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CHEMICAL COMPOSITION AND DISTRIBUTION
OF THE GENUS AJANIA (REVIEW)

Resume: The review article presents the results of the analysis of scientific literature on the geographical
distribution and level of study of the chemical composition of known representatives of the genus Ajania Poljakov.
Out of the 37 known species, only 8 representatives of this plant genus have been studied. The structures of the
encountered biologically active compounds (BAC) are presented, including flavonoids, terpenoids, phytosterols,
lignans, alkaloids, and other nitrogen-containing compounds, organic acids, hydrocarbons, aldehydes, and
phenolic compounds. In quantitative terms, the class of phenolic compounds predominates, among which
terpenoids and flavonoids are dominant, some of which can be considered as chemotaxonomic markers. Within
the territory of the Republic of Kazakhstan, two species are found: Ajania fastigiata and Ajania fruticulosa, the

latter of which has pharmacopoeial significance.
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A.M. AknaHoB, 3.b. Cakunosa, X.T. OnbaeBa, A.3. XKongac6an
AcgpeHdusipos ambiHOarbl Kasak yimmbiK MeduyuHa yHusepcumenmi,
Anmamesl, KaszakcmaH Pecrnybnukacbl

AJANIA T¥KbIMbIHbIH XUMUATIbIK
K¥PAMbI )XOHE TAPANYbI (LLOJTY)

Tywuin: Wony makanaga Ajania Poljakov TykbiIMaacbiHbIH reorpa-
duAnbiK Tapanybl 6enrini, ekingepiHiH, XMMUANbIK KypamblH 3epT-
Tey AeHreni 6orbliHWA FbiNbIMY 9a4ebueTTepai Tangay HaTuxene-
pi KenTipinreH, oHbIH, iWiHAe, 6enrini 37 TyKblMaackiHbIH, TeK 8 ekini
3epTTenreH. buonorusansik 6enceHai 3aTTapablH KypbinbiMaapbl Ke3-
neceTiH onaBoHouaTap, TepneHonarap, utoctepmHaap, nurHaH-
Aap, ankanouaTap xaHe KypamblHaa a3oTbl 6ap 6acka Kocblbic-
Tap, opraHukanblk KblLLKbInAap, keMipcyTektep, anbaeruarep, de-
HoNZAbl KockinbicTap yCbiHbINAbl. Canablk TyprblAaH deHonabl Ko-
CbinbICTap Kraccbl 6acbiM, onapAblH, ilWiHAe TepneHonaTap xaHe
dnaBoHomaTap 6acbim Mernwepae, kenbipeyiH XMMOTOKCOHOMET-
pusinbik Mapkeprepre xatkbidyra 6onagbl. KP aymarbiHaa 2 Typi
Ajania fastigiata xaHe Ajania fruticulosa ecegi, COHfbICbI hapmako-
nesnbik 6onbin Tabbinagbl.

TywniHai ce3gep: Ajania, Ajania fruticulosa, Ajania fastigiata, xumus-
NbIK KypaMbl, XMMOTaKCOHOMMUSIChI.

A.M. XakusHos, 3.6. CakunoBa, X.T. O9n6aeBa, A.3. XXongacban
AcgbeHdusipos ambiHOaFbl Ka3ak yimmblK MeduyuHa
yHusepcumemi, Anmamsl, Kazakcman Pecrybnukacbi

XUMUYECKUN COCTAB U PACMIPOCTPAHEHHOCTb
POLA AJANIA (OB30P)

Pe3rome: B 0630pHOI cTaTbe NpeacTaBneHbl pesynbraTbl aHanu-
3a Hay4YHOW NnuTepaTypbl No reorpacr4eckoMy pacnpoCcTpaHeHuto,
YPOBHIO U3y4EHHOCTN XMMUYECKOrO COCTaBa M3BECTHbLIX NpeacTaBu-
Tenew poga Ajania Poljakov, n3 n3sectHbix 37 BUAOB M3yYeHbl TONbKO
8 npeacraBuTenen poga AaHHOro pacteHust. [NpeacraBneHbl CTPYK-
Typbl BcTpeyvatowmxcs BAB, oTHocsLmxcs Kk hrniaBoHouaam, Tepne-
Hovpaam, hutocTeprHam, MUrHaHam, ankanouaam n Apyrum asoTco-
[epxaLlyiM CoeIMHEHUSIM, OpraHNYeCKUM KCIoTaM, YrIeBOAOPOAaM,
anbaernaamM n heHosbHbIM CoeuHeHUsM. B konnyecTBeHHOM OTHO-
LeHnn npeobnagaeT knacc heHoMNbHbIX COEAMHEHNI, Cpean KOoTo-
PbIX AOMUHUPYIOT TepneHouapb! 1 hriaBoHOMAbI, HEKOTOPbIE N3 HUX
MOXHO OTHECTM K XEMOTOKCOHOMETpUYeckM Mapkepam. Ha Teppu-
Topuu PK npouspactaet 2 Buga Ajania fastigiata n Ajania fruticulosa,
nocnegHui U3 KOTopbIx sIBASETCA dapMaKkonenHbIM.

