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[MonbiHe o0HonemHsas (Artemisia annua
L.) - mpasaHucmoe o0HonemHee pacmeHue,
ucnosb3yemoe 8 HapoOHoU meduyuHe Kumas
6osee 08yx moicay iem. B 70-x 200ax 20 eexka
u3 Haod3emHol Yacmu 3mo20 8uda 6bi1 8bl-
OesleH cecKk8UmMepneHosbIli IAKMOH apme-
MU3UHUH. Ha ce200HAWHUU OeHb 3mo camoe
3hhekmusHoe cpedu U38eCMHbIX Npupoo-
HbIX U CUHMemuyecKux coeouHeHul sekap-
CmeeHHoe cpedcmaeo 018 Jie4YeHUA Manapuu.
Lensto uccnedosarus asusnca 063op uHgop-
Mayuu, cooepxaujetic 8 OMKpbIMbIX UCMOY-
HUKax, 0 KOMNOHeHMHOM cocmase 3(hUPHO20
Macsaa nosbiHU 00HosIemHel U cnekmpe e20
apmakonozuyeckoli akmugHocmu. Memo-
Obl. VlccnedosaHue nposoousiocb C UCNOsIb-
308aHUeM UH(OPMAYUOHHO-NOUCKOBbIX
(PubMed, ScholarGoogle), 6ubnuomeyHubix
6a3 daHHbix (eLibrary, Cyberleninca), a makxe
pe3ysibmamos cobcmeeHHbIX UCc/1e008aHUU.
Pe3ynemamel. YcmaHoesieHo, Ymo Kpome
ceckeumepneHoBbIX JIdKMOHO8 HA03eMHasA
4yacme NOJILIHU OOHO/IeMHeli CO0epXXUm 3Ha-
yumesibHOe KOJIUYeCMBO 3(hUPHO20 MAc/a.
S¢pupHoe macso pacmeHus codepxum 6o0-
nee 120 KoMNOHEeHMo8, OMHOCAWUXCA K pas-
JIUYHbIM K1aCCaM NPUPOOHbIX coeduHeHU.
M3yyeHue OUHAMUKU HaKonseHus 3¢upHO20
Macsia 8 mpase noJsibIHU 00Ho/lemHel NOKa-
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Artemisia annua is a herblike annual plant
which has been used in Chinese folk medicine
for more than 2,000 years. In 1970-s sesquit-
erpenic lactone of artemisinin was isolated
from the above-ground part of this plant. To-
day it is the most efficient known natural and
synthetic compound for malaria treatment.
The purpose of the study was to review the
data from the open sources about a compo-
nent composition of Artemisia annua essen-
tial oil in the spectrum of its pharmacologi-
cal activity. Methods. The study was carried
out using information and searching sources
(PubMed, ScholarGoogle), library data bases
(eLibrary, Cyberleninca), as well as the results
of our studies. Results. We have established
that aboveground part of Artemisia annua
have a significant amount of essential oil
apart from the sesquiterpene lactones. Essen-
tial oil contains more than 120 components,
which belong to different classes of natural

compounds. The study for dynamics of the
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3a710, Ymo 8 (hazy bymoHu3ayuu cooepxxaHue
Macsaa 8 mpase 3Ha4umesibHO 8o3pacmaem,
0ocmuzas MAakcuMasabHo20 3Ha4eHuUA 8 ¢hasy
usemeHus. [lpu oOaneHeliwem pazsumuu
pacmeHus npoucxooum oopesecHeHUe cme-
61eli (ocobeHHO 8 HUXHell yacmu) u codep-
XaHue 3¢pUpHO20 MAC/IA 8 HUX CHUXAemcs.
KauecmeeHHbIU cocmas u KosuvyecmeeHHoe
cooepxaHue omoesibHbIX KOMNOHEeHMOo8 8a-
pbupyem 8 3asucuMoCmu Om 3K0J1020-2€0-
epachuyeckux akmopos, ¢haswl pazsumus
pacmeHut, mexHo/102UU 8bIPAWUBAHUS, CNO-
coba cywku u m.o. MzsecmHvle ¢hapmakono-
2uyecKue uccne0o8aHuA 3¢pupHo20 Macsia no-
JIbIHU 0OHOleMHell Xapakmepu3sylom e20 Kak
nepcnekmMueHbIl UCMOYHUK 014 paspabom-
KU HOBbIX GHMUMUKPOOBHbIX J1eKapCmeeHHbIX
cpedcma. K momy e, Kak nokasasau npoese-
OEHHble UCC1e008aHUA, NO MOKCUYHOCMU
OHO MOXem 6bImb OMHeCeHo K 6 Kaccy no
knaccugpukayuu K. Cudoposa — «OMHOCU-
mesibHO 6e38pedHble sewecmaa». 3aKio-
yeHue. [IpogedeHHbIli HaMU aHanu3, ume-
IOWUXCA 8 OMKPLIMOM UHGHOPMAYUOHHOM
odocmyne, Mamepuasos nNo U3y4YeHuto 3¢up-
HO020 MAcs1a noJibiHU 00HO/IeMHel, a Makxe
pe3ysibmamel cO6CmMeeHHbIX UCC/1e008aHuUU,
8 MOM Yucsie hUMOXUMUYECKUX, N0380/1AI0M
Xapakmepu308amb 3¢upHoe Macsio NosbIHU
O00HO/leMHel KAk nepcnekmusHbil Uucmoy-
HUK 014 paspabomku HOBbIX AHMUMUKPOO-
HbIX JIeKapCmeeHHbIX cpedcma.

Kmoyeeswle cnoea: nosibiHb 00HO/IEMHSS,
Artemisia annua, 3¢oupHoe macso, apmemu-
3UHUH, GHMUMUKPO6HAA aKmugsHOCMb

BBenenue. IlepBoe onucanue MOJIBIHA
oJTHOJIETHEeN — Artemisia annua L. ObLI1O
caenano B Kurae u otHocutcs k 168 rony
1m0 H.3. CommacHO OOHApY>KEHHBIM peler-
TaM, PaCTEHHE UCIIOJIb30BAJIU MIPH JICUCHUU
52 Gose3Hel, B TOM YUCIE TP JTUXOPAJIKE
1 03HOOe.

Kuraiickoe Ha3BaHue — 1 1% — qinghao,
KOTOPOE€ OY€Hb YacTO MPUBOAUTCSA B 3a-
naJHOW HAayyHOU JUTeparype ISl MOJbIHU
OJTHOJIETHEH, Ha CaMOM JieJie OTHOCHUTCS K

essential oil accumulation in the Artemisia
annua herb showed that the amount of oil
in the herb rises significantly during budding,
reaching maximum value in blossom. Quali-
tative composition and quantitative content
of certain components varies depending on
ecological and geographical factors, plant
growing phase, cultivation technology, dry-
ing methods etc. Well-known pharmacologi-
cal studies of essential oil of the Artemisia an-
nua characterize it as a prospective source for
the development of new antimicrobial me-
dicinal drugs. Besides, as the studies shown, it
can be related to the 6 class according to K.
Sidorov’s classification - “relatively non-haz-
ardous substances” Conclusion. The analysis
of the open sources on the study of essential
oil of Artemisia annua made by us, as well as
the results of our own studies, including phy-
tochemical studies allow characterizing the
essential oil of Artemisia annua as a prospec-
tive source for the working out of new antimi-
crobial drugs.

Keywords: Artemisia annua, essential oil,

artemisinin, antimicrobial activity

Introduction. The first description of
the Artemisia annua L. was found in China
and it dates back to 168 BC. According to
the recipes discovered, the plant was used
for treatment of 52 diseases including fever
and cold fit.

Chinese name — 5 & — ginghao, which
is often given for the Artemisia annua in
western literature, in reality belongs to tradi-
tional Chinese drug, which includes several

5



DOI: 10.19163/2307-9266-2016-4-4-4-33

Dapmayus u papmaronoeus T. 4 Ne 4, 2016

TPAJULIMOHHOMY KHUTAlCKOMY JIEKapCTBEH-
HOMY CPE/CTBY, B COCTaB KOTOPOTO BXOJUT
HECKOIbKO pacTeHuid. COCTaBHYH 4acThb
3TOTO JIEKapCTBa — TPABY MOJIBIHU OJJHOJIET-
HEel KuTalibl Ha3eBaroT “huanghuahao”.

Ponunoii pacrenust sisnsiercs Kurail. B
€CTECTBEHHBIX YCIOBUAX OHA BCTPEYAETCA B
CTEIHBIX (PUTOIIEHO3aX CEBEPHBIX PETHOHOB
Kuras na Bbicote 10 1000-1500 M Hag ypos-
HeMm Mops# [1]. OTaenbHbIe K3eMIUIPBI 00-
HapYKUBAJIUCh Pa3IMYHBIMU HUCCIIE0BATE-
JsiMA BIUTOTH 10 3600 M Ha/1 ypOBHEM MOPSI.

[TonbIHb OTHONETHSIS HATYPAIN30BaIaCh
BO MHOTHX CTpaHax, BKJIIouas ApPreHTHHY,
bonrapuro, ®@panuuro, Benrpuro, Pymsi-
umio, Wranuio, Wcnanuio, CoeanHeHHbBIE
[ITater, FOrocnaswuto [2].

[IIupoko BcTpeuaercs, B KayecTBE 3a-
HOCHOT'O PacTEHUs, BCIOAY [0 YMEPEHHBIM
pernonam mupa. [Ipouspacraer mexny 30°
FO’)KHOM 1 60° CeBEpHOM IIMPOTHI.

B Poccum npupomneie nmomyssiuAu
BcTpevatoTcs Ha Kaskase, B Cubupu, Cpen-
Hel Asum u [Ipumopckom kpae. B npyrux
pEermoHax OMUCAHO KaK 3aHOCHOE.

[IpeanounTaer OTKPBITHIE COJTHEYHbIC
MEeCTa, HO MOXET TaK)Ke PacTd U TPH JIET-
KOM 3aT€HEHUHU.

KynsruBupyercst nosiblHb OJTHOJIETHSS B
bpaszunuu, Kamepyne, D¢uonuu, Nuaum,
Kennn, Mozambuke, Tanzanuu, Tainanze,
Vranpae, 3aMOuu.

B npombinuieHHOM Maciitabe ChIpbe
(TpaBy) BBIpalIMBarOT Takxke B Adranucra-
He, ABctpanuu, Upane n Typuun [3].

[TonbiHb OAHONETHSS MOJTYy4YUsIa HIUPO-
KyI0 U3BECTHOCTH OJilarofiapsi BbIJCIICHUIO
U3 €€ HAJA3EMHOM YacTH CECKBUTEPIICHO-
BOT'0 JIAKTOHA — apTEeMHU3UHUHA — Haubosee
AKTUBHOTO CPEJIM BCEX MPUPOJHBIX U CUH-
TETUYECKUX MPOTUBOMAISIPUMHBIX COEIIU-
HeHuit [4, 5].

5 okta0ps 2015 roma kutasHka IO
Ty nonyunna HoGeneBckyio mnpemMuio 1o
MEAUIIMHE 32 OTKPBITUE JIEKApCTBa OT Ma-
aapun, exerogHo yousaromen 400-500
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plants. An ingredient of this plant — grass of
Artemisia annua — is called “huanghuahao”
in China.

China is the motherland of this plant.
Naturally it can be encountered in steppe
phytocenosis of the North regions of Chi-
na at the height up to 1000-1500 m above
sea level [1]. Certain examples were found
by different researchers up to 3600 m above
see level.

Artemisia annua was naturalized in many
countries, including Argentina, Bulgaria,
France, Hungary, Romania, Italy, Spain, the
United States, and Yugoslavia [2].

It is widespread as a foreign plant ev-
erywhere in moderate regions of the world.
It grows between 30° of South and 60° of
North latitude.

In Russia natural populations are met in
the Caucasus, Siberia, Middle Asia and Pri-
morski Krai. In other regions it is described
as foreign.

It prefers open sunny places, but can also
grow in small shadows.

It is cultivated in Brasilia, Cameroon,
Ethiopia, India, Kenia, Mozambique, Tan-
zania, Thailand, Uganda, and Zambia.

It is also cultivated in Afghanistan, Aus-
tralia, Iran, and Turkey with industrial effi-
ciency [3].

Artemisia annua gained wide popularity
owing to the secretion of a sesquiterpenic
lactone artemisinin from its aboveground
part. It is the most active substance among
all natural and synthetic antimalarial com-
pounds [4, 5].

On October 5, 2015 Chinese scientist Tu
Youyou received a Noble prize in Medicine
for the discovery of drug against malar-
ia which kills 400 — 500 mIn people every
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MJIH. 4enioBeK. Bee Hauanocs B 1967 rony
¢ nporpammbl («IIpoekta 523») momoriu
OpaTCKOMY BRETHAMCKOMY Hapoay, MHUIIU-
upoBaHHOM Mao L[331yHOM, B KOTOPOI OHa
ydacTBOBaJja.

