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Component composition of Achillea salicifolia Besser essential oil
and its biological activity

In the present article the component composition and biological activity of the essential oil of Achillea
salicifolia Besser (Asteraceae Family) were studied. The raw material of plant was collected during the flow-
ering period in the Akmola region of the Republic of Kazakhstan. The plant materials were dried at the shade
and their essential oils were obtained by hydrodistillation using Clevenger-type device, the yield was 0.34 %.
The component composition of essential oil was analyzed using GC/MS Clarus-SQ 8 (Perkin Elmer). Anti-
radical activity of essential oil was evaluated according to 2,2-diphenyl-1-picrylhydrazyl (DPPH), gallic acid
(GA) and butylhydroxyanisole (BHA) were used as comparison reagents. Cytotoxic activity was carried out
using test on larvae of Artemia salina. Antibacterial effect of EO was evaluated in vitro against 3 pathogenic
bacteria species, namely gram-positive — Staphylococcus aureus 6532, Bacillus cereus, gram-negative —
Salmonella enteridis and microscope fungi Candida albicans SC5314. Forty seven-components representing
91.2 % composition of the essential oil were characterized. The main components of the oil were a-thujone
(43.0 %), 1,8-cineole (11.0 %), terpinen-4-ol (5.3 %), camphor (53 %) and sabinene (3.1 %). According to
the results of DPPH assay, 4. salicifolia showed low antiradical-activity comparing with BHA and lethal tox-
icity concerning crustaceans of Artemia salina larvae in all tested concentrations (1-10 mg-ml™).

Keywords: Achillea salicifolia Besser, essential oil, gas chromatography—mass spectrometry, antimicrobial,
cytotoxic and anti-radical activities, Artemia salina, 2,2-diphenyl-1-picrylhydrazyl.

Introduction

Achillea L. is one of the most important genera of the Asteraceae (Compositae) family, which includes
over 120 species. This genus is widely distributed in Europe, Asia and Northern Africa, and is naturalized in
other parts of the world [1]. Achillea species have-been previously reported with pharmaceutical useful prop-
erties, such as antioxidant, antimicrobial [2], spasmolytic, antidiabetic, antiulcer, anti-tumor, choleretic,
hepatoprotective activity and cytotoxic effects [3-9].

The Achillea genus has a wide distributional range, and the differences in oil composition may be af-
fected by different environmental factors such as plant genetic type, seasonality, and developmental stage,
because it is a chemically ‘polymorphic and perennial plant. Terpenoids (1,8-cineole, camphor, borneol,
pinenes, artemisia ketone, santolina alcohol, farnesane, caryophyllene and its oxides, cubebene, germacrenes,
eudesmol, a-bisabolol and oxides, farnesene, y-gurjunene, y-muurolene and chamazulene) are the main com-
ponents of Achillea’s essential oils [10].

The component composition and antimicrobial activity of essential oil of 4. salicifolia Besser (collected
from Ardahan between Gole, Turkey) were studied by Turkish researchers. The study showed that the main
components of essential oil were camphor (55.3 %), 1,8-cineole (22.8 %), 2,5,5-trimethyl-3,6-heptadien-2-ol
(44 %), camphene (3.2 %), artemisia alcohol (3.2 %), terpinene-4-ol (3.0 %), a-terpineol (2.5 %) and bornyl
acetate (2.0 %). The essential oil showed weak antifungal activity and effectiveness against a wide spectrum
of microorganisms and Candida albicans. The authors explained this effect to the content the compounds —
camphor and 1,8-cineole in the oil, which were known as antimicrobial agents [11].

The aim of present study is to investigate the component composition of essential oil of 4. salicifolia
Besser, collected in Kazakstan, and compare with the results from Turkey; and to make a conclusion how the
differences of components have influence on biological activity. Also we included results from antiradical
and cytotoxic activity of the essential oil, which have not been reported before.
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Experimental

Aerial parts of Achillea salicifolia were collected in Akmola region of the Republic of Kazakhstan on
August 19, 2017. The voucher specimen was prepared and deposited in Herbarium of the Biological and Ge-
ographical Faculty of Buketov Karaganda State University (N1984.08.14.01.01).

