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Essential oil of Pulicaria vulgaris (prostrata) and its biological activity

The investigation of the chemical composition, antioxidant and cytotoxic activities of the essential oil of
Pulicaria vulgaris wild growing in Akmola region, Kazakhstan was the aim of the study. The essential oil
was obtained by hydrodistillation and analyzed by gas chromatography-mass spectrometry (GC/MS). A total
of 49 compounds were identified representing 86.4 % and the major components were patchoulane (37.4%),
buddledin C (13.9 %), T-cadinol (4.7 %), trans-sesquisabinene hydrate (4.1 %), dyhydro-B-agarofuran
(2.7 %), (Z)-a-atlantone (1.8 %) and corymbolone (1.2 %). Six components were identified as unknown
(2.6 %). The antioxidant activity was evaluated by using 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging and the essential oil demonstrated an average scavenging effect at 0.75 and 1 mg/ml concentra-
tions compared with butylhydroxyanisole (BHA). The antiradical activity results of the P. vulgaris essential
oil is published for the first time. Cytotoxic activity assay was studied against Artemia salina larvae and it can
be concluded that the essential oil has a good lethal toxicity in all tested concentrations (10—1 mg/ml). The
authors attribute this result to the presence of the patchoulane as a major component, which is known for its
activity against ovarian cancer cells.

Keywords: Pulicaria vulgaris (prostrata), essential oil, water distillation, GC/MS, patchoulane, antioxidant,
cytotoxic activities.

Introduction

Pulicaria Gaertn. is a plant genus in the family of Asteraceae (Compositae) with approximately 80 spe-
cies which are widely distributed in Europe, North Africa and Asia [1]. A review of the literature showed
that the genus Pulicaria has been associated with various biological activities, such as P. inuloides known as
«sekbay, is used in Yemen to treat wounds, P. jaubertii is distributed in the southern Arabian Peninsula, and
is used traditionally as a diuretic and antipyretic, P. stephanocarpa, known as «derbeby» in Soqotra, has been
traditionally used in a variety of health conditions including headache, abscesses, boils and sores,
P. undulata, known as «kho’ahy, is used in the central Sahara to treat chills, diabetes, cardiac disorders, skin
diseases, and abscesses, and in Egypt to treat inflammation, as an insect repellent, and an herbal tea [2]. The
essential oil of P. inuloides has showed antimicrobial and antioxidant (DPPH) activities and the main com-
ponents were carvotanacetone (47.3 %) and palmitic acid (12.8 %) [3], the major component of P. jaubertii
was carvotanacetone (64.0 %) and the oil was active against MCF-7 and Hep-G2 cells (ICso= 3.8 and 5.1 ug
ml”, respectively) [4], P. stephanocarpa contained a-cadinol (42.5 %), B-caryophyllen (10.8 %), spathulenol
(6.8 %) and it had high antimicrobial and antioxidant (DPPH, ICs,= 330 ug ml") [5] properties, P. odora L.
contained thymol (47.8 %) and thymol isobutyrate (30.0 %) and it was active in antibacterial assay [6].

