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Chemical composition and properties of essential oil
of Ferula foetida (Bunge) Regel growing on Mangyshlak peninsula

The medicinal plant, Ferula foetida, has been studied, which has a wide range of pharmacological properties.
Since ancient times, ferules have been used in folk medicine in various countries (Central Asia, Iran, China,
India) for treatment of scabies, wounds, tumors, syphilis, tuberculosis, seizures, hysteria, the gastrointestinal
tract, and as an antiparasitic remedy. Chemical composition of Ferula foetida essential oil hasbeen analyzed.
The samples were taken from two different populations on Mangyshlak peninsula — omgloamypand{sandy
massifs. Use of GC-MS analyses helped identifying 47 compounds comprisingg91.5 % of the, total\compo-
nents in the oil. Components of essential oil of two populations — Tuyesu sands and{Tynymbay“Shoky
hills — differ through growing phase. 2,5-Diethylthiophene, 3,4-digthylthiophene, \bulnesol, guaiol,
myristicine, o-pinene, caryophyllene oxide, 2,5-dipropylthiophene, elemicine, I-heptatriacontanol, B-trans-
caryophyllene, B-cis-caryophyllene, a-caryophyllene, B-pinene, dimethyl trisulfide, a-eudesmol, f-eudesmol;
B-eudesmene, 2-methylthieno[3.2-b]thiophene, 5,5-dimethyl-4-[(1E)-3-methyl-1,3-butadienyl]-1-oxa-
spiro[2.5]octane, S-(9-thiabicyclo[3.3.1]non-6-en-2-yl are commeft for both populations. These components
have acaricide, antitussive, expectorate effect, as well as anxiolytic, antidepressant, antioxidant, growth stim-
ulating properties. Concentration of major components is higher iniplants growing in harsher edaphic condi-
tions. Comparative analysis of essential oil of Ferula foetida growingiin Iran, Turkey and Kazakhstan shows
differences in the composition. The differences are causedgby the elimatic conditions. The results of the stud-
ies may further be used for standardization of the raw materials.
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Introduction

Aromatic plants and essential oilgfwere used for millennia in medicine, cosmetics and perfumery. It is
believed that therapeutic properties afiessential oils as treatment-and-prophylactic drugs are not fully studied.
However, huge experience of using Separate essential oils as inhalator and antifungal remedy, was accumu-
lated in literature and applied medigine. Many oils are capable of reducing arterial pressure. They are effec-
tive at treatment of hypostases, theumatism, inflammations, skin and other diseases.

Synthesis and accumulation of separate classes of biologically active agents in wild-growing herbs are
mostly defined by climatic conditions in the respective growth areas [1].

Therefore, comprehensive study of separate groups of plants, including composition of essential oils, is
critical for definitionyof"main spheres for their use as treatment-and-prophylactic drugs. It may as well in-
clude a number of sciengific tasks like studying of mechanism of synthesis of separate compounds in the raw
materials 4t different phases of growth and development, metabolism of separate compounds, developing
metheds forgheifiidentification and allocation. Widespread use of phytogenic products is caused by their bio-
logical activitygmild effect and less side effects compared to synthetic products [2].

The greatest number of essential oil plants leads to Apiacea families. Ferula L. genus is the largest ge-
nus of Apiacea family and contains more than 170 species, the majority of which is herbs. One of these
plantsyis Ferula foetida (Bunge) Regel, which is used in traditional medicine in Central Asia, China, Iran and
India since ancient time.

Ferula foetida is a very polymorphic species. The plant has a specific, unpleasant smell. It grows up to
2 m high, has a massive stalk of 5-8 cm in diameter at the basis. The leaves are 30-40 cm long, ternato-
pinnate. The flowers are yellow and form a spherical inflorescence [3].

