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CHEMICAL CONSTITUENTS OF THE ROOTS
OF FRITILLARIA PALLIDIFLORA

Abstract. The roots of F.pallidiflora collected in Kazakhstan were investigated for chemical constituent. The
quantitative and qualitative analysis of the medicinal plant have been made. Biological active constituents such as
organic acid (1.08%), flavonoids (0.17%) together with moisture content (7.13 %), ash (20.796%), and extractives
(12.85%) of plant Fpallidiflora were determined. By using the method of multi-element atomic emission spectral
analysis in theash of the plantwas found 8 macro-micro elements, in which the main contents were Potassium
(440.420 mcg/ml) and Sodium (33.7475 mcg/ml). In addition, twenty amino and eight fatty acids were identified
from F.pallidiflora. The results showed that the major contents of amino acids were glutamate (2650 mg/100g),
aspartate (1185 mg/100g) and alanine (802 mg/100g), and fatty acids were linoleic (24.2%) and oleic acids (48.4%),
respectively.
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Introduction

Fritillaria - 1s a genus of about 130—165 species within the monocot family Liliaceae, and is native to
temperate regions of the Northerm Hemisphere. Frifillaria is a botanical source for various
pharmaceutically active components which have been used in traditional Chinese medicine for thousands
of years. Many species (such as F. cirrhosa, F.thunbergii and F. verticillata) are used in traditional
Chinese cough remedies. Increasing interest in Frifillaria medicinal resources has led to additional
discoveries of steroidal alkaloids, saponins, terpenoids, glycosides and many other compounds in various
Fritillaria species, and to investigations on their chemotaxonomy, molecular phylogeny and
pharmacology [1]. Fritillaria pallidiflora Schrenk belongs to the Frifillaria genus of Liliaceae family
widely distributed in Xinjiang province of China and finds widespread applications as antitussive,
antiasthmatic and expectorant medicine [2]. The chemical constituents of F. pallidiflora have been
studied, and steroidal saponins and alkaloids are regarded as their main ingredients [3]. In recent years,
steroidal saponins have attracted more attention for their significant bioactivities, including their anti-
tumor [4], anti-thrombotic [5], anti-inflammatory [6], anti-fungal [7] activities.

In the steppe zones, meadow places, on the slopes of the alpine and subalpine belt of Kazakhstan,
there are 5 species of growing [8]. In addition, the bulbs contain organic acids, terpenoids, phytosterols
and some vitamins. In small doses, the alkaloids contained in the bulbs have a therapeutic effect. Thus, in
Chinese medicine, on the basis of the alkaloids contained in the bulbs, expectorants and soothing agents
are made. In large doses of hazelnut bulbs are dangerous to health [9].

Proteins are large, complex molecules that are critical for the normal functioning of the human body.
They are essential for the structure, function, and regulation of the body’s tissues and organs. Proteins are
made up of hundreds of smaller units called amino acids that are attached to one another by peptide
bonds, forming a long chain. First point of investigation was on amino acids, which is organic (carboxylic)
acids, the molecules of them contain one or more amino groups (NH,-groups), the basic structural
elements of protein molecules [10].

It is known that fatty acids - components of lipids exist in plants, animals, and microorganisms. Lipids
are necessary for our body, because without them, metabolism cannot be carried out normally, and toxins
and toxins accumulate in cells and tissues, as purification processes are slowed down. Many of fatty acids
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cannot be synthesize in human organism. Those fatty acids are required, however, for cellular processes
and the production of other necessary omega-3 and omega-6 fatty acids. In addition fatty acids have a
wide range of commercial applications, for example, they are used not only in the production of numerous
food products but also in soaps, detergents, and cosmetics. Soaps are the sodium and potassium salts of
fatty acids [11].

In the present study, the quantitative and qualitative analysis of bioactive components such as
moisture, total ash, and extractives contents of I pallidiflora have been carried out, as well as amino-fatty
acid contents were determined. Determination of main bioactive constituents, macro, micro elemts and
amin-, fatty acid contents of the root of F.pallidiflora which growing in Almaty region of Kazakhstan
were reported for the first time.

Materials and Methods

The root part of plant F.pallidiflora was collected in May 2017 from the piedmont steppe of the
Toraigir Mountains of Almaty region and identified by Dr. AlibekYdyrys. Plant was 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 F.pallidiflora were cut into small pieces
and stored at room temperature.