Lenp mporpaMmel cocCTOsila B HEBO-
€HHOIl momomu Hapony BeerHama, cpa-
xaBuiemycss npotuB arpeccun CHIA. B
JOKYHTJIAX, TA€ Pa3BEPHYJIOCh IIHPOKOE
NapTU3aHCKOE IBUKEHUE, OT MAJISIPUU COJI-
JaThl yMUpPAJU Yyalie, YeM OT MYJIb.

IO Ty uszyuuna IpeBHUE TEKCTHI, U3
KOTOpBIX cobOpana okoso 2000 perentos
HETPAJUIMOHHOTO JICYEHUS] MaJspuul B
Kwurae. 3 Hux ona BeiOpana 380 u kaxablii
IPOTECTUPOBAJIA HA MKUBOTHBIX. ONBITHI
MpUBENH €€ U IPYTUX KUTAUCKUX YUEHBIX,
3aHUMAaBIINXCS 3TOM MPOOIEMOit, K OTKPbI-
TUro apremusnHuHa. [lo nanubiM Beemup-
HOI1 OpraHu3aly 31paBOOXPAHCHU S, HAUU-
Hast ¢ 2000 roga, ¢ MOMONIBIO MPEMAPATOB
Ha OCHOBE apTEeMU3WHHMHA MPOBEICHO 0O0-
aee 1 MIIpa. KypcoB JI€UeHU s, CIIOCOOCTBO-
BaBIIMX [M0OE/Ie HAJl MaJgpuell B HECKOJIb-
Kux cTpaHax. CerogHs apTeMU3UHUH U €r0
MPOU3BOJHBIE — OCHOBHBIE JIEKAPCTBEHHbIC
CpelCTBa JJis JIEYEHUs] 3TOro 3aboseBa-
HUA [6].

Haunnasi ¢ OTKpbITUSI apTEeMU3UMHUHA,
Pa3HBIMH HCCJIEIOBATEILCKUMU TPYIIaMU,
IIPEXJIE BCEro KUTAHCKUMH, IPOBOAUIOCH
CHUCTEMAaTUYECKOE XHUMHUYECKOE H3yUYCHHUE
noaviHu oOHonemueti. [IpakTudecku Bce op-
raHbl U YaCTH PACTEHUS, BKJIOYAS JINCThS,
cTeOaM, IBETKH, KOPHU U CEMEHa CTaJH
oObeKTaMu I3THX uccienoBanuil. Nzyya-
JUCh TaKKe BEIIeCTBA CUMOMOTHYECKOTO
MPOUCXOKJCHUS. BONBIIMHCTBO W3 HUX —
MPOJYKThI, TaK Ha3bIBAEMbIX, SHI0(PUTOB
MOJIBIHU OJTHOJIETHEH [7].

Ha ceromusiimanii feHp W3 IIOJBIHU OJI-
HOJIETHEH BBIJICTICHO U UACHTH(PUITUPOBAHO
6onee 300 mpUPOAHBIX COEAMHEHUN. ITO
TepHEHOUAbl (MOHO-, CECKBM-, TpUTEpIIE-
HOW/JIBI, CTEPOUIbI), (heHOIBHBIE (IIPOCTHIC
(dheHonbl, KyMapuHbl, (PIABOHOUIBI) U TIO-

year. It has started in 1967 with a helping
program (Project 253) to Vietnam people,
initiated by Mao Tse-tung, where she par-
ticipated.

The program’s purpose was non-military
help to the Vietnamese people who fought
against USA aggression. In jungles, where
there was a massive partisan movement,
soldiers died of malaria more often than of
shots.

Tu Youyou studied ancient texts, from
where she gathered about 2000 recipes of
non-traditional malaria treatment in Chi-
na. She selected 380 out of them and tested
everyone on animals. The experiments led
her and other Chinese scientists who were
occupied with this problem to the discov-
ery of artemisinin. According the data of the
World Healthcare Organization, beginning
with 2000 more than 1 bln treatment courses
against malaria with drugs on artemisinin ba-
sis have been provided in several countries.
Today artemisinin and its derivatives are the
principal drugs for this disease treatment [6].

Started from the discovery of artemis-
inin, different researcher groups, mainly
Chinese, have been implementing system-
atic chemical studies of Artemisia annua.
Practically all organs and parts of the plants
including leaves, stalks, flowers, roots, and
seeds were the objects of these studies. They
also studied substances of symbiotic origin.
The majority of them were products of so-
called endophytes of Artemisia annua [7].

Today, more than 300 natural compounds
have been isolated and identified from the
Artemisia annua. These are terpenoids
(mono-, sesqui-, triterpenoids, steroids),
phenolic (simple phenols, coumarines, fla-

7
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JUALETUIICHOBBIE COCTMHEHUS, aTKaJIOU bl
u JIp.

Henabo uccienoBanus sBUICS 0030p
nH(pOpMaLIUU, COEPKAIIEHCS B OTKPBITHIX
HUCTOYHHUKAX, O KOMIIOHEHTHOM COCTaBe
3(GUpPHOrO Maciia TOJBIHU OJHOJICTHEH U
crieKTpe ero (hapMaKoJIOTHIEeCKON aKTUBHO-
CTH.

Metonbl. HccnenoBanue  mpoBOIM-
JOCh C HCIIONB30BaHUEM WH(OPMAIIMOH-
Ho-niorckoBbiXx (PubMed, ScholarGoogle),
OombnuoTeunblx 0a3 maHHBIX (eLibrary,
Cyberleninca), a Takxe pe3yabTaToB C00-
CTBEHHBIX MCCJIEIOBAHUH.

PesyabTarsl. DdupHOE Macio pacre-
HUSI KCTOJB30BAJIOCH B PAa3HBIX CTpPaHaX
JUTSI TPOU3BOICTBA JyXOB, B KOCMETHUECKHUX
CpeICTBaX, MpPU apoMaTepanuu, B JIHKE-
PO-BOIOYHOM NIPOMBIIIIIEHHOCTH [8§, 9].

B 3aBucumoctu ot reorpaduyeckoro
npoucxoxkaeHus: no gaHHeiM G.Bagchi ¢
COaBTOpaMM BBIXOJ] Macjia M3 HaJI3eMHOI
yactu koneobnercs ot 0,04% o 1,9% (B me-
pecuére Ha aOCOOTHO CyXoe ChIphE). JIu-
CThS 3pEJIbIX PACTEHUI MPU OTTOHKE Macia
masam 0,14-0,32%, a comserust — 0,35—
0,42% »dupHoro macna (B mepecuére Ha
cBexee ceipbé) [10]. H.-Woerdenbag u mp.
YCTaHOBUJIU, 4TO €ro BbIxos [11] cocTapisin
0,3—4,0% (B mepecuére Ha CyXoW Bec) s
pacTeHul, BBIPALIEHHBIX U3 CEMSIH KUTAu-
ckoro npoucxoxaenus, u 0,4—1,4% st coI-
pBbs, TIOJIYYEHHOTO U3 CEMSIH BbETHAMCKOTO
IIPOUCXOKICHUSI.

Brrxon a¢upHOTO Macia u3 TpaBbl 1O-
JBIHA OJHOJICTHEH, MPOU3pACTAIONIECH B
Bonrapumn, Obul M3MepeH Ha pa3IUYHBIX
CTagusX poCTa pacTeHuU. MakcumanbHOE
3HaueHue (0,86% B nmepecuére Ha CyXO€ Chl-
pr€) OBUIO MONYyYEHO Ha CTAJUU TOJIHOTO
uBetreHus [8].

Conepxanrie >(puUpHOTO Macia B Hal-
36MHOI 4acTH MOJIBIHU OJIHOJIETHEH, KYyJb-
TuBUpyeMon B lpane, B TedyeHue craguu
[BETEHUS CYIIECTBEHHO M3MEHSIOCH [12].
B nauane nserenus ono cocranisiiao 0,97%
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vonoids) and polyacetylene compounds, al-
kaloids etc.

The purpose of the study was to review
the data from the open sources about a com-
ponent composition of Artemisia annua es-
sential oil in the spectrum of its pharmaco-
logical activity.

Methods. The study was carried out
using information and searching sources
(PubMed, ScholarGoogle), library data bas-
es (eLibrary, Cyberleninca), as well as the
results of our studies.

Results. Essential oil of the plant was
used in different countries to produce per-
fumes, cosmetics, for aroma therapy, alco-
holic beverage industry [8, 9].

Depending on the geographic origin, in
accordance with G.Bagchi with co-authors,
the oil run out from the aboveground part is
between 0.04% and 1.9% (in terms of ab-
solutely dry raw materials). After oil refine
leaves of mature plants gave 0.14%-0.32%,
and inflorescences gave 0.35%-0.42% of es-
sential oil (in terms of fresh raw materials)
[10]. H.-Woerdenbag and others determined
that its run out [11] amounted to 0.3-4.0%
(in terms of dry weight) for plants, grown
out from the Chinese seeds, and 0.4-1.4%
for raw materials obtained from the Viet-
namese seeds.

Essential oil run out from the Artemisia
annua grass which grows in Bulgaria was
measured in different stages of the plant
growth. Maximum value (0.86% in terms of
dry raw materials) was obtained on the full
blossom stage [8].

The content of essential oil in the abo-
veground parts of Artemisia annua, culti-
vated in Iran significantly changed during
blossom [12]. In the beginning of blossom
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(B mepecuéTe Ha CyXO# Bec), B CTAAHIO MOJ-
Horo nBeTeHus — 1,23%, a B KOHIIC IIBETE-
Hust — 0,87%. 13 39 KOMITIOHEHTOB, KOTOpPbIE
ObUTM MACHTU(DUIIMPOBAHBI HA Pa3IMYHBIX
CTaausiX pocTa B d(PUPHBIX Maciax pacte-
HUH, 32 KOMIIOHEHTa OOHAPYKEHBI B HAYaJIe
IBETEHUSI, 35 — MPH MOJTHOM IIBETCHUU U 34
— B KoHIle ¢a3bl. MoHOTepIieHbl TIpeodiia-
Ty B TeueHue Bcero 1eereHus (69,96%;
72,44% u 70,96%), comepkaHue K€ cCe-
CKBUTEPIICHOB JIUIIb HE3HAYUTEIHLHO BO3-
pactaio k koHiy ¢assl (18,56%; 18,84% u
20,83%).

[maBHBIMEM KOMIIOHEHTaMH Maclia B
Mporiecce IBETCHHS SIBISUTHCH Kamdopa
(48,00%; 43,50% u 36,75%), 1,8-umHEON
(9,39%; 13,90% u 12,00%), cmaryneHon
(4,89%; 3,73% u 4,50%) u apremusust Ke-
TOH (2,68%:; 3,37% u 5,45%).

ABTOpBI JI€NIAIOT BBIBOJ, YTO C TOYKHU
3pEeHMs] KaueCTBEHHOI'O COCTaBa 3()UPHOTO
Macja, HEeT CYIIECTBEHHOTO 3HAUCHHUs, B
KAaKOW MepUoj LIBETEHUS €ro Mojy4darb, HO
M0 KOJMYECTBEHHOMY COJIEPKaHHUIO0 Macia
B PacCTEHUSX, HAMTYUIITUM BpeMeHeM cbopa
CBIPbSI SIBJISIETCSA MEPUO]T TTOJIHOTO IIBETCHUS
pacTeHUN.

UccnenoBanus Haa3eMHOM YaCTH MOJTBI-
HU onHoJieTHeH, npouspacrasueil B CCCP,
OTIPENIETUIN CoAepKaHue d(PUPHOro Macia
B npenenax 0,12—-0,9% [13, 14].

N3ydyennem MaccoBOM J0JIA, KAYECTBEH-
HOTO COCTaBa M KOJIMYECTBEHHOTO COMEp-
JKaHUS KOMIIOHEHTOB 3(UPHOTO Maciia W3
HaJ3¢MHOM YacTU MOJBIHU OJHOJICTHEH,
npouspacraronied B KpbiMy, yCTaHOBIIEHO,
YTO 9TU MMOKA3aTeIN BaphbUPYIOT B 3aBUCH-
MOCTH OT MecCTa Mpou3pacTaHusi u (a3sl
Bereranuu pactenuii [15]. MaccoBas gomnst
a¢upHOTrO Macia B MepecuéTe Ha ChIPOH U
CyXOH BeC COOTBETCTBEHHO IO ¢azaMm Be-
reTalMyd COCTaBWJIa B MEPUOJ OTpaCTaHUs
0,17% (0,49%), Oytonmzamuu — 0,12%
(0,27%), maccoBoro muBetenus — 0,88%
(2,56%) m cospeBanusi cemsH — 0,42%
(0,78%). OCHOBHBIMH COEIUHEHUSIMHU U3

it amounted to 0.97% (in terms of a dry
weight), during the full blossom — 1.23%,
and at the end of blossom 0.87%. From 39
components, which were identified at dif-
ferent growth stages in essential oils, 32
components were found in the beginning
of blossom, 37 were found in full blossom,
and 34 at the end of the phase. Monoter-
penes were in dominant throughout the
whole blossom period (69.96%; 72.44%,
and 70.96%), the content of sesquiterpenes
insignificantly raised by the end of the phase
(18.56%; 18.84%; and 20.83).

