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Biologically active substances from Achillea nobilis L.

The review summarizes data on biologically active compounds of Achillea nobilis L. and methods of their
isolation. From Achillea nobilis L., collected in different places of growth, the following have been isolated:
essential oil, the main components of which are monoterpene compounds; sesquiterpene lactones estafiatin,
hanphyllin, anobin, chrysartemine A, canin, anolide and tanapartin-B-peroxide; the steroid acetyleucanbin;
flavonoids: 3,5-dihydroxy-6,7,8-trimethoxyflavone, 5-hydroxy-3,6,7,4’-tetramethoxyflavone and 5,3’-di-
hydroxy-3,6,7,4’-tetramethoxyflavone. It has been determined that the component composition of the essen-
tial oil of Achillea nobilis L. largely depends on the soil and climatic factors in the places of its growth, the
phase of the growing season and the method of its extraction from plant raw materials, and the extractant used
(chloroform, ethanol, hot water, diethyl ether). Antibacterial, antimicrobial, antioxidant, antiparasitic activi-
ties are characteristic both for the sums of extractive substances from Achillea nobilis L. and for individual
compounds isolated from them. Methods for the isolation of biologically active substances from Achillea
nobilis L. for the development of new drug substances are described. The main aim of this work was a com-
parative analysis of the available research results on the phytochemical study of Achillea nobilis L.

Keywords: Asteraceae, Achillea nobilis L., sesquiterpene lactones, essential oil, flavonoids, isolation meth-
ods, biological activity.

Introduction

Plants of the genus Achillea L. of the Asteraceae family are considered as a promising source of biolog-
ically active substances, among which the most important are terpenoids and phenolic compounds. Other
classes of natural compounds are also isolated from Achillea L.: carbohydrates (inulin and other polysaccha-
rides, rhamnose, arabinose, xylose, mannose, glucose, galactose), bitter principles and tannins, microele-
ments, acids (ascorbic, malic, aconitic, caffeic), amino acids, vitamins, alkaloids (achillein), coumarins
(umbelliferone, scopoletin, isoscopoletin, scoparone and isofraxidine) [1, 2]. Essential oil of Achillea L. spe-
cies is a source of proazulenes and azulenes [3].

Preparations based on Achillea L. are widely used in medical practice. They have a hemostatic, bacteri-
cidal, anti-inflammatory, wound-healing, anticonvulsant, anti-allergic effect, improve digestion, expand bile
ducts, and increase bile secretion [4]. Achillea millefolium L. is among the top five plants containing the
largest number of anthelmintic compounds, along with Rosmarinus officinalis L. and Salvia officinalis L. [5].
The results of studies of the anthelmintic efficacy of Achillea millefolium L. herb, carried out on
experimental groups of birds (geese and ducks), showed the possibility of its use against helminthiasis of
domestic waterfowl [2]. In work [6], the aqueous extract of Achillea millefolium L. (flowers) and a number
of other plants were tested in vitro, and their ovicidal and larvicidal activity against nematodes in animals
was confirmed.

The above-said indicates that it is promising to search among the secondary metabolites of plants of the
genus Achillea L. for compounds responsible for their anthelmintic activity.

The main aim of this work was a comparative analysis of the available research results on the phyto-
chemical study of Achillea nobilis L.

Main part

Over 10 species of plants of the genus Achillea L. grow on the territory of Kazakhstan. The most
widespread among them are A. asiatica Serg., A. setacea Waldst. et Kit., 4. millefolium L., A. nobilis L.,
A. micrantha Willd., A. salicifolia Bess., A. cartilaginea Ldb. [7]. Many taxa of this group are very similar in
morphological characters and it is difficult to differentiate them without special morphological knowledge.
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There is an accessible exploitable raw material stock of 4. nobilis L. on the territory of Central Kazakh-
stan, which is used in folk medicine as a phylogenetically close species to the officinal and relatively well-
studied A. millefolium L. It is distributed over high meadow and shrub steppes, on hillsides and river val-

leys [7].

According to the literature data, essential oil, the main components of which are monoterpene com-
pounds; sesquiterpene lactones: estafiatin (1), hanphyllin (2), anobin (3), chrysartemine A (4), canin (5),
anolide (6) and tanapartin-f-peroxide (7); steroid acetyleucanbin (8); flavonoids: 3,5-dihydroxy-6,7,8-
trimethoxyflavone (9), 5-hydroxy-3,6,7,4’-tetramethoxyflavone (10), 5,3’-dihydroxy-3,6,7,4’-tetramethoxy-

flavone (11) [8—12] were isolated from A. nobilis L., collected in different places of growth (Table).