KnroueBble cnoBa: Ajania, Ajania fruticulosa, Ajania fastigiata, xu-
MWUYECKUIA COCTaB, XEMOTaKCOHOMMUSI.
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Introduction. Ajania Poljak. is a perennial herbaceous
plant of the Asteraceae family, including about 30 species
of herbs, shrubs and bushes. Plants are covered with bi-
partite trichomes, sometimes with an admixture of simple
trichomes, without shortened (in the form of rosettes of
root leaves) vegetative shoots, with erect, but at the base
and in the inflorescence branched, abundantly lined stems
and ordinary leaves. The plant has a strong root system
to extract water from stony soil, and is able to grow on
stony or rubbly slopes, steep cliffs and in steppe to the
middle belt. It reproduces exclusively by seeds. The op-
timal phase for collecting raw materials is the beginning
of flowering August - September, depending on the grow-
ing region. The above-ground part of the plant is of sci-
entific interest [1-4].

General geographical distribution

The genus Ajania is named after the village of Ayan
(Khabarovsk region), located on the shore of the Sea of
Okhotsk. The species A. pallasiana was first described
from its vicinity [3]. As an independent genus Ajania was
separated from Artemisia in 1955 by Polyakov. The evo-
lutionary development of the two genera proceeds from
common ancestral forms close to the genus Dendrath-
ema Des. Moid. Adaptation to habitat conditions in vast
areas of steppes and deserts of Central Asia has creat-
ed a significant external similarity of many Ajania species
with species of the genus Artemisia. In this connection,
in different years different sources give very different da-
ta on the composition of species of the genus Ajania [4].
In the 1961 Flora of the USSR, Tsvelev N. N. includes
about 25 species in the genus and gives a description
of 9 species growing in the territory of the former USSR
countries, namely A. kokanica (Krasch.) Tzvel., A. Palla-
siana (Fisch. ex Bess.) Poljak, A. Manshurica Poljak., A.
fruticulosa (Ldb.) Poljak., A. gracilis (Hook. f. et Thorns.)
Poljak, A. fastigiata (Winkl.) Poljak., A. tibetica (Hook. f.
et Thorns.) Tzvel, A. Scharnhorstii (Rgl. et Schmalh.) Tz-
vel, A. trilobata Poljak. [4].

In the flora of Kazakhstan, A.A. Muldashev describes 27
species of the genus Ajania. There are 3 species in Ka-
zakhstan — Ajania fruticulosa, Ajania fastigiata and under-
studied endemic Ajania korovinii Kovalevsk which is men-
tioned only in the Flora of the Republic of Kazakhstan and
is not described in other scientific literature [5]. The dy-
namics of plant distribution in Kazakhstan is described in
the works of Gemedzhieva N. A. fastigiata grows in the
Trans-lli Alatau, Kungei Alatau, Kyrgyz Alatau, it is noted
that the plant is able to form wild bushes of commercial
importance. [6, 7]. Data on the raw material base of A. fru-
ticulosa are not available due to the ability of the plant to
form thickets together with other wild plants, which makes
it difficult to determine the amount of growing raw materi-
als. In this regard, we conducted an introduction study of
A. fruticulosa in the dry-steppe zone of Central Kazakh-
stan, the collection of plants for this purpose was car-
ried out mainly in the eastern and southeastern part of
the country (village Dogolan, Algabas, etc.). [2, 8, 9, 31].
According to The Plant List database, the genus Ajania