Camphor  (48.00%; 43.50%, and
36.75%), 1,8-cineol (9.39%; 13,90%; and
12.00%), spathulenol (4.89%; 3.73% and
4.50%) and Artemisia ketone (2.68%;
3.37%, and 5.45%) were the main compo-
nents of the oil in blossom.

The authors make conclusion that from
the point of qualitative composition of es-
sential oil there is no significance, in what
blossom period it is obtained, but according
to the quantitative content of oil in plants,
full blossom period is the best.

The studies of aboveground parts of
Artemisia annua, which grew in USSR de-
termined the content of essential oil within
0.12-0.9% [13, 14].

Study for a mass share, qualitative com-
position, and quantitative content of essen-
tial oils components from the aboveground
part of Artemisia annua, which grows in
the Crimea, established that these index-
es vary depending on the place of growth
and vegetation phase of plants [15]. Mass
share of the essential oil in terms of raw
and dry weight corresponding to the vege-
tation phases amounted to 0.17% (0.49%)
in growing period, 0.12% (0.27%) in bud-
ding, 0.88 (2.56%) in mass blossom, 0.42%
(0.78%) in seed gestation. Ketone (24.38-

9
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55 KOMIIOHEHTOB >(PUPHOTO Maciia Ha MPO-
TSOKEHUU BCEH BereTaluu pacTeHus: ObLIN
apremMusus ketoH (24,38-47,97%) u kam-
dopa (16,44-22,56%). HecoorBeTcTBUE
KaueCTBEHHOIO COCTaBa U KOJIMYECTBEH-
HOTO COJIEP>KAHUSI OTIEIbHBIX KOMITOHEH-
TOB 3(UPHOTO Maciia MEXAY IMOJyYCHHbI-
MU pe3yJIbTaTaMU M JAHHBIMH JTUTEPATYPBI
aBTOPHI CBS3BIBAIOT C PA3IUYHBIMHU T10Y-
BEHHO-KJIMMAaTUYECKUMH U IKOOMOJIOTHYE-
CKHMU YCIIOBUSIMU TPOU3PACTAHUSI UCCIIe-
JIOBAaHHBIX PACTEHUM MOJIBIHU OHOJIETHEH.

UccnenoBanue AMKOPACTYIIETO ChIPbA,
MIPOBEJIEHHOE B APreHTHHE, 1I0Ka3ajo, 4To
conepkanue 3(PUPHOTO Maclia B JIUCThAX
MOJIBIHM OJIHOJIETHEW (70 LIBETEHHUS) CO-
crapinsiet 16% (!). [Ipu a3Tom ucnonb3oBa-
Csl METOJ MOJIEKYJIIPHOM NUCTUIUIALMU, a
cOOp KOMIIOHEHTOB Macja MPOU3BOIMICS
npu temneparype — 78°C u naBinenuu | Mm
pT. cT. [16]. OCHOBHBIE KOMIIOHEHTHI Macia
— xamdopa (29,0%), 1,8-muneon (18,4%),
apremu3usi ketoH (8,3%), o-TepnuHEONT
(7,6%).

O¢dupHOE MacCIO MOJBIHU OJHOJETHEH
HAKaIJIMBACTCSl B HAUOOIBIIIEM KOJTHYECTBE
B JINCTBSIX U IBeTKax. B Benrpuu, PymeI-
HUU U bonrapuu 3TOT BUJ MOJIBIHU HIUPO-
KO MPOM3PACTACT KaK COPHSK, a d(puUpHOE
Macjo OrpaHMYEHHO MCIOJIb30BAJIOCh B
napproMepru M Kak aHTHOaKTepuaIbHOE
[17]. B BeHrpum KyapTHBHUPOBaHHUE IIO-
JIBIHU OJTHOJICTHEM B KaueCTBE HMCTOUYHMKA
3(UpHOro Macia Mokaszajio, 4YTo B CTaJUIO
MIOJTHOTO IIBETEHUSI BBIXOJI €r0 JOCTUTAIT
2040 xr/ra [18]. UccnenoBanusimu 00J1-
rapcKuX y4eHbIX YCTaHOBJIEHO, YTO BCE Ya-
CTH pacTeHUs coepkaiu dPUpHOe Maco,
HO MakcuMMallbHasi KoHueHTpauus (3,2% B
BO3/YLIHO-CYXOM ChIpb€) OOHApYKHBaIACh
B (pa3y nmonHoro 1iBeteHus [ 19]. B mpouecce
KYJIbTUBUPOBAHUS U CEJICKIIUU TOJIBIHU OJI-
HosetHewt B YkpCCP miis nmonydenus s¢up-
HOTO MacJia UCTIOIb3yeMOro B mapdromepun
ero BeIxox coctaisii 111 kr/ra [20]. B 6o-
Jee MO3AHUX U OoJiee IeTalbHbIX dKCIEepH-
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47.97%) and camphor (16.44-22.56%) were
the principal compounds out of 55 essential
oil components during the whole vegeta-
tion. Non-compliance of qualitative com-
position with quantitative content of certain
essential o1l components between the results
obtained and the literature data is connected
by the author with different soil, climatic,
and ecobiological conditions of the growth
of the plants under study.

The study of wild growing raw mate-
rials, conducted in Argentina, showed that
the content of essential oil in leaves of Arte-
misia annua (before the blossom) amounted
to 16% (!). At that, they used the method
of molecular distillation, and the oil com-
ponents gathering was done in 78°C and
pressure of 1 mm of mercury [16]. Camphor
(29.0%), 1,8-cineol (18.4%), Artemisia ke-
tone (8.3), a-terpineol (7.6%) were the prin-
cipal components of the oil.

Essential oil of the Artemisia annua ac-
cumulates mainly in leaves and flowers. In
Hungary, Romania, and Bulgaria this Ar-
temisia type is widespread as a weed, and
essential oil was limitedly used in perfum-
ery and as an anti-bacterial agent [17]. In
Hungary cultivation of Artemisia annua as a
source of essential oil showed that its run out
at the stage of full blossom reached 20-40
kg/ha [18]. Studies of Bulgarian scientists
established that all parts of the plant had es-
sential oil, but the full blossom phase had its
maximum concentration (3.2% in air-dried
materials) [19]. While cultivation and selec-
tion of Artemisia annua in Ukrainian SSR
for essential oil obtainment which was used
in perfumery, its run out amounted to 111
kg/ha [20]. Later and more detailed experi-
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MEHTax ObLIO MOATBEPKACHO, UTO d(HUPHOE
MacJjo, TIaBHBEIM 00pa3oM, CKOHIIEHTPHUPO-
BAHO B JIUCThSIX U LIBETKaX B a3y LIBETCHUS
[21]. JIump HUYTOXKHO Malible KOJIMYEeCTBa
Macia oOHapy>KMBAJIUCh B INIABHOM CTeOIIE,
OOKOBBIX BETBSAX U KOPHsIX [22].

R.Kelsey u F.Shafizadeh cooGmmnmm, uro
35% moOBEpXHOCTH 3PEIIOTO JTUCTA MTOKPHITHI
KeJNE3KkaMu, KOTOPBIE Colepk aT OOJbIITNH-
CTBO MOHOTEPIIEHOB U CECKBUTEPIIEHOB.
[Tpuuém 36% obmero xommuecTBa dHup-
HOTO Maclla COAEPKUTCS B BEPXHEN TpeTH
mucta, 47% — B cpenneit Tpetu u 17% — B
HIDKHEH Tpetu [23].

BripanmuBanue OIHOTO W3 KyJbTHUBA-
POB TOJILIHKM OJ{HOJNIETHEH (Artemisia annua
cv. Jeevanraksha) B okpecTHOCTSIX TOpona
Jlakxnay (Muaust) BTeuenue tpéx et (1997—
1999 rr.) nmokazayo, 4To B CTaJUI0 Berera-
TUBHOTO POCTa CoJiepKaHue 3pupHOTO Mac-
Jla B BEPXHEW 4aCTH PACTEHHUU CYIIECTBEH-
HO Hmke (0,2%), yeM B CTaAHMIO MOJIHOTO
userenus (1,2%) [24].

S.Kohlmunzer omnpenenwi, 4to B JH-
CThSIX TOJBIHA OJIHOJIETHEH, UCCIETOBaH-
HBIX UM 00pa3IoB, conepkanue 3PUpHOTO
Macia coctaBuiio 1,29% [25].

HUccnenoBanue  TpE€X  KyJBTHBApPOB
Artemisia annua L., BbIpaleHHbIX B Ipo-
BuHIuu [yitwxkoy (Guizhou) Kuras [26]
MoKa3ajio, 4To BbIXOJ 3(pHUpHOro Macia u3
Cyxux JnucTheB coctasnsger 1,21%, 1,23%
nu 1,18% cooTBEeTCTBEHHO. XHUMHUYCCKHUE
KOMITOHEHTBI 3(UPHOr0 Maciia ObLIM Mpo-
aHanusuposanbl ¢ nomoueo I'X-MC. Ka-
YECTBEHHBIN COCTaB A(UPHBIX Maced BCeX
00pa31oB coBIajal, HO COACPKAHUE HEKO-
TOPBIX KOMIIOHEHTOB B HHUX CYIIIE€CTBEHHO
BapbUPOBAJIO. DTU PA3IUUMsl, KaK CUUTAIOT
aBTOPBI, CBA3aHbBI C BIUSHUEM MUKPOCPEIBI
Ha OmocuHTE3 d(PUPHOTO Maciia PacTeHHI.
OTHOCUTENbHOE CcOfepKaHue KaM{Qophl,
amopda-4,11-nquena, nuc-sepOeHona, rep-
MakpeHoB B u D u (-)-cnaryneHona oco-
O0eHHo BapbupoBaio. IlomoOHBIE H3MEeHe-
HUSl, KaK CUUTAIOT UCCIIEIOBATEIH, CBSI3aHbI

ments proved, that essential oil was mainly
concentrated in leaves and flowers in blos-
som [21]. Negligibly small amount of oil
was found in the main stalk, side branches,
and roots [22].

R.Kelsey and F.Shafizadeh reported that
35% of the mature leaf are covered with
glandules, which contain the majority of
monoterpenes and sesquiterpenes. While
the upper third of a leaf has 36% of the
whole essential oil, middle third has 47%,
and lower part has 17% [23].

Cultivation of one of the variety of Ar-
temisia annua (cv. Jeevanraksha) in the out-
skirts of Lakhnau (India) within three years
(1997-1999) showed, that the content of
essential oil in the upper part of plants in
vegetative growth was significantly lower
(0.2%), than in full blossom (1.2%) [24].

S.Kohlmunzer determined that essential
oil in the leaves of Artemisia annua amount-
ed to 1.29% [25].

Study of three varieties of Artemisia an-
nua L., grown in Guizhou province of China
[26] showed that the run out of essential oil
from dry leaves amounted to 1.21%, 1.23%,
and 1.18%, respectively. Chemical com-
ponents of the essential oil were analyzed
using GC-MS. Qualitative composition of
all samples of essential oils coincided, but
the quantity of some components varied
significantly. Authors believe that these dif-
ferences are connected with the influence
of microenvironment on the biosynthesis
of essential oil of the plants. Content ration
of camphor, amorph-4,11-diene, cis-verbe-
nol, germacrenes B and D, and (-)-spathu-
lenol varied especially. Authors believe,

11



DOI: 10.19163/2307-9266-2016-4-4-4-33

Dapmayus u papmaronoeus T. 4 Ne 4, 2016

C T€M, YTO BCE€ 3TH COCIUHEHUS] WIU UX
4acTh MpeoOpas3yroTcs APYyT B Apyra B Ipo-
1ecce OMOCUHTE3a U CYIIECTBEHHBIN BKJIA]I
B YINpPaBICHUE JTHUM IMPOIECCOM BHOCHUT
XapakTepHasi JJi MPOU3PACTAHUS KaKIOTO
KyJabTHBapa MuKpocpena. [lo ux MueHuto,
OMOCHHTE3 apTeMHU3UHMHA TIO0 CYIIECTBY
cBs3aH ¢ amopda-4,11-gueHom, mpucyr-
CTBYIOIIUM B A(UPHOM Macje pPacTCHUS,
YTO COBIIQJA€T C BBIBOJAMU HEKOTOPBIX
JIpyrux ucciuenosareneit [27, 28].

