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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-

4

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,

5
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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-

6

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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dihydroartemisinin alcohol
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dihydroartemisinin aldehyde
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dihydroartemisinic acid
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deoxiarteannuin B

THAPOIIEPOKCH ] AUTHIPO-
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hydroperoxide of dihydroartemisinic acid
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apTeaHHyuH B /
arteannuin B

apTEeMU3UTEH /
artemisiten

apTEeMH3HHUH /
artemisinin
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,
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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
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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-
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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
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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.
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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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discovered ginghaosu (artemisinin) and
developed its derivatives. What are the
future perspectives? // Med. Trop. 1998.
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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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RHODIOLA ROSEA: STATUS OF RESEARCH AND POSSIBILITIES
FOR COSMECEUTICAL AND DERMATOLOGICAL DRUGS PRODUCTION

'E.F. Stepanova, ‘Shirzad Barakat, °S.B. Evseeva
'Pyatigorsk Medical and Pharmaceutical Institute — branch of Volgograd State Medical
University of the Ministry of Health of Russia, Pyatigorsk
’Biviteks Itd, Nalchik, Russia
E-mail: e.f.stepanova@mail.ru

Poouona po3osas Aensemca 0OHUM U3
80CMpeb08AHHbIX d0aNMO2eHHbIX cpedcms.
[MTomumo adanmoeeHHwbIx, oHa obiadaem ps-
0om Opyaux ¢hapmakosnoauyeckux cgolicma:
AHMUOKCUOAHMHbIMU, HOOMPONHbLIMU, aH-
muoenpeccaHMHbIMu, — UMMYHOMOOY/IUPY-
rowumu. Poccutckol  hpOMbIWIIeHHOCMbIO
8bInyckaemcsa poouosibl po3080U 3KCMPAxKm
Xuokud, a makxe bA/] Kk nuwe Ha ocHose po-
0uOJIbl P03080U, HO HapPYXHble SleKapcmeeH-
Hole hopmbl omcymcmaytom. Ljeneto 0aHHOU
pabomesl A8UCA AHANU3 HAyYHOU UHGOp-
mayuu, kacarowelca obweli xapakmepu-
CMuku, ¢hapmakonoaudeckoli akmusHocmu
U 803MOXHOCMU UCNOJIb308AHUA pPOOUO/IbI
P03080Ui 8 HAPYXHbIX IEKAPCMBEHHbIX U KOC-
Memuyeckux cpedcmsax. Memooel. []na 06-
wel xapakmepucmuKku poouosibl po3080U,
apmakonoauveckux csoticms, 0cobeHHo-
cmel UCNO/IL30BAHUA POOUOJIbI PO3080U 8
MeOUUUHCKOU U KocMemuyeckoU Npakmuke,
a Mmakxe nepcnekmugax HApyXHo20 npu-
MeHeHuA 6blau ucnosb308aHsl Cedyrouwjue
pecypcoi: eLIBRARY, PubMed, Cyberleninca,
ResearchGate, mamepuanel catimos npous-
gooumesieli U nocmasuwjukos npodykyuu. Pe-
3ynemamel. [Ipenapamel poouosIbl paccma-
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Rhodiola rosea is one of the most popu-
lar adaptogene agents. Apart from adapto-
gene,ithasthewholerange ofotherpharma-
ceutical properties: antioxidant, nootropic,
antidepressant, immunomodulatory, and
other. Russian industry manufactures liquid
extract of Rhodiola rosea, as well as food
BAS based on the Rhodiola rosea, but there
are no dosage forms for external use. The
purpose of this work is to analyze scientific
information about general characteristics of
the pharmacological activity and possible
use of Rhodiola rosea in external drugs and
cosmetics. Methods. The following resourc-
es were used for general characteristic of
Rhodiola rosea, its pharmacological prop-
erties, particularly the usage of Rhodiola
rosea in medical and cosmetic practices, as
well prospects of its external use: eLIBRARY,
PubMed, Cyberleninca, ResearchGate, in-
formation from manufacturers and deal-
ers web-pages. Results. Rhodiola drugs
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mpuearomca Kak nepcnekmusHsle cpedcmasa
8 mepanuu denpeccuti, 6one3Hu [lapKuHCOHa,
npu paccmpolicmeax namamu, 8HUMAHUS,
014 NPOUIAKMUKU apummud, No8bIleHUsA
8bIHOCIUBOCMU, A MAKXE CHUXXEHUA YpOBHSA
cmpecca 8 cnopmusHoU U KOCMUYecKoU Me-
ouyuHe, 0N1A yay4uweHUs nepeHocuMocmu u
No8blleHUA 3(hheKmuBHOCMU npu XUMUO- U
paduomepanuu onyxoseu, 8 Kayecmse UM-
MyHOCMUMYupyloue2o cpedcmed. B Ha-
cmoswee 8pema 8 Pocculickoli ®edepayuu
NpUMeHAemMca 3KCMpakm poouosibl XUOKUU
KAk MmOHu3upyrowee cpedcmeo U NOKA3aH
npu nepeymomJieHUsAX y npakmuyecku 300-
posbix nitodel U 60s1bHbIM, 0C1ab/1eHHbIM 8
pe3ynemame 01umesibHo20 3abonesaHus. B
Jlumepamype umeemca 00Cmamo4Hoe KoJiu-
yecmao c8ed0eHUU O HaIUYUU 803MOXHO20 3¢h-
ekma 6uosoaudecku akmugHbIX seujecms
poouosbl po3080U NPU HAPYXXHOM NpUMeHe-
HUU: GHMUOKCUOAHMHO020 U AHMUMUKPOBHO-
20, ombenusarowezo, YP-npomeKkmopHo2o,
cmumysnupyrowe2o obmeH seujecms. 3akito-
yeHue. Takum 06pasom, nosyyeHHvle OaHHbIe
csudemersibCMayOM 0 NepcnekmMuBHOCMuU ee
npuMeHeHUs 8 KocMeyesmuke U noomaep-
X0atom onsim mpaouyuoHHO20 UCNO0J1b3084d-
HUA 0714 yx00a 3a ysaoatowiel Koxeu, XupHou
KoXeU U npu dkHe.

