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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-β-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., A. 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 A. 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-β-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). 
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T a b l e  

Compounds isolated from Achillea nobilis L.  

Name of compound Gross formula State of substance 
Melting 

temperature, °С 
Ref. 

Estafiatin (1) С15Н18О3 Colorless acerous crystals 102–104 [8] 
Hanphyllin (2) С15Н20О3 Colorless lamellar crystals 189 [8] 
Anobin (3) С15Н20О5 Colorless rhombic crystals 175.5–177.5 [8] 
Chrysartemine A (4) С15Н18О5 Colorless crystals 252–253 [9] 
Canin (5) С15Н18О5 Colorless crystals 241–243 [9] 
Anolide (6) С15Н18О5 Colorless crystalline substance 167–169 [10] 
Tanapartin-β-peroxide (7) С15Н18О5 Colorless crystals 117 [12] 
Acetyleucanbin (8) С30Н50О2 Crystalline substance 210–212 [11] 
3,5-Dihydroxy-6,7,8- 
trimethoxyflavone (9) 

С18Н16О7 Yellow crystalline substance 148–150 [8] 

5-Hydroxy-3,6,7,4’-
tetramethoxyflavone (10) 

С19Н18О7 Pale yellow crystals 168–170 [12] 

5,3’-Dihydroxy-3,6,7,4’- 
tetramethoxyflavone (11) 

С19Н18О8 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 α-thujone (25.7 %), artemisia ketone 
(14.8 %), borneol (9.9 %) and camphor (8.2 %) [14]. The Kazakhstan species of A. nobilis L. contain cam-
phor (17 %), 1,8-cineole (15.6 %), terpinen-4-ol (10 %), borneol (7.1 %) and β-eudesmol (7.1 %) [15]. There 
are more γ-cadinene (46.7 %), α-cadinol (8.6 %) and 1,8-cineole (5.9 %) in essential oil from the Russian 
species of A. nobilis 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 A. nobilis L. includes the extraction of raw materials of 
anthodium and leaves of A. 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-ether. 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 A. 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–IV 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-β-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 LC50 = 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 A. 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 A. 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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А.С. Кішкентаева, С.Н. Мантлер, M.M. Жақанов, С.M. Əдекенов 

Achillea nobilis L. биологиялық белсенді заттары 

Шолу мақалада кербез мыңжапырақтың (Achillea nobilis L.) биологиялық белсенді қосылыстары жəне 
оларды бөліп алу əдістері туралы мəліметтер жалпыланған. Əр түрлі өсу орындарында жиналған 
Achillea nobilis L. өсімдігінен негізгі компоненттері монотерпенді қосылыстар болып табылатын эфир 
майы; сесквитерпенді лактондар: эстафиатин, ханфиллин, анобин, хризартемин А, канин, анолид пен 
танапартин-β-пероксид; ацетилэуканбин стероиды; флавоноидтар: 3,5-дигидрокси-6,7,8-триметокси-
флавон, 5-гидрокси-3,6,7,4’-тетраметоксифлавон, 5,3’-дигидрокси-3,6,7,4’-тетраметоксифлавон бөліп 
алынған. Кербез мыңжапырақ эфир майының компоненттік құрамы көбінесе оның өсу орындарын-
дағы топырақ-климаттық факторларға, вегетациялық кезеңнің фазасына жəне оны өсімдік шикізаты-
нан шығарып алу тəсіліне байланысты, ал сесквитерпенді лактондарды бөліп алуға қолданылатын 
экстрагент (хлороформ, этанол, ыстық су, диэтил эфирі) айтарлықтай əсер ететіні анықталды. 
Бактерияға, микробқа қарсы, антиоксидантты, паразитке қарсы белсенділік Achillea nobilis L. 
сығынды заттарының сомасына жəне олардан бөліп алынған жеке қосылыстарға да тəн. Жаңа дəрілік 
препараттардың субстанцияларын жасау үшін кербез мыңжапырақтан биологиялық белсенді заттарды 
бөліп алу əдістері сипатталған. Бұл жұмыстың негізгі мақсаты — Achillea nobilis L. фитохимиялық 
зерттеу нəтижелерін салыстырмалы талдау. 

Кілт сөздер: Asteraceae, Achillea nobilis L., сесквитерпенді лактондар, эфир майы, флавоноидтар, 
бөліп алу əдістері, биологиялық белсенділік. 

 
А.С. Кишкентаева, С.Н. Мантлер, М.М. Жаканов, С.М. Адекенов 

Биологически активные вещества Achillea nobilis L. 

В обзорной статье обобщены данные о биологически активных соединениях тысячелистника благо-
родного (Achillea nobilis L.) и методах их выделения. Из Achillea nobilis L., собранного в разных мес-
тах произрастания, выделено эфирное масло, основными компонентами которого являются монотер-
пеновые соединения; сесквитерпеновые лактоны: эстафиатин, ханфиллин, анобин, хризартемин А, ка-
нин, анолид и танапартин-β-пероксид; стероид ацетилэуканбин; флавоноиды: 3,5-дигидрокси-6,7,8-
триметоксифлавон, 5-гидрокси-3,6,7,4’-тетраметоксифлавон, 5,3’-дигидрокси-3,6,7,4’-тетраметокси-
флавон. Определено, что компонентный состав эфирного масла тысячелистника благородного во мно-
гом зависит от почвенно-климатических факторов в местах его произрастания, фазы вегетационного 
периода и способа его извлечения из растительного сырья, а на выделение сесквитерпеновых лакто-
нов значительное влияние оказывает используемый экстрагент (хлороформ, этанол, горячая вода, ди-
этиловый эфир). Антибактериальная, противомикробная, антиоксидантная, противопаразитарная ак-
тивность характерна как для сумм экстрактивных веществ из Achillea nobilis L., так и для выделенных 
из них индивидуальных соединений. Описаны методы выделения биологически активных веществ из 
тысячелистника благородного для разработки субстанций новых лекарственных препаратов. Основ-
ная цель данной работы — сравнительный анализ имеющихся результатов исследований по фитохи-
мическому изучению Achillea nobilis L. 

Ключевые слова: Asteraceae, Achillea nobilis L., сесквитерпеновые лактоны, эфирное масло, флавонои-
ды, методы выделения, биологическая активность. 
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