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[MoneiHe 0OHONnemHAA (Artemisia annua
L.) - oOHonemHee mpasaHucmoe pacme-
Hue, ucnosib3yemoe 8 HapoOHOU MeduyuHe
Kumasa 6onee 0syx meicay nem. B 70-x 2o-
dax XX geka u3 Hao3emHol 4acmu 3mo2o
guoa bbin 8bi0esieH ceckaumepneHo8bili
JIJAKMOH apmeMU3UHUH. Ha ce2o0HAwWHUU
OeHb — 3MoO camoe 3¢hpekmusHoe, cpeou
U38€CMHbIX NPUPOOHbIX U CUHMemuYeCcKux
coeOuHeHuUUl, JsekapcmeeHHoe cpedcmao
0518 neyeHua manapuu. Lenero uccneoo-
8aHuA A8UsICcA 0630p UHopmayuu, cooep-
xawelca 8 omKpblMblx UCMOYHUKAX, 06
U3yyeHUU cecKke8umepneHoBblX JIaKMOHO8
NnosibiIHU 00HosIemHell U cnekmpe ux ¢ap-
Makosnoaudeckol akmusHocmu. Memooel.
WccnedosaHue nposoousnocs ¢ UCNOsb-
308aHUEM  UHMOPMAYUOHHO-NOUCKOBbIX
(PubMed, ScholarGoogle), 6u6iuomeyHsix
6a3 daHHelx (eLibrary, Cyberleninca), a mak-
Xe pe3ysbmamog cobCcmeeHHbIX ucciie-
dosaHul. Pe3ynmemamel. YcmaHossieHo,
umo Kpome 3¢hupHO20 MAC/1a U (heHOsTbHbIX
coeOuHeHuli HAa03emMHAa 4dcme NOJbIHU
00HostemHeli  codepXXum 3Ha4umesbHoe
KOJIU4eCmao pas/iudyaruuxca no cmpyk-
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Artemisia annua is an herblike annual
plant which has been used in Chinese folk
medicine formorethan 2,000years.In 1970-s
sesquiterpene lactones of artemisinin was
isolated from the aboveground part of this
plant. Today it is the most efficient known
natural and synthetic compound for malar-
ia treatment. The purpose of the study was
the review of the information from the open
sources about the study for sesquiterpene
lactones of Artemisia annua referring to its
pharmacological activity. Methods. The
study was carried out using informational
and search engines (PubMed, ScholarGoo-
gle), library databases (eLibrary, Cyberlen-
inca), and the results of our own researches.
Results. It was established that apart from
the essential oil and phenolic compounds,
aboveground part of Artemisia annua, it
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mype ceckeumepneHo8bIx JIaKmoHo8. Ka-
yecmeeHHbIl cocmas u KoJiudecmeeHHoe
co0epXxaHue cecKkeumepneHo8bIX J1aKmo-
HO8 8apbupyem 8 3a8UCUMOCMU OM 3KO-
J1020-2e02pacgpuyeckux Gpakmopos, ¢asvl
passumus pacmeHut, mexHosio2uu 8olpa-
wueaHus, cnocoba cywku u m.o. M3gecm-
Hble hapmakonoaudyeckue UCC/1e008aHuUsA
u3sesiedeHuli U3 Mpasel NOJIbIHU OOHOIEM-
Hel, codepXaujux ceckeumepneHogble
JIGKMOHbI, d Makxe UHOUBUOYAJIbHbIX CO-
eduHeHul 3mol epynnel Xxapakmepusytom
OaHHbIU 8UO CbipbA KAK nepcnekmusHbll
UCMOYHUK 0nA OaneHelwez2o 6onee 2ny-
60K020 ucce0osaHus. 3akmo4yeHnue. [1po-
8€0eHHbIU HAMU aHAu3, UMEWUXCa 8
OMKPLIMOM UHGOPMAYUOHHOM 0ocmyne,
Mamepuasios no u3y4yeHuro ceckeumepne-
HOBbIX JIAKMOHO8 NOJIbIHU 00HO/IeMHel, 8
mom yucsiie umoxumMuyeckux u ¢apma-
KoJlo2u4ecKux, Nno3e0JidAlom xdpakmepu-
308amb mpagy NoJblIHU 0OHOJlemHel Kak
nepcnekmueHbili UCMOYHUK 071 paspa-
60MKU HOBbIX JIeKapCMBeHHbIX CpeoCcma.

Kniouyeswblie cnoea: nosvbiHb 00HOEM-
HAA, Artemisia annuad, ceckeumepneHogble
JIGKMOHbI, apmemMu3uHUH

BBenenne. B 60-x rogax XX Beka B
MUpPE TOSIBIIIUCH JIEKApCTBEHHO-YCTOWYH-
BbIe ()OPMBI MAJISIPHH, M3-3a YEero 3adoie-
BaHUE CTAJI0 OBICTPO PacHpOCTPaHATHCS B
Oro-Bocrounoii Azuu u Adpuxe. Cyiie-
CTBOBABIIME TOTNAa MPOTUBOMANIIPUNHBIC
JeKapcTBa, TaKUEe KaK XUHUH, XJIOPOXHH U
Ipyrue okazanuch Hed(HEKTUBHBIMU.

B 1967 rony B Kutae npu nogunepxke
mpaBHUTEILCTBA Obuta Hadata «lIporpamma
523», B KOTOPOM Yy4YacCTBOBAJIO HECKOJIBKO
coTeH KuTalckux ydyeHnbix. boinee 1000 06-
pasloB pa3IMYHBIX PACTEHH H3BECTHBIX
B HApOAHOW MeAUIIMHE ObUIM U3YYEHBI CO-
BpeMEHHBIMU MeToaMu. [lepBuunsblil dap-
MaKOJIOTMYECKUNA CKPUHUHT MO3BOJIMI BbI-
JeUTh U UACHTU(PHUIHUPOBATH HECKOIBKO
aKTUBHBIX coequHenuii. K coxxanenuro, 3Tu
MIPUPOJIHBIE BEIIECTBA U UX CHHTETUYECKHE

contains a significant amount of sesquit-
erpene lactones. Qualitative content and
quantitative composition of sesquiterpene
lactones varies depending on the ecolog-
ical and geographic factors, plants grow-
ing phase, cultivation technology, drying
methods etc. Well-known pharmacological
studies of the extracts from Artemisia annua
herb with sesquiterpene lactones, as well as
individual compounds of this group charac-
terize this type of raw materials as a perspec-
tive source for more profound research. Con-
clusion. Our analysis of the open materials
on the sesquiterpene lactones of Artemisia
annua, including phytochemical and phar-
macological ones, allows characterization
ofthe Artemisia annua herb as a perspective
source for new drugs working out.
Keywords: Artemisia annua, sesquiter-

pene lactones, artemisinin

Introduction. In 1960-s drug resistant
forms of malaria appeared. That was the
reason for its fast distribution in the South-
East Asia and Africa. Anti-malaria drugs of
those times, such as quinine, chloroquine,
and others became ineffective.

In 1967, Program 523 backed by the
government started in China. It involved
several hundreds of Chinese scientists.
More than 1,000 samples of different plants
known from the folk medicine were studied
with contemporary methods. Primary phar-
macological screening allowed revelation
and identification of several active com-
pounds. Unfortunately, these natural com-
pounds and their synthetic derivatives were
difficult to access or insufficiently active, or
too toxic.

In early 1970-s scientists from Beijing,
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NPOU3BOAHBIE OBUIM JUOO MAaNOA0CTYM-
HBIMHU, HEIOCTAaTOYHO AaKTUBHBIMH, JHOO
CJTUIIIKOM TOKCUYHBIMHU.

B nauvame 1970-x yuénble u3 Ilexku-
Ha, OupHans u [llaHbIyHA TOYTH OMHO-
BPEMEHHO W3BIIEKIIM aKTUBHYIO (PaKIUIO
HAJ3¢MHOM YacTHU IIOJBIHM OJHOJICTHEH,
KOHTPOJUPYS UCCIEAOBAHUS TPOTUBOMAIISI-
PHUIHBIM CKPUHUHTOM in VivO.

Kuraiickoe Ha3zBaHue — «qinghao», ko-
TOpOE OYEHb YACTO NMPHUBOJIUTCA B 3ama-
HOM HAy4YHOW JIMTEpAType I IOJIBIHU
OJTHOJICTHEH, Ha CaMOM JIeJie OTHOCHUTCS K
TPaJAUIIMOHHOMY KHUTaWCKOMY JIEKapCTBEH-
HOMY CpEZCTBY, B COCTaB KOTOPOTO BXOAUT
HecKoJIbKo pacTeHuil. CocTaBHYIO 4YacTb
3TOTO JIeKapCTBa — TPABY MOJBIHU OJJHOJIET-
Hel KuTakIbel Ha3biBaloT «huanghuahaoy.

Heabro wuccienoBanusi siBUJICS 0030p
nH(pOpMaLIUU, CONEPIKAIIEHCS B OTKPBITHIX
HUCTOYHUKAX, 00 M3yUYEeHUU CECKBUTEPIICHO-
BBIX JIAKTOHOB IOJIBIHU OJHOJIETHEU U CIIEK-
Tpe ux (HapMaKoIOTrHUeCKON aKTUBHOCTH.

Metoabl. HccimenoBanue  HpoBOIHU-
JOCh C HCIIOJNB30BaHUEM WH(OPMAIIMOH-
Ho-mouckoBbix (PubMed, ScholarGoogle),
OoubnmuoTeuHbIx 0a3 gaHHBIX (eLi-brary,
Cyberleninca), a Takxe pe3ynbTaroB cO0-
CTBEHHBIX MCCJIEIOBAHUM.

Pesyabsrarsl. B mponecce uccienosa-
HUSI HAJI3€MHOM 4acTH NOJIbIHYU B 1972 rony
ObLT MACHTU(PUIUPOBAH CECKBUTEPIIEHO-
BBl J1akTOH — apremMusuHuH (1) (huang-
huahaosu v ommbouHO — ginghaosu)
— HCTOYHUK MPOTHUBOMAJISIPUMHON aKTHUB-
HOCTH TIOJIBIHM OJHOJIETHEN [ 1, 2].

Ornpenenenune CTPYKTYpbl apTEMU3UHU-
Ha OBUIO BBHINIOJHEHO OOBEIWHEHHOUN uC-
cJea0BaTeNbCKOM rpynmnoi yuénbix Kuraii-
CKOTO MHCTUTYTA JIEKAPCTBEHHBIX BEIIECTB
n [Ilanxaiickoro MUHCTUTYyTa OpraHUYECKON
xumui [3]. OueHb OBICTPO, UCTIOIB3YS TaH-
Heie 1H-, 13C-SIMP, macc-ciekTpoB BBICO-
KOTO pa3pelieHus U 3JIEMEHTHOTO aHAJIN3a,
yIaJ0Ch YCTAaHOBUTD, YTO 3TO COCAMHEHUE
SIBJISIETCSL CECKBUTEPIIEHOM C MOJIEKYIISIp-
Ho# popmymnoit C15H2205. OxHako cTpyK-
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Yunnan, and Shandong almost at the same
time isolated an active fraction of the abo-
veground part of Artemisia annua, con-
trolling the studies with anti-malaria screen-
ing in vivo.

Chinese name — qinghao, which is often
given for the Artemisia annua in western liter-
ature, in reality belongs to traditional Chinese
drug, which includes several plants. An ingre-
dient of this plant — grass of Artemisia annua
— is called “huanghuahao” in China.

The purpose of the study was the review
of the information from the open sources
about the study for sesquiterpene lactones
of Artemisia annua referring to its pharma-
cological activity.

