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САНГ-СУ Квак, доктор философии (Ph.D, биохимия, агрохимия), профессор, главный научный сотрудник, Научно-
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биотехнологии (KRIBB), (Дэчон, Корея), H = 34

БЕРСИМБАЕВ Рахметкажи  Искендирович, доктор биологических наук, профессор, академик НАН РК, 
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  АБИЕВ Руфат,  доктор технических наук (биохимия), профессор, заведующий кафедрой «Оптимизация 
химической и биотехнологической аппаратуры», Санкт-Петербургский государственный технологический институт 
(Санкт-Петербург, Россия), H = 14 

ЛОКШИН  Вячеслав Нотанович, доктор медицинских наук, профессор, академик НАН РК, директор 
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СЕМЕНОВ Владимир Григорьевич,  доктор биологических наук, профессор, заслуженный деятель науки 
Чувашской Республики, заведующий кафедрой морфологии, акушерства и терапии,  Федеральное государственное 
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 ФАРУК Асана Дар, профессор Колледжа восточной медицины Хамдарда аль-Маджида, факультет восточной 
медицины Университета Хамдарда (Карачи, Пакистан), H = 21  

ЩЕПЕТКИН Игорь Александрович,  доктор медицинских наук, профессор Университета штата Монтана 
(США),  H = 27

КАЛАНДРА  Пьетро,  доктор философии (Ph.D, физика), профессор Института по изучению нанострукту
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ядерной физики, Казахский национальный университет им. аль-Фараби (Алматы, Казахстан), Н = 7
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Abstract. The plant Lythrum salicaria L. is used in the treatment of inflammatory 
diseases such as hemorrhoids, dysentery, eczema, varicose veins, periodontitis and 
gingivitis. A phytochemical study of this plant from the aerial part identified phenolic 
compounds, flavonoids, tannins, anthocyanins, glycosides (salicarin), triterpenoids and 
organic acids. In addition, a significant amount of flavones (vitexin, isovitexin, orientin 
and isoorientin) were detected. A representative of sterols, β-sitosterol, has also been 
identified. This study is based on the first analysis of the content of phytochemicals in 
a hexane extract obtained from the roots of Lythrum salicaria L.. The composition of 
plant metabolites was analyzed using gas chromatography-mass spectrometry. Forty-
eight compounds are identified in roots that can contribute to the medicinal potential 
of the plant. 74.3% of the identified compounds are fatty acids. The prevailing  fatty 
acids are hexadecanoic acid (29.3%) and 9,12-octadecadienoic acid (Z,Z)- (18.8%). 
Sesquiterpenoids, triterpenoids  are found in very small quantities. Biologically 
active compounds in plant roots may provide an opportunity to get future medicinal 
substances. For example, hexadecanoic acid, which is in large amounts in this hexane 
extract, has antioxidant, hypocholesterolemic, nematicidal and pesticidal activities. The 
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second most common 9.12-octadecadienoic acid (Z,Z)-  has antimicrobial properties. In 
addition, other compounds found in small quantities also have biological activity. For 
example, phytol show anti-inflammatory activities. Topical application of docosanol is 
indicated in the treatment of recurrent oral-facial herpes simplex.

Key words: GC-MS, fatty acids, phytochemicals, sesquiterpenoids, triterpenoids
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Аннотация. Lythrum salicaria L. өсімдігі геморрой, дизентерия, экзема, 
варикозды қабыну, пародонтоз және гингвит тәрізді қабыну сипатындағы 
ауруларды емдеуде қолданылады.

Бұл өсімдікті фитохимиялық зерттеу барысында жер үсті бөлігінен фенолды 
қосылыстар, флавоноидтар, дубильді заттар, антоциандар, гликозидтер 
(саликарин), тритерпеноидтар және органикалық қышқылдар анықталған. 
Сонымен қатар флавондардың (витексин, изовитексин, ориентин және 
изоориентин) елеулі мөлшері табылған. Стериндердің өкілі  β-ситостерин де 
анықталған. Бұл жұмыстың мақсаты аталмыш өсімдік тамырының гександы 
сығындысының құрамын газ хроматография-масс спектрометрия әдісінің 
көмегімен алғаш рет зерттеу.

