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Composition and biological activity of essential oil fram aboveground parts of
Artemisia messerschmidtiana

The study of the chemical composition of biologically active compounds\from plants of the natural flora is a
promising direction for investigating their biological activity and potential use as sources for the medicinal,
pharmaceutical, and cosmetic industries. This article presents the results:of an evaluation of the composition
and biological activity of essential oil isolated from Artemisia messerschmidtiana from the Far East. The es-
sential oil was extracted by hydrodistillation. The obtained essential oil was tested for cytotoxic, fungicidal,
antimicrobial, antimalarial, tuberculostatic, and antileishmanial activities. The composition of the extracted
essential oil was analyzed by GC-MS methods. The total composition of the essential oil included 43 compo-
nents, with the highest content observed for, 1,8-cineole, camphor, and a-campholenal. Testing of the essen-
tial oil revealed weak antimicrobial, fungicidal, and antimalarial activities, and high cytotoxic activity. No
antituberculosis or antileishmanial activity was detected in the essential oil. The results contribute to the un-
derstanding of the biological activity of components of the genus Artemisia L.

Keywords: Artemisia messerschmidtiana; essential oil, biological activity, chromatography-mass spectrome-
try

Introduction

The study ofithe compasition of essential oils and the biological activity of medicinal plants is an im-
portant task for sciencer*Numerous studies have shown that plants of the genus Artemisia L. differ within
sections and species initerms of the content of many groups of biologically active substances, including the
compositiondef essential oils. These differences are influenced by various factors, such as soil conditions,
differences in meisture, solar insolation, temperature, altitude above sea level, and age characteristics. The
composition and quantitative accumulation of individual components are influenced by the timing of raw
material collection, fertility and fertilization, drying conditions, and the genetic characteristics of individual
plant populations. Differences in chemical composition depend on the plant organ, and the extraction meth-
od. A review of the literature on the evaluation of essential oils of the genus Artemisia and compounds iso-
lated from them shows that in recent years, numerous studies have been conducted on their antibacterial, an-
tifungal, antiviral, and other anti-infective properties [1].

Despite extensive research on the genus Artemisia, not all species have been studied sufficiently, which
creates potential for the search for new medicinal compounds in the natural flora.

Artemisia messerschmidtiana Besser (=Artemisia gmelinii var. messerschmidtiana Poljakov) is a semi-
shrub 60-80 cm high of the Asteraceae family. It grows in Buryatia, Irkutsk and Chita regions, Krasnodar
Krai, and Mongolia (Fig. 1) on slopes with shrubby meadow-steppe vegetation and forest edges [2].
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Figure 1. Areas of A. messerschmidtiana
(from Artemisia gmelinii var. messerschmidtiana Poljakov | Plants of the World Online | Kew Science)

As a continuing our research on essential oils of wormwood from the“Far East [3-6] and Kazakh-
stan [7-9], we investigated the chemical composition and some kinds of¢bielogical properties of A.
messerschmidtiana’s essential oil from aboveground parts.

Previously, South Korean scientists isolated methyl esculin, daphnetin, 6-methyl esculetin, dimethyl
daphnetin, esculin, and umbelliferone from A. messerschmidtianaaw materials [10].

The study of the aerial part of A. messerschmidtiana allowed thenisolation of scopoletin, whose structure
was established by spectral methods. The antibacterial. and cytostatic activity of the dry extract and essential
oil was studied. The content of 43 chemical elements in.the plant was determined by atomic emission spec-
trometry. The anatomical structure of A. messerschmidtiana,Bess, was also studied [11].

Experimental

Collection of raw materials. Raw materials of A. messerschmidiana for research were collected in the
second decade of September 2017, in an oak forest on the southern steep slope on the left bank of the
Razdolnaya (Suifun) River, near the village,of Chernyatino, Oktyabrsky District, Primorsky Krai (Russian
Federation) (Fig. 2).

Figure 2. A. messerschmidtiana

The herbarium code for A. messerschmidtiana sample was 103564. Plant samples were collected into
herbarium fund of G.B. Eljakov Pacific Institute of Bioorganic Chemistry, laboratory of chemotaxonomy
(Far East Branch of RAS, Vladivostok, Russian federation).

Obtaining essential oil. Essential oil was obtained by hydro distillation methods from aboveground
parts with a Clevenenger apparatus, period of extraction was 2 hours [12], using hexane trap.
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The essential oil of A. messerschmidtiana was tested on anti microbial and fungicidal activity, using the
standard strains: Aspergillus fumigates ATCC 204305, Candida albicans ATCC 90028, Candida krusei
ATCC 6258, Staphylacoccus aureus ATCC 29213, MRSATCC 33591, Pseudomonas aeruginosa ATCC
27853, Candida glabrata ATCC 90030, Cryptococcus neoformans ATCC 90113, Escherichia coli
ATCC35218, and Mycobacterium intracellulare ATCC 23068 [13]. The reference preparations were ampho-
tericin B and ciprofloxacin.