XUMUYECKU CcOCTaB 3(pHUPHBIX Macell,
MOJTyYEHHBIX U3 JICIECTKOB, JIUCTHEB U CTE-
Orell Ha CTaJ UM LBETEHUS KYJILTUBApPOB I10-
JIBIHU OJTHOJIETHEH copra Jwarharti, ObLT mpo-
aHanm3upoBaH ¢ nomoieio [KX-MC [29].
Nnentudurmporansl 86, 77 u 63 coenauHe-
HHUS COOTBETCTBEHHO. OOHapyXKeHbl O0JIb-
[IMe pa3Inyusl MEXKIY 3TUMH TpeMsi Maclia-
MM, KaK [0 KaYeCTBEHHOMY COCTaBY, TaK U IO
KOJIMYECTBEHHOMY COZEP>KAHUIO OTHEIbHBIX
KOMIIOHEHTOB. JIermecTkn W JMCThsi OOrarh
MoOHOTeprieHaMu. B adupHOM Macrie crebneit
npeobnananmy  ceckBureprieHsl.  Kamdopa,
UICHTU(QHUIIMPOBAHHAS B 2(pUpHOM Macie u3
JIMCTHEB, OTCYTCTBOBAJIA B JICTIECTKAX.

bonee mectunecstTd MHAMBUAYATHHBIX
KOMIIOHEHTOB ObUTH OOHApyXeHbI B 3up-
HBIX MacjiaX CEJIEKIIMOHHBIX (popMm pacTte-
HUsl ipu KyapTuBUpoBanuu [30]. [Ipu aTom
apTeMu3usi KETOH B KyJbTHBApax KHUTAii-
CKOM CEJEKIIMH COCTaBIsLI 68,5% oT o0mie-
ro 00bEma, MOJTYyYEeHHOTO U3 HUX 3(PHUPHOTO
Macna [30]. B kynbTuBapax BbETHAMCKOMU
JIMHUW 3TO COCIMHEHHE JMOO HE OOHapy-
»knuBaiock [11], 1ubo cocrapisaao He3HAYH-
TeabHbIe KoaudecTa (4,4%) [31].

Pactenus, Beipamennsie B Hupepnan-
JlaX U3 CEMSH KUTaMCKOTO U BbETHAMCKOTO
MIPOUCXOXKJCHHUS, CYUIECTBEHHO pa3jinya-
JIUCh TIO CojAiep KaHuI0 d(PUpHOrOo Macia u
[JIaBHBIX €r0 KOMIOHEHTOB. Tak, B KUTal-
ckoM macie (Beixoq — 4,0% B nepecuére Ha
CyXo# Bec) mpeolnaaaiu apTeMU3us KeTOH
(63,9%), apremusueBbiii crupt (7,5%),
mupueH (5,1%), a-rBaiien (4,7%) u kam-
12

the changes like these are connected with
the fact, that all compounds or their part is
transformed into each other while biosyn-
thesis and characteristic for every variety
microenvironment makes a significant con-
tribution into this process management. In
their opinion, biosynthesis of artemisinin is
connected with amorpha-4,11-diene, which
is found in the essential oil of the plant. This
corresponds to the conclusions of other re-
searchers [27, 28].

Chemical composition of essential oils
from the petals, leaves, and stalks at the blos-
som stage of Artemisia annua Jwarharti was
analyzed using GLC-MS [29]. 86, 77, and 63
compounds were identified respectively. Big
differences between three oils were found in
qualitative composition, as well as in quanti-
tative content of certain components. Petals
and leaves are rich in monoterpenes. Essen-
tial o1l of stalks had dominant sesquiterpenes.
Camphor, identified in essential oil of leaves,
was not found in petals.

More than 60 individual components
were found in essential oils of selection
forms of plants while cultivation [30]. At
that Artemisia ketone in varieties of Chi-
nese selection amounted to 68.5% of all the
essential oil volume, obtained from them
[30]. In varieties of Vietnamese line, this
compound was not discovered [11], or was
insignificant (4.4%) [31].

The plants which were grown in the
Netherlands from the seeds of Chinese and
Vietnamese origin differed significantly
by the content of essential oil and its main
components. So, the Chinese oil (run out —
4.0% in terms of dry weights) had the Ar-
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dopa (3,3%). BeerHamckoe mMacio (BBIXOA
— 1,4% B nepecuéte Ha Cyxod Bec) cofep-
’ajo B HauOoJbIIEM KoJInyecTBe kamdpopy
(21,8%), repmakpen D (18,3%), a-kapuo-
dumnen (5,6%), Tpanc-a-hapuesen (3,8%)
u 1,8-umneon (3,1%) [11].

B 1995 r. E.Hethelyi ¢ coaBropamu,
orpenensisi KOJMYECTBEHHOE COACpIKaHHE
3QUpHBIX Macel B 85 WHJIMBHIyaIbHBIX
pacTeHUsIX TOJBIHU OTHOJIETHEH, coOpaH-
HBIX OKOJIO bymamemira, yCTaHOBWIIH, 4YTO
oHo konebnerca mexay 0,48-0,81% [32].
[1aBHBIE KOMIOHEHTHI Maciia U3 CBEXKUX
LBETYLIUX [T0OETOB — apTeMu3us KeToH (33-
75%) u apremusueBbii cnupt (15-56%).
YeTtbIpe pa3IMyHBIX XEMOTHUIIA ObLTN UJICH-
TU(QUIUPOBAHBI  CPEIM  HCCIICIOBAHHBIX
pacTeHuii:

—41% oco0el comeprkan apTeMu3us Ke-
ToH (75%) n apremusuensiii criupt (15%);

— YMCHBIIIAIOIICECS OTHOIICHUE apTe-
MU3HSI KETOHA M yBEJIIMYUBAIOIIEECS OTHO-
IIEHUE apTEeMHU3UEBOTO CIUPTa OOHApyKe-
HO Yy 38% ocobeli;

— apremu3sus ketoH (50%) u apremusue-
BbIi criupT (45%) (14% ocoOeit);

— apremu3us ketoH (33%) u apremusue-
BbIil ciupt (56%) (7% ocobeit).

Ilonvinb 00HONEemMHAs, BBIpAllleHHAs B
Nunun, conepkana B 3¢pupHOM Macie ap-
Temusust keToH (58,8%), kamdopy (15,8%),
1,8-ttuneon (10,2%) u repmakpen D (2,4%)
KaK TJIaBHBIC KOMIOHEHTHI. [IpomeHTt ap-
TeMu3usi ketoHa Obul Menble (52,3%), a
1,8-imreona 6ompine (13,1%) B pacTeHUsIX,
BBIpAILIEHHBIX B 001acTu ['nmanaes.

[aBHBIMU COETMHEHUSMU IPUPHOTO
Macja TOJBIHU OJHOJETHEW, MO JaHHBIM
Pa3ITUYHBIX aBTOPOB, SBJISIIOTCS apTEMU3HS
keToH, 1,8-mmmHeon u kamdopa. [NKX-MC
MCCJIeIOBAaHUS TTOKA3au IPUCYTCTBUE OKO-
710 200 coenuHeHN.

Haubonpiiee copepxaHue apTeMusus
KeTOHa OBLIO OTMEYEHO B A(UPHOM Macje
pacrenuii u3 bonrapum (80,9%), Kwuras
(63,9%) u CIIA (63,1%) [3].

temisia ketone (63.9%), Artemisia alcohol
(7.5%), myrcene (5.1), a-guaiene (4.7%),
and camphor (3.3%) as dominant. Viet-
namese oil (run out — 1.4% in terms of dry
weight) had the biggest amount of camphor
(21.8%), germacrene D (18.3%), a-caryo-
phyllene (5.6%), trans-a-farnesene (3.8%)
and 1,8-cineol (3.1%) [11].

In 1995 E. Hethelyi with co-authors, de-
termining the quantitative content of essen-
tial oils in 85 individual plants of Artemisia
annua, gathered near Budapest, established
that it varies between 0.48% and 0.81%
[32]. Artemisia ketone (33-75%) and Arte-
misia alcohol (15-56%) were the principal
components of the oil from fresh sprouts in
blossom. Four different chemotypes were
identi-fied in the plants under study:

— 41% of species contained artemisia
ketone (75%) and artemisia alcohol (15%);

— decreasing relation of artemisia ke-
tone and increasing relation of artemisia al-
cohol was found in 38% of species;

— artemisia ketone (50%) and artemis-
1a alcohol (45%) (14% of species);

— artemisia ketone (33%) and artemis-
1a alcohol (56%) (7% of species).

Artemisia annua cultivated in India con-
tained artemisia ketone (58.8%), camphor
(15.8%), 1,8-cineol (10.2%), and germac-
rene D (2.4%) as the main components of
the essential oil. Artemisia ketone percent-
age was lower (52.3%), and 1,8-cineol was
higher (13.1%) in the plants cultivated in
the Himalaya region.

According to different authors, artemis-
1a ketone, 1,8-cineol, and camphor are the
principal compounds of the Artemisia an-
nua essential oil. GLC MS studies showed
the presence of about 200 compounds.

The biggest amount of artemisia ketone
was found in the essential oil of plants from
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ConmepxaHue Mmaciia B BBICYIICHHBIX
KOpHSIX KyJIbTUBUpyeMoro B MHmuum copra
MOJIBIHA OJIHOJIeTHEN (Artemisia annua L.
cv. Jwarharti) cocraBuno 0,25%. Cpenu
UICHTU(UITUPOBAHHBIX 52 KOMITOHEHTOB
OCHOBHBIMH  OKa3aJIUCh YuUC-APTECAHHYH-
HOBBIN crupT (25,9%), (E)-B-dbapuesen
(6,7%), P-maamuen (6,3%), B-xapuodui-
neH (5,5%), kapuoduiuiena okeun (4,4%) u
2-pennnbenzanpaerun (3,5%) [33].

CpaBuutenbHOE n3ydenue [34] apupHbIx
Macell TOJILIHA OJIHOJICTHEH, IMOJyYeHHBIX
C TIOMOIIBIO CYNEPKPUTHUYECKON KHUIKOU
CO,-5KCTpaKkiuK ¥ BOIHOIAPOBON JHUCTHII-
JISIIAA, TT0KA3aJI0 3HAYUTEIIHHBIC Pa3IHdus,
KaKk B HX KOJMYECTBE, TaK M B COJEpXka-
HUM WUJICHTU(DUIIMPOBAHHBIX KOMIIOHEHTOB.
[DKX-MC anamuz CO-5KkcTpakra onpejie-
vl pucyTcTBUE 86 coenrHeHuil. [ 1aBHbI-
MU cpenu HUX ObutH: 8,9-nmerunpo-9-gop-
MUJT-ITUKIIOU30JIOHTU(DOJIEH (18,22%),
5,8,11,14,17-s1k0o3arIeHTaHOBOM  KHUCJIOTHI
meTwioBbld  3hup (8,39%). B adupnom
MacJie, OJy4eHHOM TPaTUITMOHHBIM CIIOCO-
ooM, uaeHtudumpoBaHo 61 coenuHeHue.
Ero raBHbIe KOMITOHEHTHI — 1,3-0€H301MOK-
con, 4-merokcu-6-(2-nponenmn) (24,28%),
2-mmknorekcen-1-om (17,47%). Kak cuura-
IOT aBTOPbI MCCJIEOBAHUS, HCIIOJIb30BaHHE
CO,-3KCTpaKIMK TO3BOJIAET MOMYYHTH 0O0-
JIee TOJTHOE M BCECTOPOHHEE MPE/ICTaBICHHIE
0 XUMHUYECKOM COCTaBe 3(hUPHOTO MaCIIa Mmo-
JIBIHU OJIHOJIETHEH 0 CPaBHEHHIO C TpaJiu-
[IMOHHBIM METOJIOM JTUCTHJUISIINH.

Uccnenoranus D. Polichuk ¢ coasTopa-
MU TIOKa3ajJu MPUCYTCTBUE B dPHUpHOMAC-
JVYHBIX JKEIE3KaxX TOJBIHU OHOJCTHEH
cnenuUIHON U HUX aJKOTOJIBICTHIPO-
reHa3bl, KOTOpas y4acTBYyeT B MpoIlleccax
OKUCJICHHSI CTUPTOB (aPTEeMHU3UEBBIN CITUPT,
O0pHEOJI, KapBEOJ) MOHOTEPIIEHOBOM (Ppak-
1 Macna [35].

OMuccHUS  HEKOTOPBIX  KOMITOHEHTOB
3(UPHOTO Maciia MOJIBIHU OJTHOJIeTHEH (Ha-
npumep, (—)-p-muHEeHa) HOCHUT ITUPKATHBIN
xapakrep [36].
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Bulgaria (80.9%), China (63.9%), and USA
(63.1%) [3].

The content of oil in the dried out roots
of the Atrtemisia annua cv Jwarharti culti-
vated in India amounted to 0.25%. Cis-ar-
teannuin alcohol (25.9%), (E)-B-farnesene
(6.7%), B-mallein (6.3%), B-caryophyllene
(5.5%), caryophyllene oxide (4.4%), and
2-phenylbenzaldehyde (3.5%) were among
52 identified components [33].

Comparative study [34] of essential oils
of Artemisia annua, obtained with oversu-
percritical liquid CO_-extraction and wa-
ter-steam distillation showed significant
differences in their quantity as well as in the
content of the identified components. GLC
MS analysis of CO -extract determined
the presence of 86 compounds. 8,9-dehy-
dro-9-formil-cicloisolongifolen (18.22%),
5,8,11,14,17- eicosatetraenoic acid’s meth-
yl ether (8.39%) were the principal among
them. 61 compounds were identified in
the essential oil obtained by the tradition-
al method. Its main components included
1,3-benzodioxole, 4-methoxi-6-(2-prope-
nyl) (24.28%), 2-cyclogexen-1-0l (17.47%).
In some authors’ opinion the use of CO_-ex-
traction allows obtainment of a bigger and
comprehensive idea about the chemical
composition of essential oil of Artemisia
annua in comparison with the traditional
method of distillation.