Table
Compounds isolated from Achillea nobilis L.
Melting
Name of compound Gross formula State of substance o Ref.
temperature, °C

Estafiatin (1) CysH304 Colorless acerous crystals 102-104 [8]
Hanphyllin (2) C15H004 Colorless lamellar crystals 189 [8]
Anobin (3) C5HOs5 Colorless rhombic crystals 175.5-177.5 [8]
Chrysartemine A (4) Cy5H 5305 Colorless crystals 252-253 [9]
Canin (5) C;sH;305 Colorless crystals 241-243 [9]
Anolide (6) Cy5H 5305 Colorless crystalline substance 167-169 [10]
Tanapartin-B-peroxide (7) CysH;305 Colorless crystals 117 [12]
Acetyleucanbin (8) C50Hs00, Crystalline substance 210-212 [11]
3,5-Dihydroxy-6,7,8- .
trimethoxyflavone (9) Ci5H,60; Yellow crystalline substance 148-150 [8]
5-Hydroxy-3,6,7,4’-
tetramethoxyflavone (10) Ci9H ;507 Pale yellow crystals 168-170 [12]
5,3’-Dihydroxy-3,6,7,4’-
tetramethoxyflavone (11) Cy9H;50g Pale yellow crystals 182-185 -
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The essential oil of Achillea L. species has antimicrobial and antibacterial action [13], its antiparasitic
properties have been reported in [2].

The available literature data allow us to conclude that the component composition of A. nobilis L. es-
sential oil is significantly depends on soil and climatic factors in the places of its growth, on the phase of the
growing season and on the method of its extraction from plant raw materials [13]. Thus, the essential oil of
A. nobilis L. from Yugoslavia is distinguished by a high content of a-thujone (25.7 %), artemisia ketone
(14.8 %), borneol (9.9 %) and camphor (8.2 %) [14]. The Kazakhstan species of 4. nobilis L. contain cam-
phor (17 %), 1,8-cineole (15.6 %), terpinen-4-ol (10 %), borneol (7.1 %) and B-eudesmol (7.1 %) [15]. There
are more y-cadinene (46.7 %), a-cadinol (8.6 %) and 1,8-cineole (5.9 %) in essential oil from the Russian
species of A. mnobilis L. [16]. Italian raw materials of A. nobilis L. contain germacrene D (46 %),
caryophyllene oxide (4.3 %), monoterpene acetate (3.9 %) and camphor (3.3 %) [17]. Essential oil of
A. nobilis L. from Hungary is characterized by a high content of camphor, borneol and piperitone [18]. Two
subspecies of A. nobilis subsp. sipylea and A. nobilis subsp. neilreich are growing on the territory of Turkey.
Fragranol (19.3 %), 1,8-cineole (12—-17 %), chrysanthenone (4-17 %), linalool (5-16 %) are the dominant
components of the essential oil in them [19].

Extraction with chloroform, ethanol, diethyl ether, hot water is a relatively common and affordable
method for isolation of terpenoids, flavonoids and other polyfunctional compounds from Achillea L. raw ma-
terials.

The method of sesquiterpene lactones estafiatin (1), hanphyllin (2), anobin (3) and flavonoid 3,5-di-
hydroxy-6,7,8-trimethoxyflavone (9) isolation from 4. nobilis L. includes the extraction of raw materials of
anthodium and leaves of 4. nobilis L. by chloroform. Then the chloroform extract is concentrated, dissolved
in 95 % ethyl alcohol and diluted with hot water in 2:1 ratio. After a day, the precipitate is filtered off; the
filtrate is treated several times with chloroform. The sum of extractive substances obtained after removal of
chloroform is chromatographed on macroporous silica gel (KSK grade) at a total material — sorbent ratio of
1:15. The column is eluted first with benzene, then successively with benzene-ether (4:1, 3:2, and 1:1), ether,
mixture of ether-ethyl acetate (3: 2, 1: 1) and ethyl acetate [8].

The following compounds were isolated as a result of chromatographic separation of the chloroform ex-
tract of A. nobilis L.: anobin (3) was isolated from benzene fractions; estafiatin (1) was isolated from ben-
zene-ether (4:1) fractions; hanphyllin (2) was isolated from benzene-ether (1:1) fractions; 3,5-dihydroxy-
6,7,8-trimethoxyflavone (9) was isolated when the column was eluted with a mixture of ether-ethyl acetate
(1:1) [8, 20].