The essential oil was extracted from the dried leaves and flowers using a Clevenger-type water distilla-
tion apparatus for 2 hours. The yield was 0.34 %. Determination of component composition of 4. salicifolia
essential oil was carried out on the Clarus-SQ 8 (PerkinElmer) Gas Chromatograph equipped with Mass-
spectrometer (GC/MS apparatus).

Preparation of sample of essential oil: about 25 mg (exact weight) of essential oil 4. salicifolia 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 — Restek Rxi®-1 ms 0.25 mm X 30 m % 0.25 pm, sam-
ple 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.

As shown in Table 1 the volatile composition of 4. salicifolia contains o-thujone — 43.0 %, 1,8-ci-
neole — 11.0 %, camphor — 5.3 %, terpinen-4-ol — 5.3 % as main components. Mostly main components
belong to monoterpenoids.
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Figure 1. Chromotogram of GC/MS experiment of the essential oil of 4. salicifolia
Table 1
Component composition of essential oil of A. salicifolia
Ry R Compound Area, % Ry R Compound Area, %
1 2 3 4 5 6 7 8
800+2 797 |n-Hexanal 0.1 116742 1160 |Borneol 1.1
821 842 |Cyclopropane, 0.3 1177£2 1170 |Terpinen-4-ol 5.3
1,1-dimethyl-2-(2-methyl-
2-propenyl)-
929+2 919 |o-Thujene 0.2 1190+N/A | 1171 |a-Thujenal 0.2
929+7 925 |o-Pinene 0.7 119343 1181 |Myrtenal 0.1
952+2 939 |Camphene 0.5 118942 1183 |a-Terpineol 0.9
962+3 950 |Benzaldehyde 0.1 1208+3 1197 |trans-Piperitol 0.2
97442 963 |Sabinene 3.1 123943 1228 |p-Isopropylbenzaldehyde 0.2
943 966 |B-Pinene 0.3 128543 1275 |Bornyl acetate 1.5
991+2 980 |2,3-Dehydro-1,8-cineole 0.2 1297+4N/A | 1283 |trans-Sabinyl acetate 0.5
1017£2 1009 |o-Terpinene 1.2 1357£3 1343 |Eugenol 0.1
102542 1016 |p-Cymene 1.2 141943 1405 |Caryophyllene 0.2
1032+2 1023 |1,8-Cineole 11.0 1457+2 1445 |(E)-B-Famesene 0.6
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Continuation of Table 1

1 2 3 4 5 6 7 8
1060+3 1050 |y-Terpinene 1.9 1481+3 1462 |Germacrene D 0.7
1070+4 1063 |cis-Sabinene hydrate 1.6 1471424 | 1475 |Elixene 0.1
108842 1078 |Terpinolene 0.4 1509+3 1491 |B-Bisabolene 0.1
110342 1104 |o-Thujone 43.0 1569 iu 1552 |Longipinocarvone 0.2
110742 1108 [2-Methylbutyl isovalerate | 0.2 157642 1557 |Spathulenol 0.1
1103£2 1112 |a-Thujone 5.3 1581+2 1561 |Caryophyllene oxide 0.3
112243 1117 |cis-2-Menthenol 0.4 1637+4 1623 |Caryophylladienol 11 0.2
113942 1130 |trans-Pinocarveol 0.3 1649+2 1641 |B-Eudesmol 0.3
114340 1132 |cis-Sabinol 0.2 | 1695+N/A | 1674 |(IR,7S, E)-T-Isopropyl-4,10- 0.1

dimethylenecyclodec-5<enol
114349 1136 |Camphor 5.3 2092+4 2087 [Methyl linoleate 0.2
1164+N/A | 1150 |[Pinocarvone 0.3 2091+7 2096 [Methyl oleate 0.2
Total 91.2

Determination of antiradical activity of essential oil

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

ARA (%) = (Ao — A4y) / Ap*¥100%,
where A, — is optical density of control; A; — is the optical density of the working sample [12].

DPPH molecule forms a free radical that is stable in the different environments and wide range temper-
ature, due to the maximum freedom of the electron delocalization over the entire molecule and spatial shield-
ing 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. The results of the
experiment showed that the essential oil of 4. salicifolia has low antiradical activity (Tables 2, 3).