The studies of D. Polichuk with co-au-
thors showed the presence of specific alco-
hol dehydrogenases in essential oil glands
of Artemisia annua, which participate in
the alcohol oxidation (artemisia alcohol,
borneol, carveol) monoterpene fraction of
oil [35].

Emission of some components of Ar-
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A.Ahmad u L.Mishra [37] onpenenwy,
YTO pacTeHUs, KyJIbTUBUPOBAHHbIE B Iie-
pUOJ 3UMHETO Ce30Ha B CyOTpomHMuecKoit
ceBepHorl MHauum, comepxaiu B KadyeCTBE
OCHOBHBIX KOMIIOHEHTOB 3(UPHOTrO Macia
apTeMu3usi KeTOH MU B MEHBIINX KOoJuYe-
ctBax 1,8-muHeon u kamgopy. Pacrenus
MOJILIHM  OJTHOJICTHEH, BBIPAIlICHHBIE U3
TEX K€ CEMSIH B JIpyroe Bpems rojaa (ce3oH
JOXKIeH), UMENH HWHOM COCTaB 3(UPHOTO
Macia. OHM B HauOONbUIEM KOJIHYECTBE
conepkanu kamdopy, kamQpeH, apTeMusu-
eBblil cnupTt, repmakped D u 1,8-muneon.
B nucteax xoHueHtpanus kamdopsl Oblaa
caMOil BBICOKOW BO BpeMsi OyTOHHU3AIIMH,
HO yMeHbIanach B ¢asy mneTeHus. M3me-
HEHHME BPEMEHM MOCAJKH PaCTEHUU, Kak
cyuTaroT aBTOpHI [ 10], ABISLIIOCH OCHOBHOM
IIPUYMHON U U3MEHEHHUI Ka4€CTBEHHOIO CO-
CTaBa M KOJIMYECTBEHHOTO COJIEPKAHUS OT-
JIENIbHBIX KOMIIOHEHTOB. MI3MeHeHue cocra-
Ba 3(hUpHOTO Macia MOIBIHU OHOJICTHEH B
3aBUCUMOCTH OT KJIMMaTH4YEeCKUX (haKTOPOB
OBLJIO YCTAaHOBJIEHO paHee U B JIPYTHX HC-
ciaenoBanusx [31, 38, 39].

OnbITHl IO MOCAAKE PACTEHHUM TMOJBIHU
OJTHOJIETHEH B pa3Hble MeCsIbl roja Mmoka-
3aJIM, YTO BBIXOJl Maclia U3 HaJA3eMHOU ya-
ctu konebaics ot 0,5 no 1,6%. Kamdopa
SIBIISJIACh TJIABHBIM KOMITOHEHTOM BO BCEX
uccienoBaHHbIx  oOpasmax. 1,8-Lluneon
OBLT BTOPBIM 1O 3HAYUMOCTH MPAKTUUECKHU
BO Bcex oOpasliax, 3a HCKIIIOYEHUEM TeX,
KOTOpble ObUIM TIEpecakeHbl B HIOHE. B
HMIOHBCKUX 00pa3liax BTOPBIM MO COfepIKa-
HUIO KOMITOHEHTOM OblIT [-KapuoduiiceH.
[IponieHTHOE Conepx aHue IPYTUX BEIIECTB
TaKXe€ U3MEHSJIOCh B 3aBUCUMOCTH OT Bpe-
MEHHM BbICaJIku pacteHun [40].

OgHO W3 TOCIEOHUX MCCIEeIOBaHUN
5(UPHOTO Maca MOJIBIHU OHOJIETHEH 00JI-
rapcKUMH yu4eHbIMHU [41] 0OHApYKHIIO B €r0
COCTaBe TPUJLATh MIECTb KOMIIOHEHTOB.
[maBHBIE CECKBHUTEpNEHBI — O-KapuoduI-
nen (24,73%), a-kyBeben (13,53%), a-ko-
naeH (7,42%), a-cenunen (8,21%), a cpeau

temisia annua essential oil (for example,
(-)-B-pinene) has a circadian character [36].

A.Ahmad and L.Mishra [37] determined
that the plants cultivated during winter in
subtropical North India contained artemis-
1a ketone as the principal component of the
essential oil, and 1,8-cineol and camphor
in less amount. Artemisia annua cultivat-
ed from the same seeds in another season
(rain season), had another composition of
the essential oil. They had more camphor,
camphene, artemisia alcohol, germacrene
D, and 1,8-cineol. Camphor concentration
in leaves was the highest during budding,
but got less in a blossom phase. Authors be-
lieve [10] that change of planting time was
the main reason for the qualitative compo-
sition and quantitative content changes of
certain components. The change of essen-
tial oil composition of Artemisia annua de-
pending on the climatic factors was estab-
lished in previous researches [31, 38, 39].

The experiments on Artemisia annua
planting in different months showed, that
oil run out from the aboveground part varied
from 0.5 to 1.6%. Camphor was the princi-
pal component in all samples under study.
1.8-cineol was the second significant com-
ponent practically in all samples, excluding
those planted in June. The June samples
had B-caryophyllene. Percentage of other
substances changed basing on the planting
time [40].

One of the last studies of essential oil
of Artemisia annua by Bulgarian scientists
[41] re-vealed 36 components. The principal
sesquiterpenes included a-caryophyllene
(24.73%), a-kuveben (13.53%), a-copaene

15
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MOHOTEPIIEHOB — apTeMU3HUs KeTOH (8,45%)
u kamdopa (3,61%).

CpaBHUBas MONTy4YEHHbIE PE3YJABTATHI C
JUTEPaTYPHBIMH JTAHHBIMU, aBTOPBI TIPUXO-
JISIT K BBIBOAY, YTO Treorpaduaeckoe MecTo-
MIOJIO’KEHUE OYEHB BIIMSET HA TUI U KOHIICH-
TpAaIMIO ITIAaBHBIX KOMIIOHEHTOB. HecMoTps
Ha HAOJI0/1aeMble KaYeCTBCHHBIC U KOJTNYEC-
CTBEHHBIC DPa3IN4Msl, TAKHUE€ KOMIIOHEHTBI
Macia, Kak kamdopa u apTeMusus KeTOH,
M0 WX MHCHUIO, TUIUYHBI IS TIOJBIHH
OJTHOJIETHEN M MOTYT CIIYXHUTh BEIlEeCTBa-
MU-MapKepaMu JiJIsl UIeHTU(UKAINN €€ ChI-
pbsl.

DKCIIEpUMEHTHI B OpaH)epee C yIpaBs-
asiembiM (poToriepuogom (ot 16/8 yacoB B
TeueHue 4 mecsues 10 8/16 yacoB B Teue-
HUE CJEIyIOUMX 2 MecsIeB), MpOoBeACH-
HBIE COTPYIHUKAMU WHCTUTYTa OOTaHUKH
Kwuraiickoit akagemun Hayk [42] moka3anu,
YTO OCHOBHBIMU KOMIIOHEHTaMHU 3(PHUpPHO-
rO Macja TMOJILIHK OJHOJIETHEH, BhIpaIleH-
HOM B TaKWX YCJIOBHSIX, SIBJISUTHCH: OOPHEOI
(15,9%), B-dapuesen (12,9%), repmakpen
D (10,9). Conepxxanue apreMususi K€TOHa
coctaisuio 0,069%, xamdopa OTCyTCTBO-
BaJja.

HeoObrunble pesynbrarhl ObUTH TOJY-
YeHBI KUTAUCKUMH HCCIIEAOBATEISIMU TIPH
[KX-MC ananuze o0OpasnoB 3¢pUPHOTO
Macia TOJIIHM OfHOJIeTHeW. B mporecce
U3yYCHUS WICHTU(DHUIIMPOBAHBI KOMITOHCH-
TBI, cocTasisgionme 98,9% ot Bcero o0bE-
Ma 3¢upHOro mMacina. [1aBHBIMU OKa3anuch
oucabdomoin (23,47%), bucabdonon oxcun B
(11,31%), tpanc-weponumon (10,04%) u
6ucabonon oxcun (6,27%) [43]. Panee 6u-
caboJI0JT U €T0 MPOU3BOIHBIC HE OOHAPYKH-
BaJIMCh B TAKOM KOJIMYECTBE B COCTaBE Mac-
Jla TOJIBIHU OJTHOJIETHEH.

OTHOCHTENIPHOE COACpXKAHUE OTTOHS-
E€MBIX C BOJSHBIM IApOM H30MPCHOUIOB
U JPYTUX JIETYUYHUX BEIIECTB B KYJIbTHUBA-
pax HoabIHU OOHONIemHeU, Pa3Iudaruux-
Cs KOIUYECMBOM JHCeNe3UCMbIX MPUXOM
Ha JUCMbAX, makdice ObLIO UCCIETOBAHO.
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(7.42%), a-selinen (8.21%), and among
monoterpenes — artemisia ketone (8.45%)
and camphor (3.61%).

Comparing the results obtained with the
literature data, authors made a conclusion
that geographic location influences a lot the
type and concentration of the principal com-
ponents. Despite the quantitative and qual-
itative differences observes, the oil compo-
nents like camphor and artemisia ketone, are
typical for the Artemisia annua in their opin-
ion and may serve as marker-substances for
identification of its raw materials.

Experiments in a conservatory with
controlled phytoperiod (from 16/8 hours
within 4 months up to 8/16 hours within
the next 2 weeks) conducted by the Bota-
ny Institute officers of Chinese Academy
of Sciences [42] showed the next compo-
nents of the essential oil to be the princi-
pal: borneol (15.9%), B-farnesene (12.9%),
germacrene D (10.9). Content of artemisia
ketone amounted to 0.069%, camphor was
absent.

Unusual results were obtained by the
Chinese researchers after GLC MS anal-
ysis of essential oil of Artemisia annua.
While studying they identified compo-
nents, which amounted to 98.9% of all
the volume of the essential oil. Bisabolol
(23.47%), bisabolol oxide B (11.31%),
trans-nerolidol (10.04%), and bisabolol
oxide (6.27%) were the principal compo-
nents [43]. Previously bisabolol and its de-
rivatives were found in the same quantity
in the oil of Artemisia annua.

Relative content of isoprenoids distilled
by the water vapor and other volatiles in
varieties of Artemisia annua, which dif-
fered by the quantity of glandular trichomes
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KynpruBap ¢ 60abp1mmm copepxaHueM orce-
JIe3UCMbIX mMpuxom TIOKa3all CoIep’KaHue
sa¢uproro macna 0,24% (B mepecuéte Ha
cBexee cbipbE). a-Ilunen (26,7%), nuHo-
kapBoH (15,8%) u apremusus keton (11,0%)
— TJIABHBIE €T0 KOMIIOHEHTHI. Beixom adup-
HOT'0 MacJa U3 JINCThEB «OE3KENE3UCTOr0»
KynbruBapa cocraBui 0,06% (B mepecué-
T€ Ha CBeXkee ChIpbE). MaKOpHBIMU KOM-
MOHEHTAMM 3TOro olpaslia SIBJISIIUCH Ce-
ckBUTEprieHouAbl — repmakpen D (49,8%)
u B-xapuodumnen (25,1%). Tombko onun
MOHOTEpIICH, [-omuMeH OBl OOHApYyXeH
B Macjié B HUUTOXXKHO MaJIbIX KOJIMYECTBaX
[44].

J.Simon ¢ coaBTopamu (1985-1986 rr.),
u3ydas BIMSIHHE TUIOTHOCTH TIOCAJKHU pac-
TEHUW ¥ HOPMBI MIPEIMTOCEBHOTO BHECCHHUS
B MOYBY a30Ta Ha YPOKAWHOCTH, YCTaHO-
BUJI, UTO CPEAHSIS TUIOTHOCTh MOCauku (55
555 pacrenwuii/ra) mpu J103¢ a30THOTO YIO-
Openust 67 kr/ra 7a€T HaUOOJBIIUNA BBIXO
CBIPbSl C €IMHUIIBI IUIOIIATU M, KaK Clel-
CTBHE, OONBIINI BBIXOA A(PUPHOTO Macia
(85 xr/ra) [21].

[Ipu sTomM Haubosiee TMPOAYKTHUBHBIMHU
OKa3aJTUCh PACTEHUS, BEICA)KCHHBIE B TIOJIC
B Mae " B UroHe. HezaBucuMo OT maThl ceBa
(27 ampens, 17 mas, 10 utons u 13 urons)
BCE€ PACTCHHS BCTYIUJIH B (Da3y I[BETCHHUS B
cepenuHe aBrycta. MakCMMaabHbIN BBIXOJ
3(UPHOro Macia U3 ChIphbsi HAOMIONAJNCS B
a3y moaHOro MBETEHUS (B CEpEAUHE CEH-
TAOPS).