Methods. The study was carried out
using informational and search engines
(PubMed, ScholarGoogle), library databas-
es (eLibrary, Cyberleninca), and the results
of our own researches.

Results. While
veground of Artemisia annua in 1972 ses-

studying the abo-
quiterpene lactone of artemisinin (1) was
identified (huanghuahaosu or wrong — gin-
ghaosu) — the source of anti-malaria activity
of Artemisia annua [1, 2].

Artemisinin structure determination was
carried out by the scientists research group
of the Chinese Institute of Medicinal Sub-
stances and Shanghai Institute of Organic
Chemistry [3]. Very fast, using data of 1H-,
13C-NMR, mass-spectrums of high defini-
tion and element analysis, it was possible to
establish that this compound is sesquiter-
penes with molecular formula C15H2205.
However structural formula was a mystery
for a long time.

In the beginning of 1975 researchers as-
sumed the presence of peroxide bridge in ar-
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TypHasi (hopMyJia I0JIroe BpeMsi OCTaBaIach
3arajKou.

B mauase 1975 1. uccienoBarensaimu ObLIO
MIPEIOJIOKEHO HAIMYUE TIEPOKCUTHOTO MO-
CTHKa y apreMusuHuHa [4]. [unoresa Obuia
MOJITBEPIK/IEHA MPOCTHIM KAYECTBEHHBIM U
KOJIMUECTBEHHBIM aHau30oM (puc. 2). beuio
TaKXKe MOKa3aHo, YTO B MAacCC-CIEKTpe apre-
MHU3MHHUHA UMeeTCsl (hparMeHT ¢ maccoi 250,
00pa3yroIMiics MPU OTIIETUICHUHA MOJICKY-
JSIPHOTO KUCJIOPO/IA.

C JApyruM CEeCKBUTEPIICHOBBIM JIAKTO-
HOM TIOJIBIHUA OJTHOJIETHEH — apTeaHHYHMHOM
B (apremusununom B) cBszana onpenenéH-
Hasl MyTaHUIIA, TPUCYTCTBYIOIIAs B HAYYHON
muteparype 70 — 80-x romoB XX Beka. OH
TaK)Ke KaKk M apTeMH3UHUH CONEp)KaJiCsi B
aKTUBHBIX (ppakumsix pactenus. 1o BbIsicHe-
HUS TOYHOM CTPYKTYpbl apTeMHU3MHHHA 00a
JIAKTOHA OYE€Hb YacTO UJECHTUDHUITNPOBATIUCH
KaK OCHOBHOE JICHCTBYIOIIIEE HAYaI0 MOJIbI-
HU OJTHOJIETHEH, a MX Ha3BaHMs CMEIIMBa-
JIUCh, WA XapaKTepHU30BaIl HE KOHKPETHOE
BEIIECTBO, & CyMMY JIEHCTBYIOIINX BELIECTB.
BBuny sToro mpu mnocienyromux Mccieao-
BaHUSIX BO3HUKIM JIBE TPYIIbI CECKBUTEP-
MICHOBBIX JIAKTOHOB: apTEMHU3UHHUHBI U apTe-
aQHHYWHBI, CPEN KOTOPHIX OBLIM HE TOJBKO
HATUBHBIE BEIIECTBA, HO U apTe(aKThl, T. €.
BEIIECTBA, BOSHUKAIOIIUE B MPOLIECCE BbIJE-
JICHUS U pa3fieNieHUs] CyMMapHbIX (hpaKIuii.

Ncxons u3 nanHbIX, MOMYYEHHBIX Qr3nde-
CKUMH METOJIaMH, Pa3HBIMU HCCIIEIOBATEIIb-
CKUMH T'PyTIamMu ObUTH MPEITI0KEHbI TPU BO3-

MOKHBIE CTPYKTYpbI apTeaHHynHa B (a-B):

a/a
o]

temisinin [4]. Hypothesis was approved by
simple qualitative and quantitative analysis
(fig. 2). It was also shown that mass-spec-
trum of artemisinin had the fragment with
250 weight, which is formed after removal
of molecular oxygen.

Other sesquiterpene lactone of Artemis-
ia annua — arteannuin B (artemisinin B) — is
connected with some confusion in the lit-
erature of 1970s and 1980s. As well as ar-
temisinin it entered into the composition
of active fractions of the plant. Before the
revelation of an exact structure of artemis-
inin both lactones were often identified as
a basic active part of Artemisia annua, and
their names were mixed or the sum of ac-
tive substances was characterized instead
of certain substance. Therefore, after the
following researches two groups of sesqui-
terpene lactones appeared: artemisinins and
arteannuins, among which not only native
substances but artefacts were found as well,
the substances which appeared in the pro-
cess of the isolation and separation of sum-
mary fractions.

Based on the data, obtained with phys-
ical methods, by different research groups,
three possible structures of arteannuin B (a-
¢) were offered:

al

Pucynoxk 1 — Bepoamnwie cmpykmypul apmeanuyuna B /
Figure 1 — Possible structures of arteannuin B
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Crpykrypa B ObUla Ha OmnpenenéHHOM
JTare MCCIIENOBAHUI Haubosee MpearnoyTu-
TeJTbHA BBUY CYIIECTBOBAHHS ONM3KUX Iie-
pPOKCWIIaKTOHOB [5, 6]. PeanbHas cTpykTypa
U OTHOCHUTENbHAs KoHurypaius (2) ObLiu
HAKOHEI[ JOKa3aHbl PEHTTEHOCTPYKTYPHBIM
aHaJIM30M, a a0COIIOTHAs KOH(PUTYypaLus 1o-
JydeHa aOHOPMATBHBIM JH(PPAKIIMOHHBIM
PEHTTEHOCTPYKTYPHBIM aHam30M (abnormal
diffraction x-ray crystal analysis) [7].

CeronHsi apTeMU3MHUH ¥ TIpenaparbl Ha
€ro OCHOBE IIMPOKO MCTIONB3YIOTCS BO BCEM
MUPE IS JICICHUS] YCTOWIHUBBIX K OOBIYHBIM
NPOTUBOMAJISIPUIMHBIM TIpernaparam IITam-
MoB mMaisipuu (Plasmodium), a Taxxe 1epe-
OpaJIbHON MaJIsIpUM U MaJsIpuM y fereit [8].

ApPTEMH3HHUH TI0 XUMHYIECKOU CTPYKTYpE
OTHOCST K Ka/IMHAHOBOMY THITY CECKBHTEPIIC-
HOU/IOB. XMMHUUECKUE UCCIICIOBAHUS IPYTUX
BAC nosnbIiHM OJTHOJIETHEM KUTAUCKUMU yU€-
HBIMH TIPOBOIATCS ¢ Havyana 1980-x romos.
3a 9TOT nepuo B €€ HaI3eMHOM YacTu ObLITH
OOHapy»XeHbI emE NECSITh POACTBEHHBIX IO
CTPYKTYpE apTeMU3UHHUHY CECKBUTEPIICHOU-
TIOB, BKJTFOUast IeoOKcuapTeMu3uHuH (3) (Tadm.
1) [9], apreannyun D (4) [10], apreannyun
F (5) [11], apreannyun E (6), apreannyun A
(7) [10], amOKCHMapTEeaHHYWHOBYIO KHUCIIOTY
(8) [12], apremusuHoByr0 KHcaoty (9) [13],
METWJIOBBIA 3(Up apTeMU3NHOBOM KHCIIOTHI
(10), apremuzunon (11) [14] u apreanHyuH
B (2) [9]. Bce atu coequHeHnst OTHOCATCS K
amMop(eHOBOMY psily CECKBUTEPIICHOB, Xa-
paKTepU3yIOIIEMyCsl TIPUCYTCTBUEM ITUC-/Ie-
KQJIMHOBOTO CKEJIeTa.

C OuoreHeTHYeCKOM TOYKH 3pEHUs, ap-
TeMu3nHoBasg kucinota (9) u e 11,13-qu-
TUAPONPOU3BOAHOE — JAUTUIPOAPTEMH3U-
HoBas kucinorta (12), koTtopasi Takxke Obuia
BbIJIEJICHA BIIOCJICICTBUM W3 HAJI3EMHOU
YaCTU TOJIBIHU OJHOJICTHEH, SBIISIOTCS He-
MOCPEJICTBEHHBIMH  TTPEIIICCTBEHHUKAMH
B OnocuHTe3e apremusunuHa (1) [15]. O6
3TUX JIByX coeAuHeHusX [15], Takxke Kak u
0 croco0ax WX BBIJCIECHUS BIIEPBBIE CO00-
MM KUTAlCKUE MCCIIEOBATeIN B HaYae
1980-p1x TomoB [16]. Ilo3xke npyroi cmo-
co0 BBIJICTICHUS] aPTEeMHU3UHOBOU KHUCIOTHI
(9) 61 onucan R.Roth u N.Acton [17]. K
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Structure ¢ was the most preferable
at the certain stage of the researches be-
cause of the close peroxy lactones [5, 6].
Real structure and relative configuration
(2) were finally proved by x-ray crystal
analysis, and absolute configuration was
obtained with abnormal diffraction x-ray
crystal analysis [7].

Today artemisinin and drugs based on
it are broadly used in the entire world for
treatment of malaria strains (Plasmodium)
resistant to usual anti-malaria drugs, cere-
bral malaria, and children malaria [8].

Artemisinin belongs to cadinane type of
sesquiterpenoids by its chemical structure.
Chemical studies of other biologically ac-
tive substances of Artemisia annua by Chi-
nese scientists have been being carried out
from 1980s. For this period its aboveground
part showed ten sesquiterpenoids relative
by structure to artemisinin, including de-
oxyartemesinin (3) (table 1) [9], arteannuin
D (4) [10], arteannuin F (5), arteannuin E
(6), arteannuin A (7) [10], epoxy arteannu-
inic acid (8) [12], artemisinic acid (9) [13],
methyl ether of artemisinic acid (10) arte-
misinol (11) [14], and arteannuin B (2) [9].
All these compounds belong to amorphenic
type of sesquiterpenes, characterized by the
presence of cis-decaline skillet.