has 37 species [10]. It should be noted that a group of Ira-
nian scientists in 2013 isolated a new endemic species —
A. semnanensis Sonboli about which The Plant List data-
base does not include the information on [11]. As analysis
of international citation databases shows, it is accepted by
most authors that the genus Ajania has about 30 species
[12]. Data analysis showed that information on the chem-
ical composition of the majority of plant species of the ge-
nus Ajania is absent. There is information on phytochemi-
cal composition of only 8 species of plants in different de-
grees of study: A. achilleoides, A. fastigiata, A. fruticulosa,
A. nematoloba, A przewalskii, A. salicifolia, A. semnanen-
sis, A. tenuifolia. Data on the chemical composition of oth-
er species are practically absent. The prevalence of differ-
ent Ajania species, presented in Table 1, was analyzed. It
should be noted that the most widespread species is Aja-
nia fruticulosa, the range of which covers the Tien-Shan,
Pamir-Altai, Kazakhstan, Western Siberia, Mongolia and
China. This species is also found in the Republic of Tyva
(Central Tuva Basin, Russian Federation), but this plant
is rare [2, 4, 8, 9]. A. achilleoides - endemic, grows only
in Mongolia, for the study raw materials collected in the
Gobi Desert were used [13]. The distribution range of A.
fastigiata covers Kazakhstan, Mongolia, Kyrgyzstan, Ta-
jikistan, and Afghanistan. A. nematoloba and A. salicifo-
lia are found only in the East and Northeast of China. A.
tenuifolia is distributed throughout China. A. przewalskii
grows in Mongolia and China [12].

Study of the chemical composition of plants of the ge-
nus Ajania

As is known, the family Asteraceae, to which the genus
Ajania belongs, is one of the most highly organized fami-
lies of flowering plants. Phytochemical studies of the family
Asteraceae have revealed the presence of various chem-
ical compounds: the most frequently occurring classes of
compounds of almost all its representatives are terpenoids
(mainly sesqui-, di- and triterpenes, sesquiterpene lac-
tones), phenolic compounds (flavonoids), and acetylene
compounds. Many of these are considered important che-
motaxonomic markers of both individual genera and the
family as a whole, and sesquiterpene lactones and acet-
ylene compounds are considered to be unique structur-
al classes of Asteraceae. The most common sesquiter-
penoids are sesquiterpenoids of guaiac type, eudesman
type, eremophilan type, and germacran type, which are
used as chemotaxonomic markers [14, 15].

Studies of biologically active substances (BAS) of the Aja-
nia genus included polysaccharides, phenolic compounds,
volatile substances, acetylenic compounds, terpenes, lig-
nans, fatty acids and some other groups. Summarized in-
formation on the isolated, identified groups of BAS in dif-
ferent species of the genus Ajania is presented in Table 2.
Phenolic compounds

Flavonoids. The first works on the study of the chemical
composition of Ajania genus plants started in 1973. Ka-
zakh scientists Chumbalov T.K. and others isolated 4',5-Di-
hydroxy-3',7-dimethoxyisoflavone (velutin) from the abo-
veground part of A. fastigiata (Trans-Ili Alatau, Kazakh-
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stan) by paper chromatography [16]. A great contribution
to the study of chemical composition was made by scien-
tists from China. In the work of Jun-Yu Liang (2020) and
other co-authors, the component composition of A. fru-
ticulosa was investigated by preparative HPLC method
with subsequent structure determination by spectral meth-
ods; axillarin [17, 18, 201, cirsiliol [17, 19], pectolinarigenin
[16, 19], 6-methoxytricin [17, 19], jaceosidin [17, 19] were
found; the above flavonoids were isolated in other Ajania
species. The flavonoids 5,7-dihydroxy-6,3',4",5'-tetrame-
thoxyflavone, acacetin, 7-desmethylartemetin were found
only in A. fruticulosa and can be considered as an addi-
tional chemotaxonomic marker [16].

As can be seen from the literature analysis, the phyto-
chemical composition of the species A. potaninii was stud-
ied by researchers from China Jun-Yu Liang (2019) and
other co-authors. As a result, 10 flavonoid compounds
such as: artemetin, casticin, axillarin, centaureidin, ja-
ceosidin, cirsiliol, 6-methoxytricin, pectolinarigenin were
found in the above-ground part of the plant by prepara-
tive column chromatography with subsequent determina-

tion of the structure of the isolated substances by NMR
- spectroscopy. Eriodictyol and 3,3'-di-O-methyl-querce-
tin are considered as additional chemotaxonomic mark-
er for in A. potaninii [17 -24].