Өсімдіктің емдік әлеуетіне ықпал ете алатын тамырынан қырық сегіз 
қосылыс анықталған. Бұл қосылыстар өсімдік метаболиттерінің топтарына 
жіктелді. Анықталған қосылыстардың 74.3% май қышқылдары болды. Май 
қышқылдарының ішіндегі  басымдылықта гексадекан қышқылы (29.3%) және 
Z,Z-октадека-9,12-диен қышқылы (18.8%). Z,Z-октадека-9,12-диен қышқылы 
омега-6 май қышқылдарының өкілі болып табылады. Олеин қышқылы - ω-9 май 
қышқылы. Омега-9 қышқылдары глюкозаның сіңірілуіне оң әсері және сусамыр 
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ауруы, метаболикалық синдромның дамуына кері әсерін тигізуі арқылы адам 
ағзасы үшін пайдалы май қышқылы болып табылады. Сүт бездері ауруларының 
алдын алады, иммунитетті арттырады. 

Көмірсутектердің үлесі 9.9% құрайды. Оның ішінде ең көп кездесетін 
өкілдерінің бірі – нонакозан (6.9%). Еңбекте гександы сығынды құрамында 
кездескен қосылыстардың биологиялық белсенділіктері туралы пайдалы 
ақпараттар келтірілген. Гександы сығындының фитохимиялық құрамын білу, 
оның негізінде дәрілік субстанциялар даярлауда пайдалы ақпараттар береді. 
Өсімдіктің тамырын фитофармацевтикалық құндылығы бар шикізат ретінде 
қарастыруға болады. 

Түйін сөздер: ГХ-MС, май қышқылдары, фитохимиялық қосылыстар, 
сесквитерпеноидтар, тритерпеноидтар
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Аннотация. Растение Lythrum salicaria L. используется при лечении 
воспалительных заболеваний, таких как геморрой, дизентерия, экзема, варикозное 
расширение вен, пародонтит и гингивит.

При фитохимическом исследовании этого растения из надземной части 
были определены фенольные соединения, флавоноиды, дубильные вещества, 
антоцианы, гликозиды (саликарин), тритерпеноиды и органические кислоты. 
Кроме того, обнаружено значительное количество флавонов (витексин, 
изовитексин, ориентин и изоориентин). Идентифицирован также представитель 
стеринов — β-ситостерин.
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Целью настоящей работы  является изучение состава гексанового экстракта 
корня этого растения методом газ хроматографии-масс-спектрометрии.

В корне было идентифицировано сорок восемь соединений, которые 
могут способствовать лекарственному потенциалу растения. Эти соединения 
были классифицированы к группам растительных метаболитов. 74.3% 
идентифицированных соединений составили жирные кислоты. Среди жирных 
кислот преобладают гексадекановая кислота (29.3%) и Z,Z-октадека-9,12-диеновая 
кислота (18.8%). Z,Z-октадека-9,12-диеновая кислота является представителем 
омега-6 жирных кислот. Олеиновая кислота представляет собой жирную кислоту 
ω-9. Кислоты омега-9 – полезные жирные кислоты для организма человека, 
оказывающие положительное влияние на всасывание глюкозы и отрицательно 
влияющие на развитие диабета, метаболического синдрома. Предотвращает 
заболевания молочных желез, повышает иммунитет. Доля углеводородов 
составляет 9.9%. Среди них самым распространенным представителем является 
нонакозан (6.9%). 

В работе приведена  полезная информация о биологической активности 
соединений, обнаруженных в гексановом экстракте. Знание фитохимического 
состава гексанового экстракта дает полезную информацию при создании на его 
основе лекарственных субстанции. Корень растения можно рассматривать как 
сырье, имеющее фитофармацевтическую ценность.

Ключевые слова: ГХ-МС, жирные кислоты, фитохимические вещества, 
сесквитерпеноиды, тритерпеноиды.

Introduction. The genus Lythrum  L. is represented in the flora of  Kazakhstan by 
ten species.  One of them is Lythrum salicaria L. (L. salicaria L.) 30-200 cm high with 
thick woody roots. It grows in coastal meadow areas, sedge swamps, along the edges 
of tugai forests, in rice fields, wet sandy and rocky floodplains. Found in all lowland 
regions of Kazakhstan.

L. salicaria L. plant is also used in folk medicine and pharmaceuticals. It is used to 
treat inflammatory diseases such as hemorrhoids, dysentery, eczema, varicose veins, 
periodontitis and gingivitis (Piwowarski, et al, 2015).