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

In the “Center of Physico-Chemical methods of research and analysis™, Republican State Enterprise
Kazakh National Al-Farabi University, MON RK using the method of multi-clement atomic emission
spectral analysis in the ash of F.pallidiflora 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
hydrolysate 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 NH,OH 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 thenevaporated 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% SnCI2 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 triethyl amine, 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
cthyl 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 by using GC/MS device. GC/MS analysis:
amino acid content of the roots part of I pallidiflora 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 fishing of exit of all amino acids. The chromatogram is
counted according to an external standard.

Results and discussion

The quantitative and qualitative analysis of biologically active constituents together with moisture
content, total ash, extractives contents were determined from the roots of F. pallidiflora. The results shown
in Table-1.
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The ash of plant raw materials is the balance of inorganic substances obtained after burning the raw
material and then calcining the residue to a constant mass. The ash of plants consists of a mixture of
various inorganic substances characteristic of the plant, and mineral impurities that can get into the raw
material during collection and drying. The moisture of plant materials is the loss in the mass due to
hygroscopic moisture and volatile substances detecting when plant material is dried till constant weight.
The moisture content in medicinal plant raw materials serves as one of the numerical indicators
characterizing its quality. Medicinal plant raw materials should not contain moisture above the permissible
standards, because with high humidity, during storage conditions are created that contribute to a decrease
in its quality. For most types of medicinal plant raw materials, the permissible moisture limit is usually 12-
15%.

Table-1 - Quantitative analysis of bioactive constituents of the root F.pallidiflora

Content, %

Moisturecontent Ash Extractives Organicacids Flavonoids
7.13 20.7 12.8 1.08 0.17

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 F.pallidiflora there were determined eight macro- and micro elements, shown in Table 2 and major
of them are Potassium (440.420 mcg/ml) and Sodium (33.7475 mcg/ml). One of the main factors of
nutrition, affecting health, working capacity and active longevity, are micronutrients - macro- and micro
clements. The body does not produce microcircuits and should receive them in ready form, for example,
with food. The ability to store these substances in the body is absent. Sodium is the maintains the osmotic
pressure and pH of the medium, participates in the formation of gastric juice, activates the enzymes of
saliva and pancreatic juice, together with potassium, forms the electrical potential of cell membranes,
through which a signal is transmitted in nerve cells, muscle cells, etc. Potassium is the most important
component of intracellular fluid, controlling acid-base balance, muscular activity, and synthesis of
proteins and glycogen [12].

Table 2 - Composition of macro-micro elements in the ash of F.pallidiflora ash
Element K Mg Ca Mn Fe Zn Cu Na

meg/ml 440.4200 25.6850 28.0300 0.4254 3.4152 5.8052 0.1731 33.7475

Determination of fatty acid composition of raw material, and dried plant F.pallidiflora 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
"CARLO-ERBA-420" allocated the Kazakh Academy of Nutrition for 1 hour. 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.

Quantitative composition of fatty acids in F.pallidiflora mostly were linoleic acid (24.2%) and
oleic acid (48.4%). Linoleic acid has received much attention in recent years because of its interesting
biological benefits. The main health effects described for linoleic acid include reduction of carcinogenesis,
atherosclerosis, inflammation, obesity, diabetes, as well as growth promoting and bone formation-
promoting properties [13]. Oleic acid can inhibit the progression of discases 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 [14].

