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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, B-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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AnHoramus. Lythrum salicaria L. eciMairi reMoppoH, TU3EHTEepUs, SK3eMa,
BapUKO31bl KaObIHY, MapOIOHTO3 JKOHE THHIBUT TOpi3Ai KaObIHY CHIIATBIHIAFbI
aypynapasl eMaeyae KOJIAaHblIa bl

By eciMaikTi GUTOXUMHUSIIBIK 3€pTTEy OapbIChIHAA JKep YCTi OeririneH (eHomIbI
KOCBUIBICTAp, (IaBoHOMATAp, AyOWIbII 3aTTap, AaHTOUMAaHAap, IJIUKO3UATED
(canmukapuH), TPUTEPIICHOMATAP JKOHE OPTraHUKANBIK KBIIIKbUIAAD aHBIKTAJIFaH.
ConbiMeH KaTap (uaBOHAAPABIH (BUTEKCHH, W30BHTEKCHH, OPHEHTHH >KOHE
W300pUEHTHH) eneyni Menmiepi TaObuiFaH. CTepuHIEpAIH OKinl [-CUTOCTepUH Ae
aHBIKTAJIFaH. Byl JKYMBICTBIH Makcarbl aTajMbIll ©CIMIIK TaMBIPBIHBIH TEKCaH[bI
CBHIFBIHJIBICBIHBIH ~KYpamblH Tra3 Xpomarorpagus-mMacc CHEKTPOMETPHs SJiCiHiH
KOMETIMEH aJfall peT 3epTTey.

OCIMIIKTIH eMIIK oJeyeTiHe BIKINAI eTe ajaTblH TaMbIpbIHAH KBIPBIK Ceri3
KOCBUIBIC aHBIKTaNFaH. byl KOCBUIBICTap ©CIMIIK MeTaOOJMTTEepiHiH TONTapbiHA
KIKTeNAl. AHBIKTAIFaH KOCBUIBICTApAbIH 74.3% Mail KbIUKbULAapsl Oomngsl. Maii
KBIIIKBUIIAPBIHBIH IIIHAETT 0achIMIBUIBIKTa TeKCaJeKaH KbIKbUIB (29.3%) xoHe
Z,7-oxtaneka-9,12-nuen Kuimkbuibl (18.8%). Z,Z-okrageka-9,12-1ueH KBIIIKBLIBI
oMera-6 Mail KbIIIKBUIAAPBIHBIH OK1Ti 00k Tadbuiaabl. ONenH KhIIIKBUIB - -9 Mai
KBILIKBUTBL. OMera-9 KbIIIKbUIAAPhI TIIOKO3aHbIH CiHIpUTyiHE OH 9cepi )KoHE CycaMbIp
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aypybl, MeTaOOJMMKaJIbIK CHHAPOMHBIH JaMybIHA Kepi 9CEpiH THUTi3yl apKbUIbl aaaM
ar3achl YUIIH Maiaaisl Mail KbIIIKBUIBL 00JbIn Tabbuiansl. CyT Oe3nepi aypylaapbIHBIH
AIJBIH ajiaibl, IMMYHUTETT] apTThIPaJIbL.

Kemipcyrekrepain yieci 9.9% kypaiinel. OHbIH iIIiHAE €H KON Ke3JIeCeTiH
eKxinaepinin Oipi — HoHako3aH (6.9%). EHOexTe rexcaHabl CBHIFBIHIABI KypaMbIHAA
KE3JIECKEH KOCBUIBICTAP/bIH OHOJIOTUSIIBIK OCIICEHAUTIKTEpl Typajibl Taimaibl
aKnapartap KenripiireH. [ekcaHabl CHIFBIHABIHBIH (UTOXMMHUSUIBIK KYpPaMmblH Oily,
OHBIH HETi3iHAE ASPUTIK cyOcTaHIusap Jasipiayda Maiaaisl akmaparrtap Oepei.
OCIMIIKTIH TaMbBIpbIH (UTO(PAPMALECBTUKANBIK KYHABUIBIFBI Oap IIWKi3aT peTiHAe
KapacThIpyFa 0omabl.

Tyiiin ce3gep: ['X-MC, wmaili KbIIIKbUIAAPEI, (QUTOXUMHSIBIK KOCBUIBICTAP,
CECKBUTEPIICHOUATAP, TPUTEPIICHOUITAP
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Aunnorauusi. Pacrenme Lythrum salicaria L. wucmonp3yercss TpW JICUCHUH
BOCTIAJIUTENBHBIX 3a00JIeBaHN, TAKUX KaK TeMOPPOH, TU3EHTEPHS, DK3eMa, BAPUKO3HOE
pacUMpeHne BeH, NapOAOHTUT U THHTUBUT.