Knioueewvle cnoea: poouona po3osas,
adanmozeHbl, GHMUOKCUOAHM, 3KCMPAaKkmbl,
HapyxHoe npumeHeHue, KocMeyesmuka

Poaunona po3oBas sBisieTcs OAHUM U3
MOIITHEHIITUX M JMAMAa30HHBIX aJalTOreH-
HBIX CpeacTB. PacteHue mnpouspacrtaer B
Poccum B Takux pernoHax kKak ceBep €Bpo-
neuckoi yactu, 3anagnaas u Bocrounas Cu-
oupsb, Antaii, Jlanpauit BocTok, a Takxe B
ropax 3anagHou EBponsl 1 CkaHIUHABUH,
Kuras, Monronuu.

Poaunona posoBast npumepHo ¢ 70-x ro-
JIOB BXOJIUT B JIMHEHKY aIallTOTC€HHBIX pac-
TEHUM, COYETAETCA U KOHKYPHUPYET C KEHb-
IIEHEM U DJIEYTEPOKOKKOM. AJIalTOTeHbI
MPEACTABISAIOT c000i 0co0yI0 (hapmakoio-
THYECKYI0 TPYIIY MpernaparoB MPUPOIHO-

are considered prospective agents for de-
pressions therapy, Parkinson disease treat-
ment, memory, attention defects, for ar-
rhythmia prevention, stamina increase,
and stress level decrease in sport and space
medicine, for acceptability and efficiency
improvement of chemo- and radiotherapy,
as immunostimulatory agent. Nowadays
in the Russian Federation Rhodiola rosea
liquid extract is used as a tonic agent and
is prescribed for over-fatigue in healthy
persons, and for the sick, weakened as the
result of a long-term treatment. Literature
has sufficient amount of data about possi-
ble effect of biologically active substances of
Rhodiola rosea at external use: antioxidant
and antimicrobial, bleaching, UV-protective,
metabolism stimulating. Conclusion. Thus,
the data obtained give evidence about the
prospect of Rhodiola use in cosmeceutics
and prove the experience of its traditional
use for withering and fat skin treatment, as
well as acne.