— 3 ——
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Table 3 - Amino acids from the root of F.pallidiflora
Ne Amino acids Molecular formula Structure MW Amount in
plant,
mg/100g
1 2 3 4 5 6
1 Alanine C;H;NO, Q 89 802
HaC OH
NH2
2 Glycine C,HsNO, O 75 326
OH
NHz
3 Leucine CsH3NO, 131 415
H
NHz
4 Isoleucine C4H,3NO, th @ 131 402
OH
NH;
5 Valine CsH;;NO, o 117 328
P
NH,
Glutamate CsHyNO, 0 o] 147 2650
HMH
NHa
Threonine C,HoNO; oH O 119 290
H3C)\]/H\0H
NH,
8 Proline CsHoNO, O 115 652
C')LDH
NH
9 Methionine CsH;,NO,S (0] 149 75
S
H30/ \/\l)J\OH
NH,
10 Serine C;H/NO; 0] 105 480
HO/\I)LOH
NH»
1 Aspartate CHNO, 0] 133 1185
OY\‘HLOH
OH NH;
12 Cysteine C;H/NO,S Q 121 50
HS/\HI\OH
NH;
13 Oxyproline C:HoNO3 NH 131 1
HO
Q
HO
— 35 ——
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Oxonuanue mabnuyol
1 2 3 4 5 6
14 Phenylalanine C.H;NO, o] 165 303
H
NH,
15 Tyrosine CoH;1NO; 181 348
H
NH
HO 2
16 Histidine CcHoN50, fo] 155 200
N
(/ ] OH
HN NH
17 Ornithine C5H12N202 [e} 132 2
NH;
18 Arginine C6H14N402 JNLH 0 174 498
HoN INI/\/\HI\OH
NH,
19 Lysine C6H14N202 NH2 146 160
A _OH
HzNw
O
20 Tryptophan C;H;:N,O, == O 204 90
\_/ ‘, H
HN NH»

Table 4 - Fatty acids from the root of F. pallidiflora

No Fatty acids Molecular Structure MW Amount in
formula plant, %
1 Meristic acid C14:0 C14H2802 (@] 228 2.1
/\/\/’\/\/\/\)LQH
2 Pentadecanoic acid Cys59 | Ci5Hz00, Q 242 12
Hac\/\/\/V\/\/\)L
OH
3 Palmitic acid C 16:0 C16H3202 o) 256 18.3
A/WWMDH
4 Palmitoleic acid C16:1 C16H3002 254 0.9
= o+
5 Stearin acid Cig.9 CsH30, 0 284 38
/"\/\/\/\/\/\/\/\)LOH
6 Oleic acid C18:1 C18H3402 — 282 48.4
H
7 | Linoleic acid Cyg., C 1550, W/\/\/\i 280 | 242
fir 1 N QH
8 Linolenic acid C18:3 C18H3002 m 278 1.1
i '‘OH
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In the composition of amino acids mainly were glutamate (2650 mg/100g), aspartate (1185 mg/100g)
and alanine (802 mg/100g). Glutamate is replaceable amino acid, which plays the role of a
neurotransmitter with high metabolic activity in the brain, stimulates redox processes in the brain, the
exchange of proteins. Normalizes the metabolism, changing the functional state of the nervous and
endocrine systems [15]. 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 [16]. Alanine plays a significant
role in metabolic processes, as well as to regulate the level of sugar in the bloodstream. This amino acid
protects against the development of cancer of the pancreas and prostate gland, it is an important part of
sports nutrition, increases physical endurance and allows to build muscle mass [17].

Conclusion

Quantitative and qualitative analysis of bioactive constituents and the moisture, total ash and
extractives contents of roots F.pallidiflora were determined. Besides, macro-micro elementsin the ash of
the medicinal plant were investigated, and total eight macro-micro elements were identified by the method
of multi-element atomic emission spectral analysis. Meanwhile, twenty amino and eight fatty acids were
determined from F.pallidiflora. The results showed that the major contents of amino acids were glutamate
(2650 mg/100g), aspartate (1185 mg/100g) and alanine (802 mg/100g), and fatty acids were linoleic
(24.2%) and oleic acid acids (48.4%), respectively.

JLA. Yrerenopa', A.K. Hypasioekosa', MLA. Trocebaesa’, 7K. Kenic' *
18J1—<1>apa61/1 arsraaarsl Kaz¥ VY, Xuvus xone XuMmusaaslk TexHnonorna @axyasreri, Aamarer, Kazakctan
AKIIBLI CENKUITYJI TAMBIPBIHBIH XUMHUSIBIK KYPAMBIH 3EPTTEY