From the biogenetic point of view, arte-
misininic acid (9) an its 11,13-dehydro-de-
rived — dehydroartemisinic acid (12),
which was also isolated after, from the
aboveground part of Artemisia annua, and
were direct predecessors in artemisinin
biosynthesis (1) [15]. Chinese researches
were the first who reported in 1980s about
these two compounds, as well as about the
methods of their extraction [16]. Later, an-
other method of artemisininic acid (9) was
described by R. Roth and N. Acton [17].
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1991 rony 16 Gnu3ko CBA3aHHBIX CECKBH-
TEPICHOB OBLIM M30JMPOBAHBI U3 HA/I3EM-
HOUW 4YacTH IONBIHU OJMHOJIETHEW S.Zaman
u R.Sharma [18]. 3arem ObLIM OmIHCaHBI
eni€ 4eThlpe CEeCKBUTEpIIEHA, BKIIIOYas ap-
teannyud C (13) [19], meokcuapremusu-
HuH B (14) [35], apremusuten (15) [20] u
6,7-neruIpoapTeMU3NHOBYI0 KucioTy (16)
[21] (puc. 2). Bckope mocne myOnukaiuu
S.Zaman u R.Sharma kparkoro 0630pa 1o
CECKBHUTEPIICHOUIaM 3TOr0 PACTEHUS KH-
TaliCKUMU y4eHBIMHU B 1992 1. ObLIO HEH-
TU(DHUITUPOBAHO HOBOE COCIMHEHHE TIO]] Ha-
3BaHueM apreMu3nHuH G (17) [22]. ABTopbI
JOKa3aJlk, YTO 3TO COEIUHEHUE SBIISIETCS
MPOAYKTOM Ppa3lIOKEHUs apTeMHU3MHUHA,
T.e. ero apredaxkroM. HoBbIi TipencTraBu-
TeJIb KaJUHAHOIUIHOTO PsiJia CECKBUTEPIIC-
HOB, aHHynun (18), O6but ommcan B 1993 1.
Crpykrypa u OTHOCUTEJIbHasi KoH(pHUTy-
pauust ompeaesnsuch ¢ noMompeo AMP,
XOTsI 0Opasel] BelecTBa CoAepKai J10CTa-
TO4HO MHOro npumecei [23]. [Ipomomxas
uccinenoanusi, G. Brown unentudunmpo-
BaJl CTPYKTYpHO Onu3kuit n3oanunynua (19)
[24]. JIBa apyrux CTPYKTYpHBIX POJCTBEH-
HUKa apTeaHHynHa B: coequnenns 20 [25]
u 21 [26], a Takke apTeMHU3UHA TUTHUIPOK-
cukaguHomua 2-A (22) [27], apTemusuH
(23), nerunpoapremusununa (24) [28, 29,
30] u 6a-rugpokcunzoannynun (25) [31]
OBLIM BBIJICJICHBI U UACHTH(PHUITUPOBAHBI B
HA/J3€MHOM YaCTH MOJBIHU OTHOJIETHEH.

CeMb  HOBBIX CECKBUTEPICHOUIOB,
BKJIOYAsl TEPOKCHIIAKTOH apTeaHHyuH H
(26) u apreannymnbl [-M (27-32), Obumn
oOHapyXeHbl U HACHTU(PUIMPOBAHBI HC-
caepoBarenbckor rpynmnoi L.K. Sy ¢ co-
apropamu B 1998 r.[25]. JanpHeliee uc-
CJIeIOBaHHE MPUBEJIO K OTKPHITHIO HOBOTO
KaJIMHAaHOBOTO auoja, apreannyuna O (33);
€ro CTpyKTypa ObLIa yCTaHOBJIEHA ABYMEp-
HeIM SIMP u pentreHokpucramiorpadueit
[32]. Cunte3 apreannyuna O (33) u3 nu-
rUApo3Nuieokcuapreaniyusa B (21) no-
3BOJIUJI aBTOpaM MPEAJIOKHUTh MEPECMOTP
CTPYKTYPBI CTE€PEOXUMUH, 3aBICHHON IS
5-OH rpymmel B apreannyunax K (30), L
(31)u M (32) [32].

By 1991, 16 closely related sesquiterpenes
were isolated from the aboveground part of
Artemisia annua by S.Zaman and R. Shar-
ma [18] (fig. 2). After that, they described
four more sesquiterpenes including artean-
nuin C (13) [19], deoxyartemisinin B (14)
[35], artemisiten (15) [20], and 6,7-dehy-
droartemisininic acid (16) [21] (fig. 2).
Soon after the publication of a short re-
view of sesquiterpenoids of this plant by
S. Zaman and R. Sharma, Chinese scien-
tists identified new compound called arte-
misinin G in 1992 (17) [22]. The authors
proved that compound to be a product of
artemisinin breakdown, 1.e. its artefact. A
new representative of cadinanolide type
of sesquiterpenes — annulid (18) — was de-
scribed with NMR, although the substance
sample had a lot of admixtures [23]. Con-
tinuing the studies, G. Brown identified
structurally close isoannulid (19) [24].
Two other structural relative to arteannuin
B: compounds 20 [25] and 21 [26], as well
as artemisia dihydroxicadinolid 2-A (22),
artemisin (23), dehydroartemisinin (24)
[28, 29, 30], and 6a-hydroxyisoannulid
(25) [31] were isolated and identified from
the aboveground parts of Artemisia annua.

Seven new sesquiterpenoids, including
peroxylactone arteannuin H (26) and arte-
annuins [ — M (27-32), were found and iden-
tified by a research group of L.K. Sy with
co-authors in 1998 [25]. Further study led to
the discovery of a new cadinane diol — arte-
annuin O (33); its structure was established
with two-dimensional NMR and x-ray crys-
tal analysis [32]. Synthesis of arteannuin
O (33) from dehydroepideoxyarteannuin
B (21) allowed authors to revise the ste-
reochemistry structure, specified for 5-OH
group in arteannuins K (30), L (31), and m
(32) [32].
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Pucynok 2 — Ceckeumepnenogule 1aKnoHbl
U HeKomopbwle OUOCUHmMemuuecKy Onu3Kue coeOuHenus noablHu 00HOIemHell
Figure 2 — Sesquiterpene lactones
and some biosynthetically related compounds of Artemisia annua

CrpykTyphl IByX amMOp(haHOBBIX CECKBHU- Structures of two amorphanic sesqui-
TEPIICHOB: IeokcuapTeannynHa B (35) u quru-  terpenes: deoxyarteannuin B (35) and di-
nponeokcuapreannynHa B (36), oOHapyxkeH- hydrodeoxyarteannuin B (36), found in
HBIX B HAI3EMHO YaCTH MOJIBIHK OJHONIETHEH, aboveground part of Artemisia annua were
Obun omyOnukoBansl B 2001 r. [24]. published in 2001[24].
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BuocuHTe3 ceCKBUTEPNIEHOBBIX
JIAKTOHOB B IIpoLecce OHTOreHe3a
MOJIBIHU OTHOJIeTHEel

XOTs MONMHBIA OMOCUHTETUYECKUN TYTh
MeTaboaM3Ma apTeMU3MHUHA U HEKOTOPBIX
€ro MpeIIeCTBEHHUKOB HE ObUI yCTaHOB-
JIeH TIOJIHOCThIO, HEKOTOpBIE ATambl OHO-
TpanchopMauu ObUTH OOBSCHEHBI Kak in
vitro Tak ¥ in vivo. Akhila u ap. cuuTaror,
YTO OMOCHUHTETUYECKHUM IMyTh METa00IM3Ma
apTeMU3MHUHA HAYMHAETCSl C MEBaJOHOBOM
KHUCTIOTHI M M3oTeHTeHmmupodocdara [33].
Jlpyrasi GuocuHTETHYECKasl cXeMa TpPero-
JlaraeT, YTO UCXOAHBIM MPEAIIEeCTBEHHUKOM
apTeMu3uHUHA siBsieTcs: papHesmiaudoc-
dar, UMKIM3aIUs KOTOPOrO NPUBOIUT K
amopa-4,11-gueny (puc. 3) [34].

OTOT CECKBUTEPHEH TUIPOKCUIUPY-
eTcsl 10 apTeMHM3UHOBOro crnupra [35],
OKHUCJICHHE KOTOPOTO MPUBOAUT K apTeMHU-
3MHOBOMY anpaeruny. BoccraHoBieHue
nBoiiHoM cBsi3u npu C11-C12 pmanee nmaér
JTUTUAPOAPTEMUZUHOBBIM  aldbJCTHI, KO-
TOPBIA BIOCJEACTBUU OKHUCIISIETCS 10 JIU-
TUAPOapTEMU3NHOBON KucnoThl [35]. Kak
CUMTAET PsIJ HUCClenoBaTene, IUruapo-
apTeMU3MHOBAsI KHUCIIOTa Mpeolpa3yercs B
apreMu3nHuH HepepmenTatuBHo [38]. Co-
OTHOIIIEHUS MEXJy ITHUMHU TPEIIIeCTBEH-
HUKaMU M apTEeMU3UHUHOM H3MEHSIOTCS B
TEHOTUIIAX PA3JIMYHOTO TMPOUCXOKIACHHUS,
YTO TMpeAroiaraeT CyIlecTBOBaHHE pas-
JUYHBIX XEMOTHUIIOB MOJBIHM OJHOJETHEN
[36]. 3HauMTENBPHOE KOJWYECTBO aApPTEMH-
3MHUHA B PACTEHUU YaCTO COBNAJAET C BbI-
COKHUM COJIep>KaHUEM JIUTUIPOAPTEMU3U-
HOBOUM KHCIIOTHl U HU3KUM COJACpP>KaHHEM
apTEeMU3MHOBOM KHCIIOTHI, KakK, HalpuMep,
BO BhE€THAMCKOM reHoturne [36]. B 6ennbix
apTEeMU3MHUHOM T€HOTHUIIaX 4acTo 0OHapy-
JKUBAIOTCSI BBICOKHE YPOBHH COJEp KaHUS
apTeMU3MHOBOM KHUCIIOTHI, MPU HE3HAYM-
TEIHHOM COJCPNKAHUM JAUTHUIPOAPTEMH3U-
HOBOM kuciotel. T.Wallaart ¢ coaBropamu
[36] IpeanonoKuIn, YTo pa3audust MEXIY
XeMOTUTIaMU OMOCHHTETUYECKH O0OYyCIIOB-

12

Biosynthesis of sesquiterpene
lactones in a process of ontogenesis
of Artemisia annua

Although full biosynthetic metabolism
path of artemisinin and some of its prede-
cessors were not established in a full scale,
some stages of biotransformation were ex-
plained in vitro as well as in vivo. Akhila
and others assume that biosynthetic path of
metabolism of artemisinin starts from me-
valonic acid and isopentenyl pyrophosphate
[33]. Another biosynthetic scheme suppos-
es that farnesyl-diphosphate is the initial
predecessor of artemisinin, cyclization of
which leads to amorpha-4,11-dien (fig. 3)
[34].

This sesquiterpene is hydroxylated to ar-
temisinin alcohol [35], oxidation of which
leads to artemisinin aldehyde. Reduction of
double link with C11-C12 gives dihydroar-
temisinin aldehyde, which after that is ox-
idated up to dihydroartemisinin acid [35].
According to some researches dihydroarte-
misininic acid transforms into artemisinin
in non-fermentative way [38]. Correlation
between these predecessors and artemis-
inin alters in different origin genotypes,
which supposes different chemotypes of
Artemisia annua [36]. Significant amount
of artemisinin in plant is often coinside with
high content of dihydroartemisininic acid
and low content of artemisininic acid, as
for example in Vietnamese genotype [36].
Genotypes with low artemisinin often have
high level of artemisinin acid with insignif-
icant amount of dihidroartemisininic acid.
T. Wallaart with co-authors [36] supposed
that differences between chemotypes are
biosyntetically conditioned by the ability to
reduce artemisininic acid up to dihidroar-
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Pucynok 3 — I'unomemuueckue cxemovl OuocunHme3a apmemu3uHuUHa no:
1 — Bouwmeester u op. [34]; 2 — Bertea u op. [35]; 3 — Wallaart u op. [36];
4 — Woerdenbag u op. [37]; 5 — eapuanmot
Figure 3 — Hypothetic schemes of biosynthesis according to:
1 — Bouwmeester and others [34]; 2 — Bertea and others [35];
3 — Wallaart and others [36]; 4 — Woerdenbag and others [37]; 5 — variants
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JIeHbl CHOCOOHOCTBIO K BOCCTAHOBJICHHUIO
apTEMU3MHOBOM KHUCIIOTBHI JI0 AUTUIPOAp-
TEMU3MHOBOM B TEHOTHUIAX C BBICOKHUMH
YPOBHSAMHU apTEMU3MHOBOM KHUCIOTHL. He-
naBHue pesynbrarsl C.Bertea ¢ coaBropamu
[35], onHAKO, UCKIIFOUAIOT apTEMU3UHOBYIO
KHCIIOTY Kak IpsIMOTO MpEAIIeCTBEHHHUKA
apTeMU3MHUHA BO BLETHAMCKOM IF€HOTHIIE.