The main medical component of Ferula foetida is rhizome latex [4]. Solidified latex of Ferula foetida
consists of resin (40-65 %), gum (12-25 %) and essential oil (5-20 %). Generally, the essential oil contains
organic sulfides, which give onion-garlic smell [5], and a-pinene, umbelliferone, coumarin and other com-
pounds [6, 7].
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Antioxidative, antimicrobial, antifungal, anti-diabetic effects have been revealed as a result of
pharmacological studies of this species [8, 9]. Therapeutic effect of medications based on the herbal raw ma-
terials is defined by a combination of all compounds contained in the plants: tannins, flavonoids, saponins,
terpenoids, vitamins, sesquiterpenes, coumarins and essential oil [8]. Therefore, assessment of essential oil
composition of useful plants is a vital and practical task at this time.

The purpose of the research is to assess the quantitative and qualitative composition of essential oil ob-
tained from the roots of Ferula foetida (Bunge) Regel growing on Mangyshlak peninsula.

Methodology

The raw material has been collected from natural places of growth on Mangyshlak peninsula in\arid
zone. The samples were collected in spring of 2014 during vegetation and full blossoming phase. “Collecting
and preparation (air drying) of raw materials and obtaining of essential oil (hydro distillation) were cartied
out by the standard techniques. The studied samples are named by their geographical placesiear the place of
collection of the raw materials. Characteristics of the collected samples are given in Table 1. The site map of
Ferula foetida growth area is shown on Figure 1.

Table 1
Characteristics of the collected samples

No. Local name Ontogenesis phase R cd commlnds
number
Vegetation 42-47
I |Tuyesy sands Blossoming 43
. Vegetation 31-45
2 |West Tynymbay Shoky hill Blossoming a7

Roots of the plants were ground, and a portion of 100Q,g 'sharp, has been measured for each sample. Es-
sential oil has been separated by hydro distillation methed with the use of Clevenger apparatus. Duration of
hydro distillation was 2 hours. The compounds wer@'identified by GC-MS method.

Definition of composition of the essential@il.was,carried out on Clarus-SQ 8 (Perkin Elmer) gas chro-
matograph with mass and spectrometer detector.

Preparation of essential oil sample:25 ‘mg of/Ferula foetida essential oil was placed in a measuring
flask with the capacity of 25 ml, dissolyediin 15 m! of hexane, brought to the tag, and mixed.

Chromatographic conditions: cdpillary‘@elumn Restek Rxi®-1 ms of 0.25 mm x 30 m x 0.25 microns;
sample volume: 1.0 mcl; gas camier\Hejgas carrier velocity is 1 ml/min., split ratio 1:25; column tempera-
ture: 40 °C, build-up — 2 °C/min*t0\2807°C, evaporator temperature is 280 °C; the mass and spectrometer
detector: t — 240 °C, EI+ £ 70ge V5 scanning time from 4 to 120 min; the mode of ions scanning: 39—
500 m/z. Percentage of the components was calculated automatically, proceeding from the areas of peaks of
the general ions chromatograni:-“The components were identified by the mass-spectrums and retention time,
with the use of thedNatienal Institute of Standard and Technology Library.

Results and discussion

Resulfs'ofithelstudies on composition of essential oil of Ferula foetida growing in two different ecolog-
icalgpopulations ©f Mangyshlak peninsula are reported in this article.

Naturahpepulations of Ferula foetida are widespread as a part of the East Mangyshlak geobotanical dis-
teict,4n the southern part of the peninsula. They grow on the fixed and semi-fixed sands of the loamy plains
ofMiddle and South deserts. Also, Ferula is spread in wormwood, saxaul, saltwort communities, often as a
co-dominant of spring communities.

Tuyesu sands are located in the south of Mangyshlak peninsula, close to Senek village, where Ferula is
involved in saxaul-ferula—sagebrush—psammophyte-shrubs associations. The relief has slides, hilly ridges,
and wavy fixed sandy massifs. The soils are sandy and sabulous, mostly non-saline or sub-saline. Tuyesu
sands have shallow fresh waters and potable top waters. Groundwater depth varies from 3—5 m to 41 m. The
thickness of watered eolian sand massif is around 5 m to 33.3 m.
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igure 1. Site map of Ferula foetida growth area (Mangyshlak peninsula)

y Shoky hill is located near Kunabay Mountain. Ferula foetida is observed in saxaul-ferula-
na-mugwort, sedge-artemisia terrae-albae-ferula associations. The region is significantly different
fromythe others both on mechanical makeup, and salinity of the soil. The sandy loam soil occurs at a depth of
30 cmy’low loamy — from 30 to 50 cm and mid loamy — from 50 to 100 cm. Salinity level is low from the
surface down to 50 cm, middle level — from 50 to 80 cm and high level — from 80 to 100 cm. Watering of
the region is extremely low. The plants take up liquid from atmospheric precipitation and shallow ground
waters with various salinity levels.