Annoramust. Kazakcranna sxuHanran F. pallidiflora TaMBIPBIHBIH XHMEATBIK KypaMsl 3eprreiml. Jlopurik
OCIMIIKTIH CAHIBIK KOHC CANANBIK TATAAYBI KYPTi3UTOl. OCiMAikTiH bUFanabLIbFs! (7,13%), xynmimiri (20,796%)
skoHE IKcTpakTuBTimri (12,85%),conpmMen Gipre opranukansik Kemukelt (1,08%), dmasoromarap (0,17%) CHAKTHI
OHMOJIOTHAIBIK AKTHBTI KOMIIOHCHTTEP KYPAMbl AHBIKTATIBL. ATOMIBIK 3MHACCHS CIICKTPAJIBIBI TAIAAY OTICIH KOJIIaHA
OTBIPBII, 6CIMIIKTIH KYMHICTI 8 MHKPO XKOHE MAKPO 3JICMEHTEPl aHBIKTAIIBDKOHEC OHBIH HETI3Tl Kypambl Kaaud
(440.420 wmxr / mm) sxoHe Hartpmit (33.7475 MKr / M) 3MCMCHTTCPIHCH TYPATHIHBI AHBIKTAINBL. bymaH Oacka,
F.pallidiflora-nan >kupIpMa aMHH >XKOHE CEri3 MAailuibl KbIIIKBUI AHBIKTAJABL. AJBIHFAH HOTIDKEIEp OOMBIHIIA
AMUHKBIIIKBIIIAPABIH HETI3r KypaMsl TaytaMart (2650 mr / 100 1), acmaprar (1185 mr / 100 r) sxoHe agaruH (802 Mr
/ 100 1) sxoHE Mait KypamMbIHAa JTHHOT (24,2 %) KOHE OJCHH KBIIKBUTAAPHI (48,4 %).

Tyiiin ce3nmep: Fritillaria pallidiflora, GnoakTUBTI KypamaacTap, MakpO-MHKPO 3JIEMEHTTEpP, aMHHO-MAIIbI
KBIIKBLTAAP.

JLA. Yrerenosa', A.K. Hyp.miGexosa', MLA. lioceGaera', XK. Kennc'*

l<1>al<yJII>TeT XHUMHH H XHUMHUICCKOH TexXHOI0THH, Ka3axckuit HaIlmoHATGHBIN YHABSPCUTET HM. Anb-Dapadwu,
Ammatsl, Kazaxctan

HCCIENOBAHHUE XUMHYECKOT'O COCTABA PABYUKA BJEJHOIIBETKOI'O

Annotamus. Bsi1 nccaen0BaH XUMHICCKHHA COCTaB KOpHEH F. pallidiflora, cobparnoro B Kazaxcrane. Caeman
KOJTMYCCTBCHHBIH W KAYCCTBCHHBIM AHATH3 JICKAPCTBCHHOTO pacTeHmA. OmpeaciicHsl OHOMOTHYCCKH AKTHBHBIC
KOMIIOHCHTHI, TAKHC Kak opranmiyeckue KUCIOTH (1,08%), (masomommer (0,17%), a Takke COmCp:KAaHHC BJATH
(7.13%), 3omeHOCTH (20,796%) m 3xcTparcHThl (12,85%) pacrenus F.pallidiflora. Tlpu HCHONB30BAHHECM METOAA
MHOTO3JICMCHTHOTO aTOMHO-3MHCCHOHHOTO CIICKTPAIBHOTO AHATH3a B 30J1¢ PACTCHHSA OBLIO HAWACHO 8§ MakKpo-
MHKPO 3JICMCHTOB, OCHOBHBIMH BCIICCTBAMH H3 KOTOPBIX ObLmH Kamui (440.420 Mkr / M) u Hatpmi (33.7475 mxr /
). Kpome Toro, w3 kopuel F.pallidiflora 6sumn uaeHTHQUIMPOBAHBI IBAANATE AMHHOKUCIOT M BOCEMb YKHPHBIX
KHCTIOT. Pe3ymbTaThl IOKA3aH, YTO OCHOBHBIM COACPKAHHEM aMHHOKHCJIOT SBIAIOTCA TayTaMat (2650 mr / 100 1),
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acmaprar (1185 mr / 100 r) u anarud (802 mr/ 100 1), a Cpean KUPHBIX KUCIIOT - THHOICBEBIC (24,2%) U OJICHHOBBIC
KuCTOTHI (48,4%) COOTBETCTBCHHO.

KmoueBnie cnoBa: Fritillaria pallidiflora, GmOaKTHBHBIC KOMITOHCHTBI, MAaKpPO-MHKPO 3JEMCHTHI, AMHHO-,
SKUPHBIC KHCIIOTHI.
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