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INVESTIGATION OF CHEMICAL CONSTITUENTS
OF LIGULARIA NARYNENSIS

Abstract. In this work, the quantitative and qualitative analysis of phytochemical constituents of medicinal
plant Ligularia narynensis from Kazakhstan has been made for the first time. Total bioactive components of L.
narynensis such as organic acids (0.64 %), flavonoids (0.52 %) and together with moisture content (5.14 %), total
ash (13.24 %), and extractives content (27.7 %) were determined. Eleven macro-micro elements from the ash of
plant were identified, main contents of them were K (2214.13 pg/ml), Ca (391.31 pg/ml), and Fe (311.73 pg/ml) by
using the method of multi-element atomic emission spectral analysis. In addition, twenty amino and eight fatty acids
were analyzed from the plant. The results showed that major contents of amino acids were glutamate (2452
mg/100g), aspartate (1238 mg/100g) and alanine (748 mg/100g), as well as in fatty acids were oleic (33.5 %) and
linoleic (41.2 %) acids, respectively.

Key words: Ligularia narynensis, bioactive constituents, macro-micro elements, amino-, fatty acids.

Introduction

Ligularia is the genus of perennial herbs of the family Compositae, containing about 180 Eurasian
species, 17 species growing in mountains of Kazakhstan [1]. Some species in this genus have been used
for a long time as folk remedies for their antibiotic, antiphlogistic, and antitumor activities [2-5]. More
than 27 Ligularia species have been used as traditional Kazakh and Chinese medicinal herbs for the
treatment of fever, pain, inflammation, and intoxication, and to invigorate blood circulation [6-9].
Previous studies confirmed the presence of sesquiterpenes, triterpenes, sinapyl alcohol derivatives,
lignans, alkaloids, and steroids in Ligularia [10]. Eremophilane sesquiterpenes are considered as the major
secondary metabolites and taxonomic markers of Ligularia genus. More than 500 eremophilane
sesquiterpenes have been reported from this genus [11, 12]. Additionally, oplopane sesquiterpenes have
been reported from L. narynensis [13].

Amino acids are one of the most important classes of natural compounds. The content of amino acids
in plants varies depending on the age of plants, the external conditions: from nutrition, temperature, day
length, moisturizing and qualitative composition of amino acids. The number of free amino acids
decreases with the age of the plant. In vegetative organs of plants, free amino acids are more than in
reproductive. An increase in the total amount of free amino acids is observed with a reduced nutrition of
plants with potassium, phosphorus, sulfur, calcium and magnesium. The same action occurs when a
number of microelements are lacking: zinc, copper, manganese, iron. This is due to the weakening of the
synthesis of proteins from amino acids under these conditions. An increase in the amino acids content is
also observed with an improvement in nitrogen nutrition [14].

Fatty acids are structural components of lipoproteins of cell membranes and participate in the
implementation of a number of important biochemical processes in the cell. The greatest biological
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activity is observed in fatty acids with two or more double bonds. It is to such unsaturated fatty acids are
linoleic, linolenic, arachidonic acids. Unsaturated fatty acids prevent the development of atherosclerosis,
reduce blood clotting and reduce the possibility of thrombosis. They increase the protective properties of
the organism and its resistance to infections, relevant to the development of many skin diseases. There are
data on the ability of such acids to prevent the action of substances that cause the development of tumors
[15].

This study has made the investigation of the chemical constituents from Kazakh medicinal plant of L.
narynensis grown in Almaty region of Kazakhstan for the first time.

Materials and methods

Plant material. The root part of plant L. narynensis was collected in September 2017 from
Butakovskoe gorge of the Zailiysky Alatau Mountains of Almaty region and identified by Dr. Alibek
Ydyrys. Specimens (1217-BH-17) were deposited in the Herbarium of Laboratory Plant Biomorphology,
Faculty of Biology and Biotechnology, Al-Farabi Kazakh National University, Almaty, Kazakhstan. The
air dried roots of L. narynensis were cut into small pieces and stored at room temperature.

Experimental part. The quantitative and qualitative contents of biologically active constituents of
underground part of the plant were determined according to methods reported in the State Pharmacopeia
XI edition techniques.

In the “Center of Physico-Chemical methods and analysis”, Republican State Enterprise Kazakh
National Al-Farabi University, MON RK using the method of multi-element atomic emission spectral
analysis in the ash of L. narynensis was analyzed elemental constituents. To determine the mineral
composition of ashes was used Shimadzu 6200 series spectrometer.