[lonbiHb  OAHOJNETHSISI COACPKUT  ap-
TEMU3HUHOBON KHUCIOTHI B 8-10 pa3 6omb-
e apremusuHuHa. [losToMy cumuTanocs,
YTO 3Ta KHUCIIOTa — €ro BO3MOXHBIM OHO-
TeHEeTUYECKUIl TmpeamecTBeHHuK. Hccie-
noBanusi A.Akhila nHe xapakrtepusyror
apTEeMU3MHOBYIO KHUCJIOTY Kak Ipeslie-
CTBEHHUKa apTEeMH3WHUHA, HO JPyTrHe aB-
Topbl [39] monararoT, 4TO apTEMU3UHOBAs
KHCJIOTa BO3MOXHBIM OMOTCHETHYECKUIT
NPEIIIECTBEHHUK U JIJIsl apTeaHHyuHa B u
JUIsl apTeMHU3UHHUHA, TTOCIIEI0BATEIbHO WU
He3aBucuMO. Y.Wang u ap. UCIOJIb30BaIU
3H-mapkupoBanHyto 1no C-15 (3K301HKIH-
YECKUI METHIICH) apTEMHU3UHOBYIO KUCIIOTY
U TIOKa3aJiu, 4TO OHa CIIoOCOOHa mpeodpa3zo-
BBIBaThCsl U B apTeaHHyuH B u B apremu-
3uHuH. R.Sangwan u dp. coobmunu 06 in
vitro ¥ in vivo ipeoOpa3oBaHUU apTEMU3H-
HOBOW KHCIIOTHI B apTeaHHyHH B u apremu-
3uMH [39]. I'pynmna uccnenoareneid noa
pyxoBozctBoM E.Staba 6uocunresuponana
u3oneHTeHwmupodocdar u B apTeaHHYHH
B u B apremusunun [40]. IloaTomy apre-
aHHyuH B Taxke cuutaniu OMOCUHTETHYE-
CKUM TMPEAIIECTBEHHUKOM apTEeMU3MHHUHA
[41]. BeckieTouHbli JMCTOBOM TOMOT€HAT
JUCTHEB MOJIBIHA OTHOJIETHEN ObLIT UCTIOJIb-
30BaH JJis MpeoOpazoBaHus apTeaHHynHa B
B apTeMU3UHUH [41].

HenaBHo  muruapoapTeMu3sMHUHOBAsS
anpaeruapenykraza (RED1) Obina ximoHu-
pOBaHa U3 MOJIBIHU OJHOJIETHEH [42]. DTOT
(GEepMEHT MOXET TOTEHIMAJILHO Tpeodpa-
30BaTh AUTUIPOAPTEMHU3MHUHOBBIN alibje-
U] B JUTHAPOAPTEMU3MHUHOBBIM CIIHPT,
BELIECTBO, KOTOPOE, MPEACTABISAET «MEPT-
BbIil KOHEUHBII MPOAYKT», TAKUM 00pa3oM,

14

temisinin in genotypes with high levels of
artemisinin acid. Recent results of C. Bertea
with co-authors [35] however, exclude the
artemisininic acid as a direct predecessor of
artemisinin in Vietnamese genotype.

Artemisia annua contains 8-10 times
more artemisinic acid than artemisinin.
Therefore this acid was considered to be
its possible biological predecessor. Studies
of A.Akhila do not characterize aremisinic
acid, as artemisinin predecessor but other
authors [39] assume that artemisinic acid
is a possible biogenetic predecessor for ar-
teannuin B and artemisinin, consequently
and independently. Y. Wang and others used
3H-marked in C-15 (exocyclic methylene)
artemisinin acid and showed that it was able
to transform into arteannuin B and artemis-
inin. R. Sangwan and others reported about
in vitro and in vivo transformation of arte-
misinin acid into arteannuin B and artemisi-
nin [39]. Researchers group under direction
of E. Sraba biosynthesized isopentenyl py-
rophosphate in arteannuin B and in artemis-
inin [40]. Therefore arteannuin B was also
considered as a biosynthetic predecessor of
artemisinin [41]. Cell-free homogenate of
Artemisia annua leaves was used to trans-
form arteannuin B into artemisinin [41].

Recently, dihydroartemisinin aldehyde
reductase (RED1) has been cloned from Ar-
temisia annua [42]. This ferment may trans-
form dihydroartemisinin aldehyde in dihy-
droartemisinin alcohol, substance, which is
a “dead final product”, thus influencing the
artemisinin efficiency in negative way.

At least two chemotypes of Artemisia an-
nua with different composition of essential
oil during vegetative period were described
[36]. On chemotype shows a high content of
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BO3JICHCTBYS] HAa BBIXOJ apTE€MU3MHUHA OT-
pHULATENBHBIM CIIOCOOOM.

[1o xpaiiHen Mepe, 1Ba XEMOTHIIA MOJIBIHU
OJIHOJIETHEH C Pa3HBIMU COCTaBaMH 3(PUPHO-
rO Maclia BO BpeMsl BETE€TaTUBHOIO MEPUOJIa
ObLH onucanbl [36]. OMUH XeMOTHIT TTOKa3bI-
BAET BBICOKOE COJEpAHHUE JUTHUAPOAPTEMU-
3MHOBOM KMCJIOTBI M QpTEMU3UHMHA, & BTOPOU
— BBICOKO€ COZICp KaHNe apTEeMU3MHOBOW KHUC-
JIOTBHI ¥ apTeaHHyHHa B, HO HU3KKE KoJInYe-
cTBa apTeMu3rHUHA. COTTaCHO MPEIbITY UM
HCCIICZIOBAHMSIM HE OOHApY>KEHO TTpeodpa3o-
BaHME apTEMHU3MHOBOM KUCIIOTHI in planta 10
JTUTUAPOAPTEMUZUHOBON KHUCIIOTHI WM HAO-
6opot [43]. beuto npennoxkeHo, 4ToObI apTe-
aHHyHH B mMor ObITh TpeoOpa3oBaH B apTeMu-
3uHUH in planta [44].

JI71s1 OllEHKU KOHKYPEHIIMU 3a Tpejliie-
CTBEHHUKOB U SKCIPECCUU T€HOB TEPIICHO-
BOTO METa00IM3Ma B Pa3HBIX PACTUTEIIbHBIX
TKAHSIX TMOJBIHU OJHOJICTHEM, YTO MOXKET
BJIMSTH HAa BBIXOJ] apTeMHU3UHUHA, ObLT HC-
nonb3oBaH qPCR-merox [45]. UeThipe rena
MeTabO0JINYECKOrO OMOCHHTETUYECKOTO
nyTd apremusuHuHa (amopda-4,11-auen
cuHTa3a, uuroxpoM P450-3aBucumas ruapo-
na3za, Al1(13)-apTeMU3MHUHOBOTO alibJie-
rUa pelyKTasa u aiabAeTUAIeTUAPOTreHas3a
1) nmokazanu 3HaYUTENHHO 00JIE€ BBICOKYIO
skcnpeccuto (B 40-500 pa3) B 1IBETOUHBIX
MOYKaX U MOJIOJIBIX JIUCThSIX TIO CPABHEHUIO
C APYTUMHU TKAHSIMHU (CTapble JIUCThS, CTEO-
JIU, KOPHU U KYJIBTypa BOJIOCATHIX KOPHEH).
OTH BBICOKHE YPOBHU 3KcIpeccuu olycia-
BJIMBAIOT OOJIBIIYI0 BEPOSITHOCTH CHUHTE3a
MPEAIIECTBEHHUKOB apTEMU3UHUHA B I[BE-
TOYHBIX TMOYKAX W MOJIOJBIX JIMCTHSIX, YTO
YaCTHYHO TMOJTBEpKIaeTcs Ooyiee BBICO-
KOU TIOTHOCTHIO TPUXOM Ha ITHX OpraHax
pacTeHusl. DKCOpeccHsl JpPYyrux CeCKBU-
TEPICHOBBIX CHMHTa3 Obllla HAMHOTO HUXE.
CrnenoBaresibHO, UX BIUSHUE Ha BBIXOJ ap-
TEMU3UHUHA OTHOCUTEIHLHO OIPaHUYCHHO.

ApTeMHU3UTEH — SHJOMEPOKCHI, OJIN3KO
CBSI3aHHBIN C apTEeMU3UHUHOM, ObLT BbIJIE-
JIEH M OXapaKTepu30BaH BIepBbie B 1985

artemisinic acid and arteannuin B, but low
quantity of artemisinin. According to previ-
ous studies, artemisinic acid transformation
in planta into dihydroartemisinic acid was
not found, as well as vice versa [43]. It was
offered to transform arteannuin B into arte-
misinin in planta [44].

QOCR-method was used to estimate
competitiveness for predecessors and ex-
pression of genes of terpenic metabolism
in different plant tissues of Artemisia an-
nua, which may influence the artemisinin
efficiency [45]. Four genes of metabolic
biosynthetic path of artemisinin (amorph-
4,11-dien synthase, cytochrome P450-de-
pendend of hydrolysis, A11(13)-artemisinin
aldehyde reductase and aldehyde dehydro-
genase 1) showed significantly higher ex-
pression (40-500 times) in flower buds and
young leaves in comparison with other tis-
sues (old leaves, stalks, roots, and culture of
hairy roots). These high levels of expression
condition a big possibility of synthesis of
artemisinin predecessors in flower buds and
young leaves, which is partially proved by
higher density of trichomes in these plant
organs. Expression of other sesquiterpene
synthases was significantly lower. Conse-
quently their influence for artemisinin effi-
ciency is relatively limited.

Artemisiten is an endoperoxyde, closely
related to artemisinin. For the first time it
was isolated and characterized in 1985 [46].
Correlation of artemisiten concentration
to artemisinin increases from 1:20 in early
period of growth to 1:1 in the beginning of
blossom.