From 31 to 47 components were detected and identified in the examined samples, using the gas-
chromato-mass-spectrometry (GC-MS), which constitute 88.2-92.5 % of the whole essential oil. Ether oil of
Ferula foetida represents liquid of yellow color with specific garlic-onion-like odor which is caused by the
presence of sulphide compounds. Chromatogram of essential oil of Ferula foetida roots is given in Figure 2.
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Figure 2. Chromatogramm of essential oil of Ferula foetida roots

The main compounds of essential oil of Mangyshlak’s Ferula foetida plants are: 2¢5-diethyithiophene,
3,4-diethylthiophene, bulnesol, guaiol, caryophyllene oxide, myristicine, p-trans-cafyophyllene, a-pinene,
B-pinene, dimethyl trisulfide, B-cis-caryophyllene; p-cis-caryophyllene, a-capgophyllene, a-eudesmol,
B-eudesmol, 1-heptatriacontanol, B-eudesmene, 2-methylthieno[3.2-b]thiéphefie, &,5-dimethyl-4-[(1E)-3-
methyl-1,3-butadienyl]-1-oxaspiro[2.5]octane, S-(9-thiabicyclo[3.3.1]non-6=en-2-yl), elemicine and 2,5-di-
propylthiophene.

The composition of essential oil varies from sample to sample, except for the main components. The
structure of the main components is almost constant throughoutfall the samples. The quantitative content of
the main components is higher in West Tynymbai Shoky hill*populations, i.e. in plants growing in harsher
edaphic conditions. Presence of certain substances only in individual samples is caused by the fact that popu-
lation, and even individual plants, occur with significantly different'composition for this species or popula-
tion [10].

Thus, the obtained data show that composition ef essential oil from two populations of Mangyshlak
peninsula differs by the content of the main compefientsSComposition of essential oils can vary depending
on the age, growth phase and habitat.

Comparison of essential oil componentsvith'Species growing in various regions of Iran shows a signif-
icant difference in the qualitative and quaatitative content’of components both between species, growing in
Iran, and between species growing in different comfitries. Comparison results of gum resin, aerial organs and
essential oils composition in different,populations are shown in the Tables 2—4.

Table 2
The main components of dfan and\RPakistan Ferula foetida essential oil obtained from oleo-gum resin, %

Location
Components Larestan, Yazd province, Kerman, Isfahan, Darab moun-
Iran; Iran Iran Iran tain, Iran

20:3-23.9[11]]40.1-44.4[12]| 58.9[13] 22.1[14]

Pakistan

(E)-1-propenyl
sec-butyl disulfide
10-epi-y-eudesmol 15.1 [11]
(Z2)-1-Propenyl

N A4 27.7[11] 23.9-28 [12] 35.1[14]
Guaiol 3.1-5.5[12]
Carotol 1.6-5.1[12]
B-Pinene 1[15]
a-Pinene 12.2 [14] 21.4[15]
(£)-B-Ocimene 11.9[13]
(E)-B-Ocimene 9 [13]
Phelandrene 6.49 [16]
Propenyl

sec-butyl disulfide S1.9116]
Undecylsulfonyl
acetic acid

18.8 [16]
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Table 3

The main components of Iran and Pakistan Ferula foetida essential oil obtained from root, %