Method for the determination of amino acids. 1 g of the analyte, hydrolyzed in 5 ml of 6N
hydrochloric acid at 105 °C for 24 hours, in ampoules sealed under a stream of argon. The resulting
hydrolyzate is evaporated three times to dryness on a rotary evaporator at a temperature of 40-50 °C and a
pressure of 1 atm. The resulting precipitate is dissolved in 5 ml of sulfosalicylic acid. After centrifugation
for 5 minutes, the packed liquid is passed through a column of ion exchange resin at a rate of 1 drop per
second. After this, the resin is washed with 1-2 ml of deionized water and 2 ml of 0.5N acetic acid; then
the resin is washed to neutral pH with deionized water. To elute the amino acids from the column, 3 ml of
a 6N NH4OH solution is passed through it at a rate of 2 drops per second. The eluate is collected in a
round bottom flask together with distilled water, which is used to wash the column to a neutral pH
medium. The contents of the flask are then evaporated to dryness on a rotary evaporator at a pressure of 1
atm and a temperature of 40-50 °C. After adding a drop of freshly prepared 1.5% SnCl, solution, 1 drop of
2,2-dimethoxypropane and 1-2 ml of propanol saturated with hydrochloric acid, it is heated to 110 °C,
keeping this temperature for 20 minutes, and then the contents are again evaporated from the flask on a
rotary evaporator. In the next step, 1 ml of freshly prepared acetyl reagent (1 volume of acetic anhydride,
2 volumes of triethylamine, 5 volumes of acetone) is introduced into the flask and heated at a temperature
of 60 °C for 1.5-2 minutes. The sample is again evaporated on a rotary evaporator to dryness and 2 ml of
ethyl acetate and 1 ml of a saturated NaCl solution are added to the flask. The contents of the flask are
thoroughly mixed and as the two layers of liquids are clearly formed, an upper layer (ethyl acetate) is
taken for gas chromatographic analysis.

To determine the amino acids composition was made erenow [16] of the raw material used GC/MS
device. GC/MS analysis: the roots of L. narynensis were analyzed by Gas Chromatograph coupled to
Mass Spectrometer using polar mixture of 0.31% carbowax 20 m, 0.28% silar 5 CP and 0.06% lexan in
chromosorb WA-W-120-140 mesh., column (400 x 3 mm). The column temperature was programmed
from 110°C (held for 20 min), at 6°C/min from 110°C to 180°C, at 32°C/min from 185°C to 290°C. When
it reaches to 250°C, it should stay constant till finishing analysis of all existed amino acids. The
chromatogram is counted according to an external standard.

Determination of the fatty acids composition of dried plant L. narynensis extracted with a chloroform-
methanol mixture (2:1) for 5 minutes, the extract is filtered through a paper filter and concentrated to
dryness. Then, to taked extract add 10 ml of methanol and 2-3 drops of acetyl chloride and further
methylation at 60-70°C in a special system for 30 minutes. The methanol is removed by rotary
evaporation and the samples are extracted with 5 ml of hexane and analyzed using a gas chromatograph.
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As a result, chromatograms of methyl esters of fatty acids were obtained. By comparison with reliable
samples by the time of exit from the column, eight fatty acids were identified. To determine the
components was used the internal normalization method.

Results and discussion

The quantitative and qualitative analysis of biologically active constituents together with moisture
content, total ash, and extractives contents were determined from roots of L. narynensis. The results are
shown in Table 1.

Table 1 — Quantitative analysis of bioactive constituents of L. narynensis

Content, %

Moisture content Ash Extractives Organic acids Flavonoids
5.14 13.24 27.7 0.64 0.52

In “Center of Physico-Chemical methods of analysis”, Republican State Enterprise Kazakh National
Al-Farabi University, MES RK using the method of multi-element atomic emission spectral analysis in the
ash of L. narynensis there were determined eleven macro- and microelements, shown in Table 2 and major
of them was K (2214.13 pg/ml), Ca (391.31 pg/ml), Fe (311.73 pg/ml). Potassium is involved in the
process of carrying out nerve impulses and transferring them to innervated organs, promotes better brain
activity, is also necessary for the implementation of contractions of skeletal muscles. Calcium plays a very
important role in many intra- and extracellular processes, including the contractile function of the cardiac
and skeletal muscles, nerve conduction, regulation of enzyme activity, and the action of many hormones.
It is also a cofactor of the activation of many enzymes or the formation of a number of enzyme complexes
in complex, multistage processes of blood coagulation. Iron is a part of the hemoglobin of erythrocytes,
myoglobin and many enzymes, participates in hematopoiesis [17].

