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Chemical composition of essential oil from two species
of Pulsatilla growing wild in Northern Kazakhstan

The aim of the study was to investigate for the first time the chemical composition of the essenti
plant species of the genus Pulsatilla of the family Ranunculaceae Juss. — P. flavescens (Zucc.
P. patens (L.) Mill. growing wild in Northern Kazakhstan. The essential oil was obtained from the dr1

parts of the plants (stems, leaves, flower heads) by hydrodistillation for 6 hours without steeping i
water and with preliminary steeping in distilled water for 14 hours. The qualitative and quantitz

and 19.2 % with steeping in distilled water for 14 hours), respectively. The re
oil of P. flavescens and P. patens can have the antimicrobial properties.

that the essential
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Pulsatilla is a genus of the family Ranunculaceae Juss! us Pulsatilla contains about 38 species
worldwide all of which occur in the Northern Hemisph i
North America. Nine species occur in Europe [1].
stan [2].

Mill. (Pulsatilla patens ssp. patens) are rare g
mental, med1c1na1 and venomous plants

Figure 2. Pulsatilla patens (L.) Mill.
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P. flavescens and P. patens contain saponins, y-lactones (anemonin) and flavonoids [4]. The official
scientific literature survey showed that there is no previous report on the chemical composition of the essen-
tial oil of P. flavescens and P. patens but there is one for Pulsatilla albana (Stev.) Bercht. & Presl. The pre-
vious study of the essential oil obtained by hydrodistillation for 3 hours of the aerial flowering parts of
P. albana exhibited that pulegone (39.1 %), piperitenone (17.2 %), menthone (16.1 %), 1,8-cineole (8.9 %)
and p-mentha-3,8-diene (4.2 %) were the main compounds. There are oxygenated monoterpenes (87.9 %),
monoterpene hydrocarbons (8.3 %) and sesquiterpenes (1.3 %) in this essential oil. Nonterpene hydrocarbons
were not found among the identified components of the essential oil. Antibacterial screening of the essential
oil showed moderate activity against certain strains of Gram-positive and Gram-negative bacteria [5].

The aim of the study was to investigate for the first time the chemical composition of the essential oil
from rare and endangered plant species of P. flavescens (Zucc.) Juz. and P. patens (L.) Mill. geowingmwild in
Northern Kazakhstan.

Materials and methods of research

Collection of the material was carried out in places of natural growth of Pulsatilla flavescens (Zucc.)
Juz. and Pulsatilla patens (L.) Mill. on the territory of State National Natural Park «Burabay»|(Northern Ka-
zakhstan, Akmola Region, the town of Shchuchinsk). Specimens for the study wereé*collectedion 27-30 April
2015 in the stage of full blossoming. P. patens was observed on stony!slopes of hills,"in dry steppes;
P. flavescens — on edges of pine forests, on steppe slopes of hills. Identification and documentation (certifi-
cates of the specimens) of the plant species were made by Dr. Tamara Stikhareva., The herbarium of the iden-
tified plants was placed at the Department of Breeding of Kazakh Researchylnstitute of Forestry and Agro-
forestry in Shchuchinsk under herbarium code 27.04.2015/02)fox, Pulsatillay flavescens (Zucc.) Juz. and
29.04.2015/03 for Pulsatilla patens (L.) Mill. Drying to the air-dry ¢ondition of the raw material was done in
a well-ventilated room, spread out on a paper by smooth thin layen(3-4‘¢ém) and frequent turning.

Essential oil was obtained from the dried aerial parts of\the plants (stems, leaves, flower heads) (100 g)
by hydrodistillation in a Clevenger-type apparatus for 6¢hours (Samples Ia-IVa). The yield averaged 0.02—
0.13 %. In samples Ib-IVb the dried aerial parts of thesplantsy(stems, leaves, flower heads) (100 g) were pre-
liminary steeped in distilled water for 14 hours and\then the eSsential oil was isolated by hydrodistillation in
a Clevenger-type apparatus for 6 hours. Steeping,in distilled water was performed for the aim of destruction
of the cell structure of plants and the release ©f comiponents of the essential oils locating in the bound form.
The yield averaged 0.02—0.06 %. The isolated essential oil'was collected by ethyl acetate and then it was va-
porized and weighed. The external chagdeteristic6f the essential oil — it is a transparent oil of a light-yellow
colour with a slight specific smell.