Artemisinin is accumulated mainly in
leaves (89%). It is also found in young green
stalks (trace quantities), flowers, and seeds

15
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rogy [46]. CooTHoIIEHHE KOHIIEHTpaluu
apTeMU3UTEHA K apTEMHU3WHUHY YBEIUYU-
Baetcs oT 1:10 B paHHUI NEeproOI pa3BUTHUSA
pactenus a0 1:1 B a3y Hauana nBeTeHUS.
ApTEeMU3MHUH, KaK CUUTACTCS, B OCHOB-
HOM HakaruuBaeTrcsi B JUCThIX (89%). O6-
Hapy>KUBAETCA TaKXE€ B MOJIOJBIX 3€JIEHBIX
cTeOIIsIX (CIeI0BbIE KOJIMYECTBA), [IBETKAX U
ceMeHax [47]. ApTeMU3UHUH U apTEMUZUTEH
He ObUTH OOHApY>keHbI B KOpHsiX [48]. Huskue
YPOBHH apT€aHHYWHOBOM KUCJIOTHI U apTeaH-
HynHa B mpucyTcTBOBaM B OOKOBBIX KOPHSIX.
JIuCThs MOJIBIHU OAHOJIETHEW MOKPBITHI
KeJe3ucTiMU Tpuxomamu [49]. [IBypsn-
HBIE JKEJIE3UCThIE TPUXOMBI COCTOAT U3 10
KJIETOK, nu(depeHIIupPOBaHHbIX B 3aBUCH-
MOCTH OT SIpyca Mo CTPYKType U (PyHKIUSIM
[49]. IMeHHO B TpuxoMax, IMOKPBHIBAIOIINX
JUCTHSI U COIIBETHUS TOJILIHM OJHOJIETHEM,
ObLTM OOHApY)KEHBI CaMbI€ BBICOKHE KOH-
ueHrpauu apremusunuHa [50]. Tloatomy
OHM CUUTAIOTCS y4aCTKaMH €ro OMOCHHTe-
3a 1 HakoruieHus [28]. OquH u3 OMOTUTIOB
TMIOJIBIHU OJIHOJICTHEM, JTUIIEHHBIN JKEIE30K,
HE CcoJiepKajl HU apTEeMU3MHMH HHU apTe-
musuteH. M.Duke u ap. 3axmouarot, 4to
APTEeMU3UHUH COJACPKUTCSI B KEIE3UCTHIX
TPUXOMAX TMOJILIHK OJHOJIETHEH, KOTOphIE B
OOJIBIIIOM KOJIMYECTBE OOHAPYKUBAIOTCS HA
eé mucThax u 1Betkax [28]. J.Ferreira ¢ co-
aBTOpaMU MOMAJIEPKUBAET ITO 3AKIIOUCHHE
[48]. Conep:xaHue apTeMU3UHUHA B COIBE-
TUSAX B CTaAUI0 OyTOHM3AIMU HE MPEBHIIIA-
JO ero coxaepkaHue B JUCThsIX. OnHAKO B
a3y TOTHOTO IBETCHHS B COI[BETUSX OHO
ObU10 B 4-11 pa3 Bellle, yeM B TUCTHsIX [48].
B mporecce oHTOreHe3a MOJBIHU KOJH-
YECTBEHHOE COJEpKaHUE apPTEeMHU3WHUHA
CHauaja yBEJIMYMBAETCS, a 3aTeéM yYMEHbIIIa-
erca [48]. Camble BBICOKHE KOHIIEHTpALUU
9TOTO JIAKTOHA B PACTEHUU OOHAPYKUBAJIHCh
BO BpeMsl BereTtatuBHbIX craguii [50], 1o
uBeteHus [S51] unu Bo Bpems uBeteHus [48].
TperbuM MO 3HAUUMOCTH CECKBUTEpIIE-
HOM JIaHHOTO BU/IA TIOJIBIHU SIBJISIETCS apTe-
aHHyuH B [54].
16

[47]. Artemisinin and artemisiten were not
found in roots [48]. Low levels of artean-
nuinic acid and arteannuin B were found in
side roots.

Artemisia annua leaves were covered
with glandular trichomes [49]. Two raw
glandular trichomes consist of 10 cells,
differentiated dependent from the level by
structure and functions [49]. The highest
concentrations of artemisinin were found
in trichomes, which cover the leaves and
inflorescences of Artemisia annua [50].
Therefore they are considered the areas of
its biosynthesis and accumulation [28]. One
of the biotypes of Artemisia annua devoid
of glandules, did not have artemisinin or
artemisinten. M. Duke and others conclud-
ed that glandular trichomes of Artemisia
annua had artemisinin, which is found in a
big number in its leaves and flowers [28].
J Ferreira with co-authors supported this
conclusion [48]. Content of artemisinin in
inflorescences in budding stage did not ex-
ceed its content in leaves. However it was
4-11 times higher than in leaves in a full
blossom phase [48].

In a process of ontogenesis of Artemis-
ia quantitative content of artemisinin in-
creased in the beginning, and the decreased
[48]. The highest concentrations of this lac-
tone in the plant were found during vegeta-
tive stages [50], before the blossom [51], or
during the blossom [48].

Arteannuin B is the third significant ses-
quiterpenes of this type of Artemisia [54].

J.Laughlin [52] reported that the biggest
efficiency of the artemisinic acid from the
raw materials was observed while blossom,
preceding the increase of artemisinin con-
tent. H. Woerdenbag and others [30] con-
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J.Laughlin [52] cooO6mmi, uto HanOob-
WA BBIXOJ ApPTEMU3WHOBOW KHCIIOTHI W3
ChIpbsl HAOMIONAETCS BO BpEeMs LIBETCHUS,
NPEIIIECTBYSl YBEJIMYEHUIO COJEPIKAHUS
apremm3uHuHa. H.Woerdenbag u np. [30]
3aKJTFOUMIIN, YTO KOHIEHTPAIMU apTeMH3U-
HOBOM KHCIIOTHI M apTeaHynHa B ymensbIma-
FOTCS B TIPOIIECCE YBEIIMUCHUS CONIEPIKAHUS
apTeMHU3MHUHA, 2 MAaKCUMaJbHbIC KOHIICH-
Tpaluy apTeMU3UTEHA CIEAYIOT 3a MaKCH-
MyMOM apTeMH3UHUHA B PACTCHUM.

N3meHeHne cosepikaHns apTeMU3NHIHA
U OMOCHHTETUYECKH CBSI3aHHBIX CECKBH-
TEPIICHOB: apTEeMHU3UHOBOW KUCIIOTHI, apTe-
aHHyWHa B W apTeMu3nTeHa B TCUCHUE Be-
TeTAllMOHHOTO Mepuojia ObLJIO M3YYEHO BO
Brername [30]. Camoe BbICOKOE cofiepKa-
Hue apremusunuHa (0,86% Ha abc. cyxoit
BeC) HAOIIONANOCH B JIMCTHSIX S5-MECSYHBIX
pacTeHuii, Korma Macca JIMCThEB MO0 OTHO-
MICHUIO K MACCE BCETO PACTEHUS IOCTHUTAA
MakcuMyma. BrocneactBum, conmepikaHue
apTeMHU3MHUHA TOCTENICHHO TOHMKAIOCH.
B aToT ke nmeproa 00Hapy)KUBAITUCH CaMbIe
BBICOKME KOHIIGHTPAIUU apTeMHU3UHOBOU
kucnotsl (0,16% ot abc. cyxoro Beca) u ap-
teanHynHa B (0,08% ot abc. cyxoro Beca).
Conmepxanue apTeMH3uTeHa KoJieOanoch
B Pa3HBIC CTAJUU Pa3BUTHUS B Ipeenax OT
0,002 o 0,09% ot abc¢. cyxoro Beca.

OpHako Bce 3TH IaHHbIE XapaKTePU3YIOT
0COOCHHOCTH OMOCHHTE3a apTeMU3UHUHA U
CBSI3aHHBIX BEIICCTB 1O (pazaM pa3BHTHS
LEJIOT0 PACTeHMsI, HE YUYUTHIBasl XapakTep
UX pacnpesesneHus 1o ¢azaMm pa3BUTHUS OT-
JIEIbHBIX OPTaHOB. A, TEM HE MEHEE, Ha pac-
TEHUU OJHOBPEMEHHO HAXONATCS BEPXHHE
MOJIOJIbIE ¥ HWKHHE, YaCTO OTMHUPAIOIIHE
B TIPOIIECCE Pa3BUTHS, JIUCThsI. B OT/IEeNBHO
B35ITOM PAcTEeHUHM KOHIIEHTpPALMU apTeMHU-
3MHMHA YaCTO BBIIIE B BEPXHUX JUCTHSIX IO
CPaBHEHHIO C HUKHUMU JINCTHSIMU B BETe-
TaTUBHBIE (ha3bl pa3BUTHS LIETIOTO PACTEHUS
[50], HO 3Ta 3aKOHOMEPHOCTH MOXKET U3Me-
HUTBCS MOCIIE IIBETeHU [52].

B okcmepumeHTax,  NpOBEAEHHBIX

cluded that the concentration of artemisinic
acid and arteannuin B decreased while pro-
cess of increasing of artemisinin quantity,
and maximum concentrations of artemisiten
followed the maximum of artemisinin in the
plant.

The change of artemisinin content and
biosynthetically linked sesquiterpenes: ar-
temisinin acid, arteannuin B and artemisit-
en during vegetation period was studied in
Vietnam [30]. The highest content of arte-
misinin (0.86% of absolutely dry weight)
was found in the leaves of 5 month plants,
when leaves weight in relation to the total
weight of the plant reached maximum. Con-
sequently, the content of artemisinin grad-
ually decreased. At the same period there
were the highest concentrations of artemis-
inin acid (0.16% of absolutely dry weight)
and arteannuin B (0.08% of absolutely dry
weight). The content of artemisiten oscil-
lated in different stages of development
from 0.002% to 0.09% from absolutely dry
weight.

However all these data characterize the
peculiarities of biosynthesis of artemisinin
and linked substances in growing phases of
the plant, without considering the character
of their distribution in separate organs de-
velopment phases. Nevertheless, the plant
simultaneously has upper young and lower,
dying out leaves. Artemisinin concentra-
tion in a plant ofent may be higher in upper
leaves in comparison with lower leaves in
vegetative phases, development of entire
plant [50], but this regularity may change
after the blossom [52].

In experiments carried out by M. Lom-
men with co-authors [53] content of ar-
temisinin in growth period and develop-
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M.Lommen c coaBropamu [53], coaepxka-
HUE apTEMHU3UMHUHA B IPOILECCE pOCTa U
pa3BUTHS JIUCTHEB TIOJBIHU OJHOJETHEH
COMNOCTABIISJIOCH C UX IUIOHIAAbI0 U CYXUM
BECOM. ABTOPHI JJOKa3aJId, YTO CTAPCIOIINE
(oTMuparonIKe) KOpUIHEBBIE JIUCThSI COJIEP-
at 0OJIbIlIe apTeMU3UHIHA B IIepecuére Ha
OJIMHAKOBYIO TIJIOIIA/Ib U CYXOH BecC.

YCTaHOBNIEHO BIMSIHUE KIMMAaTUYECKHUX
(dakTOpOB Ha cozlepiKaHUE apTEeMU3MHUHA B
pactenuu [54]. @akTopbl OKPYKAIOIIEH cpe-
JIbl, TAKUE KaK OCBEIIEHHOCTb, TEMIIEpATypa,
COJIEprKaHuE BJIaru B MOYBE U B BO31yXE, 3a-
CONIEHHOCTH MTOYBBI, 3HAYUTEILHO BIUSUIA HA
BBIXOJI LIEJIEBBIX BEILIECTB U3 ChIpbA [55].

buonornueckass akTUBHOCTb CECKBUTEP-
TEHOBBIX COCAMHEHUH MOJIBIHUA OJTHOJIETHEN

Criextp OMOJIOTHYECKO aKTUBHOCTHU H3-
BJICUCHMI U BEILIECTB, BBIACICHHBIX U3 IO-
JIBIHU OJHOJIETHEMU, ITUPOK.

ApTEMU3UHUH — MOIIHOE IPOTHBOMA-
JSIPUMHOE COEITMHEHHE JaXKe B CPABHEHUH C
XJIOPOXMHOM B OTHOIIEHUHU YCTOMYMBOTO K
xuHuHy Plasmodium falciparum n npyrux
BBI3BIBAIOIINX MAJSIpUIO Tlapa3utoB. s
00BSCHEHHS] MEXaHU3Ma MPOTUBOMATISIPUI-
HOro neucrteus, ydeHbiMHu Illanxarickoro
WHCTUTYTa JIEKAPCTBEHHBIX CPEICTB ObLIa
co3/1aHa MOJIeJIb B3aUMOEHCTBHUSI 3TOTO CO-
eAMHEHUS C TEMUHOM (puc. 4).

ment of Artemisia annua leaves correlated
with their square and dry weight. Authors
proved that ageing (obsolete) brown leaves
with more artemisinin in terms of an equal
square and dry weight.