Location
Components Gonabad, Iran Tabas, Iran Mangl};silzlzllzhzcte:;nsula,
(E)-1-Propenyl sec-butyl disulfide 30.7 [17] 18.8[17]
10-epi-y-Eudesmol 12.7[17] 18.7[17]
(Z2)-1-Propenyl sec-butyl disulfide 12.4[17] 9.2 [17]
B-Pinene 0.1-1.0
a-Pinene 0.323.1
2,5-Diethylthiophene 1160-26.2
3,4-Diethylthiophene 8.5-35.3
Bulnesol 5.6-20.7
Guaiol 5.8219.3
Caryophyllene oxide 0.9—4y/
Myristicine 0.6—7.6
1-Heptatriacontanol 0.3-3.2
2,5-Dipropylthiophene 0.5-5.6
Elemicine 0.5-6.1
Table 4

The main components of Ferula foetida aerial organs growing in Iran and Turkey, %

Components

Aerial organs

Fruits

Leaves

Loecation

Kerman,
Iran

Turkey

Sari forest,
Iran

Neishabour
mountains,
Iran

Mount
Telesm,
Kerman-
shah, Iran

Kashana
region, Isfa-
han, Iran

No infor-
mation

1

2

5

6

7

1-Methylpropyl (1E)-
prop-1-en-1-yl disulfide

32.8[18]

o-Pinene

11.3 [18]

59.9 9]

3.4[21]

1.7 [22]

12.8 [23]

1.5 [24]

Germacrene B

5.5 [18]

B-Pinene

13:5,[19]

6.2 [23]

Limonene

3.2[19]

Bornyl acetate

2.1[19]

2-Methyl-5-
(1-methylethyl)

18.2 [20]

o-Bisabobol

10.4 [20]

Arsinetriethyl

8.7 [20]

Cyclopropa[a]naphthaleng
octahydrotetfamethyl

6.6 [20]

trans-2-Undegén-d--ol

17.3 [23]

Thymol

10.9 [23]

Dodecanal

Spathulenol

B-Eudesmol

1.9 [22]

v-Elemene

32.2[23]

Eremophilene

31.3[24]

0-Cadinene

22.0 [24]

Longiborneol

12.1 [24]

Dehydroaromadendrene

39.7 [24]

Isoledene

36.4 [24]

1-Gurjunene

3.9 [24]

j-Guaiene

3.5 [24]

Ledenoxid

1 [24]
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Continuation of Table 4

1 2 3 4 5 6 7 8
trans-Caryophyllene 1[24]
a-Gurjumene 1[24]
2-j-Pinene 0.2 [24]
(E)-1-Propenyl
sec-butyl disulfide 53.8[21] | L1[22]

(Z)-1-propenyl
sec-butyl disulfide 35.6[21] | 5.9[22]

Chemical composition of essential oils obtained from Ferula foetida oleo-gum resin of twe, different
sites in the central part of Iran, Yazd and Tabas, were identified in 2008. 39 substances were adentified 1 the
essential oil, which included 77.7 % (Tabas) and 72.4 % (Yazd) of sulphur-contaifitng compounds;
monoterpene hydrocarbons (2.8 and 3.4 %), sesquiterpene hydrocarbons (4.6 and 7.3 %); oxylene hydrocar-
bons sesquiterpenes (6.3 % and 12.4 %)[12].

Sefidkon et al. assert that the main component of Iran Ferula foetida essential oilgs (E)-13propenyl sec-
butyldisulfide (58.9 %) which might be responsible for the positive properties of.the essential oil, such as
insecticidal, repellent (scaring insects) effect [15, 5]. Meanwhile, this componént was not,detected in the
samples of the populations growing in Mangyshlak peninsula. However, other components, which were not
previously identified, have been revealed: 2,5-diethylthiophene (1190-26.2 %) ‘and” 3,4-diethylthiophene
(8.5-35.3 %), which feature acaricidal activity and are used for treatment of animal¥scab [25].

The following basic components were also identified in @ssential oilyef Ferula foetida growing in
Mangyslhak: bulnesol (5.6-20.7 %), guaiol (10.6—-19.3 %). Cencentration of the other components detected
in all the samples was below 2 %.