The qualitative and quantitative\cempositions of the specimens of the essential oils were analyzed by
the method of chromate-mass-spectrometry on Agilent Technologies 7890A GC System gas chromatograph
with Agilent Technologies §975C mass selective detector. There was used the HP-5MS capillary column
(5 % Phenyl Methyl Siloxane,”30}m X 250 mm x 0.25 mm) at the flow rate of the carrier gas of helium
1 mL/min. Temperature of thefifijector block was 230 °C. For 10 min the temperature of the column was
40 °C, with the programming of the temperature up to 240 °C at the rate of changing the temperature
2 °C/min, and then this celumn was set into isometric mode of operation for 20 min. The injection mode was
splitless. The velume ofjthe sample was 0.2 mL. Conditions of the recording of mass spectra were 70 eV, the
range of massiwasm/z 10-350. The percentage of the components was calculated automatically starting from
the areas (0f p€aks of the total chromatogram of ions. The components were identified on mass spectra and on
rétention time with the use of library Wiley 275.1, National Institute of Standards and Technology V. 2.0
GC/MS and literature [6].

Results and discussion

The qualitative and quantitative analyses of the essential oils of P. flavescens and P. patens showed that
aliphatic hydrocarbons (64.0-96.9 %) were the major constituents. Table shows that the main constituents of
P. flavescens and P. patens essential oil were tricosane (30.9—47.3 % and 45.6 % without steeping in distilled
water and 40.4-50.1 % and 32.9 % with steeping in distilled water for 14 hours), heneicosane (22.1-31.8 %
and 31.5 % without steeping in distilled water and 20.9-30.4 % and 26.6 % with steeping in distilled water
for 14 hours), 2-pentadecanone (11.6-33.8 % and 10.8 % without steeping in distilled water and 6.3—10.1 %
and 19.2 % with steeping in distilled water for 14 hours), respectively. Almost in all the studied specimens of
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the essential oils of P. flavescens and P. patens there was revealed the content of tetradecane, pentadecane
(except sample IVa) and nonadecane (except sample IIb).

Table
Constituent composition of essential oil from P. flavescens and P. patens
Content, %
. P. flavescens P. patens
Constituent RI calc. I I T v

a b a b a b a b
Tridecane 1300 0.5 - - 2.2 — - 0.7 2.3
Tetradecane 1400 1.4 0.8 1.6 4.5 1.9 0.8 3 4.7
Pentadecane 1500 5.4 34 2.2 5.1 3.8 2.5 — 3.1
B-Bisabolene 1500 — 0.7 — — — — — <
6-Cadinene 1514 - 0.7 - - — - > -
2-Pentadecanone 1682 33.8 9.7 15.6 6.3 11.6 1041 10.8 19.2
1-Pentadecanal 1693 - - - - — 1.0 — -
Heptadecane 1700 — 0.8 1.2 — — 1.1 — 2.3
2-Heptadecanone 1875 — — — — — 2.6 — —
Nonadecane 1900 3.6 3.2 3.7 - 3.6 301 3.9 2.8
Hexadecanoic acid 1942 - - - — = 0.9 - —
Eicosane 2000 - - - - — 1.3 — -
Heneicosane 2100 22.1 22.6 29.5 30.4 3.8 20.9 31.5 26.6
Docosane 2200 - 3.1 3493 — — 4.6 3.1 -
Tricosane 2300 30.9 50.1 38.8 47.8 47.3 40.4 45.6 32.9
Pentacosane 2500 - 4.2 - - — 7.1 — -
Total identified 97.7 99.3 959 96.3 100 96.4 96.9 93.9

Note: a — without steeping in distilled water; b — with ste€piig,in distilled water for 14 hours.

It is known that waxes covering leaves andyother plant organs are rich in hydrocarbons. We suppose
that the probable origin of alkanes (tricosane, heneicosane and others) identified in the essential oils of
P. flavescens and P. patens is related to th€ epidermis tissues and these alkanes were located in the cuticular
waxes [7-9].