Chromatography of the sum of extractive substances of the chloroform extract of Achillea nobilis L.
(aerial part, collection in the vicinity of Karaganda, 2016) was obtained on macroporous silica gel (KSK
grade) with a gradient elution with a mixture of petroleum ether — ethyl acetate (100:0 — 0:100). This sol-
vent mixture is less toxic and less flammable than mixture of benzene-cther. As a result of chromatographic
separation, compounds (1), (2), (9), and (11) were isolated. Compounds (11) identified based on its spectral
data [21] as flavonoid 5,3’-dihydroxy-3,6,7,4’-tetramethoxyflavone was isolated from Achillea nobilis L. for
the first time. The yield of (11) was 0.01 % for air-dry raw materials.

Method of K.S.Rybalko [22] for the isolation from A. nobilis L. of sesquiterpene lactones
chrysartemine A (5), canin (6) and anolide (7) included the extraction of 4. nobilis L. flower heads and
leaves by hot water (80—85 °C) for 1 hour, followed by treatment of the aqueous extract with chloroform.
The syrup-like residue obtained after removal of chloroform was chromatographed on macroporous silica gel
(KSK grade) at a total material to sorbent ratio of 1:22. Firstly the column was eluted with ether, then with a
mixture of hexane-ethyl acetate (19:1) [9, 10]. As a result of chromatographic separation of an aqueous ex-
tract [10], sesquiterpene lactones anolide (6) from ether fractions, chrysartemine A (4) and canin (5) from
hexane-ethyl acetate (19:1) fractions were isolated [9].

Isolation of the steroid acetyleucanbine (8) from A. nobilis L. was carried out by three-fold extraction of
finely ground aerial parts of A. nobilis L, collected during the mass flowering period, with 96 % ethanol at
room temperature for 3 days and by chromatographic separation of the sum of extractive substances on neu-
tral aluminum oxide (III-1V degree of activity according to Brockmann). Firstly the column was eluted with
hexane, then with a mixture of hexane-benzene, benzene, a mixture of benzene-chloroform, chloroform and
a mixture of chloroform-alcohol [11, 23]. As a result of chromatographic separation of the ethanol extract,
the steroid acetyleucanbin was isolated from hexane fractions (11).

Kastner et al. [12] carried out the extraction of air-dried flower heads of A. nobilis L. with diethyl ether.
The resulting extract gave a positive reaction to the peroxides presence in it. After removal of the solvent, the
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residue was extracted with 50 % methanol and further purified by column chromatography and HPLC. As a
result, the guaian endoperoxide tanapartin-B-peroxide (7) and the flavonoid aglycone 5-hydroxy-3,6,7,4’-
tetramethoxyflavone (10) were isolated.

Biological activity of secondary metabolites of Achillea nobilis L.

Based on the results of biological screenings, the presence of a wide spectrum of biological activity was
determined both for the sums of extractive substances from A. nobilis L. and for individual compounds
isolated from them.

Antimicrobial action of essential oils of A. nobilis subsp. sipylea and A. nobilis subsp. neilreichii
collected in Turkey was studied on gram-positive and gram-negative bacterial strains as well as on the yeast
Candida albicans [13, 19]. It was found that samples of A. nobilis L. essential oils significantly inhibit the
growth of all tested microorganisms, except for Pseudomonas aeruginosa.

The authors of work [24] found that samples of essential oils from 16 species of Achillea L. have mod-
erate anticholinesterase and antimicrobial effects. At the same time, the essential oil of A. nobilis subsp.
neilreichii differs in composition from all others. The oils from Achillea nobilis L. exhibited moderate anti-
microbial activities on Fusarium verticillioides (MIC = 0.60 mg/mL) and Fusarium graminearum
(MIC = 0.60—-1.20 mg/mL), respectively [25].

Sesquiterpene lactones of the guaian structure estafiatin (1) and anobin (3) have a pronounced antitumor
activity [20]. A pronounced growth-regulating activity was found for estafiatin (1), while anolide (6) was
found to have insecticidal activity [8]. Germacranolide hanphyllin (2) effectively inhibits the growth of
Guerin's carcinoma, alveolar liver cancer and Pliss lymphosarcoma [20].

In the work [26], the antioxidant and antimicrobial activities of 15 extracts of A. nobilis L., obtained by
3 extraction methods (maceration, extraction in a Soxhlet apparatus and using ultrasonic radiation) with the
use of 5 organic solvents (hexane, chloroform, ethyl acetate, ethanol and 50 % aqueous ethanol) were stud-
ied. Ethanol and ethyl acetate extracts showed a relatively pronounced antioxidant activity, for which a high-
er content of phenolic components was noted.

The antispasmodic effect of a lyophilized ethanol extract of A. nobilis L. subsp. sipylea (O. Schwarz)
Bassler in rat duodenum, associated with suppression of calcium influx was established [27].