The influence of climatic factors on the
content of artemisinin in a plant was es-
tablished [54]. Factors of the environment
such as illumination, temperature, moisture
in soil and air, salinity of soil significantly
influences the coming out target substances
from the raw materials [55].

Biological activity of sesquiterpenic
compound of Artemisia annua

Spectrum of biological activity of ex-
tracts and substances, isolated from Arte-
misia annua is wide.

Artemisinin is a powerful antimalarial
compound even in comparison with chlo-
rochine in relation to Plasmodium falci-
parum, resistant to quinine and other para-
sites which provoke malaria. To explain the
mechanism of anti-malaria action, scien-
tists of Shanghai Institute of Drugs crated a

model of interconnection of this compound
with hemin (fig. 4).

Pucynok 4 — Bzaumooeiicmeue nepoKcuoH020 MOCHUKA MOJIEKY/1bl APMEMUSUHUHA
C JHcenne3om 6 MoieKyie 2eMuna
Figure 4 — Interreactting of peroxide bridge of artemisinin molecule
with Ferrum in hemin molecule
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[Ipu BcTyruieHUH apTeMU3MHUHA B KOH-
TaKT C arTOMOM >KeJe3a TeMHHa IPOHCXO-
JTUT XUMHUYECKasi peakius ¢ 00pa3oBaHUEM
OTPOMHOTO KOJMYECTBa CBOOOIHBIX pau-
KasoB. MIX CWHTE3 BHYTPHU KJICTKH MPUBO-
JUT K Pa3pyLICHUIO KJIETOUYHBIX CTPYKTYp U
rudenu KIeTku. TOKCHYHOCTh apTeMHU3UHU-
Ha JIJIs MaJSIPUAHOTO IJ1a3Mo/ius 00yCIIOB-
JIeHa HECTIOCOOHOCTBIO Mapa3uTa BEIBOJAWUTH
KeJe30, cojepialleecs B IPUTPOLUTAX,
KOTOPBIMH OH murtaetcs [56].

ApPTEeMHM3UHUH W €Tr0 CHHTCTHYCCKHUE
NPOU3BOAHBIE (apTeMeTep W HaTpHus ap-
TECyHaT) HCCJIEOBAJIUCh  KUTAUCKUMU
YYCHBIMU B YCJIOBHSX KJIMHHKH B Hayaye
1970-b1x. JleueHue ¢ MUCMOIB30BAHUEM ap-
TEMU3WHUHA W TPOU3BOJHBIX IPOTEKAIIO
0e3 KakuX-J11M00 OYEBUIAHBIX MTOOOYHBIX (-
dekroB. bonee 3000 GoMBHBIX MalsIpHEH,
3apakeHHBIX P. vivax u P. falciparum, 6puin
KIIMHAYECKH BBUICYEHBI aAPTEMHU3UHUHOM
U €ro MPOU3BOAHBIMU. DTU BEIECTBA TaK-
e OKa3aluch IPPEKTUBHBIMU TIPH LIEepe-
OpanbHOU Malsipuu. B mporiecce jedeHus
TEeMIIepaTypa Tejla NalMeHTOB CTAHOBUIIACh
HOpPMAaJIbHOM Yepe3 72 Jaca, a HOJIHOE u3Jie-
yeHue Hactynaino yepe3 120 yacos.

Knunnyeckne wuccneaoBaHus OIHOTO
W3 TperapaToB Ha OCHOBE apTEMU3MHHHA
— apresTepa ObLIIM MPOBEJCHHI B 8 pa3iny-
HBIX HeHTpaX B MHauu Ha 267 manueHTax
C HEOoCJIO)KHEHHOM M Ha 211 mamueHTax ¢
ocioxHeHHOU ¢dopmoii Mansipuu (P falci-
parum). DTU UCTIBITAHUS TTOATBEPIAUIN (-
(EeKTUBHOCTh TPEXJTHEBHOTO Kypca Jiede-
HUS C apTEITEPOM.

Ha ocnoBe apremusunnna M.Z. Abdin ¢
COABTOpaMH ObLT CHHTE3UPOBAH AUTHAPOAP-
TEMHU3WHUH, KOTOPBIIA MPOSBUI O0JIee BHICO-
KYI0 MPOTUBOMAIISIPUIHYIO aKTUBHOCTh, YEM
UCXOIHOE COEAMHEHHE, HO €ro CTPYKTypa
MeHee cTabmipHa. Tak ke ObUIM CHHTE3U-
POBaHbI U JIpyTH€ MPOU3BOIHBIE apTEMU3HU-
HUHA, CPeI HUX OBLIN HalJIeHbI BEIIECTBRA,
KOTOpBIE MOKa3anu 0ojiee BHICOKYIO dPdek-
TUBHOCTb, YEM apTEMUZUHUH [57].

After artemisinin reaction with hemin
iron atom, there is a chemical reaction with
formation of a big number of free radi-
cals. Their synthesis inside a cell leads to
destruction of cell structures and its death.
Toxicity of artemisinin for malaria plasmo-
dium is conditioned by the incapability of a
parasite to egest iron in erythrocytes, which
it feeds on.

Artemisinin and its synthetic derivatives
(artemether and sodium artesunate) where
studied by Chinese scientists in clinic con-
ditions in the beginning of 1970s. Treat-
ment with artemisinin and its derivatives
proceeded without any evident side effects.
More than 3,000 malaria patients, infected
with P. vivax and P. falciparum were clini-
cally treated with artemisinin and its deriv-
atives. These substances also were efficient
in cerebral malaria treatment. While treat-
ment, body temperature of patients became
normal in 72 hours, and the full recovery
was in 120 hours.

Clinical study of one of the drugs based
on artemisinin — arteether were carried out
in 8 different centers of India on 267 patients
with intact and 211 patients with complicat-
ed form of malaria (P. falciparum). These
studies proved the efficiency of 3 day treat-
ment course with arteether.

M.Z. Abdin with co-authors synthesized
dihydroartemisinin based on the artemisi-
nin. It exhibited higher antimalarial activity
than the original compound, but its structure
is less stable. Other artemisinin derivatives
were also synthesized. In the result, more
efficient substances than artemisinin were
found [57].
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Kpome mnporuBoMasisipuiiHONM aKTUBHO-
CTH, CECKBUTEPIICHOBBIC JAKTOHBI IMOJILIHU
OJIHOJIETHEH 00Ja1al0T UTOTOKCUYECKUM
addexToM. ITO NEHCTBHE peannsyercs Mo-
CpelcTBaM OJIOKMPOBAHUS pa3pylLICHUs -
TOCTaTUUECKUX T-TUM(OLMTOB, TOAABIS-
IOIINX POCT PAKOBBIX KJIETOK. XOTS TOYHBIC
MEXaHU3Mbl ~ OMOJIOTUYECKOTO  JICHCTBHS
CECKBUTEPIICHOBBIX JIAKTOHOB HE SICHBI, HO
U3BECTHO, YTO 3TO MPOUCXOIUT U3-3a MHAK-
THUBALIMU SIEPHOTO (PakTOpa, CBS3aHHOTO C
dbochopunupoBaHreM TUPO3UHA Yepe3 ajlb-
¢a-mMeTueH-0y THPOIAKTOHHYO TPYIIITY, KO-
TOpast SIBJISIETCS] XUMUYECKH aKTUBHOM [58].

BOnBIIMHCTBO  OMYXOJNIEBBIX  KJIETOK
HY>KJAI0TCsl B OOJIBIIIOM KOJMYECTBE KeJje-
3a JUIsl TOAJIEPKAHUS AaKTUBHOTO JICJICHUS.
[ToBepXHOCTH TaKMX KJIETOK yCesiHa perien-
TOpaMu, 00eCIeYNBAOIIMMHI TOCTYIUUICHHE
kKeje3a BHYTPb KJIETOK. JTO U MO3BOJISET
apTeMU3MHUHY OOHapyXMBaThb U YOUBATh
Takue KieTku. IIpodunakruueckuii 3¢-
dekT apTeMH3MHUHA MOXET OOBSCHSATHCS
€ro CHocoOHOCTBhIO JHMOO pacro3HaBaTh
NpEIPaKOBbIE KIETKHU, TOXKE XapaKTepu3y-
OIIIMECS TIOBBIIICHHBIM MOTPEOIICHUEM Ke-
Je3a, MO0 JUIIATh OMYyXOJb CIIOCOOHOCTH
dbopMUpPOBATH COCYIUCTYIO CETh, HEOOXO-
JTUMYIO JIJ1s1 ee pocTta [59].

B 2010 r. ycTaHOBIEHO, YTO apTEMU3HU-
HUH MHTUOUpPYET conaepKalluid reM Oesiok
(remomniporenH) NO-cuHTa3bl, KOBAJECHT-
HO COEIUHSISICh C MPOCTETUYECKUM TeMOM
KieTok omyxonu [60] m Oakrepuii. Bro-
CIEJICTBUM TIOKA3alid, 4YTO apTEMU3HHHUH
B COCTOSTHUHW YJIYYIIIUTh U JTa)Ke MpEpBaTh
CyCTaBHOW CHHOBHT, pPaHHIOIO (pa3zy peBma-
TOUJIHOTO apTPHUTa, B MBIIIAX, UHTUOUPYS
npou3BoacTBo NO [61].

Y mamueHToB C KapUUHOMOM MpOCTa-
Thl U YPOBHEM CHENH(PUIECKOTO aHTUTECHA
(PSA) > 800 MKr/m mmocie KpaTKoCpOYHOTO
jedenus ¢ O6akamutymuaom (50 Mr/meHs B
TeyeHue 14 gHei) U J0JrOCPOYHOro MpUe-
Ma Karcyll C ChIpbeM MOJBIHU OJIHOJIETHEH
U TPOU3BOAHBIMU apTeMU3MHHHA (HEmpe-

20

Apart from antimalarial activity, sesqui-
terpene lactones of Artemisia annua have
cytotoxic effect. This action is implemented
by means of blocking of cytostatic T-lym-
phocytes which suppress the growth of can-
cer cells. Although exact mechanisms of bi-
ological action of sesquiterpene lactones are
not clear, it is known that it is possible be-
cause of the inactivation of a nuclear factor,
connected with phosphorylation of tyrosine
through a-methylene- butyrolactonic group
which is chemically active [58].

The majority of tumorous cells need in a
big amount of iron for active segmentation.
Surface of such cells is covered with recep-
tors, which provide iron income into the
cells. This allows artemisinin to detect and
eliminate such cells. Preventive effect of ar-
temisinin can be explained by its ability to
reveal precancerous cells which are charac-
terized by increased iron consumption, or to
deprive cancer from formation of the vascu-
lar tree necessary for its growth [59].

It was established in 2010 that artemis-
inin inhibits NO-syntheses with hem pro-
tein, covalently connecting with prosthetic
hem of tumor cells [60] and bacteria. Con-
sequently, it was established that artemisi-
nin was able to improve and break arthrous
synovitis, early stage of rheumatoid arthri-
tis, in muscles, inhibiting the production of
NO [61].

Patients with prostate carcinoma and
level of specific antigen (PSA) > 800 pg/l
after short-term treatment with bacalitumid
(50 mg/day within 14 days) and long term
application of capsules with Artemisia an-

nua raw materials and artemisinin deriva-
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peiBHO 5x50 mr/neHs) ypoBeHb PSA cy-
mectBeHHo monmswics (0,98 mkr/m). Ilo
MHEHHIO aBTOPOB WCCJIEIOBAHUS MOCTEIY-
I0I[Me KOHTPOJIUPYEMbIe KIMHUYECKUE HUC-
MBITAHUS JIOJDKHBI YTOYHUTH BO3MOXHOCTh
WCIIOJIb30BAHUS COCAMHEHHUM TONBIHU O
HOJIETHEH NpH pake npocrtarsl [62].