Tricosane and heneicosane haveélantimi€robial properties [10—15]. One can suppose that the essential oil
of P. flavescens and P. patens can hayethe antimicrobial properties.

An interesting fact of this_essential oil is the presence of methyl ketone — 2-pentadecanone. The methyl
ketone activity provides profection, ofithe plants from herbivores and fungal pathogens. 2-pentadecanone has
the insect repellent propetties.

The quantitativef compesition of the main components of the essential oils of P. flavescens and
P. patens derived witheut the preliminary steeping in distilled water of the air-dried plant material differs
from that one with the preliminary steeping in distilled water for 14 hours. In samples I and II of the essential
oil, derived withythe préliminary steeping in distilled water for 14 hours of the air-dried plant material, con-
tent of trigdsane 1§)1.2—1.6 times higher, content of heneicosane is insignificantly higher and content of
2-pentadecanondlis 2.5-3.5 times lower in comparison with the same samples of the essential oil derived
without the preliminary steeping in distilled water. In sample III of the essential oil, derived with the prelim-
marygdsteeping in distilled water of the air-dried plant material, content of tricosane is on the contrary
1:2times lower, content of heneicosane is 1.5 times lower, content of 2-pentadecanone is insignificantly
lowerjin comparison with the same sample of the essential oil derived without the preliminary steeping in
distilled water. In sample IV of the essential oil of P. patens, derived with the preliminary steeping in dis-
tilled water of the air-dried plant material, content of tricosane is 1.4 times lower, content of heneicosane is
1.2 times lower and content of 2-pentadecanone is 1.8 times higher in comparison with the same sample of
the essential oil derived without the preliminary steeping in distilled water. Habitats and the process of ex-
traction have an influence upon the chemical composition of essential oils. So, some changes have been seen
in the quantitative and qualitative compositions of the essential oils at extraction with the preliminary steep-
ing in distilled water of samples collected from various habitats. Natural differences have not been identified.
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According to the flora of Kazakhstan [2] the studied plants belong to two different species —
P. flavescens (Zucc.) Juz. and P. patens (L.) Mill. However in European flora [1] the above-mentioned
plants belong to one species — P. patens, but to different subspecies — Pulsatilla patens ssp. flavescens
(Zucc.) with yellow to yellowish-white flowers and Pulsatilla patens ssp. patens with bluish-violet flowers.
When comparing the essential oils of two species of Pulsatilla, one can see that the qualitative and quantita-
tive compositions of the components do not have a considerable difference.

The results can be used in future investigations of P. flavescens and P. patens, to improve the new
knowledge about these species.
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B.1O. Kupumnos, T.H. CtuxapeBa, M.B. Cepadpumouu, ®.T. Mykaiesa,
A.B. T'epunr, JI.A. Capcenbaesa, I'.A. Ataxxanosa, C.M. AnekeHoB

Coarycrik Kazakcranaa ecetin Pulsatilla exi TypJepinin
3¢up MailIapbIHBIH XUMHUSIIBIK KYPaMbl

3eprreyain makcatsl Conrycrik Kasakcranna ecerin Ranunculaceae Juss. — P. flavescens (Zucc.) Juz. xone
P. patens (L.) Mill. tyxeiMuaceiasly, Pulsatilla TybICEI ©CIMAITIHEH anbIHATBIH 3(GUp MaWbIHBIH XUMUSIIBIK
KypaMBIH aJFalll peT 3epheney Ooinsl. Dpup MalbIH OCIMAIKTEpAIH KeNKeH >XKepycTi OeliKTepiHeH
(cabaxrap, *ambIpakTap, TyJ Oactapsl) Ta3apThUIFaH Cyda Cylaychl3 6 caraT OOHBI TMAPOIUCTHIULIIUSIIAY
JKOHE aJIIBIH ajla Ta3apThUIFaH cyna 14 carar OOHBI Cynay JKOJNBIMEH aibIHIBL D(GHUp Maimapbl yiariTepisin
camanblK JkoHe caHablk KypambiH ['X-MC omiciMen tanmaunsl. P. flavescens woHe P. patensddbhup
MaiilapblHbIH HETi3ri KOMIOHEHTTepi, coiikec Tpuko3aH (30.9-47.3 % sxone 45,6 % Ta3apThUEaH cyna
cynaycs3 xoHe 40,4-50.1 % xone 32,9 % TazapTeinraH cyna 14 carat Goiibl cynaymeH), TeHeiiko3am, (22.1—
31.8 % xone 31,5 % TazapThutFaH cyna cynaychers xoHe 20,9-30,4 % sxone 26.6 % TazapThurraH cyfa 14
carar 0olibl cynaymen), 2-neHraaekanoH (11.6-33,8 % »xone 10.8 % TazapThuFaH cy/a CyaaychigikeHe 6,3—
10,1 % >xome 19.2% Tazapreurran cyna 14 carar Ooifbl cynaymeH) OOnmbl. AJNBIHEQH HOTIDKEICD
P. flavescens xone P. patens >pup MaibIHBIH MHUKpoOTapra Kapchl KacueTTepi Oap eKeHAIRIH OoypKayra
MYMKIHJIK Gepi.