Keywords: Rhodiola rosea, adapto-
genes, antioxidant, extracts, external use,
cosmeceutics

Rhodiola rosea is one of the most pow-
erful and widely used adaptogenic agents.
The plant grows in North European Rus-
sia, Eastern and Western Siberia, Altai, Far
East, as well as in the mountains of West-
ern Europe, Scandinavia, China, and Mon-
golia.

Rhodiola rosea has been among adapto-
genic plants since about 1970s and compete
with ginseng and Eleuterococcus. Adapto-

genes are a special pharmacological group
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IO WIM CUHTETUYECKOTO MPOUCXOXKIACHUS,
CIIOCOOHBIX TOBBIMIATH HECTICITU(DUUIECKYIO
COMPOTHUBIIAEMOCTh OpraHU3Ma K Hebiaro-
IpUSITHBIM (DaKTOpaM BHYTpPEHHEH U BHEIII-
Hew cpenbl [1].

Urto kacaeTcs pOAMOJIBI PO30BOM, TO
OHa, TOMUMO AJANTOTeHHBIX, 00JIaaeT Psi-
JIOM JIpyTUX (hapMaKOJIOTHYECKUX CBOWCTB:
AHTUOKCUJIAHTHBIMU, HOOTPOITHBIMU, aHTH-
JEMPECCAHTHBIMU, UMMYHOMOAYJIHPYIOIIN-
Mmu. [ToaTomy poamnosia po3oBasi celyac Bbl-
3BIBAET BBICOKUW MHTEPEC MCCIIEIOBATENEH
U Bpauel-KIMHULIMUCTOB. VIMeroTcsa naHHbIe
0 MEPCIEKTUBHOCTH HCIOJIB30BAHUS POIU-
OJIbl PO30BOM B KOCMETOJIOTHH.

B HacTosiiee Bpems pOCCHMCKOW MPO-
MBIIIUICHHOCTBIO BBIITYCKAE€TCSl TOJIBKO PO-
JIMOJIBI PO30BOM IKCTPAKT JKUJIKUH, a TAK¥Ke
BA/I x nu1ie Ha OCHOBE POJMOJIBI PO30OBOM,
T.€. OQUIIMAIBHBIX JICKAPCTBEHHBIX Ipera-
paToB MOKa OYE€Hb Majo, a HAPYKHBIX Je-
KapCTBEHHBIX ()OPM MIPOCTO HET.

Ieabr0 HACTOSIIETO MCCICIOBAHUS SIB-
JSI€TCS aHAJIU3 COBPEMEHHOI'O COCTOSIHUSA
UMEIOIIMNXCS JTUTEPATyPHBIX CBEACHUN IO
poIHOJIE PO30BOM [UIi PAcCCMOTPEHHUS B
JaIbHENIIIEM BO3MOXXHOCTH €€ HCHOJIb30-
BaHUs B ICPMATOJIOTMN U KOCMELEBTHUKE.

Metoabl. JIng BBISIBJICHUS JAaHHBIX O
COBPEMEHHOM COCTOSIHUM HCCJIEA0BAHUSA
POAMOJIBI PO30BOM M MEPCIEKTUB HUCHOJIb-
30BaHUSl €€ ChIphs B (hapMaleBTHUYECKOU
MpaKTUKEe ObUI TPOBEJICH aHAJIM3 Hayy-
HOM JIUTEpaTyphl, a TAKXKE TEXHUYECKOMN
uHpopmanuu. B pabore wucnonp3oBa-
ool 0a3pl maHHBIX: ¢LIBRARY, PubMed,
Cyberleninca, ResearchGate, a Takxe caii-
Thl TIPOU3BOAUTENCH U TUCTPUOBLIOTOPOB
MPOAYKIIUH.