Properties of the identified components are diverse; thusbulnesol and guaiol feature anti-tussive activi-
ty, while bulnesol and a-cadinol (detected only in bloomingdsamples of the plants growing westwards
Tynymbay Shoky hill) feature expectorative activity.

B-Caryophyllene is effective in treatment of anXicty and ‘depression since it possesses anxiolytic and an-
tidepressant properties. This terpenoid is also contained in cannabis and is linked to one of the two canna-
binoid ceptors — CB, — the ones that are impacted bysmarihuana, and thus does not lead to euphoria [26].
Myristicine is responsible for psychoactive effectsy Duting metabolism, the components are aminating,
which turns them into the centralized! actiVegamphetamine derivatives. In the course of amination,
Myristicine gives MMDA — a well-known entactogenic compound acting similar to ecstasy. Pinenes are
used in perfumery, and more seldom—= as lacquer and paint solvents. Pinenes are well sensed by insects and
act as important regulator of theifighemical communication. Eudesmol features antioxidant activity.

Dimethyl-trisulphide confers alspecific garlic-onion-like odor upon the plant and is used as a flavoring
agent and food supplements: Endésmol features antioxidant activity. Triacontanol features high biological
activity and influencesgplant growth by increasing assimilation of carbon dioxide and improving the photo-
synthesis. It allows a plant t@\acquire more nutritive agents from the environment, which leads to enhanced
growth of the planflandiincreases the yield. Minimal concentrations manifest the maximum effect [27].

Moreovergin thejstudied samples we have identified such materials depicted in samples of the plants
growing in_otherieountries as: a-pinene, B-pinene, epi-y-eudesmol, B-eudesmol, germacrene B, a-bisabolol,
d-cadinen€, Psfrans-caryophyllene, guaiene. Concentration of these materials in the root resin of Ferula
foéfida, growing in Mangyshlak was lower by more than 10 % compared to plants growing in Iran.

Composition analysis of ether oil exuded from oleo-gum resin, roots and leaves of Ferula foetida from
diffefent areas of Iran and Turkey reveals differences both, in qualitative and quantitative indicators.

Thus, composition of Ferula foetida essential oil differs both, by number of determined components,
and by'their quantity within one population as well as between the populations. This can be caused by natural
and climatic conditions and by other genetic factors [3, 24].

Conclusions

Two different populations of Ferula foetida collected from loamy and sandy massifs on Mangyshlak
have been analyzed. 47 compounds out of 48, comprising 91.5 % of the total components, were identified in
the oil by GC-MS. Essential oil components of two populations — Tuyesu sands and Tynymbay Shoky
hill — differ through growing phase. 2,5-Diethylthiophene, 3,4-diethylthiophene, bulnesol, guaiol,
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myristicine, a-pinene, caryophyllene oxide, 2,5-dipropylthiophene, elemicin, 1-heptatriacontanol, B-trans-
caryophyllene, B-cis-caryophyllene, a-caryophyllene, B-pinene, dimethyl trisulfide, a-eudesmol; B-eudesmol,
B-eudesmene, 2-methylthieno[3.2-b] thiophene, 5,5-dimethyl-4-[(1E)-3-methyl-1,3-butadienyl]-1-oxa-
spiro[2.5]octane, S-(9-thiabicyclo[3.3.1]non-6-en-2-yl are constant components for both Mangyshlak popu-
lations. These components have acaricide, antitussive, expectorate effect, as well as anxiolytic, antidepres-
sant, antioxidant, growth stimulating properties.