MHOTOYUCIICHHBIE HUCCIIEOBAHUS TI0-
Ka3aJii, 4TO apTEMU3UHUH U €Tr0 MPOU3BO-
nHbIe YQPEKTUBHBI B OTHOIICHUH Pa3HOO-
Opa3HBIX U30TCHHBIX OIMyXOJEH KUBOTHBIX
[62] u uenoBeka [63, 64]. AprecyHar Takxke
WHTUOUPYET BOCHAJICHHE W OKHUCIHUTEIb-
HBIM cTpecc in Vivo, BhI3BaHHBIE KaHIIEPO-
TeHHbIMU BemiecTBamMu [65]. DddexTus-
HOCTh apTeMHU3WHUHA, €0 MPOU3BOIHBIX
W TIOJILIHM OJTHOJIETHEH Oblja OIICHEHa B
HECKOJIbKUX KIMHUYECKUX (pazax HCIIbITa-
nuii (I u 1) npu Tepanuu paka >KUBOTHBIX U
yesoBeka [66, 67]. HenaBHee ynpasisieMoe
iarne6o, paHJIOMU3UPOBAHHOE U JIBOMTHOE
cienoe ucnbiTanue Qasel Il B manmenrtax ¢
colorectal kapumHOMOI MPOAEMOHCTPHPO-
BaJIO, YTO y MAIIMEHTOB, OEPYIIUX TaOIeTKH
aprecyHara B JIONIOJHEHUE K CTaHAApTHOU
XUPYPTrUYECKOi Tepanuu, ObUIO Tpeumy-
1IECTBO BbDKUBAHUSA [67].

[IpousBogHBIE apTEMU3MHMHA — JUTHU-
JPOAMUAOKCUAPTEMU3UHUH U JI€30KCH-ap-
TEMU3WHHH, BBIJICJICHHBIE U3 CECKBHUTEP-
MEHOBOW (PPaKIUU CIUPTOBOTO IKCTPAKTA
MOJIBIHM  OJTHOJIETHEH, OBLTM M3y4YeHBI Ha
HaJM4Ue AaHTHUYJIbLIEPOTEHHOTO JIeWCTBUS
Ha MOJIETIU $13B, BBI3BAHHBIX CIIUPTOM ITH-
JOBBIM M WHJOMETAIIMHOM. YCTaHOBIICHO,
YTO COCAMHEHHSI TPOSBISIOT MPOTHUBO-
SI3BEHHYI0 aKTUBHOCTh. [lpenmomaraercs,
YTO aHTUYJIBIIEPOTeHHBIN 2P deKT 00yCcIoB-
JIeH YBEJIMYEHUEM CHUHTe3a MPOCTariiaH -
Ha [68].

VY CeCKBUTEPIEHOBBIX JTAKTOHOB TOJIbI-
HU OJIHOJICTHEW ObUTH OOHAPYKEHBI MHCEK-
TULIHUJIHBIE U TepOUIIUIHBIE CBOKCTBA [69].

tives (5x50 mg/day) PSA level decreased
significantly (0.98 pg/l). In opinion of the
author of the study, further controlling clin-
ical researches should make sure the pos-
sibility of Artemisia annua compounds in
prostate cancer [62].

A lot of researches showed that artemisi-
nin and its derivatives efficient towards dif-
ferent isogenic tumors of animals [62] and
humans [63, 64]. Artesunate also inhibits
inflammation and oxidational stress in vivo,
provoked by cancer-causing substances
[65]. Efficiency of artemisinin, its deriva-
tives and Artemisia annua was estimated in
several clinical phases of trials (I and II) in
cancer therapy of animals and humans [66,
67]. Recent managed placebo, randomized
in a double blind experiment of phase II in
patients with colorectal carcinoma demon-
strated that patients which take artesuna-
te pills in addition to the standard surgical
therapy had advantage of survival [67].

Artemisinin derivatives — dihydroepi-
doxiartemisinin and desoxyartemisinin —
isolated from sesquiterpenic fraction of the
alcohol extract of Artemisia annua, were
studied for the presence of antiulcerogen-
ic action at the ulcer models, provoked by
the ethanol and indomethacin. It was es-
tablished that the compounds exhibit an-
ti-ulcerous activity. It is supposed that an-
ti-ulcerogenic effect was conditioned by the
increase of synthesis of prostaglandin [68].

Sesquiterpene lactones of Artemisia an-
nua had insecticide and herbicide properties
[69].
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IHoabIHb 0IHOJIETHASA KAK MCTOYHUK
JIEKAPCTBEHHOI'0 PACTUTEIBHOIO ChIPbS

Ilo ouenke Bcemupnoii Opranuzanuu
3npaBooxpanenusi (BO3) morpebGHOCTH B
apremMusuHuHe B 2006 romy cocraBisuia
96 000 kr qyis obecriedyeHus: KaK MUHUMYM
120 MHUIUIMOHOB KYpCOB JIEUEHHUS. XOTS
€XKEroJJHO BO BCEM MHUPE PETrUCTPUPYETCS
1o 500 MWUTHOHOB ciydaeB 3a00JIeBaHUS
MaJIIpUEH.

ConepxaHue apTeMU3MHHHA B JIUCThAX
JUKOPACTylel IOJbIHU OJHOJIETHEN 3Ha-
YUTEJIbHO M3MEHSETCS B 3aBUCUMOCTH OT
TeHOTHIIA, IKOJIOTO-reorpaduieckux (ax-
TOPOB M (ha3bl 3aTOTOBKU CHIPhs. B chipbe
C TPOMBIIJICHHBIX IUIAHTAUUN CpeaHee
coiepkaHue ero mpuOnuzurenbHo 1% B
nepecuére Ha cyxou Bec. KonmuecTBo co-
OMpaeMoro ChIpbsi 3aBUCUT HE TOJIBKO OT
KyJIbTHBapa PacTEHHs, HO TAKKe OT KIIH-
MaTa, MJIOTHOCTU POCTa M HCIIOJIb30BAHUS
yaoopenuii u uppuranuu. Mccnenosanue,
MIPOBEJIEHHOE B IIOJIEBBIX YCJIOBHSX BO
Bretname, moka3zaso Beixof ceipbs 7000 kr/
ra B riepecuére Ha aOCOIIOTHO CYXYIO MaccCy
u npubnusuTenbHo 30 Kr/ra apTeMU3UHUHA
IpU IUIOTHOCTU Tnocaaku — 20 pacTeHuit
Ha M°. Bonee mo3naHee cooOlIeHNe OMHCHI-
BAa€T MHOIOpPa3oBbIii cOOp ChIPbS B MOJIE-
BBIX ucnbITaHussx B Muaun. HambGonbiiee
cofiepKaHWe apTeMU3MHUHA HAOII0IAT0Ch
B MOJIOJBIX JIUCTBSX. JTa TEXHUKA IO3BO-
JSIeT yBENMYMBATH BBIXOJ apTEMHU3MHUHA,
coOupasi MOJIOZIbIE JIUCThSI OT TEX K€ ca-
MBIX PACTEHMH 1O YETBIPEX Pa3 3a CE30H,
C MaKCUMAaJIbHBIM BBIXOZOM apTeMU3MHHHA
77,5 kr/ra. Jlyudmmas cenbCKOX03sHCTBEHHAS
MPAKTUKA U UPPUTALUS TO3BOJSIOT TOJTY-
garb 4000-5000 kr/ra cepbsi B mepecyére
Ha a0CONIOTHO CyXOH Bec, TOrja Kak He-
OobIIe MPOU3BOAUTENN B OONacTsIX 0e3
uppurauuu cobupator tosnpko 1000 kr/ra.
Hcxons u3 3TuX JaHHBIX, 0oOmas moTpeo-
HOCTb B CBhIpb€ IOJBIHU OJHOJETHEN JIs
MOJIyYEHHsI apTEMHU3MHUHA COCTABISET OT
3000 mo 14 000 rekrapoB, 4YTOOBI MOTYYUTH
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Artemisia annua as the source
of medicinal plant raw materials

According to the World Healthcare Or-
ganization (WHO) artemisinin demand
in 2006 amounted to 96,000 kg to supply
at least 120 million treatment courses. Al-
though there are up to 500 cases of malaria
registered every year.

Content of artemisinin in the leaves of
wild-growing Artemisia annua varies sig-
nificantly depending on genotype, ecolog-
ical and geographic factors, and raw mate-
rials harvesting phase. In raw materials of
industrial plantations its average content
amounts to 1% in terms of dry weight. Quan-
tity of the raw materials gathered depends
not only on a variety of the plant, but also
on the climate, growth density, and the use
of fertility and irrigation. The study, carried
out in field conditions in Vietnam, showed
the production of raw materials amounted
to 7,000 kg/ha in terms of absolutely dry
weight and about 30 kg/ha of artemisinin, at
the density of 20 plants per m?. Later report
describes a repeated collection of raw mate-
rials in field research in India. The biggest
content of artemisinin was found in young
leaves. This technique allows increasing ar-
temisinin output, gathering young leaves of
the same plants up to 4 times a season, with
maximum output of artemisinin of 77.5 kg/
ha. The best agricultural practice and irri-
gation allows receiving 4,000-5,000 kg/ha
or raw materials in terms of absolutely dry
weight, while small producers in areas with-
out irrigation only gathered 1,000 kg/ha.
According to these data, general demand in
Artemisia annua raw materials to obtain ar-
temisinin amounts to from 3,000 to 14,000
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120 munimnoHoB KypcoB JieueHust. [lnomanb
HEOOXOAUMBIX TUIAHTAIIUN ITOJIBIHA OJIHO-
JIETHEW BO MHOTOM OIPEACISETCS TakKKe
3((PEKTUBHOCTHIO TEXHOJOTHH BBIJCICHUS
apTeMU3UHHUHA.

[TonbiHbE OAHOJIETHSIA — IIMPOKO pac-
npocTpaH€éHHoe pacteHue Ha KaBkasze u B
IIpenkaBka3be B 4aCTHOCTH.

MeToabl aHa/IM3a
CEeCKBUTEPIICHOBBIX JITAKTOHOB
B CbIpbe MOJIBIHU OHOJIeTHEel

AHanu3 apTeMU3MHUHA B ChIPbE B CHITY
psana (akTopoB SBISETCS 3aTPYJAHUTEIb-
HBIM:

v/ BEIIECTBO ABJIAETCS HECTAOUIIBHBIM;

v/ KOHIIEHTpAIUs €r0 B PACTEHHH OTHOCH-
TEIHHO HU3KA;

v/ OTCYTCTBYIOT CEJIEKTHBHBIE PEareHTHhI,
o0pa3yroInire XpOMOTeHHbIE KOMIUIEKCHI
C apTEeMU3UHUHOM;

v/ COIyTCTBYIOIINE BEINECTBA, COIEPIKa-
1IMeCs B UCXOHBIX U3BIICUEHUSX U3 ChI-
PBsl, 3aTPYIHSIOT €ro OOHApYKEHHUE.
HccnenoBanue TepMHUUECKON CTaOWIIb-

HOCTHU MIOKA3aJI0, YTO APTEMU3UHUH YCTOMU-

yuB 10 150°C, HO HaYMHAET pa3pylIaThCs

ripu 180-200 °C [70]. Kpome Toro, oH uyB-

CTBUTEJICH K KHCIIOTHOM U IIEIOYHON 00pa-

ootke [71].