Kinm ce30ep: Pulsatilla, >unp maiibl, Tpuko3aH, reHeliko3aH, 2-TIeHTaIeKaHOH, MEKpoOTapfa Kapes! KacheT.

B.1O. Kupumnos, T.H. Ctuxapesa, M.B. Cepadpumonud, @.T. Myxkamiesa,
A.B. I'epunr, JI.A. CapcenbaeBa, ['.A. AtajkanoBa, C.Mp» AnexeHon

XumMnuyeckuii coctaB 3(pMPHOro MacaaaBy X BuaoB Pulsatilla,
npouspacrawimux B Cepepiiom Kazaxcrane

Llenbro MCCIeNOBaHUS SIBISUIOCH M3Yy4YEHHE BIIEPBBICgXMMUIGEKOr0 cocTaBa 3()MPHOrO Macia W3 PacTeHUs
pona Pulsatilla cemeiictBa Ranunculaceae Juss. —{P. flavescens (Zucc.) Juz. u P. patens (L.) Mill., npous-
pactatomux B CeBepHoMm Kaszaxcrane. DdupHoe MACIO MMOJIyYany U3 BHICYIICHHBIX HaJA3EMHBIX YacTeil pac-
TeHUH (CTeONH, TUCThs, IIBETOYHBIE TONOBKH)IIYIEM THAPOAUCTUIAIMY B TeueHHe 6 JacoB 0e3 3aMadyuBa-
HUSI B IMCTWJUINPOBAHHON BOJE M C TIpeIBAaPHUTEILHBIM 3aMaulBaHIEM B UCTHILINPOBAHHON BOJIE B TEUCHHE
14 yacoB. KauecTBeHHBIH 1 KOTHIECTBEHHBIH COCTAB 00pa30B d(MPHEIX Macel aHAIH3HPOBATH METOJOM
I'’X-MC. OcHoBHBIME KOMITOHEHTaM# 9dupHOEerfMacna P. flavescens u P. patens Gvum Tpukosan (30.9—
47.3 % u 45,6 % 0e3 3amaunBaHus B TUCEMILTApOoBaHHOW Boje U 40,4-50.1 % u 32,9 % c 3amaunBaHueM B
TUCTWIIMPOBAHHOM BoJie B TeueHHMe, 14 1acoB), reHetikosan (22.1-31.8 % u 31,5 % Ge3 3amaunBaHus B IUC-
THIUTHpoBaHHoO# Boje n 20,9430,4%,26.6 % ¢ 3aMaunBaHUEM B JUCTUIIMPOBAHHOM BOJie B TeueHue 14 ua-
coB), 2-nenTtanekanoH (11.6-33,8% 1 10.8 % Ge3 3amaunBaHus B AUCTWIIMPOBaHHOH Boxe u 6,3—10,1 % u
19.2 % c 3amauynBaHueM B AUCTUINIMPOBAHHOM BoJe B TeueHue 14 yacoB), COOTBETCTBEHHO. [lomyueHHbIE pe-
3yJIBbTaThl MO3BOJIWIM MPefinoN0KHTh, uTo ddupHoe Macino P. flavescens and P. patens MOXeT NPOSBIATH
HPOTUBOMUKPOOHBISICBOVICIBA.

