The hy-
drolysis products were identified by m.p., PC, and 
TLC in appropriate solvent systems with authentic 
samples.

Fatty acids analysis. The composition of the sat-
urated and unsaturated carboxylic acids (fatty acids) 
in plants is determined by gas-liquid chromatography 
apparatus Carlo-Erba-4200 using helium as a carrier 
gas, flame ionization detector, carrier gas velocity 30 
ml/min, detector temperature 188 ºC, oven tempera-
ture 230 ºC, adsorbent Cellite 545 on Chromosorb 
WAW. The chloroform extract of plant species is 
added to 10 ml of methanol and 2-3 drops of acetyl 
chloride and then carried out methylation at 60-70 ºC 
in a special system for 30 minutes. Methanol was re-
moved using a rotary evaporator, and the samples are 
extracted with 5 mL of n-hexane and analyzed by gas 
chromatography for 1 hour [6].

Amino acids analysis. Analysis of amino acids 
was carried out chromatographically using helium 
as carrier gas, flame ionization detector 300 ºC and 
condenser temperature 250 ºC on Chromosorb WAW. 
Aqueous extract of the plant was hydrolyzed in HCl 
for 24 hours. The resulting hydrolyzate was evapo-
rated to dryness in a rotary evaporator at 40 ºC, after 
centrifugation at 2.5 thousand revolutions per min-
ute the resulting precipitate was dissolved in sulfo-
salicylic acid and amino acids are eluted through an 
ion exchange column Dausk-50. On freshly obtained 
elutes 2, 2-dimethoxypropane and propanol saturated 
with HCl were added. The resulting mixture is heated 
at 110 ºC for 20 minutes, then addition of a freshly 
prepared acylating reagent (1 volume of acetic anhy-
dride and 2 volumes of triethylamine and 5 volumes 
of acetone), evaporation of the sample to dryness, ad-
dition of ethyl acetate and saturated aqueous solution 
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of NaCl. Finally, the ethyl acetate layer is analyzed 
on the amino acid analyzer (Carlo-Erba) [7].

Vitamin analysis. The contents of vitamins A 
(retinol) and E (tocopherol) were determined by fluo-
rimetry on a spectrofluorometer (Hitachi, Japan). The 
vitamin C content in the biological samples was de-
termined by titration [8-10]. Fatty and amino acids, 
vitamin analyses were performed at the laboratories 
of The Kazakh Academy of Nutrition.

Results and discussion

The moisture content, total ash, extractives, 
qualitative and quantitative contents of biologically 
active constituents of Petrosimonia sibirica were de-
termined according to methods reported in the State 
Pharmacopoeia of the Republic of Kazakhstan I edi-
tion techniques [11].

Moisture content is an important factor because 
the appearance and stability of dried plants depend 
on the amount of water they contain and the pro-
pensity of microorganisms to grow depends on their 
water content. Medicinal plant materials should not 
contain moisture above the permissible norms; since 
at high humidity, during storage conditions are cre-
ated that contribute to a decrease in its quality. For 
most types of medicinal plant materials, the permis-
sible limit of moisture is usually 12–15%. The results 
in table 1 showed low moisture content of the aerial 
part in Petrosimonia sibirica (7.8%).

The amount and composition of ash remaining 
after combustion of plant material vary considerably 
according to the part of the plant, age, environment 
etc. The ash content is a measure of the total amount 
of minerals present within a plant, whereas the min-

eral contents are a measure of the amount of specific 
inorganic components present within it [12].

The extractives of medicinal plants convention-
ally called complex organic and inorganic substances 
extracted from plant material with an appropriate sol-
vent and quantified as a dry residue.

The methods of two- and one-dimensional chro-
matography on paper, as well as TLC in various sol-
vent systems established for the first time that the fol-
lowing main groups of biologically active substances 
are contained in the studied plant: flavonoids, amino 
acids, alkaloids, saponins, coumarins, and carbohy-
drates.