Zhuan-Ning Shi (2017) et al. (2017) identified centaurei-
din and jaceosidin by silica gel column chromatography,
followed by analysis of substances by spectral methods in
the plant A. salicifolia, they consider the flavone derivative
luteolin-3',4'- dimethyl ester as the marker compound [24].
The presence of previously identified flavonoid groups
was confirmed in Ajania nematoloba and Ajania przewal-
skii, A. tenuifolia [17, 25, 26, 27].

Coumarins. The content of coumarins in plants of the ge-
nus Ajania is poorly studied, in particular they are found
in species of A. achilleoids, A. przewalsk, A. salicifolia, A.
nematoloba. Studies on the isolation of coumarins from
other plant species are lacking and remains promising.
Column chromatography with a 3-component system was
predominantly used for the isolation of coumarins. Isosco-
poletin, scoparone, fraxetin, "baihuagianhuside", 6,8-di-
methoxy-7-[[[(2e)-3,7-dimethyl-2,6-octadienyl]oxy]couma-

Table 1 - Geographical distribution of plants of the genus Ajania

Species of Ajania Kazakhstan

China | Kyrgyzstan | Mongolia | Russia | Tajikistan | India | Iran | Nepal | Japan

A. achillaeoides (Turcz.) Poljakov

+

A. aureoglobasa (W.W. Sm. & Farr.) Muldashev

A. fastigiata (Winkl.) Poljakov +

A. fruticulosa (Ledeb.) Poljakov +

A. gracilis (Hook. f. & Thomson) Poljakov

A. grubovii Muldashev

A. junnanica Poljakov

A. khartensis (Dunn) C. Shih

A. kokanica (Krasch.) Tzvelev

Ajania korovinii Kovalevsk +

A. myriantha (Franch.) Y. R. Ling

A. nana (Krasch.) Muldashev

A. nematoloba (Hand. - Mazz.) Ling

A. nubigena (Wall.) C. Shih

A. Pacifica (Nakai) K.Bremer &Humphries

A. pallasiana (Fisch. ex Besser) Poljakov

A. parviflora (Grun.) Ling

A. potaninii (Krasch.) Poljakov

A. przewalskii Poljakov

A. purpurea C. Shih

A. remotipinna (Hand. — Mazz.) Y.Ling & C. Shih

A. roborowskii Muldashev

A. rupestris (Matsum. & Koidz.) Muldashev

A. scharnhorstii (Regel & Schmalh.) Tzvelev

Ajania semnanensis Sonboli

Ajania salicifolia (Mattf.) Poljakov

Ajania tenuifolia (Jacquem. ex Besser) Tzvelev

A. tibetica (Hook. f. & Thomson) Tzvelev

A. trilobata Poljakov

A. Trifida (Turcz) Tzvel
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rin, sabandinin, scopolin, 7-(3-methyl-2-butenyloxy)-6-me-
thoxycoumarin were identified [18, 25 — 28].
Phenylpropanoids and lignans. From the above-ground
parts of A. achilleoids, A. przewalskii, A. salicifolia, A. nem-
atoloba, A. fruticulosa, lignans (cedrusin, larisiresinol, ses-
amin, syringaresinol, evofolin B), phenylpropanoids (feru-
lic acid, coniferaldehyde, methylferulat, methyl-p-couma-
rate, methyl coffeate, abietin, syringoside, butyl ester of
chlorogenic acid, caffeic acid) were isolated.

Analysis of the above discussed compounds shows that
lignans (cedrusin, larisiresinol), phenylpropanoids (feru-
lic acid, coniferaldehyde, methylferulat, methyl-p-cou-
marate, abietin, syringosidi) have not been isolated from
other species of the genus, suggesting that they can be
used to distinguish A. salicifolia from other species of the
plant [17-28].

Naphthoquinones. 1,4-naphthoquinone was isolated from
A. salicifolia [25, 28]. Additionally, other phenolic com-
pounds were identified from A. przewalskii and A. salici-
folia: 3,4-dihydroxybenzaldehyde, vanillin, methyl 4-hy-
droxybenzoate, cannabichromeorcin, 5-Heneicosylresor-
cin, 4-acetonyl-3,5-dimethoxy-p-quinol.

Alkaloids. A single alkaloid, lappaconitine, has been iso-
lated from A. potaninii.

Terpenoid compounds

This broad class of natural compounds in plants of the
genus Ajania is represented by mono-, sesqui-, tri- and
terpenoids.

To date, sixty-eight mono- and sesquiterpenoids (46-113)
have been identified in six plant species of the genus Aja-
nia (Table 2) [19-21]. The main components that determine
the properties of essential oils are terpenoids.