[lpu QuTOXMMHUUECKOM HCCIEIOBAHUHM 3TOTO PACTCHUS W3 HAA3E€MHOH 4YacTH
ObutM ompezeseHbl (DEHONbHBIE COEAWHEHHMs, (IaBOHOWABI, AyOWIbHBIC BEILECTBa,
AQHTOLIMAHBI, TIUKO3UABI (CaNUKapHH), TPUTEPIICHOMIBl M OPraHUYECKHUE KHUCIIOTHI.
Kpome Toro, oOHapykeHO 3HAYMTEIbHOE KOIMYECTBO (DIaBOHOB (BUTEKCHH,
W30BUTEKCHH, OPHEHTHH U M300PHEHTHH). MICHTUPHULINPOBAH TaKKe MpeICTaBUTENb
CTEPHHOB — [3-CUTOCTEPHH.
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Lenpro HacTosiIIel pabOTHI SIBISETCS W3yUYEHUE COCTaBa IEKCAaHOBOTO 3KCTpPaKTa
KOPHSI 3TOTO PaCTEHUSI METOJIOM T'a3 XpoMarorpaduu-macc-CrieKTpOMETPHUH.

B xopHe ObUIO UACHTU(UIUPOBAHO COPOK BOCEMb COCJAMHCHUH, KOTOPHIE
MOTYT CIIOCOOCTBOBATh JICKAPCTBEHHOMY IIOTCHIIMANTY PACTEHUS. OTH COCAMHCHUS
ObutH  KJIacCU(UIUPOBAHBl K TPYIMIaM pacTHTEIbHBIX MeTabomuToB. 74.3%
UICHTU(DUIUPOBAHHBIX COCAMHEHUN COCTABHIIM JKHPHBIC KHUCIOTHL. Cpelu MKUPHBIX
KHCIIOT peo0IaaroT rekcaiekanonas kuciora (29.3%) u Z,Z-okraneka-9,12-mueHoBas
kucnora (18.8%). Z,Z-okraneka-9,12-1ueHoBasi KUCIOTA SBISICTCS MPEICTABUTEIIEM
oMera-6 KUpHBIX KUCIOT. OJIenHOBAs KUCIIOTA MPECTABIISET COOON HKUPHYIO KUCIIOTY
®-9. Kucnotel omera-9 — mone3Hble >KUPHBIC KHUCIOTHI IJIS OpPraHu3Ma YeloBeKa,
OKa3bIBAIOIIME TMOJOKUTEIHHOE BIUSHUE Ha BCACBHIBAHUE IVIIOKO3bI M OTPHUIATEIHHO
BIUSIONIMNEG Ha pa3BUTHE auadera, Meraboimdeckoro cuHiapoma. l[IpemorBpariaer
3a00JieBaHMsI MOJIOYHBIX JKeJe3, TIOBBIIIAeT WMMYHHUTET. Jloyis yIIIeBOZOPOIOB
coctanisieT 9.9%. Cpean HUX caMbIM PACTIPOCTPAHEHHBIM MPEICTABUTEIIEM SIBIISETCS
HOHaKo3aH (6.9%).

B pabore npuBenena rmosie3Has WHPOpPMANUs O OHOJIOTHYSCKOH aKTHBHOCTH
COCIMHCHUN, OOHAPYKECHHBIX B T€KCAHOBOM JKCTpakTe. 3HaHHE (UTOXUMUYECKOTO
COCTaBa TEKCAaHOBOI'O 3KCTPAKTa JIAeT MOJIC3HYH MH(POPMAIIMIO TIPU CO3/IaHUU HA €ro
OCHOBE JICKAPCTBCHHBIX CyOCTaHIuu. KOpeHb pacTeHHss MOXHO paccMarpuBaTh Kak
ChIpbe, UMeroniee (uTodapmManeBTUICCKYIO IICHHOCTb.

KaroueBbie ciaoBa: ['X-MC, xupHble KUCIOTHI, (UTOXUMUYECKUE BEIICCTBA,
CECKBUTEPICHOUIbI, TPUTEPIICHOUIBI.

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-B-D-(27-acetyl)-glucopyranoside, 3,3’,4’-tri-O-
methylellagic acid-4-O-B-D-glucopyranoside, daucosterol, phytol, dodecanoic acid,
oleanolic acid, 3,3,4’-tri-O-methylellagic acid, corosolic acid, B-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, B-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-B-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,
v-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,2)- (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 ®-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.
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Figure 1 - Chromatographic profile of hexane extract L. salicaria L.
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Sesquiterpenoids (0.3%), y-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.

Neo 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 Pentanoic acid, 2,2,4-trimethyl-3-carboxyisopropyl,
18.25 . 0.2
isobutyl ester
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) 0.4
ester
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 0.2
ester
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,Z2)-0-6 18.8
34 39.59 9,12,15-Octadecatrienoic acid, (Z,Z,7)- 3.6
35 37.83 Octadecanoic acid 4.3
36 38.14 Oleic Acid ®-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 2327 2-Pentadecanone, 6,10,14-trimethyl- 0.3
) (Hexahydrofarnesyl acetone)
v-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, (3p)- | 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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