Table2
The change in optical density depending on the concentration

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
2 |A. salicifolia (aerial part) 0.7376 0.7106 0.6430 0.6130 0.5870
Table 3
Antiradical activity of essential oil in various concentrations, %
N6 Sample The concentrations of essential oil, mg-ml”
P 0.1 0.25 0.5 0.75 1.0
1 |BHA 80.82 81.23 82.30 83.08 83.88
2 |A.salicifolia (aerial part) 3.62 7.14 15.99 19.91 23.30

Determination of the cytotoxic activity of essential oil was carried out for the first time.

The 55 ml separator funnel was filled with artificial sea water and added 200 mg eggs of Artemia sa-
lina. 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 larvae, which moved on the bright
side of the separator funnel were removed with a Pasteur pipette.

20-40 Larvae were placed into each of the 24 micro titer plates with 990 ul of seawater. Dead larvae
were counted under a microscope. 10 pl 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-
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trol. After 24 h of incubation and further maintaining micro titer plates for 24 hours (to ensure immobility)
the dead larvae were counted under the microscope.
Mortality P was determined by the following formula:
P=(A-N-B)/Zx*x100 %,
where 4 is amount of dead larvae after 24 h; N is amount of larvae died before the test; B is the average
amount of larvae died in a negative control; Z is the total amount of larvae [13].
Results of the study the cytotoxic activity of essential oils are shown in Table 4.

Table 4
The cytotoxic activity of essential oils of A. salicifolia
The amount of The amount of larvae ina | The amount of The
larvae in the .. The amount of
sample surviving L Mortal- | percentage of
Parallel control . surviving larvae |. =
larvae in the in samole. % ity, P,%|neurotoxicity,
sur- died sur- died |paralyzed| control, % pie, 7o %
Vivors vivors
10 mg-ml”'
1 24 1 0 24 0
2 26 2 0 26 0
3 23 0 0 28 0 %6 0 %6 0
Average | 24 1 0 26 0
5 mg-ml’
1 24 1 0 26 0
2 26 2 0 23 0
3 23 0 0 32 0 % 0 %6 0
Average | 24 1 0 27 0
1 mg-ml!
1 24 1 0 21 0
2 26 2 0 27 0
3 23 0 0 27 0 6 0 %6 0
Average | 24 1 0 25 0

Based on this experiment it can be-assumed that the essential oil of A. salicifolia in all concentrations
tested exhibit acute lethal toxicity — all larvae are died.

The antimicrobial assay was performed a broth microdilution method against 3 bacterial strains; i.e.
gram-positive — Staphylococcus aureus 6532, Bacillus cereus, gram-negative — Salmonella enteridis and
Candida albicans SC5314. Ampicillin and fluconazole standard antibiotics were used as a positive and
DMSO as a negative controls. The stock solution was prepared in DMSO and concentration was 50 mg ml™.
The final concentration=was varied from 2.5 mg-ml" till 0.2 mg-ml' for bacterial strains and from
1.25 mg-ml™ till 0.1 mg ml™ for Candida albicans. The lowest concentration that inhibits growth was deter-
mined as MIC value.

Table 5
Antimicrobial activity of essential oil of A. salicifolia, mg-ml’
Microorganisms MIC
& EO Ampicillin Fluconazole
Staphylococcus aureus 6532 1.25 0.25 -
Bacillus cereus 1.25 0.25 -
Salmonella enteritidis 0.63 0.25 -
Candida albicans SC 5314 0.31 - 0.066

The results of antimicrobial activity showed that against gram-positive bacterial strains MIC of essential
oil was 1.25 mg-ml”, against gram-negative 0.63 mg-ml" and 0.31 mg-ml™ against Candida albicans SC
5314 respectively. Thus, the essential oil was effective against Candida albicans SC 5314 (0.31 mg-ml™).
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Conclusions