Essential oil. The most preferred method of essential oil
production is the hydrodistillation method, the essence of
which is the distillation of water in the presence of plant
material [29-33]. The main components of the essential oil
from A. potaninii (Gansu Province, China) were 1,8-cineole
(22.19%), (+)-camphor (12.84%), (-)-verbenol (13.84%),
borneol (12.67%) and 2,6,6-trimethyl-bicyclo[3.1.1.1]hept-
2-en-4-ol acetate (6.24%). The major components of the
essential oil from A. fruticulosa (Gansu Province, China)
were 1,8-cineole (41.40%), (+)-camphor (32.10%) and
myrtenol (8.15%) [29]. The main compounds of essential
oil from A. semnanensis (Shahmirzad-Chashm, Semnan
province, Iran) were 1,8-cineol (32.5%), boronyl acetate
(19.1%), camphor (18.9%), lavandulyl acetate (7.4%) and
terpinen-4-ol (5.4%) [30]. Adekenov and co-authors iden-
tify 1,8-cineole (6.45%-32.02%) and hamazulene as the
main components of essential oil from A. fruticulosa (Cen-
tral Kazakhstan), the amount of which increases (up to
45% of the sum of oil components) [30]. It should be not-
ed that 1,8-cineole was the most abundant compound in
the essential oil of 3 species collected in China, Iran and
Kazakhstan. As a chemotaxonomic marker for the Ka-
zakhstan species A. fruticulosa, a high content of hama-
zulene should be emphasized.

In the essential oil from A. fruticulosa growing in Mongolia
(Gobi desert), a- and B-thujones (24.33 %), thymol (18.04

%), camphor (9.38 %), 1,8-cineole (9.27 %), and cis-chry-
santhenol (5.59 %), which has not been previously de-
tected in other Ajania species, were identified as the main
components. Cis-chrysanthenol should be identified as a
chemotaxonomic marker for the Mongolian species A. fru-
ticulosa. The composition of essential oil from A. fruticu-
losa collected in Mongolia differs significantly from that of
oils from other countries [29-32].

The chemical composition of essential oil from A. trifida
(Gobi, Mongolia) is very similar to that of A. achillaeoi-
des (Gobi, Mongolia). Camphor (41.16% and 58.25%),
1,8-cineole (12.52% and 10.41%) and borneol (6.91%
and 4.98%) are identified as the main components for
both essential oils [32].

The major component in the essential oil from A. nubige-
na is linalyl acetate (75.8%), 6-ethyldihydro-2,2,6-trimeth-
yl-2npyran-3(4H)-one 4.6%), B-farnesene (2.9%), epox-
ylinalool (2.8%), germacrene D (1, 4%), bisabolol oxide
A (1, 2%), (E)-2-(2,4-hexadienylidene)-1,6-dioxaspiro[4,4]
non-3-ene (1%), (Z)-2-(2,4-hexadienylidene)-1,6-diox-
aspiro[4,4]non-3-ene (1%) [33]. Camphor (14.8%) and
borneol (41.0%) in A.fastigiata (China), 1,8-cineol (26.0%),
and camphene (21.1%) in A. przewalskii (China) [34].
Thus, the differences in the chemical composition of es-
sential oils may have been due to the place of growth,
time of collection of raw materials, and analytical meth-
ods. Nevertheless, 1,8-cineole and camphor may be char-
acteristic components for Ajania species.

Triterpenoids. The study of extracts from A. fruticulosa, A.
potaninii, A. nematoloba, A. salicifolia, and A. przewalsk
by HPLC method showed the presence of triterpenoids:
stigmasterol, daucosterol, taraxerol, betulin, 3-B-friedeli-
nol, friedelin, B-sitosterol, sitostenone, ergosterol perox-
ide, ergosta-4,6,8,22-tetraen-3-one, a-amyrin, 3-amyrin,
4-epitasanin cerevisterol.

Conclusion. The analysis of literature data has shown
that the genus Ajania includes 30 species of plants. The
most widespread and studied is the plant Ajania fruticulosa
with the area of distribution China and Central Asia. There
is information that on the territory of the Republic of Ka-
zakhstan was carried out introduction of this plant species.
In 2013 Iranian scientists discovered a new species A.
semnanensis Sonboli, which is an endemic. Plants of the
genus Ajania include various classes of compounds such
as: terpenoids (mainly sesqui-, di- and triterpenes, ses-
quiterpene lactones), phenolic compounds (flavonoids),
acetylenic compounds. Many of these are considered im-
portant chemotaxonomic markers of both individual gen-
era and the family as a whole, and sesquiterpene lactones
and acetylene compounds are considered to be unique
structural classes of Asteraceae. The most common ses-
quiterpenoids are sesquiterpenoids of guaiac type, eudes-
man type, eremophilan type and germacran type, which
are used as chemotaxonomic markers.