The presence of glycoconjugate in L. salicaria L. causes anticoagulant activity 
(Pawlaczyk, et al, 2010). Phytochemical studies of this plant revealed phenolic 
compounds, flavonoids, tannins, anthocyanins, glycosides (salicarin), triterpenoids and 
organic acids from the surface part. Phytochemical studies have shown that the main 
compounds of L. salicaria L. are tannins. 14 phytochemicals have been isolated from 
the aerial parts, such as 5-hydroxypyrrolidin-2-one, umbelliferone-6-carboxylic acid, 
3,3’,4’-tri-O-methylellagic acid-4-O-β-D-(2”-acetyl)-glucopyranoside, 3,3’,4’-tri-O-
methylellagic acid-4-O-β-D-glucopyranoside, daucosterol, phytol, dodecanoic acid, 
oleanolic acid, 3,3,4’-tri-O-methylellagic acid, corosolic acid, β-sitosterol, peucedanin, 
buntansin and erythrodiol. The cytotoxic activity of the compounds against three cancer 
cell lines, colon carcinoma (HT-29), leukemia (K-562), and breast ductal carcinoma 
(T47D), and Swiss mouse embryo fibroblast (NIH-3T3) cells was assessed. Daucosterol, 
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corosolic acid, β-sitosterol and erythrodiol have the most cytotoxic activity against the 
HT-29 cell line. Daucosterol showed the highest activity against the K-562 cell line; its 
selectivity exceeded methotrexate (positive control) by 13.3 (Manayi, et al, 2013).

 In addition, a significant amount of flavones (vitexin, isovitexin, orientin and 
isoorientin) have been found. Representatives of steroidal compound such as stigmastan-
3,5-diene, stigmastan-3,5,22-trien have also been identified (Rauha, et al, 2001).

Ethanol extracts of plant materials demonstrated antimicrobial properties against 
gram-positive and gram-negative bacteria such as Staphylococcus aureus, Escherichia 
coli, Pseudomonas aeruginosa, and also against the fungus Candida albicans (Rauha, 
et al, 2000).

Also, the extracts obtained by the authors (Becker, et al, 2005) have the activity of the 
phytopathogenic fungus Cladosporium cucumerinum,  activity against Staphylococcus 
aureus, Proteus mirabilis and Microccocus luteus.

Extracts obtained with various extractants (n-hexane, chloroform, ethyl acetate and 
50% ethanol in water) from the flowering part of  L. salicaria L. have intestinal effects. 
Scientists recommend using these extracts orally as a mild stimulant of gastrointestinal 
motility.

Hydromethanol extracts of  L. salicaria L. and Hypericum scabrum were used as 
substances to obtain ointments with a wound-healing effect. In this case, the percentage 
of wound contraction was 89.5 ± 3.7 and 77.6 ± 4.1, respectively. The L. salicaria L. 
extract also had a positive effect on the overall morphology of the skin (Al-Snafi, et al, 
2019).

Phytochemical studies related to the underground part (roots) can only be found in 
the articles of the following authors (Lee, et al, 2014). For the first time, it was noted that 
myricetin-3-O-β-D-glucopyranoside, oleanolic acid  and betulinic acid were isolated 
from the roots.

From the above data it is clear that the aerial part of L. salicaria L. has been 
significantly studied. Therefore, the aim of the work is to study the composition of the 
hexane extract of this plant root using gas chromatography-mass spectrometry.

 Materials and methods. Plant material. The roots of L. salicaria L. was collected 
in the Akmola region of Kazakhstan in September 2023. 

Obtaining dry hexane extract. 150 grams of crushed plant material was extracted 
with hexane (1,5L) by using the maceration techniques. The hexane extract was filtered 
through a Teflon filter. After that, the solvent was evaporated in a rotary vacuum 
evaporator, and the remaining dry extract was dried under vacuum (Baisalova, et al, 
2022).

Analysis of the extract by gas chromatography-mass spectrometry (GC-MS).
The chemical composition of the obtained extract was analyzed by Agilent 

7890A/5975C. The separation of substances was done using chromatography capillary 
column (DB-WAXetr) 30 m long and 0,25 mm in internal diameter. The carrier gas 
(helium) speed was 1 ml/min. The obtained mass spectra were identified using the 
Wiley 7th edition and NIST’02 libraries (Baisalova, et al, 2014).