We have investigated the chemical composition, antiradical, cytotoxic and antimicrobial activities of
the essential oil of 4. salicifolia wild growing in Akmola region (Kazakhstan). The essential oil possessed
quite different chemical composition as compared with the oil composition of the same species reported in
previously published study. The main constitute in the essential oil were a-thujone — 43.0 %, 1,8-cineole —
11.0 %, camphor — 5.3 %, terpinen-4-ol — 5.3 % while the main constitute of the oil from other study was
camphor — 55.3 %, 1,8-cinecole — 22.8 %, 2,5,5-trimethyl-3,6-heptadien-2-ol — 4.4 %, camphene —
3.2 %, artemisia alcohol — 3.2 %, terpinene-4-ol — 3.0 %, o-terpineol — 2.5 % and bornyl acetate — 2.0 %
[11]. The yield of essential oil was 0.34 %, it was higher than essential oil from Turkey (0.08 %). Antimicro-
bial tests provided information that essential oil had low activity against gram-positiven(MIC —
1.25 mg'ml™) and gram-negative (MIC — 0.63 mg-ml™") bacterial strains and significant effective against
Candida albicans SC 5314 (MIC — 0.31 mg-ml™) as comparing with previous study. It can be assumed.that
low antimicrobial activity is associated with a low content of camphor and 1,8-cineole.

In present study antioxidant and cytotoxic tests results of the essential oil of 4. salicifolia were reported
for the first time. The essential oil showed lethal toxicity on Artemia salina larvae; andidlow antiradical activi-
ty in all concentrations tested. These studies confirmed that the essential oil of the-plant can'be different in
quantity and quality according to geographical and environmental conditions and the period of plant growth
and proceeding from this fact the different level biological activity.
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E.M. Cyuneiimen, A.I1I. Kanxxakcuna, M.}O. NmmypatoBa

Achillea salicifolia Besser 3(pup MaiibIHbIH KOMIIOHEHTTIK KypaMbl
’KOHE OHbIH OMOJIOTMSIIBIK OeJICeHaUTiri

Maxanana Achilllea salicifolia Besser (Asteraceae TYKBIMIACTBIFBI) ©CIMIITI 3P MAHBIHBIH KOMIIOHCHTTIK
KYpaMbl jKoHE OHONOTHSIBIK OeICeHIUTITiHIH 3epTTey HoTKeepi kenripinreH. Achilllea salicifolia Besser
eciMIiK IIHKi3aThl Tyaneny keseHinae Kaszakcran PecrybiamrkachiHbIH AKMONa OONBICHIH/A XKUHATFAH. DHp
Maibl CyNbl JUCTWLIALHS diciMeH anbiHAbl, WbIFbIMBI 0,34 % Kypaasl. Dup MaibIHBIH KOMIIOHEHTTIK
kypambl Clarus-SQ 8 (PerkinElmer) macc-crieKTpOMETPHSUTBIK JACTEKTOPBIMEH KaMTBUIFaH Xpomarorpad
KeMeriMeH aHbIKTanFaH. COHbIMEH KaTap 3(up Maiibl pajuKaiFa, MUKPOOKa KapChl )KOHE IUTOYBITTHUIBIK
Gencenpiniri 3eprrennmi. J¢up MaWBIHBIH IUTOYBITTBUIBIK OeJCEHAUNT Artemia salina nepHaciiaepiHIe
aHbIKTaNABl. Pamukanra kapcel Oencenainiri 2,2-mudeHu- 1 -MUKpUITHapasiil 3aThlHA KaThICTHI 3ePTTENi,
CaJIBICTBIPY PEAreHTi PeTiHAe Tajul KbIIIKbUIBI KOHE OYTHIITHIPOKCHAHU30J KOJIIaHbUIIbl. MHUKpOOKa Kapchl
OeNceHiIiK YII TYpii martoreHai Gakrepusuiapra: rpaMoH — Staphylococcus aureus 6532, Bacillus cereus;
rpamrepic — Salmonella enteridis xone Candida albicans SC5314 xonmaHa aHBIKTaIIBL 3epTTEyiep
HoTwkecinne Achilllea salicifolia Besser 3¢up MaibIHBIH Herisri komnoHeHTTepi (47 kommoHeHT) 91,2 %
KypaiTeH, TyioH (43,0 %), 1,8-tmueon (11,0 %), teprunen-4-oxa (5,3 %), kamdopa (5,3 %) KoHe cabuneH
(3,1 %) Gonzbl. Dup MaHbIHHBIH Artemia salina nepHacinIEepiHe KaThICTBI OAPIIBIK CHIHAIFAH KOHUCHTPALHs
monzepinge (1-10 Mr-Mir') KOFaph! YIBLIBIK %KOHE TOMEH PaIHKaIFa Kapchl OeNCeHTiKTI KOPCeTTi.