The essential oil of P. undulata was studied by different scientist from different countries and the re-
sults were signicantly different from each other. For instance, the oil from Algeria contained mainly
carvotanacetone (14.8 %), d-cadinene (8.2 %), a-cadinol (4.7 %) and thujanol (4.7 %) [7]. The oil from
Yemen contained carvotanacetone (91.4 %), 2,5-dimethoxy-p-cymene (2.6 %) and it has demonstrated good
antimicrobial and moderate cytotoxic activities against MCF-7 cells (IC50= 64.6 +13.7 ug ml™) [8]. The oil
from Egypt contained carvacrol (46.5 %), xanthoxylin (18.1 %), carvotanacetone (8.7 %) and it had a power-
ful antioxidant, a good antiacetylcholinesterase (IC50 = 139.2 pug ml™"), moderate cytotoxic against three cell
lines (A375, T98G, HCT116) activities [9]. The oil from Iran contained 4-terpineole (20.1 %), 1S-cis-
calamenene (13.4 %), junipene (8.7 %), cis-sabinene hydrate (8.3 %) and y-terpinene (7.0 %) [10].
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Pulicaria vulgaris (prostrata) Gaertn (Asteraceae) is an herbaceous annual plant, erect, more than
30 cm high, much branched. The leaves are linear-oblong, subobtuse orsubacute, mucronate, sessile, cordate
semiamplexicaul, entire or denticulate. It grows on the wet banks of rivers and lakes, meadow depressions of
bumpy sands. It is found in all areas of Kazakhstan, excepting mountains area. It is used as a remedy for dys-
entery in folk medicine [11]. Italian scientists studied before the essential oil of P. vulgaris and its antimicro-
bial activity, and the main components were hexadecanoic acid (21.7 %), B-caryophyllene (14.3 %) and
geranyl propionate (8.2 %). The oil showed a quite good antimicrobial activity against gram positive bacteri-
al strains [12]. According to the study of Iranian scientists, the main components of this essential oil were
thymol (50.2 %), carvotanacetone (20.2 %), thymolisobutyrate (16.9 %), menthan-2-one (4.3 %), 1-methyl-
1,2-propanedione (4.1 %), 2,5-dimethoxy-p-cymene (4.0 %), myrtenol (1.2 %) and it has showed antimicro-
bial and antifungal activities. Also in this study, the cytotoxic activity of essential oil was tested against
MCF-7 and Hep-G2 cell lines (ICs;= 5.36 and 7.16 pug ml™ respectively) [13]. The results of other study have
shown that essential oil of P. vulgaris may serve as an alternative or complementary treatment for
leishmaniasis [14].

The purpose of this study is to determine the component composition of essential oil of P. vulgaris from
Kazakhstan, which has great prospects, to test its cytotoxic and antiradical activity and compare with previ-
ous studies.

Experimental

The plant material of P. vulgaris (Asteraceae) was collected during the flowering period on September
1, 2017, near Eski Koluton village, in Astrakhan District, Akmola region, Kazakhstan. A voucher specimen
(No. 1996.07.27.02.04.) was deposited in the Herbarium of the Biology and Geography Faculty,
E.A. Buketov Karaganda State University.

The essential oil was distilled from the dried aerial parts using a Clevenger-type water distillation appa-
ratus for two hours. Hexane was used as a trap for essential oil. Determination of chemical composition of
the essential oil was carried out on the Clarus-SQ 8 (Perkin Elmer) Gas Chromatograph equipped with Mass-
spectrometer (GC/MS apparatus).

Preparation of sample: 25 mg of the essential oil were placed into a 25 ml volumetric flask, dissolved in
15 ml of hexane, adjusted to volume and stirred until complete mixing of the oil.

Chromatographic conditions: capillary column — RestekRxi®-1 ms 0.25 mm %30 mx 0.25 um, sample
volume: 1.0 pl, carrier gas — He, carrier gas speed: 1 ml min', split ratio 1:25, temperature of column:
40 °C, rise of 2 °C min™ to 280 °C, temperature of evaporator — 280 °C, mass spectrometric detection: tem-
perature — 240 °C, EI' = 70 eV, the scanning time from 4 to 120 minutes, the scan mode ion 39-500 m/z.
The percentages of components are automatically calculated based on the total peak areas of the chromato-
gram of ions (Fig. 1). Components were identified by mass spectra and the retention times, with use of NIST
library.

Figure 1. Chromotogram of GC/MS experiment of the essential oil of P. vulgaris
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Antiradical activity of the essential oil

The antiradical activity of the essential oil was performed in regard to 2,2-diphenyl-1-picrylhydrazyl
radical (DPPH). The dependence of the analyte absorbance on the concentration were measured on a spec-
trophotometer Cary 60 UV-Vis at 520 nm wavelength. Antiradical activity of the essential oil was compared
with butylhydroxyanisole (BHA). The values of antiradical activity (ARA) were calculated using the formula
shown below:

AR“%%Aéiéﬁme%’

where Ay — is the optical density of control; 4, — is the optical density of the working sample.