Concentration of major components is higher in plants growing in harsher edaphic conditions. Compar-
ative analysis of essential oil of Ferula foetida growing in Iran, Turkey and Kazakhstan shows differences in
the composition. The differences are caused by the climatic conditions.
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M.C. CarsiagsikoBa, A.A. Umanbaesa, E.M. Cyneiimen, M.1O. NmMypaToBa

Manrpiiak tyoeringe ecetin Ferula foetida (Bunge) Regel >pup,MaiibiHbIH
XHMHSJIBIK KYpPaMbl MeH KacueErepi

AnyaH Typ:ni (hapMakoJIOTHsUIBIK KacueTTepi Oap cacwlk Kypail (Ferula foetida) Nepisik eciMairi 3epTTenreH.
Esxenri noyipen Oacran ¢epyna xaiblK MeJUIHACKIHAA SpTYpIL emgdepae (Opraibik Asust, Mpan, Keirai,
YuzicraH) KellibIMa, jkapa, icik, Mepes, TyOepKyse3, KypbiCynap, ecipik, acka3zaH-illleK KOJIapbIH eMIey
YIIiH, cOHAaif-aK Mapa3nuTKe Kapchl Kypasl peTiHje KoiIAaHbuIAs MM aHFbMaK TYOeTiHIH eki Typii casisl
JKOHE KYMJIBI TIOMYJIALMSIIAPBIH/IA TapaliFaH CachlK KypanabiH@(hup MalbiHbIH KypaMbl aHbIKTanFaH. ['a3/ibl-
XpOMAaTo-Macc—CHEKTPOMETPHsl dAICIMEH TyTac Mail KOCHIHABICBEHBIH, 91,5 % KypalTeiH 47 KOMIIOHEHT
TaOBUIBIN, aHBIKTaNFaH. Tylecy Kymzaapsl MeH ThIHBIMOQMMIIOKH! TOOEMIIriHiH OaThic OeiriHgeri momys-
nsUIapabiH 2up Maiibl Keneci KOMIIOHEHTTEPiH JKYPaMbIMEH \epekiieneHeni: Tyilecy MOmysIusICHIHBIH
GapJbIK YITIIepAiH KypaMblHIa TUMETHITPUCYIbGU, o-KapuodumieH, B-oBaecmeH, 2-metiaTueno[3.2-b]-
tuoden, 5,5-numernn-4-[(1E)-3-metnn-1,3-0yranuenun]-1-0xcacrupo[2.5]okraH, an TeiHBIMOAH HMIOKBIHBIH
Gatbic Gemirinaeri GapibIK YAriiepaiH KypaMbriia 2;S=mupomirnoder u S-(9-tnabuiukio[3.3.1]HoH-6-
eH-2-w1)3TaHTHoaT Oomysl. bBipak exi [ momynmsfmusurapablH  Gapiiblk  YIITiNEpiHiH KypamblHIa  2,5-
mTanTHodeH, 3.4-mudTHnTHOdeH, OYNIHHe307, ABaifon, KapHOQIUIEH OKCHI, MHPUCTHULIWH, [-trans-
kxapropmuien 6ap. Omap KeHe >KOMFBIL, >KOTEATE Kapchl JKOHE KaKBIPBIK TYCIpeTiH OelceHiTiKTepiMeH,
JeTIpeccusiFa  JKOHE Ma3achl3BIKKa KApChl KOJJAHBUIATHIH KacHeTTepiMeH epekmeneHexi. Herisri
KOMIIOHEHTTEP/IiH KOHLICHTPALMACHE bI3Fapibl >1adHKAIbIK JKarJaiilapia eceTiH eCIMIIKTepICeH >KOFaphbl.
Upan, Typkus xone Kasaw€ranfa oCeriH cachlK KypaiapiH 3(up MaillapbIHBIH CAJBICTBIPMAIIBl TaIAAYbI
KJIMMATThIK JKaFlaiapEa,0aiNaHBICTH S(GUpP MallapbIHBIH KYPaMBbIHIAFbl ailbIpMaIIbUIBIKTap/Ibl KOpCeTe .
Bonamakra 3epTrey HITVKeAE1 HUIIMKI3aTThl CTAHAAPTTAY YIIiH KOJJaHyFa O0mabl.