Kinm cesoep: Achillea salicifolia Besser, a¢up Maiibl, ra3 xpomarorpadusi—Macc-ClieKTpOMeTpHsi, MUKpOOKa
Kapchl, IHTOYBITTBUIBIK JKOHE paIMKaJFa Kapcel Oencenpinikrep, Artemia _salina,  2,2-nudenmn-1-
TTUKPIITUIPA3HIL.

E.M. Cyneiimen, A 1. )Kanxakcuna, M.FO. MinmypaTtosa

KoMmnonenTHbIi cocTaB 3¢pupHoro macia Achillea salicifolia Besser
U €ro 0M0JIOTHYeCKasi AKTHBHOCTD

B cratbe naHBl pe3yibTaTHl UCCIENOBAHMS KOMIIOHEHTHOTO COCTaBa M OHOJIOTHYECKOH aKTHBHOCTU
a¢uproro macna Achilllea salicifolia Besser (cemelictBa Asteraceae). PactutensHoe chlpbe OBIIIO COOpaHO B
Tepro/l IBETeHHs1 B AKMOJHMHCKON oGmactit PecmyOmmkn Kasaxcran. DdupHOe Macio OBUIO IOJIydeHO
METOJIOM THAPOANCTIUIINY, BBIXOJ Hpoaykra cocTaBul 0,34 %. KoMnoHeHTHBII cocTaB 3(upHOrO Macia
M3y4eH ¢ TIOMOIIBIO a30BOT0 xpomarorpada e Mace-criekrpomerpuueckum gerekropom Clarus-SQ 8 (Perkin
Elmer). Taxxe Obuta M3y4eHa aHTHPATUKAIbHAS, aHTHMUKPOOHAS M IUTOTOKCHYECKAasi aKTUBHOCTD 3(HPHOTO
Mmacna. OmnpeneneHHe aHTHPAAUKAILHOM AKTUBHOCTH 3(GHPHOTO Macia IMPOBOAMIM MO OTHOIIEHUIO K
2,2-mudennn- 1 -nuKpuIrnapasmily, B. KauecTBE peareHTa CPaBHEHUsS HCIIONB30BAIM TAJUIOBYIO KHCIOTY M
OyTunruapokcuann3on. [{uToTokcnueckass akTHBHOCTh MPOBEIEHA C MCIMONB30BaHUEM TeCTa Ha JIMYMHKAX
paukoB Artemia salina.AHTUIMHKPOOHYIO aKTHBHOCTH ()MPHOTO Macia OLEHHBAIM INPOTUB TPEX BHIOB
MIAaTOTEHHBIX OaKTepHil: TpaMIOJNOXHTeNbHble — Staphylococcus aureus 6532, Bacillus cereus,
rpamotpurarensusie — Salmonella enteridis w Candida albicans SC5314. B pe3ynbrare NpoOBEeJEHHBIX
HCCIIEZIOBaHNI (YCTAaHOBIEHO, YTO OCHOBHBIMH KOMITIOHEHTaMH »3(upHOro Macia (47 KOMIIOHEHTOB,
cocrapnstomux 91.2 %), Opu o-TyitoH (43.0 %), 1.8-muueon (11.0 %), tepnunen-4-on (5.3 %), xkamdopa
(5.3 %) u.cadunen (3.1'%). DdbupHoe macno Achilllea salicifolia Besser mposBIIsET JETANbHYI0 TOKCHYHOCTD
B OTHOMICHWN JIMYMHOK Artemia salina BO BceX HCIBITAaHHBIX KOHUeHTpauusx (1-10 Mr'Mn‘l) u oOJamaer
HHM3KOM @HTHPaJUKAIbHOH aKTUBHOCTBIO.

Kniouegvie ~ cnosa: Achillea salicifolia Besser, »¢upHOe wMacio, ra3oBas XpomaTorpadus—macc-
CIIEKTPOMETpUS, aHTUMUKPOOHAsi, IUTOTOKCHYECKass M aHTUpaJUKalIbHas aKTHBHOCTH, Artemia salina,
2,2-1udeHn- | -IUKPHITHAPa3HIL.
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