Xpomarorpadusi B ToHkoM cioe (TCX)
WCIIOJIb30BaJIaCh, YTOOBI OIICHUTH COMEP-
xaHue apreMusunuHa [10, 70] B cbipbe, HO
M3-3a OTCYTCTBUSI CEIEKTUBHBIX XPOMOTEH-
HBIX PEareHTOB M MPUCYTCTBUS OJIU3KHUX T10
CTPYKTYpE COIYTCTBYIOLIUX BEIIECTB, 3TOT
METOJI OKa3ajcsi HE JOCTAaTOYHO TOYHBIM.
BOXX ¢ YO obnapyxenuem npu 210 HM
TaK)K€ HCIIOJIb30BaJIach JUIsl aHAJIUTHYe-
CKHX LIeJIeld, HO IPUCYTCTBUE BEIIECTB, I0-
[JIOMIAIONIUX B JIAaHHOM 00JacTH CHEKTpa,
CYILIECTBEHHO CHM)XaJI0O TOYHOCTh OIpese-
JIeHus apTeMu3uHuHa [51, 72].

Tak kak apTeMH3UHUH U UTHApPOApTE-
MU3HHUH TEPMUYECKH HEYCTOMYMBHI U B
UX CTPYKType MNPAKTUYECKH OTCYTCTBYIOT

ha, to obtain 120 million treatment courses.
The square of necessary plantations of Arte-
misia annua is also determined by the effi-
ciency of artemisinin isolation technology.

Artemisia annua is a widespread plant in
the Caucasus, particularly in the Ciscauca-
sia.

Methods of sesquiterpene lactones
analysis in the raw materials
of Artemisia annua

Analysis of artemisinin in the raw mate-
rials is challenging due to the range of fac-
tors:

v" the substance is unstable;

v/ its concentration in a plant is relatively
low;

v there are no selective reagents which
form chromogenic complexes with arte-
misinin;

v accessory agents in the initial extracts
form the raw materials complicate its de-
tection.

Study of thermic stability showed that
artemisinin is resistant to 150°C but starts
destroying at 180-200°C [70]. Apart of that
it is sensible to acid and alkaline process-
ing [71].

Thin-layer chromatography (TLC) was
used to estimate the content of artemisinin
[10, 70] in the raw materials, but because
of the absence of the selective chromogenic
reagents and presence of structurally related
accessory agents, this method was not pre-
cise enough. HPLC with UV detection at
2010 nm was also used for analytic purpos-
es but the presence of substances which ab-
sorbed in this field of spectrum significantly
decreased the accuracy of artemisinin deter-
mination [51, 72].

Since artemisinin and dihydroartemisi-
nin are thermally unstable and their struc-
ture practically does not have ultraviolet of

23
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yabTpaduoNeToBbie WU (IIyOpPECIIEHTHBIC

xpomodopsr [73], Takke Kak ¥ (PyHKIIHO-

HaJbHbIE TPYIIbI PUTOIHBIE JJIs epUBa-

TU3allMU, Pa3BUTUE UYBCTBUTEIIbHBIX aHa-

JUTUYECKUX METOJIOB JJisi OINpEeIeiICHUs

ITUX BEIIECTB — ceph&3Has mpoodiema. JlBa

Pa3JIMYHBIX MOAXO/la WCIOIb30BAINCH IS

OTIPEICTICHUS STUX BEIIECTB:

v/ IIpeIBAPUTENHLHOE KHCIOTHOE WM OC-
HOBHOE pa3JIOKEHUE JUIsl TOJIYUYEHUS
Y®-nornomarmmux BeUIeCTB U IOCe-
nyromuil ux BOXX-ananus [72];

v  BOXKX ¢ 271eKTpOXHUMHYECKHM BOCCTa-
HOBJICHUEM [ 74].

M.M. ElDomiaty u ap. cooOumiu o0
OMpe/IeNIeHNd TMPUMECH  apTEeMU3UTEHA
K apTEeMU3UHUHY C TOMOIIbI0 OOpaIéH-
HO-(azHoit BOXX [75]. Metog BOXX c
noJsiporpaguueckuM oOHApYKEHHEM apTe-
MU3WHHWHA U €T0 MPOU3BOIHBIX OBLT TaKXKe
pa3BuT [76]. HegaBHO ObLT OmucaH METON
KX nans ompeneneHus: apTeMU3HMHHHA
(npenen wyBcTBUTENBHOCTH cocTaBui 100
HT) [77]. DTOT METO]1 OCHOBAH Ha JINHEHMHBIX
COOTHOILIEHUSX, MOJYYCHHBIX MEXKIY KOH-
LIEHTpalle apTeMU3UHIUHA U COOTBETCTBY-
FOIIMMHU TUTOIIASIMU TTUKOB JJIsI JIFOOOTO 13
JIBYX TPOAYKTOB €r0 TEPMHUUYECKOTO pasiio-
JKEHUSA. DBBICTPBI CKPUHMHIOBBIA METOL,
OCHOBAaHHBIM Ha TaHIEMHON MaccC-CIIEK-
TPOMETPHUH, ONMUCAH JJisi BEIIECTB, BbIJe-
JSIEMBIX BMECTE C apTEMU3UHUHOM U3 TIep-
BUYHBIX T'€KCAHOBBIX U3BJICUCHUU TOJIBIHU
onuonetHent [78]. Kpome toro, Obln omnu-
CaHbl XpPOMAaTO-MaccC-CIEKTPOMETPUUECKUI
[79] meTon u panuonMmyHoaHanus. B 1993
. M. Jaziri u coaémopsi cOOOUTHIHN O pa3pa-
00TKE KOCBEHHOTO JH3UM-CBS3BIBAIOIIETO
METO0/1a, OCHOBAHHOTO Ha CIIOCOOHOCTH Tie-
POKCUIHON (YHKIIMOHAIBLHOM TPYIIbLI ap-
TEMHU3WHHUHA B3aUMOJIEUCTBOBATh CO CIIELI-
H(pUYIECKUMU aHTUTEIaAMU.

Heckonbko paboT Ob1JI0 TOCBAIIEHO aHa-
13y OMOCHHTETUYECKU CBSI3aHHBIX C apTe-
MHU3WHUHOM COCIMHEHUI: ApTEAHHYUHOBOU
KHUCJIOThI, apTeaHHyHHa B u apremMusuteHa.

24

fluorescent chromophores [73], as well as
functional groups able for derivatization,
development of sensitive analytical meth-
ods of these substances determination has
been a serious problem. Two different ap-
proaches were used to determine these sub-
stances:

v’ preliminary acid and base decomposition
to obtain UV-absorbing substances and
further HPLC analysis [72];

v" HPLC with electronic and chemical re-
duction [74].

M.M. ElDomiaty and others report-
ed about the determination of admixture
of artemisiten to artemisinin with reverse
phase HPLC [75]. HPLC Method with po-
larographic detection of artemisinin and
its derivatives was also worked out [76].
Recently, the method of gas-liquid chro-
matography has been described for the ar-
temisinin determination (sensitivity limit
amounted to 10 ng) [77]. This method was
based on the linear correlations, obtained
between the concentration of artemisinin
and corresponding areas of peaks of any
of the products of its thermic decomposi-
tion. Fast screening method, based on the
tandem mass-spectrometry was described
for the substances, being isolated togeth-
er with artemisinin from the initial hexane
extracts of Artemisia annua [78]. Apart of
that, chromate-mass-spectrometric method
[79] and method of radio-immune-analy-
sis were described. In 1993 M. Jaziri and
co-authors reported about the working out
of an indirect enzyme-binding method,
based on the ability of peroxide functional
group of artemisinin to interreact with pe-
culiar antibodies.

Several works were devoted to the
analysis of compounds, biosynthetically
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TCX ucnonb3oBanach Jjisi OJTHOBPEMEHHO-
ro 0OHapy>XEHUS ITUX BEIIECCTB.
Tepmuueckass HEYCTOMYMBOCTH SHIO-
NEPOKCUTHOW  (DYHKIIMKM  apTEeMU3HUTEHA
W apTeMU3WHUHA TO3BOJISUIA OMPEACISITh
MPOAYKTHI UX muponmusa. IIpocTonr mMeton
OJTHOBPEMEHHOTO OOHapYXEHUSI U KOJIUYe-
CTBEHHOTO ONpEIENICHUs HETOBPEkKIECHHO-
ro apTeMU3MHUHA U €r0 OUOIIPEAIIeCTBEH-
HUKOB ObLT MpeiokeH D.R. Vandenberghe
¢ coaBtopamu [29]. [Ipenen uyBCTBUTENb-
HOCTU JAHHOTO METO/a OKa3aJCsl 3Hauu-
TEJbHO HHM)KE TE€X KOHLIEHTPALUi BEIECTB,
KOTOpBIE OOHAPYKUBAIOTCS B PACTCHUH.
3akarouenue. TakuM 00pa3oM, MOJIBIH
OJTHOJIETHSIS SIBJISIETCS BaXKHBIM UCTOYHUKOM
OMOJIOTUYECKA aKTUBHBIX CECKBUTEpIIC-
HOBBIX JJAKTOHOB, HEKOTOPBIE M3 KOTOPBIX,
KakK, HallpuMep, apTeMU3UHUH, apTEeMU3U-
HUHOBAsI KUCIIOTA U Ap. YK€ UCIOJIb3YIOTCS
JUTS] TIOJTYYEeHUS JICKAPCTBEHHBIX CPEJICTB.
Kpome Toro, ceCKBUTEPIIEHOBBIE JIAKTO-
HbI TIOJIIHU OJIHOJIETHEW 00JIa/latoT LUTO-
TOKCUYECKUM, TMPOTUBOBOCHIAIUTEILHBIM,
AHTUYJBLEPOTCHHBIM W APYTMMHU BHIAMH
(hapMakoIOrHueCcKOil aKTUBHOCTH.
[TpoBeneHHbIN HAMY aHAJIN3, UMEIOIIINX-
Csl B OTKPBITOM HH(pOPMAIMOHHOM JIOCTY-
e, MarepuajioB MO U3YYEHUIO CECKBUTEpP-
TIEHOBBIX JIAKTOHOB TMOJIBIHU OJHOJIETHEH,
B TOM 4ucCie GUTOXUMHYECKUX U (apMako-
JIOTUYECKUX, TO3BOJISIIOT XapaKTEPU30BaTh
TpaBy TOJIBIHU OJHOJIETHEW KakK MEepPCHeK-
TUBHBII UCTOYHMK JJI pa3pabOTKH HOBBIX
JIEKapCTBEHHBIX CPE/ICTB.
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related to artemisinin: arteannuin acid,
arteannuin B, and artemisiten. TLC was
used for simultaneous detection of these
substances.

Thermic instability of endoperoxide
function of artemisinin and artemisiten al-
lowed determination of products of their py-
rolysis. A simple method of the simultane-
ous detection of quantitative determination
of an intact artemisinin and its bio-prede-
cessors was offered by D.R. Vandenberghe
with co-authors [29]. The sensibility limit
of this method was significantly lower the
concentration of substances, found in the
plant.

Conclusion. Thus, Artemisia annua is
the most important source of biological-
ly active sesquiterpene lactones, some of
which as for example artemisinin, artemis-
ininic acid and others have already been
used to obtain medicinal drugs.

Apart of that, sesquiterpene lactones of
Artemisia annua have cytotoxic, anti-in-
flammatory, anti-ulcerogenic and other
types of pharmacological activity.

Our analysis of the open data about ses-
quiterpene lactones of Artemisia annua,
including phytochemical and pharmaco-
logical, allows characterizing the herb of
Artemisia annua as a perspective source for
new drugs working out.
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