DPPH molecule forms a free radical that is stable in different medium and wide range temperature, due
to the maximum freedom of the electron delocalization over the entire molecule and spatial shielding atoms
bearing the greatest spin density as well as the lack of hydrogen atoms in the positions where may occur the
isomerization or disproportionation. In addition, delocalization is causing intense violet color of this radical
in the aqueous-alcoholic media, the interaction with the antioxidant, capable of donating a proton; there is a
restoration of the radical, resulting in the violet color turns into yellow.

Cytotoxic activity of essential oil

The 55 ml separator funnel was filled with artificial seawater and added 200 mg eggs of Artemia salina.
Then, it was kept with a soft supply of air for three days, until the crustaceans hatch from eggs. The one side
of funnel was covered with aluminum foil, and after 5 minutes, the nauplii, which moved on the bright side
of the separator funnel, were removed with a Paster pipette.

20—40 nauplii were placed into each of the 24 micro titer plates with 990 pl of seawater. Dead larvae
were counted under a microscope. 10 ul of dimethylsulfoxide solution per 10 mg ml™' sample was added.
Actinomycin D or staurosporine was used as a standard comparison reagent, and DMSO was a negative con-
trol. After 24 hours of incubation and further maintaining micro titer plates for 24 hours (to ensure immobili-
ty) the dead larvae were counted under the microscope.

Mortality P was determined by the following formula:

(4-N-B)
P =2t x100%,

where 4 — is the amount of dead nauplii after 24 h; N — is the amount of nauplii died before the test; B —

is the average amount of nauplii died in a negative control; Z — is the total amount of larvae [13].
Results of the study the cytotoxic activity of the essential oils are shown in the Table 4.

Results and Discussion

The main components of the studied essential oil are presented in the Table 1. The analytical results re-
vealed the presence of forty nine compounds representing 86.4 %. The essential oil of P. vulgaris has as the
major compounds: patchoulane (37.4%), buddledin C (13.9 %), T-cadinol (4.7 %), trans-sesquisabinene hy-
drate (4.1 %), dyhydro-B-agarofuran (2.7 %), (Z)-a-atlantone (1.8 %), dehydronerodiol (1.3 %) and
corymbolone (1.2 %). These main compounds put together (65.8 %) of the total chemical composition.

Table 1
Chemical composition of essential oil of P.vulgaris
Lliterature Rcalc Compound Aiza’ Rliterature Rcalc Compound A(I)'/e0 &
1 2 3 4 5 6 7 8
1103+£2 | 1099 Thujone 0.3 | 1778£N/A | 1762 a-Costol 0.6
1480+N/A| 1464 Thymylisobutyrate 0.2 | 1754+10 | 1769 B-Acoradienol 0.7
1486+3 | 1503 B-Eudesmene 0.9 17784 | 1777 B-Costol 0.4
1496+0 |1510|  Dihydro--agarofuran 2.7 |17776N/A | 1791 | Eremophila-1.11-dien-9-one, |, 5
8a-hydroxy-
2-Naphthalenemethanol,
3,4,6,7,8,8a-hexahydro-5-
154942 | 1530 Elemol 0.6 1803+4 | 1798 methyl-8-(1-methylethyl)-, 0.2
(8R,8aS)-
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Continuation of Table 1

1 2 3 4 5 6 7 8
1562+N/A | 1561 Dehydronerodiol 1.3 | 1818+11 | 1817 Zizanoic acid 0.4
1551+N/A| 1568 Diepicedrene-1-oxide 0.9 | 1832+N/A | 1822 trans-Valerenylacetate 0.7