OnbIThI, TPOBEEHHBIE B MOJEBBIX yC-
JOBUSIX, C AKCIMEPUMEHTAIBHO 3apakEH-
HBIMH PACTEHHUSMH TIOJBIHA OJHOJICTHEH
MO3BOJIMJIM YCTAHOBUTH BIUSIHUE ITO-
ro (akrtopa Ha UX pOCT, pa3BUTHE U CO-
nepxanue ocHoBHbIX rpynn BAC [45].
O6paboTka TOJIBIHK OJIHOJIETHEH JBYyMS
auHUsIMA  TpuboB  (apOycKyIsspHOTO —
Glomus macrocarpum U MUKOPHU3AIbHO-
ro — Glomus fasciculatum) 3Ha4UTEIHHO
yBEIIMYMIIA BBIXOJI CHIPhS, CyXOH BeC, MMH-
tarenpHbli cTaryc (P, Zn u Fe) mobGera,

in leaves was also studied. A variety with
a bigger amount of glandular trichomes
showed content of essential oil equal to
0.24% (in terms of fresh raw material).
a-pinene (26.7%), pinocarvon (15.8%) and
artemisia ketone (11.0) were its main com-
ponents. The run out of essential oil form the
leaves of “non-glandular” variety amounted
to 0.06% (in terms of fresh raw materials).
Sesquiterpenes like germacrene D (49.8%)
and B-caryophyllene (25.1%) were the ma-
jor components of this sample. Only one
mono-terpene, B-ocimene was found in oil
in trace amount [44].

J.Simon with co-authors (1985-1986),
studying the influence of planting density
and norms of preplanting of nitrogen ap-
plication, established that average planting
density (55 555 plants/ha) at the dose of ni-
trogen fertilization 67 kg/ha gives more run
out of raw materials from the square unit
and, as consequence more run out of essen-
tial oil (85 kg/ha) [21].

At that, planted in May and June samples
were the most productive. Independent on
the planting day (April 27, May 17, June 10,
and July 13) all plants entered the blossom
phase in the middle of august. Maximum
run out of essential oil from raw materials
was observed in full blossom (in the middle
of September).

The field experiments with artificially
infected plants of Artemisia annua allowed
establishing this factor on their growth,
development and content of the principal
groups of BAC [45]. Processing of Arte-
misia annua with two lines of mushrooms
(arbuscular mushroom Glomus macrocar-
pum and mycorrhizal Glomus fasciculatum)
significantly increased the raw materials run

17
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KOHIICHTpAIUi0 3pUPHOTO Maciia u apre-
MU3WHHUHA B JIUCTHSIX.

VYBenunyenue BbIxofa 3(UPHOrO Macna
TaKke HaOII0AaNoCh Yy pacTeHuit oopabdo-
TaHHBIX 9K30T€HHBIMH PETYJISTOPAMU POCTa
[46].

Wpanckue ydeHble BBISICHHUIN BIIHSHUE
pa3IMYHBIX TEMIEpaTyp B MPOIECcCe CYIIKU
Ha KOJIMYECTBO U KaueCTBO 3(UPHOTO Mac-
7a B cbipbe [47]. HagzeMHble yacTH MONIBIHA
ObLTIM COOpaHbI BO BpEMsl TIOJIHOTO 1[BETCHHUS
Ha ceBepe Mpana B centsiope 2005 . Coipbé
CYLIWIM B TEHU (KOMHATHas TEMIepaTrypa) u
B cymmiike npu 35, 45, 55 u 65°C. Ddup-
HOE MacJIo U3 00pa31oB BBLIEISUTN THIPOIH-
ctwusinmedt n ananusupoBanu [KX-MC.
PesynbraThl mokazanu, 4YTO BBICOKash TEM-
neparypa CHIWXKAeT CoAepikaHhe 3(UPHOTO
Mmacna c 1,12% (koMmHaTHast Temneparypa) 10
0,88% (mipu 35°C), no 0,55% (ripu 45°C), no
0,50% (mmpu 55°C) u no 0,37% (mmpu 65°C).
[loBpIIeHHE TEMIIEPaTypbl CYIIKH CBIPbS
CYUIECTBEHHO BJIMSJIO HAa KAY€CTBEHHBIN CO-
cTaB 3(UPHBIX MaCel U COOTHOLICHUE Pa3-
JUYHBIX KOMIIOHEHTOB B HEM. B mporecce
CYUIKH COZIep’KaHHE MOHOTEPIIEHOB CHUXA-
J0Ch, @ CECKBUTEPIIEHOB, HA00OPOT, BO3pac-
Tayno. [ TaBHBIMI KOMITOHEHTaMU TIPU TEHE-
BOM M HU3KOTEMIEPATypHOIl CyIlKe ObLIH
apTeMu3us KeToH 1 1,8-nmHeon. B oOpasnax,
TPOINIEIINX BBICOKOTEMIIEpATypHYIO 00pa-
OOTKY, TAKOBBIMHU SIBIISTUCH [-KaprOpUILICH
Y repMakpeH D.

Hawmu 65110 n3yueHo conepsxkanue 3pup-
HOT'O Macja B TPaBE IMOJBIHU OJHOJICTHEH,
npouspacratoiieil B CTaBponoIbCKOM Kpae
(okp. 1. Ilaturopcka). llBerymme mobe-
I pacTeHus: 6e3 rpyObIX OJIpEeBECHEBIIUX
cTebnei ObUTH coOpaHbl B hasy MaccoBOTO
[BETCHHsI, BBICYIIECHBI TPH TEMIIEpaType
He Oosiee 30°C B TeHU U U3MEIBYEHBI 10
pasMepa 4acTHull MPOXOJSIINX CKBO3b CHTO
C JuaMeTpoM oTBepctuil 7 MM. DdupHoe
Macyo MOJAyYaldu TUAPOJUCTUILIALUEH IO
metony 2 locymapctBeHHol (apmakoneu
CCCP XI uznanus [48]. [Ipouecc naubonee

18

out, dry weight, nutritive status (P, Zn, and
Fe) of a sprout, concentration of essential
oil and artemisinin in leaves.

Increase of essential oil run out was also
observed in plants processed with exoge-
nous growth regulator [46].

[ranian scientists revealed the
ence of different temperatures in dry-
ing process on the quantity and qual-
ity of essential oil in raw materials
[47]. Aboveground parts of Artemisia
annua were gathered during the full bloom
in the North Iran in September 2005. The
raw materials were dried out in shadow
(ambient temperature) and drier at 35, 45,
55, and 65°C. Essential oil from the sam-
ples was isolated by hydrodistillation and
analyzed with GLC MS. The results showed
that high temperature lowers the content of
essential oil from 1.12% (ambient tempera-
ture) to 0.88% (at 35°C), 0.55% (at 45°C),
0.50% (at 55°C), and 0.37% (at 65°C). The
increase of raw materials drying tempera-
ture significantly influenced the qualita-
tive composition of essential oils and cor-
respondence of different components in it.
While drying, the content of monoterpenes
decreased, and sesquiterpenes vice versa
increased. Artemisia ketone and 1,8-cineol
were the principal components of shadow
and low temperature drying. The samples
which underwent high temperature process-
ing had B-caryophyllene and germacrene D
as principal components.

We have studied the content of essential
oil in Artemisia annua grass, which grows
in Stavropol Krai (Pyatigorsk outskirts).
Sprouts in blossom without rough woody
stalks were gathered during mass blossom,
dried out at temperature at most 30°C and
milled up to the size of particles which pass
through a sieve with 7 mm holes diameter.
Essential oil was obtained by hydrodistil-

influ-
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WHTCHCUBHOM OTTOHKHU MacJjia U3 ChIPbs IPU
UCTIONBb30BaHnu Tpubopa KieBeHmkepa B
monudukanuu JlomkapéBa 3akaHUMBAICS
K 4 Yacy Mpu COOTHOIICHHUU CHIPbS ¥ BOJIBI
1:30.

[lo BHemHemy Buay 3QupHOE Macio
MPEICTABIISIIO COOOHM JIETKO IOJIBUXKHYIO
KHUJAKOCTh JKEITOrO IBETa, TOPHKOBATOTO
BKYyCa C XapaKTEPHBIM 3aIIaXOM.

KadecTBeHHBIIT cOocTaB AUPHOTO Mac-
J1a TIOJIBIHHA OJTHOJICTHEW W KOJTMYECTBEHHOE
COJIep’)KaHre KOMIIOHEHTOB B HEM yCTaHaB-
JWBAJIM METOJOM XPOMAaTO-MacC-CIEKTPO-
Metpuu [49].

[Ipeobnanaromumu
3(UPHOTO Macia SBISUTUCH MOHOTCPIICHBI:
apreMu3us KeToH (62,8%), kamdopa (11%),
sBkanunron (6,7%). U3 ceckBuTepneHoOB
Ma)XOPHBIMH KOMIIOHEHTaMH — 0-KyOeOeH,
JyJeCMEH, B-KapruoduieH.

KonnuectBenHoe ompeneneHue >¢up-
HOTO Macja B ChIPb€ MPOBOIMIH BECO-00b-
¢MHBIM MeTonioM. [lomydeHHbIe naHHBIC
CBUJIETEIICTBYIOT O 3HAYUTEIILHOM COJEP-

KOMITIOHCHTaMH

*aHuM 3(UpHOro Maciia B (pasy MaccoBOTO
IIBETCHUS B TPABE TOJILIHU OTHOJICTHEH — OT
4,23 no 4,62% B nepecuéte Ha aOCOTIOTHO
cyxoe cbipbe. OmuoKa onpeneacHus — He
oonee + 1,83%.

W3ydyeHne  OUHAMUKH
3(UpHOTO Macia B TpaBe MOJBIHH OJIHO-

HaKOITJICHU S

JeTHEH MoKa3ano, 4rto B (ha3y oTpacTaHus
(BeTBIEHMS) TIOOETOB €ro CONIEpKaHHE B
Tpase B 6 pa3 BeIIIE, 4eM B cTeOisix. B da3y
OyTOHM3AIIMK CONIEP)KaHUE Macia B TpaBe
3HAYUTEIBHO BO3PACTACT, JOCTUTAsl MaK-
CUMaJILHOTO 3Ha4YeHHs B (hazy 1BeTeHus. B
cTebnsix Habmromaercs HauOoJbIliee HAKO-
TIeHue A3pUPHOro Macia B a3y BETBICHHUS.
[Tpu nanpHEiIIeM pa3BUTUN PACTCHHUS TIPO-
WCXOIMT OflpeBeCHEHuEe cTebmeil (0coOeHHO
B HWKHEW YacCTH) U colepKaHue 3(pupHOTO
Maciia B HUX CHUXKaercs (puc. 1).

la-tion following 2 method of State Pharma-
copoeia XI edition [48]. The process of the
most intensive oil refine from raw materials
using Clevenger apparatus in Loshkaryov
modification finished by the 4th hour at raw
materials and water relation 1:30.

In appearance the essential oil presented
a yellow, easily movable liquid with a bit-
terish taste and specific smell.

Qualitative composition of essential oil
of Artemisia annua and qualitative content
of its components was established by using
the method of chromate-mass-spectrometry
[49].

Monoterpenes like artemisia ketone
(62.8%), camphor (11%), eucalyptol (6.7%)
were the dominant components of the es-
sential oil. a-cubebene, eudesmen, -caryo-
phyllene were the major components from
sesquiterpenes.

Quantitative determination of essential
oil in raw materials was made usin co-vol-
ume method. The data obtained give evi-
dence about significant content of essential
oil during mass blossom phase in Artemisia
annua grass — from 4.23 to 4.62% in terms
of absolutely dry materials. Determination
error at most + 1.83%.

The study for essential oil accumula-
tion dynamics in the grass of Artemisia an-
nua showed, that its content in grass during
sprouts branching 6 times higher than in
stalks. The amount of oil in grass signifi-
cantly increases during budding, reaching
the maximum value in blossom. There is
slight accumulation of essential oil in stalks
during branching. In further development
duramnization of stalks takes place (es-
pecially in a lower part) and essential oil
amount in them reduces (figure 1).
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¢ghasbl secemayuu
vegetation phases

Daszvl ecemayuu: 1 — eemenenue, 2 — oymonuszayus, 3 — yeemenue, 4 — n1000HouIeHue
Vegetation phases: 1 — branching, 2 — budding, 3 — blossom, 4 — fruiting
Pucynok 1 — Jlunamuka naxonienus ypupnozo macina é mpaee (3eJ1éHoOI Yacmu) noabIHU
00HONemHell u e€ OmoeIbHbIX OPZAHAX 6 OCHOGHbLE (ha3bl pazeumus
Figure 1 — Dynamics of essential oil accumulation in the grass (green part) of Artemisia
annua and its certain organs during the principal vegetation phases

buosornyeckasi akTUBHOCTb 3()MPHOTO
MacJia M ero KOMIIOHEHTOB
DdupHoe Maciao MOJBIHU OJIHOJIETHEH
NPOSIBIISIET aHTHOAKTEpUAIbHYI0 W aHTH-
($yHranbHyI0 aKTUBHOCTb, B TOM YHCIIE TIPU
rpuOKOBBIX 3a00seBaHusx koxu [11, 50].
O¢upHOEe Macio HHTHOUPYET pOCT
in Vvitro TPamIOJOXKUTEIbHBIX OaKTepuit
(Enterococcus hirae). Ero aHTHOKUCTH-
TeJIbHAas aKTUBHOCTDH B SKCTIIEPUMEHTE ObLIa
SKBUBaJICHTHA 18% aKkTUBHOCTH cTaHAApPT-
HOTO BelecTBa — a-Tokodepoina [51].
WccnenoBanue mpoOTUBOTPUOKOBOM ak-
TUBHOCTU 3(UPHOTO Macja MOJBIHA OTHO-
JIETHEW, IPOM3PACTAIONIEd B BOCTOYHOU
yactu CpeauzeMHOMOpcKoi obmactu Typ-
[[MH, TIOKA3aJI0, YTO OHO MPAKTUYECKU MaJIO
aKTUBHO B OTHOIIEHUU Tpuba Penicillium
digitatum — WCTOYHHWKA 3€JEHON THWIH Y
LUTPYCOBBIX [52].
[IporuBorpuOKOBast in Vitro aKTUB-
HOCTh A(QUPHOr0 Maciia TMOJIBIHU OJIHO-
JeTHe Obljaa uccieloBaHa B OTHOIICHUH
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Biological activity of essential oil
and its components

Essential oil of Artemisia annua exhibits
antibacterial and antifungal activity, includ-
ing fungous diseases of skin [11, 50].