The results of the analysis of literature data show that the
genus Ajania is poorly studied
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Table 2 - Chemical composition of plants of the genus Ajania

Mo Metabaolits name Structaral formula Flant speciss Reference
1 2 3 2 5
Fhenolic compounds
Coumarins
Izazcopaletin a oo A achilleoids [1E]
I | A, przewalski [27]
HO
A salicifolia [25]
Scoparane y . A, salicifolia [25]
] A, preewalskii [27]
fraxetine Lok A, salicifolia [25]
) A, przewalski [27]
Baihnagianhuside 1 A, nemataloba, [2&]
& 8-Dimethoxy-7-[[[2E])- A, salicifolia [2E]
3,7- dimethyl -2.6- — =
actadienyl] oxy] coumarin A przewalskil [271
Sabandinin A, preewalskii [27]
Scopalin A, preewalskii [27]
7-[3-methyl-2- A, preewalskii [27]
butenyloxy]-6-
methoxycoumarin
Lignans
Kedrusin A, salicifolia [25]
Larisiresimol A, salicifalia [25]
Sesamin I A, fruticulosa [24]
O g & salicifolia [25]
i o
o A, preewalskii [27]
Syringaresinal A salicifolia [25]
Evopholine B - A salicifolia [25]
Fhenylpropanoids and their derivatives
Ferulic acid & A, salicifolia [25]
Coniferaldehyde 0 A, salicifolia [25]
| 4]
Methyl ferulare ) i A, salicifolia [25]
Methyl-p-conmarate l A, salicifalia [25]
Methyl coffeate 1 A, preewalskii [25, 27]
N A salicifolia [25]
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Abletin A, salicifolia [25]
'h:_.'
Svringoside A, salicifolia [25]
."-_"
Chlorogenic  acid  butyl A, przewalskii [27]
ester >
caffeic acid A, przewalskii [27]
Haphthaguinones
1,4- naphthoguinone 1 A, salicifolia [2E]
Other phenolic compounds
3.4- i A salicifalia [25]
dihydroxybenzaldehyde T ™
Iﬂ'.. ._.I__.-'
D
Wanillin o A przewalsk [25]
' &, salicifolia [25]
HO© T
oy
Methyl 4- ] A, salicifalia [25]
hydroxybenzoate
Cannabichromeorcin A, salicifalia [25]
5-Heneicosylresorcin T - A, salicifalia [25]
L-acetonyl-3, 5-dimethoxy- 4 A, salicifalia [25. 28]
P-guinal .
Flavonoids
Flavanals
Santin A, fruticulosa [24]
Axillarin A, fruticulosa [16,17,20 22,25])
A, potaninii [15]
Centaureidine g A, fruticulosa [25]
A, salicifolia [[25]
) A, nematoloba [19]
aauli § ' A, poraninii [19]
5 7A'-Trihydroxy-3'6- ! A fruticulosa [1%]
dimethoxyflavane i
Flavanes
Cirsilineal A, fruticulosa [17], [18])
A, potaninii [1%]
A, nemataloba [26]
Pectolinarigenin A, potaninil [19]
A, fruticulose [L7]
Acacetin A fruticulosa [L7]
E-methooyiricin A, fruticulosa [17]
A, potaninii [1%]
A, renuaifalia [L7]
Jaceasidine it A, fruticulosa [17]
O o . A, potanimii [1%, 25]
. y A, tenuifolia [17]
. A, nemataloba [2&]
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5y 7-dihydroxy-6,3°4°.5'- A, fruticulosa [17]
temamethoxyflavone A nematoloba [26]
T-desmethylarcemetin A fruticulosa [L7]
1
Artemetin A, fruticulosa [17]
A przewalskii [15]
Casdcin A, fruticulosa [19]
A, przewalskii [1%, 21]
Eriodictyel A, potaninii [19]
3,3"-di-0-methyl- A, potaninii [15]