Primary screening was performed using a dose 50 pg/ml twice. Inhibition of bacterial and fungal
growth (% Ing.) was taken into account in comparison with positive and negative controls. In secondary
screening, samples were tested at concentrations ranging from 2 to 50 ug/ml of a suspension of 9 strains of
microorganisms, and IC50 was calculated based on the results.

The anti malarial activity of essential oil sample was tested as inhibition strains of Plasmodium falcipa-
rum (chloroquine-sensitive — D6, and chloroquine-resistant — W2) using negative and positivesontrol. The
preparation chloroquine was applied as a negative control. Also the essential oil was tested on'the mammali-
an cellular line VERO. The selectivity index (SI) was assessed as the ratio ICsy VERO to 1G5, D6or W2.

Study of cytotoxic activity was conducted on nauplii of Artemia salina [14]. Mortality and, survival rates
of larvae after exposure to different concentrations of essential oil were recorded. Mortality (P) index was
calculated by the formula:

P=(A—B—C)/Nx100%

where, A is the number of dead larvae after 24 hours; B is the number of larvae that died before the start of
the test; C is the average number of larvae that died in the negative contral; N is the total number of larvae.

Mycobacteria testing was performed using the REMA methods[15-18]. Working solutions of essential
oil were diluted in Middle Brook 7H9 culture medium with the addition‘of OADC. 100 mL of Middle Brook
7H9 and essential oil were added to all test wells, with contralawells containing no essential oil samples. Ac-
tivity was assessed by color: blue color indicated, no (growth)of “mycobacteria, pink color indicated
growth [19]. Isoniazid, amphotericin B, and chlorhexidine dihydrochloride were used as negative controls.

Testing for anti-leishmaniasis activity. The, activity of essential oil was evaluated in vitro against L.
donovani promastigotes (Pms) by flow cytometry (FACS)./[FACS analysis was performed to quantitatively
assess fluorescence levels in treated and untreated groups<A decrease in fluorescence intensity indicated in-
hibition of parasite growth. J774 macrophages (5x10° cells per well) in 12-well culture plates were infected
with Pms at a ratio of 10:1. The infection level in infected macrophages before and after treatment with the
preparation was measured using FACS.

All tests were performed in triplicate. The activity of the samples was also evaluated by Gimza
staining [20].

Results and Discussion

Gas Chromatography-mass spectrometry (GC/MS) is a highly accurate analytical method that allows
the qualitative and quantitative camposition of essential oils to be determined. Using GC/MS, it is possible to
characterize in detail all components present in essential oils, including major and minor components, which
may also have bielogical activity and influence the aroma and properties of the oil.

GH/MS analysis ofiessential oils was conducted by literature data [4]. Retention indices were recalculated
relativete,normal hydrocarbons Cg-Ca,.

In essentialioil'of A. messerschmidtiana was determined 43 components. The main components are 1,8-
cineole (29.1 %), camphor (24.8 %), and a-campholinal (4.9 %) (Tab. 1).

Table 1
Component composition of the essential oil of A. messerschmidtiana
Area,

Reaic Component % Reaic Component Area, %
797 |Hexanal 0,3 116 |Borneol 2.3
843 |2-Hexenal 0.2 1167 |a-Santolin alcohol 1.9
916 |Tricyclene 0.3 1168 |Unidentified 2 0.8
926 |a-Pinene 0,6 1169 |a-Campholenal 4.9
941 |Camphene 2.3 1174 |Terpinene-4-ol 0.9
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Continuation of Table 1

Reaic Component A(f/i a Reaic Component Area, %
963 |4(10)-Thujone 0.1 1182 |p-Cymene-8-ol 0.9
985 |1-Octen-3-ol 0.8 1188 |a-Terpineol 0.4
1010 |35 Tetramethyl-1,3- 0.3 | 1200 [trans-Piperitol 0.2
cyclohexadiene
1016 |o-Diethylbenzene 0.2 1224 |trans-Chrysotenyl acetate 2,0
1020 |o0-Cymene 0.2 1278 |Bornyl acetate 13
1033 |1,8-Cineole 29.1 | 1288 |Eucarvon 0.4
1052 |y-Terpinene 0.2 1307 5-Isopropenyl-2-methylcyclopent-1-ene- 01
carboxaldehyde
1065 [cis-Linalool oxide 0.1 1468 |B-Eudesmene 0.2
1100 |6-Methyl-3,5-heptadien-2-one 0.2 1562 |Spatulenol 0.8
1100 |Unidentified 1 8.1 1565 |Caryophyllene oxide 1.2
1116 |Chrysanthenone 0.4 1592 |Gumulen-1,2-epoxide 0.1
1130 [cis-2-p-Menten-1-ol 0.3 1646 |Neointermedium 0.3
1133 |cis-Chrysanthenol 0.5 1651 |5B,10a-Eudesm-11-en-4-ol 0.6
(1R,7S, E)-7-isopropyl-4,10-
1147 | Camphor 248 | 1680 dimethylenecyclode-5-gnol 0.2
1148 |p-Mentha-1,5-dien-8-ol 0.2 1794 |Methyl ester of isocostonic’acid 0.5
1155 |Pinacurvone 1.0 1968 [n-Hexadecanoic acid 0.3
1161 |Isogeranial 0,2 Total 90,7
Testing on the anti microbial and fungicidal activity showed weak activity (Tab. 2).
Table 2