Essential oil inhibits in vitro the growth
of gram-positive bacteria (Enterococcus
hirae). Its antioxidation activity in the ex-
periment was equal to 18% of standard sub-
stance activity — a-tocopherol [51].

Studies for antifungous activity of es-
sential oil of Artemisia annua, which grows
in Mediter-ranean area of Turkey, showed
that it has small activity against Penicillium
digitatum — the source of green rot in citrus
cultures [52].

Antifungal activity in vitro of the essen-
tial oil of Artemisia annua was studied in

relation to orHomtenun Sclerotinia sclerot-
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Sclerotinia sclerotiorum, Botrytis cinerea,
Phytophthora infestans u Verticillium
dahliae — TUCTOBBIX U TIOYBEHHBIX TPHUOKO-
BbIX OOJIE3HETBOPHBIX MHUKPOOPTAaHU3MOB,
HAHOCSIINX CYNIECTBEHHBINH yIIepO Kyib-
Type TomatoB [53]. IIpu 3TOM BO31EHCTBUE
KOMITOHEHTOB 3(UPHOr0 Macja HCCIe0-
BaJIOCh, KaK IPU HEMOCPEICTBEHHOM €T0
HAHECEHUHU Ha TKaHW PacTeHUi, TaK U MpH
OeCKOHTAaKTHOM Bo3znelicTBun. Haumbonee
YyBCTBUTEIIBHBIM K OOOWM METOJaM BO3-
nercTBus okazancs S. sclerotiorum. Munu-
MaJbHbIe WHTHOUPYIOIINE KOHIEHTPAINH
3¢puUpHOTO Macia mpu OECKOHTAKTHOM BO3-
nevictBuu 114 S. sclerotiorum, B. cinerea, P,
infestans n V. dahliae coctaBnsmm 1,6; 2,4;
2,4 n 4,4 MKT/MJ1 BO3IYIIIHOM (a3l COOTBET-
CTBEHHO. DPUPHOE MACIIO TTPH KOHTAKTHOM
BO3/ICHCTBUH MMOKA3aJI0 MUHUMAJIbHYIO MH-
THOUPYIONIYI0 KOHIIGHTPAIUIO B TMpeaeiax
6,4-51,2 mxr/mn. DdupHoe maciio B KOH-
neHtpanuu 2,4-51,2 MKIr/Ma TOJTHOCTBIO
WHTHOWPOBAJIO MTPOpPACTAHUE KOHHIUOCIIOP
U yIUIMHEHHE TPYyOKH SMOpPHUOHOB IpHOKO-
BbIX OO0JIE3HETBOPHBIX MHKPOOPTaHW3MOB
npu J1I000M criocobe BO3IeHCTBHUS.

Hamu Obuta ucciemoBaHa 9yBCTBUTEITb-
HOCTh TaTOTEHHBIX MHKPOOPTaHU3MOB K
3(UpPHOMY MacIlly TOJBIHA OTHOJIETHEH C
UCIIOJIb30BAaHUEM CTaHJApPTHOTO METOJa
«KOJIOZILIEBY.

Pesynbrarel ucciie[oBaHMS TOKa3bIBa-
10T, 4TO 3(HUpHOE MACIO TOJIBIHU OJIHO-
JIeTHEH aKTHUBHO B OTHOIICHUU Klebsiela
pneumoniae, Pseudomonas aeruginosa u
Escherichia coli [49].

[Tocnenytomiee omnpeneneHUe 4yBCTBU-
TETHPHOCTH MHUKOOAKTepUN TyOepKynésa
(MBT) k 06pa3am uCIbITYyeMOro 3(pUPHOTO
MacJia MOJIbIHU OJIHOJIETHEN IPOBOJIUIIOCH C
UCTIONIb30BaHUEM METOJa, pa3paboTaHHOTO
B [IHUU tybepkyneza PAMH. B ocHose
METOZla — HCIOJIb30BaHUE HUTpaTpeayK-
Ta3HOW PEaKUUU IS PAHHETO BBISIBICHUS
MBT. Merton s¢dexTrBeH ais MTaMMOB
M. tuberculosis, obnamaronux HUTpaTpe-

iorum, Botrytis cinerea, Phytophthora infes-
tans and Verticillium dahliae — leaf and soil
fungous pathogenic organism, which inflict
damage to tomatoes [53]. At that the influ-
ence of essential oil components was studied
at its direct application on the plants tissues,
as well as non-contact effect. S. Sclerotiorum
was the most sensitive to both methods of es-
sential oil concentration. Minimal inhibiting
concentrations of essential oil at non-contact
influence for S. sclerotiorum, B. cinerea, P
infestans, and V. dahliae amounted to 1.6;
2.4; 2.4, and 4.4 pg/ml of air mass respec-
tively. Essential oil at the contact influence
showed minimum inhibiting concentration
within 6.4-51.2. pg/ml. Essential oil in con-
centration of 2.4-51.2 pg/ml fully inhibited
the growth of conidiospores and elongated
pipes of fungous pathogenic microorganisms
at any method of influence.

We have studied the sensitivity of patho-
genic microorganisms to essential oil of
Artemisia annua with the use of standard
method of “wells”.

The results of the study show that essen-
tial oil of Artemisia annua is active in re-
lation of Klebsiela pneumoniae, Pseudomo-
nas aeruginosa and Escherichia coli [49].

Further determination of tuberculosis
mycobacteria sensitivity to the samples of
the Artemisia annua essential oil under study
was conducted using the method, worked out
in the Central Research Institute for Tuber-
culosis of the Russian Academy of Sciences.
The method is based on the usage of nitra-
treductase reaction for the earlier revelation
of tuberculosis mycobacteria. The method is
effective for the strains of M. tuberculosis,
which have nitratreductase activity. The rev-
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JNyKTa3HOW aKTUBHOCTHIO. BbIsiBIECHHE HU-
Tpar-peyKTa3HOW pEeaKIuu IPOBOIUTCS
CTaHAApTHBIM peakTuBoM I pucca.

JlJiss cTaHAapTHBIX MPOTUBOTYOEPKYIIE3-
HBIX MPENapaToB M HUCCICAYEMBIX 00pa3IoB
a¢upHOro Macia ObLITH YCTAHOBIICHBI CIIEAY-
IOII[E TIOPOTOBBIE KOHIIEHTparuu (Tadi. 1):
crpentomuti (1) — 10 Mr/mi; u3oHUa3ua
(2) — 2 mr/mut; karHamMuIMH (3) — 45 Mr/mi;
pudamnuimH (4) — 20 Mr/mit; 3TaMOyToI (5)
— 7,5 mr/mn; npotuonamu (6) — 30 mr/mi;
MacJIIo MOJBIHU ofHoNeTHEeH (7) — 20 mr/mit.

elation of nitratreductase reaction is carried
out by a standard Griss reagent.

The following threshold concentrations
were established for the anti-tuberculous
drugs and the essential oil samples under
study (table 1): streptomycin (1) — 10 mg/ml,
isoniaside (2) — 2 mg/ml; kanamycin (3) — 45
mg/ml; rifampicine (4) — 20 mg/ml; etham-
butol (5) — 7.5 mg/ml; protionamide (6) — 30
mg/ml; Artemisia annua oil (7) — 20 mg/ml.

Taonuya 1 — Pezynomamot ucnotmanuii 3hupnozo macia noavlHu 00OHO1emHell

6 CPAGHEeHUU CO CIAHOAPMHBIMU RPenapamamu 6 omuowienuu wimammoe MbBT

Table 1 — The results of experiments under Artemisia annua essential oil in comparison
with standard drugs in relation to tuberculous mycobacteria strains

Kox mramma MBT /
TB mycobactera 1 2 3 4 5 6 7
strain code

2435 + — +++ +++ — ++ —
2316 + +++ +++ +++ +++ +++ +++
2380 + ++ — + — — —
1730 + +++ ++ +++ +++ +++ +
2352 + — +++ ++ +++ — +
2314 + +++ +++ ++ + + + ++ +++
1874 + - — — — — +++
3149 + +++ — — + +++ +++
1829 + — — — + + — + +
2162 + — + ++ + + 4+ + +

Ilpumeyanue.

— — omcymcmeue pocma, + — cKyOHblll pocm, ++ — ymepennulil pocm,; +++ — maccuensiii pocm

Note.

— — absence of growth, + —weak growth; ++ — moderate growth +++ — massive growth

Kak crnenyer u3 sKcrnepuMeHTaIbHBIX
JAHHBIX, 3()UPHOE MACITIO TIOJBIHU OTHOJIET-
HEl TPOSBISET TMPOTUBOTYOCPKYIC3HYIO
aKTUBHOCTb. B msTH cilydasx Ha ypOBHE
O(pHULIMHATBHBIX  MPOTUBOTYOCPKYIEZHBIX
MpernapaToB, a B ABYX U3 HUX — BBI3bIBACT
TIOJTHOE YTHETEHHE pOCTa MHUKOOAKTEpH
TyOepkynésa [49].

In vitro akTuBHOCTH 3(uUpHOTO Macia
Artemisia annua OpUIa OLIEHEHA B OTHO-
meHun Hemaron (Meloidogyne incognita,

Rotylenchulus 100%-nas
22

reniformis).

As we see from experimental data, es-
sential oil of the Artemisia annua exhib-
its anti-tuberculous activity. In five cases
on the level of official anti-tuberculous
drugs, and in two cases it provokes sup-
pression of the tuberculous mycobacteria
growth [49].

In vitro activity of essential oil of Ar-
temisia annua was estimated in relation to
nematodes (Meloidogyne incognita, Rot-

ylenchulus reniformis). 100% mortality
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cmepTHOCTS (LD ) Habnromanach mpyu KOH-
nerrpamusax 250-500 x 10 [54].

Jlocrarouno moiHas uHGOpMaLUi O
TOKCUYHOCTH 3(QUPHOro Maciia HaMu B JI0-
CTYITHOH JuTepaType He oOHapyxeHa. Mme-
I0TCS JIMIIb OTJIEJbHBIE YKa3aHHUS Ha €ro
MaJyl0 WIA HE3HAUUTEIbHYIO TOKCUYHOCTb
0e3 yKazaHHs KOHKPETHBIX KOHIIEHTpalUun
U METoIuK uccienoBanus. Iloaromy Hamm
OBLJIO TPOBEACHO H3yY€HHUE OCTPOM TOK-
CUYHOCTU 3(UPHOTO Macja MOJIbIHA OJTHO-
JIETHEH B COOTBETCTBUHU C PYKOBOJCTBOM I10
AKCIEPUMEHTAIBHOMY  (JOKJIMHUYECKOMY)
M3Y4YEHHIO HOBBIX (DAPMAKOJIOTMYECKH aK-
TUBHBIX BellecTB [55]. PesynbraThl Mo us-
YUEHHUIO OCTPOM TOKCHMYHOCTU 3(PHUPHOTO
Macya TpaBbl MOJBIHU OJHOJIETHEH mpe-
CTaBJICHBI B TaOIUIIE 2.

(LD,,,) was observed in concentrations
250-500 x 10 [54].

We have not encountered full informa-
tion about the essential oil toxicity and avail-
able literature. We only have some direction
to its small or insignificant toxicity without
certain concentrations and study methods.
Therefore we conducted the study of acute
toxicity of Artemisia annua essential oil tox-
icity in correspondence with the guidelines
for experimental (preclinic) studies for new
pharmacologically active substances [55].
The results of the acute toxicity of essential
oil from the grass of Artemisia annua are
shown in the table 2.