Table 2 — Composition of macro-micro elements in the ash of plant L. narynensis

Element Cu Zn Cd Pb Fe Ni Mn K Na Mg Ca

pg /ml 1.57 2.58 0.05 0.66 311.73 0.36 11.73 2214.13 31.74 288.08 391.31

In the composition of amino acids mainly were glutamate (2452 mg/100g), aspartate (1238 mg/100g)
and alanine (748 mg/100g). The results shown in Table 3. Glutamate is one of the most abundant of the
amino acids. In addition to its role in protein structure, it plays critical roles in nutrition, metabolism and
signaling. Post-translational carboxylation of glutamyl residues increases their affinity for calcium and
plays a major role in hemostasis [18]. Aspartic acid increases immunity, metabolism, deactivates
ammonia, participates in the formation of ribonucleic acids, promotes the removal of chemicals, including
drugs, restores working capacity. Studies conducted by scientists have proved the effectiveness of taking
asparaginic acid preparations for increasing testosterone levels. Aspartic acid is taken as an additive by
bodybuilding athletes to improve strength, increase libido and testosterone in the blood [19]. Alanine also
increases immunity and provides energy for brain and central nervous system, the muscle tissue. This
amino acid protects against the development of cancer of the pancreas and prostate gland [20].

Quantitative composition of fatty acids in L. narynensis mostly contained in linoleic acid (41.2 %)
and oleic acid (33.5 %), showed in Table 4. Linoleic acid is an essential fatty acid in nutrition and is used
in the biosynthesis of prostaglandins and cell membranes [21]. Oleic acid can inhibit the progression of
diseases affecting the brain and adrenal glands, as well as improve memory and reduce blood pressure, but
there is evidence that the substance can provoke cancer, in particular breast cancer [22].

—— 4 ——
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Table 3 — Amino acids contents of L. narynensis

Molecular Amount
Ne Amino acids Structure MW in plant,
formula mg/100g
1 2 3 4 5 6
i
i H-.C
1 Alanine C3H,NO, st \‘/ ~oH 89 748
NH2
0
2 Glycine C,HsNO, I)KOH 75 296
NH,
O
3 Leucine C¢H;sNO, \MOH 131 329
NHz
CH; O
4 Isoleucine C¢H3NO, HiC- : H 131 290
NH;
O
5 Valine CsH;NO, /LI)LOH 117 278
NH,>
(n) o)
6 Glutamate CsHoNO, HO™ H 147 2452
NHz
OH O
7 Threonine C4HgNO;, HiC )YH\OH 119 275
NHy
0
8 Proline CsHoNO, (\HH)H 13 528
—~NH
Q
1
9 Methionine CsHuNO,S HgC/ S\/\I)\OH 149 80
NH;
O
10 Serine C3H;NO; HU/\‘)\OH 105 356
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Oxkonuanue mabauywl 3

1 2 3 4 5 6
1 Aspartate C.:HNO, OY\KH\DH 133 1238
OH NH,
0
12 Cysteine C;H,NO,S H S/H)I\OH 121 34
NH2

13 Oxyproline CsHyNO; 0 131 2
HO
0
14 Phenylalanine CoH;1NO, 165 290
15 Tyrosine CoH1NO; 181 345
16 Histidine C¢HoN30O, 155 218
17 Ornithine C5H12N202 132 2
18 Arginine Ce¢H14N4O, 174 510
19 Lysine C6H14N202 146 296
20 Tryptophan C11H12N202 204 120

— 26 ——
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Table 4 — Fatty acids contents of L. narynensis

Ne Fatty acids Molecular Structure Mw  Amountin
formula plant, %

1 Meristic acid C14:0 C14H2302 /\/\M\/’\AAQH 228 2.5
5 Pentadecanoic acid C1sH30, Hsc\/\/\/\/\/\/\/ﬁ\o 242 14
CISZO H

Q
3 Palmitic acid C 16:0 C16H3202 256 14.3
P W e N N N NP
0
= OH

4 galmltolelc acid C1eH300, 254 11

16:1
5 Steari id C CisH360 i 284 5.2

€arin aci - .

18:0 1811362 e \)LQ“

6 Oleic acid ClS:l C13H3402 282 33.5
EH

7 Linoleic acid CIS:Z C18H3202 — 280 41.2

8 Linolenic acid Clg:} C18H3002 278 0.8

Linotenie scid

Conclusion

In summary, the quantitative and qualitative analysis of phytochemical constituents from root of
medicinal plant L. narynensis of Kazakhstan have been made for the first time. As the results of this study,
total bioactive components of L. narynensis were determined, eleven macro-micro elements from the ash
of plant were identified together with twenty amino and eight fatty acids were quantified from medicinal
plant. Presence of these bioactive constituents, may indicative that the plant has substances capable of
promote a better brain activity, the contractile function of the cardiac and skeletal muscles, nerve
conduction, and the action of many hormones, which play major roles in nutrition, in protein structure,
metabolism, signaling, in hemostasis, increase immunity, protect against the development of cancer of the
pancreas and prostate gland. The plant L. narynensis has high research potential and demands
multidimensional study.
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LIGULARIA NARYNENSIS XUMUAJIBIK KYPAMBIH 3EPTTEY