Vitamins are defined as relatively low-molecu-
lar-weight compounds which humans, and for that 
matter, any living organism that depends on organic 
matter as a source of nutrients, require small quanti-
ties for normal metabolism. There are more than 30 
such substances, and all of them are vital for the hu-
man body, entering into the composition of all tissues 
and cells, activating and determining the course of 
many processes. Vitamins increase the body’s resis-
tance to infectious diseases, inhibit the aging process, 
determine the activity of enzymes, participate in the 
metabolism of amino acids, fatty acids, hormones, 
microelements [10]. Vitamins are classified as either 
fat-soluble (vitamins A, D, E and K) or water-soluble 
(vitamins B and C). The results indicated that vitamin 
C dominated over vitamins E and A (table 1).

The data quantitative determination of Petrosi-
monia sibirica is shown in Table 1. The results re-
vealed the presence of biologically active compounds 
in the plant studied. 

From table 1, it could be seen the predominance 
of saponins and flavonoids in Petrosimonia sibirica. 

Table 1 – Qualitative and quantitative screening of the powdered aerial parts of Petrosimonia sibirica
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It is known that amino acids occupy a special 
place in modern medicine. By their action, many 
of them belong to central neurotransmitters, both 
stimulating and inhibiting the transmission of nerve 
impulses in the synapses of the central nervous 
system, which determines their pharmacological 
orientation. In total, about 300 amino acids have 
been found in nature, however, only 20, which are 
called protein or proteinogenic amino acids, are 
found in proteins. Having a wide range of phar-
macological actions and the ability to enhance the 
digestibility of other substances, amino acids are 
attracting more and more attention of researchers 
as potential drugs. One of the most important func-

tions of amino acids is their participation in the 
synthesis of proteins that perform catalytic, regu-
latory, spare, structural, transport, protective and 
other functions [13, 14].

GC analysis of the amino acids constituents of 
the aerial part of Petrosimonia sibirica (table 2) re-
vealed the presence of twenty amino acids but dif-
fers in their percentages; the major amino acids in 
studied plant were glutamic acid (2.440%), alanine 
(0.618%), aspartic acid (1.254%), arginine (0.405%), 
tyrosine (0.340%), and proline (0.306%).

Petrosimonia plants can be used in autumn and 
winter as wild feed for sheep and cattle owing to the 
high contents of glutamic and aspartic acids.

Table 2 – Amino acids composition of Petrosimonia sibirica, %

Amino acids Relative percentage % Amino acids Relative percentage %
Alanine 0.618 Cysteine 0.032
Glycine 0.296 Oxyproline 0.001
Valine 0.274 Phenyl alanine 0.290

Leucine 0.380 Glutamic acid 2.440
Isoleucine 0.362 Ornithine 0.001
Threonine 0.202 Tyrosine 0.340

Serine 0.204 Histidine 0.260
Proline 0.306 Arginine 0.405

Methionine 0.060 Lysine 0.202
Aspartic acid 1.254 Tryptophan 0.094

Probably, the appearance of fatty acids in plant 
extract is associated with the hydrolysis of lipids in 
plants. Fatty acid glycerides are physiologically ac-
tive, especially glycerides of some unsaturated fat-
ty acids. These include linoleic and linolenic acids, 
which are necessary for the vital activity of a living 
organism (vitamin F factor) [15, 16].

Fatty-acid analyses for studied plant detected 
eight fatty acids (table 3). The dominant fatty acids 
in studied plant with respect to quantity were oleic 
(48.3%) and linoleic (26.7%) acids. This fact and 
the rapidly renewable properties together with high 
drought and freezing resistance and broad distribu-
tions on low and highly saline soils, i.e., those of little 
value for agriculture, supported our hypothesis about 
the feed value of Petrosimonia plants.

In order to optimize the extraction process of 
biologically active compounds from Petrosimonia 
sibirica technological parameters were selected. 
Extracting solvent, a ratio between solvent and solid 

plant material and process temperature are the most 
important optimum extraction parameters. A quan-
titative measure for this is the valuable compounds 
extraction yield from plant material. The most suit-
able solvent is 70% ethyl alcohol, solid – solvent 
ratio (1: 6-8), extraction time (3 days), and extrac-
tion temperature (20-25 oC), under these conditions, 
up to 60% of biologically active compounds are ex-
tracted.