Kinm cesoep: >duppMaiisl, caChlk Kypai, nopimik ecimamikrep, Manrpmuiak, ['’X-MC, aya paifpl, Kyprak
alimax, mambip/

M. CampiaasikoBa, A.A. Umanbaesa, E.M. Cyneiimen, M.1O. NmmypaToBa

Xumiideexknii coctaB u cBoiicTBa 3pupHoro macia Ferula foetida (Bunge) Regel,
Npou3pacTawileid Ha MoJyocTpoBe MaHIbIILIAK

H3ydeHo nekapcTBEHHOE pacTeHue (Qepyna BOHIOYAss, KOTopas 007afaeT MIMPOKUM  CIIEKTPOM
(apmaxonornyeckux cBoicT. C apeBHEHIINX BpeMeH (epynia NMpUMEHsUIach B HAPOJHON MEIHLMHE pa3-
myHbIX rocyaapetB (Mpane, Kurae, Unnun) u Cpenneit A3un Aist 1e4eHHs YeCOTKH, 3a)KUBJICHUS paH, OIly-
XoJel, cudumca, TyoepKyesa, CyIopor, HCTEPUH, KTy IOYHO-KUIIEYHOT0 TPAKTa, a TaKXKe KaK IPOTHBO-
napasurapHoe cpeacTBo. VcciemoBaH coctaB 3(UpHOro Macia Qepynsl, MPOHM3pacTaOIed B IBYX
Pa3IMYHBIX HOMYJSIIUAX MOIYyOCTpOBa MaHIBIIUIAK — Ha CYTJIMHUCTBIX M IECYaHBIX MaccuBax. MeTomoM
ra3o-XpoMaro-Macc—CIeKTPOMETPUH HICHTHQHIUPOBaHO 47 BemecTB, COCTAaBISFOMMX 91,5 % oT cymmbl
HeJbHOro Macnia. D(UpHOe Macio momyisiuuid nmeckoB Tyilecy M 3amajHee BO3BBIIICHHOCTH THIHBIMOAit
IIOKBl OTJIMYAIOTCS IO COACPKAHUIO: AUMETWITPUCYIbOUI, o-KapuodmuieH, P-3BIecMeH, 2-MeTHII-
tueHo[3.2-b]tuoden, 5,5-mumernn-4-[(1E)-3-metun-1,3-6yraanennin]-1-okcacnupo[2.5]oktan  BO  Bcex
obpasuax momysuun Tyidecy u Hamuuue 2,5-munponuntuodena u  S-(9-tuabunukiio[3.3.1]HoH-6-eH-
2-WIT)3TaHTHOATa BO BCEX 00pa3lax IOIYJIAIH 3alajHee BO3BBIIEHHOCTH ThIHBIMOal moKel. OIHAKO It
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HHX MPHCYIe Hanuuue 2,5-mustuntruodena, 3,4-auatuiarnodena, OynpHe3omna, reaifona, KapuoQuIIeHOKCH-
Jia, MUPUCTHULIMHA, PB-frans-kapuoduiuieHa, 00JaatomnX akapuLiJHON, NPOTUBOKAIIICBOH M OTXapKUBAIO-
el aKkTUBHOCTBIO, @ TakKe AHKCHOIMTHYECKHMH U aHTHJETPECCAHTHBIMM cBoMcTBamu. KoHIeHTpanus
OCHOBHBIX KOMIIOHEHTOB BBIIIE Yy PpAacTeHHUH, pacTymux B Ooiee CypOBBIX 3Ja(UUecKHX YCIIOBUSX.
CpaBHHTENbHBI aHAaMM3 S(QUPHBIX Macell (epylsl BOHIOUEeH, mpomspacratomeii B Hpame, Typrum u
Kazaxcrane, mokasplBaeT pasiU4uUsi B COCTaBE I(PUPHBIX Macel, KOTOPHIE BBI3BaHBI KIMMATHYECKIMHU
YCIOBHSIMH. Pe3ynbTaTel McciieoBaHMil B manbHeHIIeM MOTYT OBITH MCHOJB30BaHbBI ISl CTaHIAPTH3ALNN
CBIPBSL.

Kniouesvie cnosa: sbupHoe Macno, ¢epyna BOHIOUas, JeKapcTBeHHbIe pacTeHus, Manremniak, ['X-MC,
KJIMMaT, apuiHas 30Ha, CMOJa.
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