1581+2 | 1577 | trans-Sesquisabinenehydrate | 4.1 1813+7 | 1828 a-Kessylacetate 0.2
1581+2 | 1580 Caryophylleneoxide 0.7 | 1845£N/A | 1830 Cyperadione 0.3
161010 | 1590 Widdrol 2.0 | 1861=N/A | 1851 | (PPrEemophilal (1D 7D~ 5
ien-12-yl acetate
1635+N/A| 1633 Patchoulane 37.4 | 1899+N/A | 1881 Corymbolone 1.2
1640+2 | 1635 T-Cadinol 4.7 1886+5 | 1906 Oplopanonylacetate 0.8
1649+2 | 1642 B-Eudesmol 0.3 |2282+N/A | 1916 Buddledin C * 13.9
1642+2 | 1646 a-epi-Muurolol 0.7 | 1939£N/A | 1956 Verrucarol 0.2
1652+N/A| 1649 Cedrane, 8-propoxy- 0.4 1964 Unknown 1 0.4
1639+0 | 1651 | Oxacyclotetradeca-4,11-diyne | 0.7 2005 Unknown 2 0.4
Cyclohexanemethanol, 4-ethenyl-
167944 | 1661 | oA-trimethyl-3-(I-methyl- ) 5 2049 Unknown 3 0.2
ethenyl)-, acetate,
[1R-(10,30,4PB)]-
1680+18 | 1667 Khusimylmethylether 0.5 2065 Unknown 4 0.7
1679+N/A| 1678 (E)-a-Santalal 0.5 |2073+N/A | 2083 cis-10-Heptadecenoic acid 0.4
1693+3 | 1703 Germacrone 0.2 2134 Unknown 5 0.3
17174 | 1719 (Z)-o0-Atlantone 1.8 2160 Unknown 6 0.6
1724+N/A | 1726 Thujopsenal 0.3 |2497+N/A | 2511 Carbonic acid, 0.2
eicosyl vinyl ester
1748+N/A| 1734 |58,7pH,10a-Eudesm-11-en-1a-ol| 0.3 2700 2695 Heptacosane 0.3
1763+3 | 1749 cis-Lanceol 0.2 2900 2892 Nonacosane 0.2
1752+4 | 1758 a-Sinensal 0.2 Total 86.4

Note. * — Compared with authentic compound.

The DPPH radical scavenging activity of the essential oil of P. vulgaris is shown in the Tables 2, 3.
Based on the analysis of the data the essential oil P. vulgaris at concentration of 0.75 and 1 mg ml ™' has an
average antiradical activity compared to BHA.

Change in optical density depending on the concentration

Table 2

Values of optical density depending on concentration, mg ml '
No. Sample 0.1 0.25 0.5 0.75 1.0
1 |BHA 0.1362 0.1333 0.1257 0.1202 0.1145
P. vulgaris (aerial part) 0.6328 0.5902 0.5380 0.4836 0.4288
Table 3
Antiradical activity of P. vulgaris essential oil
N Sampl Concentration of essential oil, mg ml '
© pe 0.1 0.25 0.5 0.75 1.0
1 |BHA 80.82 81.23 82.30 83.08 83.88
P. vulgaris (aerial part) 16.90 22.50 29.35 36.49 43.69

In the present study the essential oil of P. vulgaris with hexane was tested on cytotoxicity against
Artemia salina nauplii. Based on the experiment (Table 4), it can be concluded that the essential oil P. vul-
garis in all tested concentrations exhibited cytotoxicity; the mortality of nauplii was 96 %.
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Table 4
Cytotoxic activity of essential oil of P. vulgaris
Amount of nauplii | Amount of nauplii in a sam- | % surviving | % surviving . Presence of
. o . Mortality, .
Parallel in control ple nauplii in | nauplii in the P. neurotoxicity,
survivors | died [ survivors | died | Parallel control sample e %
10.0 mg ml”
1 25 1 0 31 0
2 26 1 0 30 0
3 30 0 0 27 0 %6 0 %6 0
Average 25 1 0 29 0
5.0 mg ml’
1 25 1 0 30 0
2 26 1 0 24 0
3 30 0 0 24 0 %6 0 %6 0
Average 25 1 0 26 0
1.0 mg ml”'
1 25 1 0 28 0
2 26 1 0 28 0
3 30 0 0 26 0 %6 0 %6 0
Average 27 1 0 27 0
Conclusions