Results and discussion. The GC-MS method, used to identify and quantify the 
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resulting hexane extract, is an analytical method used to determine the amount of active 
substances in plants used in the production of cosmetics, drugs, pharmaceuticals and 
food, as well as in forensic science. By using gas chromatography-mass spectrometry, 48 
chemical compounds were found in the plant roots (figure 1, table 1). These compounds 
are classified into special groups of plant metabolites

(hydrocarbons, aldehyde, ester, amide, diterpenoids, fatty acids, sesquiterpenoids, 
γ-lactone, 

fatty alcohols, steroidal compound and triterpenoids).
 The share of hydrocarbons is 9.9%. Nonacosane is found in the largest quantity 

(6.9%). The share of aldehydes is 0.4%. The group of esters includes 12 compounds, 
their total percentage content is 7.3%. As is known, esters are used in the synthesis 
of perfumes, food fruit essences and cosmetic flavors, and medicines. The only 
representative of amides is hexaethylphosphoric triamide (0.2%). Two compounds of 
the diterpenoids: phytol, acetate (1.3%) and phytol (0.9%) were identified.

The fatty acid group is rich in compounds. 16 carboxylic acids (74.3%) have been 
found. In percentage terms, hexadecanoic acid (29.3%) and 9,12-octadecadienoic 
acid (Z,Z)- (18.8%) predominate. 9,12-octadecadienoic acid (Z,Z)- is one of the 
representatives of omega-6 fatty acids. These fatty acids provide healthy skin and 
improve blood clotting, relieve inflammation, and relieve pain. 

Oleic acid is ω-9 fatty acids. Omega-9 is a very beneficial fatty acid for the human 
body, which has a positive effect on the absorption of glucose and a negative effect on the 
development of diabetes and metabolic syndrome. Prevents diseases of the mammary 
glands, improves immunity. In addition, omega-9 reduces the amount of cholesterol 
in the blood and negatively affects the formation of cholesterol plaques on the walls 
of blood vessels. That is, it reduces the risk of developing atherosclerosis. Omega-9 
improves tissue metabolism and thereby reduces the risk of chronic inflammation in the 
body.

Figure 1 - Chromatographic profile of hexane extract L. salicaria L.
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Sesquiterpenoids (0.3%), γ-lactone (0.4%), alcohol (1.5%), steroid compounds 
(3.4%) and triterpenoids (0.3%) have been found.

Biologically active compounds in plant roots may provide an opportunity 
to get future medicinal substances. For example, hexadecanoic acid, which is 
in large amounts in this hexane extract, has antioxidant, hypocholesterolemic, 
nematicidal and pesticidal activities (Sheela, et al, 2013). The second most 
common 9,12-octadecadienoic acid (Z,Z)- (18.8%) has antimicrobial properties 
(Manilal, et al, 2009).

Table 1- Chemical constituents from the roots of L. salicaria L.

№ Retention time Compound Percentage %
1 2 3 4

Hydrocarbons (9.9%)
1 10.17 Heptadecane, 2,6,10,15-tetramethyl- 0.1
2 11.29 Pentadecane 0.2
3 13.55 Hexadecane 0.2
4 15.51 Hexadecane, 2,6,10-trimethyl- 0.1
5 15.73 Heptadecane 0.2
6 17.82 Octadecane 0.2
7 21.76 Eicosane 0,2
8 30.37 Pentacosane 0.3
9 33.43 Heptacosane 1.5
10 36.29 Nonacosane 6.9

Aldehyde (0.4%)
11 13.40 2-Decenal, (E)- 0.2
12 15.89 2,4-Decadienal, (E,E)- 0.2

Ester (7.3% )
13 18.25 Pentanoic acid, 2,2,4-trimethyl-3-carboxyisopropyl, 

isobutyl ester 0.2

14 24.75 Hexadecanoic acid, methyl ester 0.3
15 25.51 Hexadecanoic acid, ethyl ester 1.9
16 28.57 Hexadecanoic acid, butyl ester 1.4
17 28.95 Octadecanoic acid, ethyl ester 0.2
18 29.09 Ethyl Oleate 0.5
19 29.48 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) 

ester
0.4

20 29.72 9,12-Octadecadienoic acid, ethyl ester 0.8
21 31.79 Dibutyl phthalate 0.4
22 32.17 Methyl 19-methyl-eicosanoate 0.2
23 32.53 Butyl 9,12-octadecadienoate 0.8
24 34.39 Hexadecanoic acid, 1-(hydroxymethyl)-1,2-ethanediyl 

ester
0.2

Amide (0.2%)
25                24.49 Hexaethylphosphoric triamide 0.2

Diterpenoids (2.2%)
26 31.07 Phytol 0.9
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27 47.66 Phytol, acetate 1.3
Fatty acids (carboxylic acids) (74.3%)