Kniouesvie cnoga: Pulsatilla, 3bupHoe Macno, TpUKO3aH, TeHeiiko3aH, 2-TICHTaIcKaHOH, TPOTHBOMHUKPOOHEIC
CBOMCTBAY

References

1 /Akeroyd, J.R. (1993). Pulsatilla Miller. Flora Europaea, 1,264-266.

20" Pavlov, N.V. (Eds.). (1964). Flora Kazakhstana [Kazakhstan Flora]. Alma-Ata: Izdatelstvo Akademii nauk Kazakhskoi SSR
[in"Russian].

3 “Krasnaia kniha Kazakhstana [Red Data Book of Kazakhstan]. (2014). (Vol. 2, 2nd ed.). Astana: LTD «Art Print XXI [in
Russian].

4 Fedorov, ALA. (Eds.). (1984). Rastitelnye resursy SSSR: Tsvetkovye rasteniia, ikh khimicheskii sostav, ispolzovanie;
Semeistva Magnoliaceae — Limoniaceae [Plant resources of the USSR: Flowering plants, their chemical composition, utilization;
Family Magnoliaceae — Limoniaceae]. Leningrad: Nauka [in Russian].

5 Shafaghat, A. (2010). Antimicrobial activity and volatile constituents of the essential oil of Pulsatilla albana from Iran.
Natural Product Communications, 5, 1299-1300.

6 Adams, R.P. (2007). Identification of essential oil components by gas chromatography/mass spectrometry. (4" ed.). Allured
Publishing Corporation: Carol Stream, Illinois.

Cepus «bronorusi. MegmuuHa. Meorpadusi». Ne 2(90)/2018 33



V.Yu. Kirillov, T.N. Stikhareva et al.

7 Carriere, F., Chagvardieff, P., Gil, G., Pean, M., Sigoillot, J.C., & Tapie, P. (1990). Paraffinic hydrocarbons in heterotrophic,
photomixotrophic and photoautotrophic cell suspensions of Euphorbia characias. L. Plant Science, 71, 93-98.

8 Alves-Pereira, LM.S., & Fernandes-Ferreira, M. (1998). Essential oils and hydrocarbons from leaves and calli of Origanum
vulgare ssp. virens. Phytochemistry, 48, 795-799.

9 Nikbakht, M-R., Esnaashari, S., & Afshar, F.H. (2013). Chemical composition and general toxicity of essential oil extracted
from the stalks and flowers of Rheum ribes L. growing in Iran. Journal of Reports in Pharmaceutical Sciences, 2, 165-170.

10 Giileg, C., Yayli, N., Yesilgil, P., Terzioglu, S., & Yayli, N. (2007). Chemical composition and antimicrobial activities of the
essential oil from the flowers of Delphinium formosum. Asian Journal of Chemistry, 19, 4069—4074.

11 Boussaada, O., Saidana, D., Chriaa, J., Chraif, I., Ammar, R.B., & Mahjoub, et al. (2008). Chemical composition and antimi-
crobial activity of volatile components of Scorzonera undulata. Journal of Essential Oil Research, 20, 358-362.

12 Zhao-lin, L., Xi, L., Hong-xuan, G., Jiao, Q., Zhi-xia, H., & Bo-lin, Z. (2012). Antibacterial effects of major compounds in
essential oil from bamboo leaves. Food Science, 33: 54-57 [in Chinese with English abstract].

13 Takia, L., Messaoud, R., Pierre, C., Gilles, F., Khadra, K., & Hafsa, S. (2013). Phyto-chemistry, antiba

chromosome number of Centaurea solstitialis L. grown in Algeria. Global Journal of Research on Medicinal Plants & Indigenous
Medicine, 2, 675-684.

14 Geetha, D.H., Jayashree, 1., & Rajeswari, M. (2015). GC-MS analysis of ethanolic extract of Elaeocarp rratus L. Euro-
pean Journal of Pharmaceutical and Medical Research, 2,296-302.

15 Elshiekh, Y.H., & Abdelmageed, M.A.M. (2015). Gas chromatography-mass spectrometry analysi @ ia

plant) petroleum ether extracts. American Journal of Research Communication, 3, 58—67.

J

34 BecTHuk KaparaHguHckoro yHusepcuTeTa