The results of the GC/MS experiment was showed that the main components of the essential oil of
P. vulagaris from Akmola region (Kazakhstan) were patchoulane (37.4%), buddledin C (13.9 %), T-cadinol
(4.7 %), trans-sesquisabinene hydrate (4.1 %) and dyhydro-f-agarofuran (2.7 %). Six components were
identified as unknown (X 2.6 %). Antiradical activity test were showed that the essential oil has average ac-
tivity at concentration 0.75 and 1 mg ml™' compared to BHA. It should be noted that in this study we investi-
gated the antiradical activity of the essential oil for the first time. The results of cytotoxic activity assay on
Artemia salina nauplii exhibited a good activity of the essential oil in all tested concentrations, mortality was
96 %. According to a literature review, the patchoulane is the main component of this essential oil and its
derivatives were demonstrated moderate cytotoxic activity in human ovarian cancer cells [15].

It can be concluded that the essential oil of P. vulgaris from Kazakhstan is differed significantly by
component composition of essential oils from Italy and Iran and it can be a good source of biological active
compounds.

This research has been funded by the Science Committee of the Ministry of Education and Science of
the Republic of Kazakhstan (Grant No. AP08051842).
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ALl XKanxakcuna, E.M. Cyneiitmen, M.}O. Mmmyparosa, JK.b. NckakoBa,
T.M. Ceiinxanos, I.A. bipimxanosa, P.H. Cyneiimen

Pulicaria vulgaris (prostrata) >(pup mMaiibl :K9He OHBIH O0MOJIOTUSIIBIK OeJICeHATIri

3eprreynin Makcatel — Akmoia obumbickinaa (Kasakcraun) ecerin Pulicaria vulgaris (prostrata) 3¢up
MaibIHBIH XUMUSUIBIK KYPaMbIH, PaJUKaIFa KapChl )KOHE LIUTOYBITTBUIBIK OCJICEHIUTINH 3epTTey. Ddup Maiibl
THAPOIUCTIILIAIMS TOCUTIMEH allbIHIBI JKOHE Ta3mbl xpomarorpadus — macc cmekrpomerpus (I'X/MC)
apkpuTel 3epTrenmi. Hormkecinne 86.4 % KypalTelH 49 KOMIIOHEHT AHBIKTAJbI, al HETi3ri KOMIIOHEHT-
tepi — mauynad (37,4%), oymmnenun C (13,9 %), T-xamunon (4,7 %), TpaHc-cecKBUCAaOMHEH T'MIpPATHI
(4,1 %), nuruapo-B-arapodypau (2,7 %), (Z)-a-atnanton (1,8 %) sxone kopumboson (1,2 %) 6osapl. AnTh
KOMIIOHEHT Oenrici3 OGonbm  aHbIKTanasl (2,6 %). AnTHOKCHAaHTTHIK Oencenainik DPPH  epkin
paauKangapabl KONAaHy apKbUIbl GaranaHzibl koHE d¢up Maitel 0,75 jxoHe | Mr/Mi KOHLEHTpalusuiapia
oyrmiruapokcuann3oira (BI'A) kaparaHma opramia pagukanFa Kapchl OeNCeHAUNriH kepcerTi. byn
seprreyne P. vulgaris 30up MailbIHBIH paguKaiFra Kapchl OCJICEHIUTTIHIH HOTIKEJIepi aifall per
KapusUtauasl. Artemia salina nepHacinaepiHe Kapchl LHUTOYBITTBUIBIK OCICCHAITIK HOTHKENEpiHe Coiikec
3¢up Maiibl OapIIBIK ChIHAIFAH KOHIEHTPALUIApAa OIiMIe 9KEJICTIH YBITTBUIBIFBI 0ap 1ereH KOPbIThIH/bIFA
Kenai. ABTopiap Oyi HOTHKeHiI 3(up MailbIHBIH HETi3ri KOMIOHEHTTI — Mady/laHHBIH aHaJbIK Oe3MiH
KaTepiIi iCiK JKacyIanapslHa Kapchl OelceHaiIriMer 6enri 60rybIMeH TyCIHAIpei.