In the work [28], the antinociceptive and anti-inflammatory effects of ethanol extract of A. nobilis
subsp. neilreichii (Kerner) Formanek flower heads were first studied on mice and rats; its acute toxicity was
determined. The authors found that the anti-inflammatory effect of the lyophilized extract is manifested at
doses much lower than LCsy = 4456 mg/kg in mice and is due to the synergistic effect of all its flavonoid
components and is promising for therapeutic use.

The authors of the work [29] found that methanol extracts of six studied Achillea L. species demon-
strate antiglycative, antioxidant and antimicrobial potential. At the same time, the 4. pachycephalla Rech.f.
and A. nobilis L. extracts, which are comparatively rich in polyphenolic components, showed a noticeable
antiglycant ability in the bovine serum albumin (BSA)/methylglyoxal (MG) system. In work [30], a relative-
ly high antioxidant activity of 4. nobilis L. extracts grown under drought conditions was established, and it
was noted that the total content of polyphenolic components in plant extracts growing under these conditions
is significantly higher.

Conclusions

Thus, the analysis of the available literature data and the results of our own studies indicates that
Achillea nobilis L. is a promising source of various classes of biologically active compounds, the most
important of which are terpenoids of essential oil, sesquiterpene lactones and flavonoids, which determine
the pharmacological action of its extracts. The component composition of the essential oil of Achillea
nobilis L. largely depends on the soil and climatic factors in the places of its growth, the phase of the grow-
ing season, the method of its extraction from plant raw materials, and the extractant used (chloroform, etha-
nol, hot water, diethyl ether). Antibacterial, antimicrobial, antioxidant, antiparasitic activities are characteris-
tic both for the sums of extractive substances from Achillea nobilis L. and for individual compounds isolated
from them. Therefore, the search for biologically active components and the development of effective
methods for their isolation from Achillea nobilis L. is relevant for the creation of new drugs with
antibacterial, antimicrobial, antioxidant, antiparasitic action.

This research has been funded by the Science Committee of the Ministry of Education and Science of
the Republic of Kazakhstan (Grant No. AP08052928).
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A.C. KimkenraeBa, C.H. Mantnep, M.M. XKakanos, C.M. OnexeHoB

Achillea nobilis L. 6nonorusijibix 0ejiceHi 3aTTapbl

lony makanana kepOe3 MbIHXanbIpakTsiH (Achillea nobilis L.) Ouonorusslk Genceni KOChUIBICTAPhI )KOHE
onapasl Oefinm amy SAicTepi Typaibl MAIIMETTep JKalIbUIAaHFaH. Op TYPJl ©Cy OpbIHAApBIHIA >KHHAIFAH
Achillea nobilis L. eciMairineH Heri3ri KOMIOHEHTTEpi MOHOTEpIEH I KOCBUIBICTApP OOJIBIN TaOBIIATHIH d(PUP
Maibl; CECKBHTEPIICH/II JIAKTOHIApP: dcTaUaTHH, XaH(QWUINH, aHOOUH, XpU3apTeMUH A, KaHWH, aHOJH] IIeH
TaHAMapTHH-P-MEPOKCHI; ALECTUIIYKAHOUH CTEPOHIbL; (IaBOHOMATAP: 3,5-AUTHIPOKCH-6,7,8-TPHMETOKCH-
(naBoH, S5-ruapokcu-3,6,7,4’-terpameTokcudiaBos, 5,3’-auruapokcu-3,6,7,4’-reTpaMeTokcU(IaBOH Oein
ansiaFad. KepOe3 MbIHXKambIpak 3pup MaibIHBIH KOMIIOHSHTTIK KYpaMbl KeOiHece OHBIH ©CY OPBIHIAPHIH-
JIaFbl TOIBIPAK-KIMMATTHIK (DaKTOpIIapra, BEreTalMsUIbIK Ke3eHHIH (ha3achlHa JKOHE OHbI ©CIMAIK LIMKi3aThl-
HaH IIBIFApbIN ajly TOCUIHE OaiIaHBICTBI, aJl CECKBUTEPIEHAI JAKTOHAAP/bI Oeiin ayra KOJJaHbUIATHIH
IKCTpareHT (XJ0podopM, 3TaHON, BICTBIK Cy, AMATHI 3Gupi) alTapiabIKTail acep eTeTiHi aHBIKTaJJIbI.
Bakrepusira, MuUKpoOKa Kapchl, aHTHOKCHIAHTTBI, Mapa3suTke Kapcol OenceHaimik Achillea nobilis L.
CHIFBIH/IBI 3aTTapbIHBIH COMAChIHA XOHE OJ1apaH 0eJIin ajbIHFaH XeKe KOChUIbICTapFa Ja ToH. XKaHa nopinik
TIpenapaTTapAblH CyOCTaHIMSIIAPHIH JKacay YIIH KepOe3 MBIHKAIbIpaKTaH ONOJIOTHSIIBIK OelIceH Il 3aTTap sl
Geutin ay omicTepi cunarTanraH. By JKyMBICTBIH HeTisri MakcaTsl — Achillea nobilis L. GUTOXUMUSIBIK
3epTTey HOTIKEIEPiH CAIBICTEIPMAIIBI TAJIAY.