Taonuya 2 — Pe3ynomamut onpeoenenus «0CmMpoi» MOoKCUYHOCHU IPUPHO20 MAca ROIbIHU
00HOIemHell HA 0eNbIX MBIUMAX (CAaMUAX U CAMKAX) U Kpblcax (CamMuyax u camkax)

Table 2 — Results of the determination of acute toxicity of essential oil of Artemisia annua

on white mice (male and female) and rats (male and female)

ITokazarenn / | Jlo3a/Dose | Hoza/Dose | Jloza/Dose | [oza/Dose | Jlo3a/Dose
Indexes mr/kr / mg/kg | mr/kr / mg/kg | mr/kr / mg/kg | mr/kr / mg/kg | mr/kr / mg/kg
Camibr / 1000 2000 3000 4000 5000

Males
Bwokumno / 6 6 4 1 0
Survived
[Toru6mo / 0 0 2 5 6
Died
4 0 0 3 2 1
D 1000 1000 1000 1000 1000
DxZ 0 0 3000 2000 6000
LD,,=LD,, —XZ/n LD,,=LD,,-XZ/n
re: where:

71 — 9HCJIO JKUBOTHBIX B I'PYIIIIC,

Z — TOKa3arelb Pa3HUIbI MEXKY KOJIH-

YEeCTBOM IIOTHOIIMX >KMBOTHBIX npnu HucC-

IMOJIB30BAaHHHU ABYX COCCIHUX 103,

D — nokazareib pasHULbl MEXITY KOJIH-

YCCTBOM JIBYX COCCIAHUX HO3.

LD,,= 5000 — 11000/6 = 3166 mr/kr

n — number of animals in a group;

7 —index of the difference between dead

animals number after the use of two neigh-

boring doses;

D — index of difference between the

amount of two neighboring doses.

LD,,= 5000 — 11000/6 = 3166 mg/kg
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[Tommy4yeHHble pe3ylbTaThl CBUICTEIb-
CTBYIOT O TOM, 4TO 3(PUPHOE MACIIO TPABBI
MOJIBIHK OJTHOJICTHEH MO TOKCUYHOCTH MO-
KeT OBITh OTHECEHO K 6 KJIacCy Mo KIJIACCH-
¢ukanun K.CupopoBa — «OTHOCUTEIBHO
0e3BpEeIHBIC BEIIECTBAY.

Uccnenosanue F. Perazzo ¢ coaBropamu
[56] ouenmno BmusiHME 3(DUPHOTO Macia |
ATAHOJILHOTO M3BJICUCHUS U3 JINCTHEB NOJbIHU
OOHONlemHell Ha JKUBOTHBIX KaK 4acTh IICH-
X0()apMaKOIOTUIECKOTO CKPHHUHTA 3TOTO
pacrenus. M3BiedeHue OBUIO TIOMYYCHO W3
CBEXKHUX JIUCThEB, 8 3PUPHOE MACTIO UX THIIPO-
mactwusnued. ED,  u LD, nis s¢uproro
MacJia, TI0 JAaHHBIM JKCTIEPUMEHTa, COCTaBIISI-
a1 470 mr/kr 1 790 MI/KT, a U1 U3BJIEUCHUS
— 450 mr/kr 1 601ee 2 T/KT COOTBETCTBEHHO.
Jl03b1 yBETTMUMBAIIM BpEeMsI 3ama3IbIBaHS
KOHBYJIbCUH, HHIYIUPOBAHHBIX TMHKPOTOK-
CHHOM U THUJIOKapIIMHOM, U MPEIOTBpAIaIn
Ha4aJo TPHUCTYIIOB BBI3BAHHBIX TEHTHJICHO-
TETPa30JIOM W CTPUXHHHOM. DPHUPHOE Mac-
JIO TIOKa3aJlo B OCTPOM OIIBITE BO3MOXKHOE
XOJIMHEPTHUYECKOE JICWCTBHE, a CIIMPTOBOE
W3BJICUCHHEC JIOTIAMUHEPTUYCCKYIO U XOJIH-
HEPrU4eCKyr0 aKTMBHOCTU. D(PUPHOE MaCIo
Y M3BJICYCHUE TIPOSIBUJIM BBIPAKEHHOE YCIIO-
KauBarolee aeiictsue Ha [THC.

YuuTeiBas 3TH JaHHBIC, TPEICTABISIIO
WHTEPEC HCCIENOBaTh BIUSHUE 3(PHPHOTO
MacJia Ha JTUHAMUKY U3MCHCHHsI 00BEMHOM
CKOPOCTH MO3TOBOTO KPOBOTOKA. JIJIsT 3TOTO
HamMu ObUIa Ucmosib3oBana jgo03a — 1/1000 ot
MAaKCUMAJIbHO BBOJMMOW TPHU HCCIIEIOBA-
Husx LD, — 3,0 mr/kr,

OdupHOE MAaCIO TOJBIHKA OTHOJETHEH
pactBopsitu B 0,5 Mi1 pU3HOTIOrHYECKOTO pac-
TBOpPA ¥ BBOIWJTH BHYTPHOPIOIITMHHO, YIUTHI-
Basi MPOBEJICHUE OCTPOTO OIBITA U CKOPOCTh
pasButua 3¢pdexra. KoHTponmbHOM rpyrime
YKUBOTHBIX BBOJTUITM N30TOHUYECKUHN PACTBOP
HaTpUsl XJIOpHJIa B SKBHBAJECHTHOM OOBEME
— 0,5 mn. Ilpu mpoBeneHUN 3KCIIEpUMEHTA
(UKCHPOBATM  W3MECHEHHE apTEePUATBHOTO
napneHus. [lomydeHHbIE SKCTIepUMEHTANTb-
HbIC JTAHHBIC TIPEJICTABJICHBI B TAONHIIE 3.
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The results obtained give evidence about
the fact, that essential oil from the grass of
Artemisia annua can be referred to the 6
class in K. Sidorov’s classification “rela-
tively non-hazardous substances”.

The study of F. Perazzo with co-authors
[56] estimated the influence of essential oil
and ethanol extract from the Artemisia annua
leaves on the animals, as the part of psycho-
pharmacological monitoring of this plant.
The extract was obtained from fresh leaves,
and essential oil was obtained by hydrodis-
tillation. According to the experiment’s data
ED50 and LD50 for essential oil amounted
to 470 mg/kg and 790 mg/kg, and 450 mg/
kg and more than 2 g/kg for the extract re-
spectively. The doses increased the time of
convulsions delay, induced by picrotoxin
and pilocarpine, and prevented the beginning
of fits provoked by pentylenetetrazole and
strychnine. In acute experiment, essential oil
showed the possible cholinergic action, and
alcohol extraction showed dopaminergic and
cholinergic activities. Essential oil and the
extract exhibited a signified sedative action
for the central nervous system.

Considering these data, the study of the
essential oil influence on the changes of
volumetric cerebral blood flow rate is very
interesting. For this purpose we have used a
dose 1/1000 of the maximum implemented
in the experiments LD, — 3.0 mg/kg.

Essential oil of the Artemisia annua was
dissolved in 0.5 ml of physiologic solution
and injected abdominally, considering the
acute experiment and the velocity of the ef-
fect development. Control group of animals
was injected with a isotonic solution of so-
dium chloride in equivalent volume — 0.5
ml. During the experiment, arterial blood
pressure was registered. The experimental
data obtained are shown in the table 3.
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Taonuuya 3 — Bauanue s¢pupnozo macna noavinu 00Ho1emHuell Ha M0320801 Kposomok (MK)

Y HapKomu3upoeanHvlx Kpvlc

Table 3 — Influence of Artemisia annua essential oil on the cerebral blood flow (CBF)

of anesthetized rats
Hcxonnnie Casury, % OT MCXOHOTO YPOBHS /
JIaHHBIE / Shifts, % of the initial index
[Tokazarenu / Indexes Initial data 30 vt / 45 vt / 60 M/
5-15 muH / . . .
min min min min
Koutpons,
(duz.p-p) n=8 / MK/
Control, (phys. CBF 108.3+3.2 -0.9+0.7 -0.5+1.8 -1.3+£1.8 | -1.2+1.1
solution) n=8
O¢upHoe macio
(cycm.) 100 mr/kr, MK /
n=8 / Essential oil CBF 122.6£18.6 | -39.7+£8.5* | -39.2+11.5% | -46.3+5.6* | -50.9+1.2*
(suspension)
100 mg/kg, n=8

Ipumeuanue:

* — cosueu, 0docmosepHvle OMHOCUMENbHO KOHMPOIbHBIX 0anHbix (p < 0,05)

Note:

* — shifts, relevant against control data (p < 0.05)

[Ipu BBeneHnn (HU3MOIOTHIECKOTO pac-
TBOPA JIOCTOBEPHOTO U3MEHEHHSI MO3TOBOTO
KPOBOTOKAa B TEUEHHE MCCIICyEeMOTO Mepu-
0/1a He HAOMIOIAIH.

[Ipu perucTpamuu BHEUTHUX TapamMe-
TPOB COCTOSIHUSI KMBOTHBIX, CJCIYEeT OT-
METUTh, UYTO Yy >KMBOTHBIX OTMEYaJIOCh
MOBEPXHOCTHOE YUalIEHHOE JIbIXaHHue, HOP-
MaHu3yIoleecs K Hadyaly SKCIIEPUMEHTA.

[Tpu BBeneHMM 2(UPHOTO Maciia TOIBIHU
OJIHOJIETHEM B j103€ 3,0 MI/KT HAOIIOAJIN J10-
CTOBEpHOE TIOHIKEHHE 00BEMHON CKOPOCTH
MO3TOBOTO KPOBOTOKA, HAYMHAS C 5 MHUH Ha
39%. MakcumalibHOE TOHMKEHUE CKOPOCTH
KpoBoTOKa Habmromanu Ha 60 munyTe. OHO
coctapisuio 50% U SBISUIOCH TOCTOBEPHBIM
10 OTHOIIIECHHUIO K KOHTPOJIbHBIM 3HAUEHUSIM.

B pesynbrate mpoBENEHHBIX HCCIIEN0-
BaHWH, OBLJIO YCTAaHOBJIEHO JOCTOBEPHOE
MOHIKCHUE CHCTEMHOTO apTEPHALHOTO
JABJICHHS TIPU BBEJICHUU 3(pHpHOTO Macia
(B cpennem Ha 43,8%) y HapKOTU3UPOBAH-
HBIX KPBIC TIO CPaBHEHUIO C KOHTPOJIHHOU
IPYIIION KUBOTHBIX.

After the physiological solution appli-
cation there were no significant changes of
cerebral blood flow observed.

Registering the external parameters of
animals, we should not, that they had in-
creased respiration, which normalized by
the experiment start.

After application of Artemisia annua es-
sential oil at dose 3.0 mg/kg, we observed
relevant decrease of volumetric cerebral
blood flow rate, beginning with 5 min at
39%. Maximum decrease of the volumetric
cerebral blood flow rate was observed on 60
minute. It amounted to 50% and was rele-
vant against control values.

As the result of the experiments carried
out, we have established the significant re-
duction of system arterial blood pressure af-
ter the application of essential oil (by 43.8%
in average) in anesthetized rats in compari-
son with a control animals group.
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3akJiouenue

Takum 00pa3oM, TOJBIHE OIHOJICTHSIS
SIBIIICTCS BaKHBIM HMCTOYHUKOM OHMOJIOTH-
YECKH aKTUBHBIX COCJIMHCHHN, HEKOTOPHIC
U3 KOTOPBIX, KaK, HalIpUMep, apTEMU3HHHH,
apTEeMU3WHUHOBAsT KUCIIOTA U Jp. YK€ HC-
MOJIB3YIOTCS JJIS TOJyYEeHUS JIEKapCTBEH-
HBIX CPEJICTB.

DdupHoe Macio pacTEeHUS COIEPKHUT
Oosee 120 KOMIIOHEHTOB, OTHOCSIIHMXCS K
pa3IMYHBIM KjaccaM TPUPOAHBIX COETH-
HeHuil. KadecTBeHHBIN cOCTaB M KoIuYe-
CTBEHHOE COJICPKAHHUE OTJEIBHBIX KOM-
MOHEHTOB BapbUPYEeT B 3aBUCUMOCTU OT
sKosoro-reorpapudeckux (hpakropos, (aszsl
Pa3BUTHS PACTEHHM, TEXHOJIOTMH BbIPAIH-
BaHUsI, ClIOCco0a CYIIKHU U T.1I.

[IpoBeneHHbIe, B TOM Yuciie HaMH, (ap-
MaKOJIOTUYECKHUE UCCIIETOBaHUS S(HUPHOTO
Macyia TMOJBIHA OJHOJIETHEH XapaKTepu3y-
IOT €T0 KaK MOTEHIUATbHbIA UCTOUHUK IS
pa3pabOTKH HOBBIX AHTUMHKPOOHBIX Jie-
KapCTBEHHBIX CPEJICTB.
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Conclusions

Thus Artemisia annua is an important
source of biologically active compounds,
some of them, as for example, artemisinin,
artemisinin acid etc are used for drugs man-
ufacturing.

Essential oil of the plant contains more
than 120 components, which belong to dif-
ferent classes of natural compounds. Quali-
tative composition and quantitative content
of certain components varies depending on
the ecological and geographic factors, plant
vegetation phase, cultivation technology,
drying method etc.

Pharmacological studies of the Artemis-
1a annua essential oil which we have carried
out characterize it as a potential source for

new antimicrobial drugs working out.
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