Kinm ce30ep: Pulicaria vulgaris, >bup Maiibl, madyinaH, aHTHOKCUIAHTTHIK, IIUTOYBITTBIIBIK OEICCHIUTIKTEp.

A III. XKanxakcuna, E.M. Cyneiimen, M.1O. Mmmyparosa, JK.b. MckakoBa,
T.M. Ceiinxanos, I.A. bupumxkanosa, P.H. Cynelimen

d¢pupnoe maciso Pulicaria vulgaris (prostrata) u ero 6M0JIOrH4eCKasi AKTUBHOCTH

Ienpro maHHOTO HMCCIENOBAHUS SIBISCTCS N3y4eHHE XHMHYECKOTO0 KOMIIOHEHTHOTO COCTaBa, aHTUPAJUKAIb-
HOU M IUTOTOKCHYECKOH aKTUBHOCTH d(upHOro Macna Pulicaria vulgaris (prostrata), TUKO IpoU3pacraro-
mero B AkmonuHckod obnactu (Kasaxcran). D¢upHoe Macio ObUIO MONTYYEHO THAPOAUCTIILLIIMEH M HC-
CJIeJOBAaHO METOJIOM Ta3oBoi xpomarorpadun — Macc-ciekrpomerpuu (I'X/MC). B pesynbrare 65u10 HIeH-
TuduIMpoBaHo 49 KOMIOHEHTOB, coCTaBIIOMUX 86,4 %. OCHOBHBIMH KOMIIOHEHTAaMH OBUIM IadyiaH
(37,4 %), oynmremuu C (13,9 %), T-xagunon (4,7 %), TpaHc-ceckBucabunen runpar (4,1 %), aurumpo-B-
arapodypat (2,7 %), (2)-a-atnanros (1,8 %) u kopumbosnon (1,2 %). llects KOMIOHEHTOB OB OTpeeie-
HBI KaK HensBecTHbIE (2,6 %). AHTHPaIMKaIbHYIO aKTHBHOCTH OIICHHBAIU C HCIIOJIb30BAHHEM CBOOOJHBIX
pagukanoB DPPH, u nannoe adupHOe Macio mokasaio yMEepeHHYI0 aHTHPaJUKalbHYyI0 aKTHBHOCTD IO CpPaB-
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Henuro ¢ oyrmiruapokcuannsonom (BI'A) mpu xonuentpauumsx 0,75 u 1 mr/mi. B aTom uccnenoBanuu pe-
3yJIbTaThl QHTHPAUKAIBHON aKTHUBHOCTH 3GUpHOTo Macna P. vulgaris mybnukytores Buepssie. I1o pesynbra-
TaM LUTOTOKCHYECKOH aKTUBHOCTU B OTHOILLEHMH JIMYMHOK Artemia salina ObUIO CHENAHO 3aKIIIOYEHHE, YTO
a¢upHOE Macio 00IaJaeT XOPOIIeH JIeTaTbHONH TOKCHYHOCTBIO IIPU BCEX MCIBITAHHBIX KOHICHTPAIUsIX. AB-
TOPBI OOBACHSAIOT 3TOT Pe3yJIbTaT HAINIHEM OCHOBHOT'O KOMIIOHEHTa — I1adyJIaHa, H3BECTHOTO CBOEH aKTHB-
HOCTBIO B OTHOIIICHUH PAKOBBIX KJIETOK SUYHHKOB.

Knioueswie cnosa: Pulicaria vulgaris, 3pupHOe Macio, nadyiaH, aHTHPaIUKAIbHAs, ITUTOTOKCHYECKas aK-
THBHOCTb.
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