28 21.22 Octanoic acid 0.2
29 23.18 Nonanoic acid 0.1
30 31.90 Tetradecanoic acid 0.9
31 35.04 Hexadecanoic acid 29.3
32 36.40 Heptadecanoic acid 0.7
33 38.79 9,12-Octadecadienoic acid (Z,Z)-ω-6 18.8
34 39.59 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- 3.6
35 37.83 Octadecanoic acid 4.3
36 38.14 Oleic Acid ω-9 7.7
37 40.50 Eicosanoic acid 1.7
38 41.78 Heneicosanoic acid 0.6
39 43.03 Docosanoic acid 3.7
40 44.24 Tricosanoic acid 0.9
41 45.60 Tetracosanoic acid 1.4
42 35.75 Erucic acid 0.4

Sesquiterpenoids (0.3%)
43 23.27 2-Pentadecanone, 6,10,14-trimethyl-

(Hexahydrofarnesyl acetone)
0.3

γ-lactone (0.4%)
44 36.08 4,8,12,16-Tetramethylheptadecan-4-olide 0.4

Fatty Alcohols (1.5%)
45 36.64 Behenic alcohol (Docosanol) 1.5

Steroidal compound  (3.4%)
46 43.69 Stigmastan-3,5-diene 2.5
47 44.04 Stigmastan-3,5,22-trien 0.9

Triterpenoids (0.3%)
48 46.59 9,19-Cyclolanost-24-en-3-ol, acetate, (3β)- 0.3

Nonacosane possess antiviral agent. Oleic acid has activity that inhibits gram-
positive bacteria (Dilika, et al, 2000).

In addition, other compounds found in small quantities also have biological activity. 
For example, phytol show anti-inflammatory activities (Siswadi, et al, 2021). Topical 
application of docosanol is indicated in the treatment of recurrent oral-facial herpes 
simplex (Dilika, et al, 2000). Hexadecanoic acid, ethyl ester shows hypocholesterolemic, 
nematicide, antiandrogenic, nemolytic activities.

The extract also contains a sesquiterpenoid – hexafarnesyl acetone. Many 
sesquiterpenoids are known to have flavor and fragrance.  Also, many of them have 
various biological functions, such as cytotoxicity, antiplasmodial, antimicrobial, 
antidiabetic, anti-viral, and anti-inflammation. 

One of the representatives of this group, hexahydrofarnesyl acetone, possess 
allopathic and pest control potential (Riyadi, et al, 2023; Balogun, et al, 2017).

Conclusion. For the first time, various biologically active substances in hexane 
extract from L. salicaria L. roots, have been identified using GC-MS. Hexadecanoic acid 
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(29.3%) and 9,12-octadecadienoic acid (Z,Z)- (18.8%) are the prevailing phytochemicals 
in root. The share of each of the 32 compounds found in the root extract is less than 
one percent. For example, the share of octadecanoic acid, ethyl ester in the extract is 
0.2%. The percentages of pentadecane, hexadecane, heptadecane, octadecane, eicosane, 
2-decenal, (E)-, 2,4-decadienal, (E,E)-, methyl 19-methyl-eicosanoate, octanoic acid, 
hexadecanoic acid, 1-(hydroxymethyl)-1,2-ethanediyl ester and hexaethylphosphoric 
triamide are also the same.

Almost all of the compounds found in this extract have biological functions. 
Hexadecanoic acid, ethyl ester shows hypocholesterolemic, nematicide, antiandrogenic, 
nemolytic activities.

Hexahydrofarnesyl acetone  possess allopathic and pest control potential. 
Hexadecanoic acid has antioxidant, hypocholesterolemic, nematicidal and pesticidal 
activities. 9,12-octadecadienoic acid (Z,Z)- (18.8%) has antimicrobial properties.

The current findinges of the phytochemical composition of hexane extract will be 
useful information when preparing medicinal substances based on it. The plant root can 
be proposed as a raw material with phytopharmaceutical value.
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