Kinm cesoep: Asteraceae, Achillea nobilis L., ceckBurepmneHni nakToHgap, 3¢up Maiisl, ¢aaBoHOMATAp,
Geutint anmy aficTepi, OMONOTHSIIBIK OEICeHITIK.

A.C. KumikenraeBa, C.H. Mantnep, M.M. XKakanos, C.M. AnekeHoB

Buosornyecku aktuBHbIe BeinectBa Achillea nobilis L.

B 0030pHO#i cTaThe 006001IeHB! AaHHbIE 0 OMOJIOrMYECKH aKTHBHBIX COCIUHEHUSX THICAYENUCTHUKA Onaro-
poxnsoro (Achillea nobilis L.) n meronax ux Beigenenus. U3 Achillea nobilis L., coOpaHHOT0 B pa3HBIX Mec-
Tax MPOM3PACTAHMs, BBIAEIECHO Y(PUPHOE MACIO, OCHOBHBIMH KOMIIOHEHTAMH KOTOPOTO SIBIISIIOTCS. MOHOTEP-
TICHOBEIE COSTUHCHNUS; CECKBUTEPIICHOBEIE JIAKTOHBL: dcTauaTuH, XaHGWIINH, aHOOHH, XpU3apTeMHH A, Ka-
HHH, aHOJIMJ M TaHAapTHH-B-IIEPOKCHI; CTEPOU aleTHIdYKaHOHH; (IaBOHOMIBL: 3,5-AMrHIPOKCH-6,7,8-
TpUMETOKCH(DIABOH, S-THIpOKcH-3,6,7,4’-TeTpaMeTokcu(IaBoH, 5,3’-mUruapokcu-3,6,7,4’-TeTpaMeTOKCH-
¢maBon. OmnpezeseHo, 9YT0 KOMIIOHEHTHBIH COCTaB d(MPHOTO Maciia THICTYEIUCTHIKA OIaropoJHOr0 BO MHO-
TOM 3aBHUCHUT OT ITOYBEHHO-KIMMATHYECKUX (haKTOPOB B MECTAaX €ro MPOM3pAcTaHus, (a3bl BEreTallHOHHOTO
nepuoja U crocoba ero U3BJICUCHHUS] U3 PACTUTEIBHOTO CBHIPbS, @ HA BBIACIECHUE CECKBUTEPIIEHOBBIX JTAaKTO-
HOB 3HAYUTEIBHOE BIMSHHUE OKA3bIBACT HCIONB3YyEMBIH 3KCTpareHT (xaopodopm, 3TaHoI, ropsdas BoJa, Au-
STUJIOBBIN 3¢up). AHTHOAKTEepHUaNbHasl, TPOTUBOMUKPOOHAs, aHTHOKCHIAHTHAS, IPOTHUBONAPA3UTapHAs aK-
THUBHOCTH XapaKTepHa KaK ISl CyMM SKCTPAKTHBHBIX BemecTB U3 Achillea nobilis L., Tak n Ui BBIICICHHBIX
W3 HUX WHAWBUIYAIBHBIX COeqUHEHUH. ONMcaHbl METOAB! BBIIEICHUS] OHOJIOTHYECKH aKTHBHBIX BEIIECTB U3
TBICSIYETIMCTHUKA OJIAarOpOIHOTO Ui pa3paboTKH cyOCTaHIMI HOBBIX JIEKApCTBEHHBIX IpernapaToB. OCHOB-
Hasl IIeJb JJAHHOH pabOThl — CPaBHUTEIBHBIN aHAIN3 UMEIOMNXCS Pe3yIbTaToOB MCCIISIOBAHMI O (puTOXH-
MHUuecKoMy usydenuto Achillea nobilis L.

Knioueswie crosa: Asteraceae, Achillea nobilis L., ceckBUTEpIIEHOBBIC JIAKTOHBI, 3QUpPHOE Macio, (IaBoHOU-
b, METOIbI BbIJEICHNUS, OHOJIOTHYeCcKasi aKTUBHOCTb.
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