Powdered plant material of Petrosimonia sibirica 
was soaked in 70% ethanol, and then ethanolic ex-
tract was concentrated. It was then divided into n-
hexane, chloroform, ethyl acetate, n-butanol, and 
aqueous fractions. 

The n-hexane fraction contains large amounts of 
chlorophyll which hindered the isolation of its con-
tents, together with fatty acids, sterols, and resins. 
The chloroform fraction has shown the presence of 
several secondary metabolites such as coumarins, 
alkaloids along with fat-soluble vitamins. The ethyl 
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acetate fraction was found rich in polyphenolics and 
terpenoids. Saponins were found in the n-butanol 
fraction.

Table 3 – Composition of the saturated and unsaturated carbox-
ylic acids (fatty acids) in Petrosimonia sibirica, %

Fatty acids Content, %
Linoleic acid [C18:2] 26.7

Oleic acid [C18:1] 48.3
Palmitic acid [C16:0] 14.7
Stearin acid [C18:0] 5.2

Palmitoleic acid [C16:1] 0.9
Pentadecanoic acid [C15:0] 1.6

Myristic acid [C14:0] 1.3
Linolenic acid [C18:3] 1.3

Since the purpose of this work is to isolate fla-
vonoids, ethyl acetate soluble fraction has been 
studied more deeply. The 1H NMR, 13C NMR spec-
trum of compound 1 revealed the characteristic 
signals of flavonol glycosides. Compound 1 was 
identified by ESI-MS, which gave molecular ion 
peak at m/z 464, corresponding to the molecular 
formula C21H20O12.

Compound 1 – yellow crystals, m.p. 230-232 ºС, 
have a dark glow in UV light. IR spectrum (KBr, νmax, 
cm–1): 3350-3256, 1645, 1115-1061. UV spectrum 
(MeOH, γmax, nm): 362, 264. The position on the two-
dimensional paper chromatogram (n-butanol–acetic 
acid–water (BAW), 40:12.5:29, 6 % acetic acid) of 
compound indicates their glycosidic nature [17]. 
From the products of acid hydrolysis of compound 
1, the corresponding aglycone was isolated, in the 
hydrolysate by the PC method using o-toluidine as 
a developer, glucose were identified in comparison 
with reliable samples.

In the products of alkaline destruction of the 
aglycone of compound 1, it has been found that rings 
A have the structure of phloroglucinol, i.e. in the C-5 
and C-7 positions, there are free hydroxyl groups, 
and ring B of compound 1 is defined as protocate-
chuic acid [18].

1Н NMR (500 MHz, CD3ОD, δ, ppm): 7.68 
(1Н, d, J=2.0, Н-2ʹ), 7.61 (1Н, d, Н-6ʹ), 7.30 (1Н, d, 
J=8.0, Н-5ʹ), 6.64 (1Н, d, J=2.0 Гц, Н-8), 6.45 (1Н, 
d, J=2.0, Н-6), 5.54 (d, J=8.0, Н-1ʹʹ).

From the data of 1H NMR spectroscopy, it fol-
lows that carbohydrate residue in compound 1 is in 

the β-form. To determine the place of addition of 
sugar, 13C-NMR and HMBC two-dimensional spec-
tra were taken. Based on modern spectral analysis 
methods and comparison with the literature data, ac-
cordingly, compound 1 was proved to be quercetin 
3-O-β-D-glucopyranoside (isoquercitrin) [19, 20].

 
Figure 1 – Quercetin 3-O-β-D-glucopyranoside  

(Compound 1)

Conclusion

A phytochemical study of Petrosimonia sibirica 
was carried out. The qualitative composition of ami-
no, fatty acids of the plant Petrosimonia sibirica has 
been studied by using the method of paper chroma-
tography (PC) and thin-layer chromatography (TLC), 
their quantitative composition of amino, fatty acids 
have been identified by gas chromatography.

Column chromatography of ethyl acetate soluble 
fraction obtained from the ethanolic extract afforded 
quercetin 3-O-β-D-glucopyranoside (isoquercitrin), 
which was identified by comparison of its NMR with 
reported data. Flavonoid glycoside was isolated from 
Petrosimonia sibirica for the first time.
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