quercetin
45, Lutealin-3°4"-  dimethyl A, salicifolia [25]
eser
445, Lutealin 7-0-8-D- ahll ¥ A nematoloba [2&]
glucoside B
(> ] . {_l!:" L o (% 0]
P 1| J ]
HO el
47. Acacetin 7-glucoside ™y A, nemataloba [26]
48, Eriodictyel 7-0-8-D- - A nemataloba [28]
glucopyranosids pe T
=L
44, harenlin A nemataloba [28]
5. apigenin A nematoloba [26]
Alkaloids
5l Lappaconitine A, potaninii [19]
Terpenoids
Mono-, sesgui,- diterpenoids, polyterpenes and their derivatives, aldehydes. ketones
Tricyclen - A, Trifvda [13]
- Tuyen " A fruticulosa [13], [30]
1
Camphene CH A, fruticulosa [131. 301
4 A, Trifida [13]
e A, Achilegides [13]
[#]-5abinen ) A fruticulosa A [13]
L. Trifida [13]
[=]-&-Pinens Hyls iy A, fruticulasa [13]. [30]
Hﬁ'? A, Trifida [13]
i -Pinens i 1 A, fruticulasa [13]
Hyf A, Trifida [13]
Myroene ' A fruticulosa [30]
A Achilegides [13]
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Jrimens s Chi A, fruticulosa [30]
T Oy
HyG “H
a-Fellandren Hal-._CHy A fruticulosa [L3], [30)
l\.::l‘l-
a-Terpinen it A fruticulosa [L3], [30)
il Chly
rT-Cymene CHy A, fruticulosa [13], [301
P A, Trifida [13]
| ! A, Achilegides [13]
W >
{5)-{-]- Limonens CHy A, fruticulosa [30]
HalZ ‘J
CiHy
1,8-cineala A ch, A, fruticulosa [13], [3M
i L A Trifida [L3]
e -w’.,:,;) A Achilegides [L3]
HyC Ajania petaninii [13]
cis-@-Ocimens ot s A fruticulosa [13]
Hii .H |‘-’| o
trans-@-Ocimens b Ha A fruticulosa [30],
CHy
y-Terpinene = A, fruticulosa [30], [13]
trans-3abinene hydrate i ,* A fruticulosa [30]
1 A Trifida [L3]
Terpinalene CH A fruticulosa [30]
MG A, Achilegides [L3]
=
cis-Sabinene hydrate Hal, P R A, fruticulosa (3o
Cr & Trifda [13]
1 3. Achilzoides [13]
(T i T
Limalaal B gy A, fruticulosa [30]
CH, MO CHy A, Achilegides [13]
g -Thujone . A, fruticulosa [13]
X e & Trifida [13]
[ . -
A, Achileoides [13]
- TUyon " LHy A fruticulosa [13]
. A Trifida [13]
'j_ A, Achilegides [L3]
HET TGy
Chrysanthenone " A, fruticulosa [13]
- A, Trifida [L3]
I 1] A Achilegides [L3]
g e
G-Terpinec] " A fruticulosa [30]
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x-Terpineol ety . fruticulosa [30]
o, L
H,l;'m
Elemene . fruticulasa [30]
Bormyl acetate j . fruticulosa [30]
x-Terpenyl acetate =re . fruticulosa [30]
x-Copaens H . fruticulosa [30]
[
i . "‘-"_
g-Bourbanene i . fruticulosa [30]
|
B-Element . fruticulasa [30]
Caryophyllene e " H , fruticulosa [20]
Hermacren-D . fruticulosa [30]
i
B-Farnesens f tH . fruticulosa [30]
B-Selinen } ,[ . fruticulasa [30]
] ) A‘T
Bioyrclogsrmacren . fruticulasa [30]
p-Bisabalene 1 T . fruticulosa [30]
Hylo” e
G-Cadinene . fruticulosa [30]
¢
-~ "":..e-‘H Jlx
Elemal M\.f . fruticulosa [30]
trans-Nerolidol . fruticulosa [30]
g-Eudesmal = § o . fruticulosa [30]
a-Bisabolal s 2L ik , fruticulosa [30]
s GH
W™
hamazulsne . fruticulosa [30]
Farnesyl acetate . fruticulosa [30]