Annoranusi. Byn xymeicta Kasakcranma eceTiH mopiitik eciMIikTiH Ligularia narynensis (UTOXUMHUSIIBIK
KYPaMbIHBIH CaHJBIK OHE CalalblK Tajnaybl OIpiHIN peT >Kypri3uimi. OCIMAIKTIH bUFANAbUIBIFEL (5.14 %),
kynaimiri (13.24 %) sxoHe oskcrpaktuBrimiri (27.7 %), coHbiMeH Oipre opranukanblk Kbeimkeul (0.64 %),
¢maBononarap (0.52 %) CHSAKTHI OMOJIOTHSUIBIK AKTHUBTI KOMIIOHEHTTEpP KYpaMmbl aHBIKTAJIABL. ATOMIBIK 3MHCCHUS
CHEKTpAJbJbl Tanjay oJICiH KOJJaHa OTBIPBIN, OCIMIIKTIH KYJiHIEri OH Oip Makpo- »XOHE MHKPOdJIEeMEHTTEpi

— 28 ——
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3epTTeNi XKoHe OHBIH Heri3ri Kypambl K (2214.13 mkr/mi), Ca (391.31 mxr/mi), Fe (311.73 mkr/mi). bynan 6acka,
JKUBIPMa aMUH JKOHE CETi3 Maiiibl KBIIMIKBUI aHBIKTAJABL. AJIBIHFAaH HOTIDKENEp OOWBIHINA aMHHKBIIIKBUIIAPIBIH
HeTi3ri KypaMmsl rirytaMat (2452 mr/100r), acmaprat (1238 mr/100r) xone amanud (748 mr/100r), mait KypambiHaa —
onenH (33.5 %) xone nmuHOI (41.2 %) KBIIKBUTAAPHL.

Tyiiin ce3nep: Ligularia narynensis, ONOaKTHBTI Kypamjactap, Makpo-, MUKPO3JIEMEHTTep, aMHHO-, MaiiJIbl
KBIIIKBUIIAP.

A.K. Hypasibexosa', E. STur %, MLA. [Tioce6aeBa’, 2K.A. A6uios’, XK. Kennc

'Kasaxckuii HAMOHANBHEIN YHHBEPCHTET HMeHH anb-Dapatu, Anmarsl, Kazaxcras;
2Shanghai Institute of Materia Medica, Chinese Academy of Science, [1lanxait, Kuraii

HNCCIIEJOBAHUE XUMHNYECKOI'O COCTABA LIGULARIA NARYNENSIS

AnHOoTauusa. B pganHOW paboTe BhepBbie OB CHOETaH KOJIMYECTBEHHBIM W KAaYeCTBEHHBIH aHAIU3
(UTOXMMUYECKUX COCTABIIIONINX JeKapcTBeHHOro pacTeHus Kasaxcrana Ligularia narynensis. OupeneneHsl
OHOJIOrMYEeCKH aKTHUBHBIE KOMIIOHEHTBI L. narynensis, Takue kak opranudeckue kuciotsl (0,64 %), diaaBoHOHIbI
(0,52 %) Bmecrte ¢ conepkanuem Biaru (5,14 %), ooieit 30mb1 (13,24 %) u S3kCcTpakTUBHBIX BetecTs (27,7 %). [lpu
MCIOJh30BAHUH METO/Ia MHOTO3JIEMEHTHOI'O CICKTPAJILHOTO aHAIM3a aTOMHOM 3MHCCHHM B 30JI¢ pacTeHHs ObLTH
UACHTU(DUIIMPOBAHBl OJMHHAALATH MaKpO-, MHKPOIJIIEMCHTOB, OCHOBHBIMH M3 KOTOpBIX sBIsitoTcs K (2214,13
mkr/mi), Ca (391,31 mxr/mi), Fe (311,73 mxr/min). Kpome toro, Obutn poaHalu3upOBaHbl ABA/IAaTh aMUHOKUCIIOT
M BOCEMb XHPHBIX KHCIIOT, COACPIKAIIMXCS B PACTCHUU. Pe3ynbTaThl MMOKA3aJd, YTO OCHOBHBIM COCTAaBIISIFOIIUM
aMUHOKHCIIOT ABISIOTCS riryTamat (2452 mr/100r), acmaprar (1238 mr/100r) u amammn (748 mr/100r); >KupHBIX
KHCIOT — onenHoBas (33,5 %) u muHOMEBas (41,2 %) KUCTIOTHL

KuaroueBsle caoBa: Ligularia narynensis, OWOaKTHBHBIE KOMITOHEHTBI, MaKpO-, MHKPOAIIEMEHTHI,
AMUHOKHCIIOTHI, )KUPHBIE KUCIIOTHI.
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