Anti microbial and fungicidal activity of A messerschmidtiana essential oil

(5]
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comparison i) | £ £ S 2| s 3 g CE W
preparation © S T o o w & g 83

U $ < ; o = s
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Amphotericin B 10 99 100 99 100 - - |- - - 5

Ciprofloxacin - - - - - 89 | 96 | 98 97 85 1

Essential oil 0 5 3 0 6 0 0] 2 11 5 0

The essential, oil from“this plant has also been studied for its antimalarial activity and showed low
activity with 40 %) inhibition against Plasmodium falciparum D6 compared to the reference drug

chloroquine (Tab:3).

Antimalarial activity of A. messerschmidtiana essential oil

Table 3

Essential oils/comparison drug

P. falciparum D6 % Inh.

Chloroquine

9

Essential oil of A. messerschmidtiana

4

The essential oil of the plant was also studied for cytotoxic activity. All concentrations of essential oil

demonstrated acute lethal toxicity, so, all larvae died.

The testing on anti tuberculosis activity (Tab. 4, 5) showed no significant effect.
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Table 4

Activity of A. messerschmidtiana essential oil against mycobacteria (anti-tuberculosis activity) and yeast

Essential oils/comparison M. tuberculosis H37Rv M. avium C. krusei ATCC C. parapsilosis
preparation ATCC 27294 ATCC 25291 6258 ATCC 22019
Essential oil A. 2000 &gt;2000 &gt;3000 &g1;3000
messerschmidtiana
Positive control 0.061soniazid ig;{w;izzoid 1.0 Amphotericin B [0.5 Amphotericin B

Test concentration against Mycobacterium sp from 31.25 pg/ml to 2000 pg/ml. Concentration of reference preparations
against Mycobacterium sp from 0.015 pg/ml to 1.0 pg/ml

Tabile 5
Activity of A. messerschmidtiana essential oil against bacteria
Essential E. faecalis | S.salivarius | S. mitis |S. mutans |S. sanguinis| S. sebrinus | L. casei
oils/comparison ATCC ATCC ATCC ATCC ATCC ATCC ATCC
preparation 4082 25975 49456 25175 10556 33478 11578
Essential oil of 400 400 400 400 >400 400 400
A. messerschmidtiana
Chlorhexidine 7.375 1,844 7375 | 0922 3.688 1,844 3.688
dihydrochloride
Test concentration against yeast: 1.46 pug/ml to 3000 pg/ml. Concentration of réference products against yeast: 0.031
pg/ml to 16.0 ug/ml. Control: C. parapsilosis ATCC 22019—MIC value: 0:25-1.0 pg/ml. C. krusei ATCC 6258—
MIC value: 0.25-2.0 ug/ml

The latest series of tests on A. messerschmidtiana essential oil showed no anti-leishmaniasis activity
compared to existing drugs.

Conclusion

Thus, the studies conducted show that 43 components were found in the essential oil of
A. messerschmidtiana. The major companents were camphor, 1,8-cineole, and a-campholenal. Analysis of
biological activities showed that the tested essential oil exhibited weak fungicidal, antimicrobial, and antima-
larial effects, but high cytotoxic activity. No antituberculosis or antileishmanial activity was detected in the
essential oil.
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Artemisia messerschmidtiana r¢pup mMaiibIHBIH Kypambl
MeH OMOJIOTMAIBIK OesiceHaiIiri