DOAPMAILS

Kertopelenolide B

A, fruticulosa

[17], [23), [20),

1,Z2,4-Cyclohexantrial ' | A, potaninii, [17]
3 "H\_";_h.\'. --___.l -
- % ."'-\
11.13- A, fruticulosa [17],
dehydrodesacetyimatricar
ing
14-pxomelampalide - A fruticulosa [20], [21). [23], [30], [34]
; T 13
o A, fastigiata [33]
[&]
A, achilleoides [35]
A, salicifalia [24]
A, tenuifolia [24]
A, przewalsk [2E]
A nubigena [31]
Artemaorin A fruticulosa [20], [21) [23], [30], [34]
¥ N &, fastigiata [33]
A. salicifolia [24]
A, achilleoides [35]
A, tenuifolia [24]
A, przewalsk [2E]
A, nubigena [31]
Magnolialide A, enuifolia [24]
A salicifalia [24]
Santamarin Fo A fruticulosa [24], [23]
i A, achillzoides [35]
™ i
- A. salicifalia [24]
S-hordroxy-5.5- A, tenuifalia [24]
secocaryophyllens-6-ane o A salicifolia [24]
Artecanin w Y A, fruticulosa [17]
- A, fastigiata [33]
Diterpenaids and their derivatives
phytens-1,2-disl A, salicifalia [24]
Fhiyrtol 281 A salicifolia [24]
Triterpenoids and their derivatives
Stgmasterol A % A, fruticulosa [17], [23]
~4-4
-1 A, potaninil [17]
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Draucosterol ¥ A, fruticulasa [L7], [23]
) e A poraninii [17]
= A nemataloba [26]
Taraxerol . A, potaninid [17]
Betulin A, salicifalia [24]
A o
11
(e ) .
3-f-friedelinal W A, przewalsk [24]
!
-1 A salicifolia [24]
-
L
Friedslin ’ A, salicifalia [24]
. Ty
i
i I
B-Sitosteral A, fruticulosa [23]
¥ r
: ' A, salicifolia [24]
1
e A. nemataloba [26]
Sitostenons A, salicifalia [24]
|
1
Ergasteral peroxids A, salicifalia [24]
! 1]
I ¥
Ergasta -4,6,8,22- tetraens A, salicifalia [24]
-3-one
y Anematalaba, [28]
!
-aniyrin . A, fruticulosa [30]
-1
LA gt
B-amyrin : A, fruticulosa [30]
L
e
4-gppitansanine A A, fruticulasa [20]
u"ﬂ."-h""""-.-' .
ey
Cerevisteral Amnematalaba, [2&]

Fatty acids, aldehydes and their esters




Dhacosanic acid e A, fruticulosa [17]
S e A, salicifalia [24]
A, Erze-',i.'a'l':l-ri'i [17]
Ethyl myristate {l:ll A, fruticulosa [17]
CHyICHz) CH;™ 07 "CH,
teradecanoic acid A, portaninii [17]
palmitic acid i A, nemataloba [2E]
oH
Hydrocarbons and their functional derivatres
n-nonyl mercaptan A, potaninii [17]
=,
N,
b "
N,
b
Ichthyaterheal Fal . A, salicifolia [24]
-:.L' -I_I. ‘-::i —= —— ——1 "\'H
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Bknap aBTOpOB. BCce aBTOPbI NpYHYMany paBHOCUIbHOE y4acTue Npu HanMcaHuy AaHHOM CTaTbu.

KoHnuKT nHTEepecoB — He 3asBneH.

[aHHbI MaTepuan He Obin 3asiBNeH paHee, Ans ny6nvkauum B Opyrnx nsfaHusx U He HaxoaMTCs Ha PacCMOTPEHUM APYrMMU n3aaTerb-
ctBamu. [Mpu NnpoBeaeHUn faHHOM paboThl He GbINo PUHAHCUPOBAHKS CTOPOHHUMUW OPraHN3aLUs MM U MEAULIMHCKMMW NPEACTaBUTENBCTBA-
Mu. PrHaHCMpoBaHUE — He NMPOBOAMIOCH.

ABTopnapablH yneci. bapnblk aBTopnap ocbl MakanaHbl xasyra TeH AspeKeae KaTbICTbl.

Myagnenep KakTbiFbICbl — MaiMAENTEH XOK.

Byn matepnan Gacka 6acblfibiMaapaa xapusnay yuwii 6ypbliH ManimaenviereH xeHe 6acka G6acbinbiMAapablH kapaybiHa yCbiHbIIMaraH.
Ocbl XKYMbICTbI XYPridy Ke3iHAe CbIpTKbl yiibiMAap MeH MeauuMHanbIK eKingikrepaid KapKblnaHablpybl )acasfaH oK. KapxblinaHabipy
Xyprisinveai.
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