Jopinik eciMAiKTepIiH XKaHa Ke3epiH i31ey aschiHAa 3Gup MaiIapbIHBIH XUMUSIIBIK KYPaMBIH 3epTTEY KOHE
OJIApJIBIH OHOJIOTHSUIBIK, GeNceHIIirin Oaranay MaHb3absl MiHgeT. Maxkanana Kusip IewreicTein Artemisia
messerschmidtiana ¢uopacsinan GesiHreH 3¢Gup MailbIHBIH KypamMbl MEH OHOJOTHSUIBIK OelCeHIimirin
Oaranay HOTIKeNEpi TalKbUIaHFaH. D(QHUP Mailbl THAPOIMCTIILLANMS apKbUIbl OOIHIN AJIBIHIBI. AJBIHFaH
3¢up MaHBIHEIH MUKPOOKa, 3¢Hre, Oe3reKKe, MUTOTOKCHKAIBIK, TyOepKyIe3re jKoHe JeHIIMaHpHO3Fa KapChl
Oencenaimiri Tekcepinai. O¢Hp MaHBIHBIH KYpaMbIH XpoMaTorpadus-mMacc-CIeKTPOMETpUs KeMeriMeH
tangay 43 KOMIOHEHTTIH Oap ekeHiH kepcerti. Makcumanmsl Kypam 1,8-nmHeon, kamdopa pkoHeMe-
KamdoreHan yurH OenrineHnai. D¢up MalblH CbIHAY 9JICi3 MHUKPOOKA, (QYHTHIUATIK MEH Oe3LeKKe Kapchl
JKOHE JKOFaphl IIUTOTOKCUKAIIBIK OEJICEHALTIKTI aHBIKTayFa MYMKIHIIK Oepai. Dup MailbIHBIH TYOEpKyiesre
Kapchl HeMece JICHIIMaHHsFa Kapchl OENCEHIUNr aHBIKTAIFAH SKOK. AJblHFaH HOTkenep Artemisia L.
TYBICHIHBIH KOMITOHEHTTEPiHIH OHOJIOTHSUIBIK OCICeHUIIrH O1yre BIKIal eTei.

Kinm ce30ep: Artemisia messerschmidtiana, >(pup Maibl, OMONOTHSIIBIK OEJICEHALTIK, XpOoMaToTpa(usuIbIK
Macc-CIIEKTPOMETPHS

E.M. Cyneiimen, I'.K. MambiTOekoBa, I'. Cepuxoaii, I.A. bBupumkanosa,
P.B. dynkun, IL.I". I'oposoii, C. Pocc, K. X.I". MapTuHc

CocrtaB u OHoJIOTHYeCKAS AaAKTUBHOCTH IPpupHoOro macja
Artemisia messerschmidtiana

V3ydeHre XMMHYECKOTO COCTaBa 3(pUpPHBIX Macel u OLeHKa UX OHOJIOTHYeCKOl aKTUBHOCTH SIBIISICTCS BajK-
HOU 3aJaueil B CBeTe IMOMCKAa HOBBIX MCTOYHHMKOB JIEKAPCTBEHHBIX pacTeHUI. B HacTosIell craTbe paccMart-
PMBAIOTCS HTOTH OLIGHKU COCTaBa M OMOJIOTHYECKOi akTHBHOCTH 3(UPHOTO Macia, BblAeneHHOro n3 Artemi-
sia messerschmidtiana ¢uoper anesero Bocroka. QgupHoe/Macio ObUIO BEIACICHO METOJOM THIPOIUCTHII-
. [lomydenHoe ¢upHOE Macio ObUIO MCCIe0BAHO HA aHTHMHUKPOOHYIO, aHTH(YHTAIBHYIO, TIPOTHBO-
MaJSIPUHHYIO, IIATOTOKCHYECKYIO, aHTUTYOCPKYIIE3HYIO M aHTHIICHIIIMAHUO3HYIO aKTHBHOCTb. AHAJIM3 COCTa-
Ba 3(UPHOrO Macjia C MOMOIIBIO XPOMAaTO-MAacC-CIIEKTPOMETPUM I10Ka3al NPUCYTCTBHE 43 KOMIIOHEHTOB.
MaxkcumMainbHOe coziepkanie oTMedeHo st 1,8-nmneona, kamdops! U o-kamdonenans. TectupoBanue 3¢up-
HOTO Maciia MO3BOJIMJIO YCTAHOBHTH €a0yr0 aHTHMHKPOOHY!0, (QyHTHIUIHYIO ¥ POTHBOMAISAPUHHYIO aK-
THUBHOCTb, @ TAKKE BBHICOKYIO IUTOTOKCHYECKYIO. [IpoTHBOTYOEpKYIe3Has ¥ IPOTHBOJICHIIMAHHO3HAS aKTHB-
HOCTB 3(upHOTO Macia He)BbIsIBIACHA. [10TydeHHbIe pe3yIbTaThl BHOCSAT BKJIAJ B 3HAHHE OMOJIOTMYECKOH ak-
THBHOCTH KOMIIOHEHTOB pomaArtemisia L.

Knroueswie cnosa: Aftemisia messerschmidtiana, sduproe macio, Guosnornueckas aKTHBHOCTB, XPOMATO-
Macc-CIeKTPOMETPHS
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