Pe3ynbrarsl ucciae10BaHus U 00CYXK-
aeHue. bomanuueckas Xxapakxmepucmuxa
poouonvl po3osot. Poguona po3oBasi — MHO-
TOJIE€THEE TPABSIHUCTOE PACTEHHUE C TOJI-
CThIM KOPHEBHUILIEM U HECKOJIbKUMH HEBET-
BUCTBIMH CTEOJIIMH, BEICOTOM 710 50—60 cM.
JIuctesa MsACUCTBIE, TYCTOPACIOJIOKEHHBIE,
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of natural or synthetic origin, able to in-
crease non-specific resistance of an organ-
1sm to unfavorable factors of inside and out-
side environment [1].

As for Rhodiola rosea, apart from adap-
togenic it has other pharmacological prop-
erties: antioxidant, nootropic, antidepres-
sant, immunomodulatory etc. Therefore
Rhodiola rosea evokes high interest of re-
searchers and clinic doctors. There are data
about prospects of the use of Rhodiola rosea
in cosmeceutics.

At present, Russian industry only man-
ufactures liquid extract of Rhodiola rosea,
and food BAS based on Rhodiola rosea, i.e.
there are few official drugs, and no external
dosage forms.

The purpose of this work is to analyze
a state of literature information about raw
materials of Rhodiola rosea to consider its
further use in dermatology and cosmeceu-
tics.

Methods. The following resources were
used for general characteristic of Rhodi-
ola rosea, its pharmacological properties,
particularly the usage of Rhodiola rosea
in medical and cosmetic practices, as well
prospects of its external use: eLIBRARY,
PubMed, Cyberleninca, ResearchGate, in-
formation from manufacturers and dealers
web-pages.

Results of the research and discus-
sion. Pharmacological characteristics of
Rhodiola rosea. Rhodiola rosea is peren-
nial grassy plant with thick rhizomes and
several unbranched stalks, 50-60 cm high.

Leaves are succulent, crowded, sedentary,
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CUJsYue, OYepeIHble, TPOAOITrOBaTO-sitIe-
BHJIHBIE, YACTO MEJIKOTIIIBYATHIE, 320 CTPEH-
HbIE, IMHOU 10 3—5 cM, mupunou 0,5-1,5
cM. [IBeTKH pacTeHus C S-4JIEHHBIM OKOJIO-
LIBETHUKOM, XENThIe (MYKXCKHE SK3EMILIsI-
pBI) WIH KEJITOBATO-3€JICHbIE JI0 KPAaCHO-
BaTO-OypbIX (3keHCKHE 0co0u), cOOpaHbI B
TyCThle HIUTKOBUAHBIE couBeTus. [Lnoab
— IPSIMOCTOSIYME 3€JICHOBAThIC WU OypoBa-
ThI€ MHOTOJIUCTOBKH, JUTHHON 6—8 MM. Kop-
HEBUIIIE PACTEHUSI MOIIHOE, KIIyOHEBUTHOE
C HEMHOTOUUCIICHHBIMUA TOHKUMH KOPHSIMH,
MHOTA JOCTUTAIOIIEEe MACChl OKOJIO 3,5 KT,
a B cpenHem cocrasiser 300400 r. Bkyc
€ro TOPbKO-BSKYIINM, 3a11aX XapaKTEpPHBIH,
HaIIOMUHAIOIIHI apomar po3sl [1].

Ponuona po3oBast pacrpocTpaHeHa B 10-
JSIPHO-apKTHUUECKOM 30HE, B TYHAPE ceBepa
eBpomneiickoil yactu Poccum (Bmosb moOe-
pexbs CeBepHoro JlemoBuroro okeana),
3anagHoit 1 Bocrounoit Cubupu (B ropax
Antas, Taup-lllansa, Casn), Ha JlanpHeM
Bocroke, a Takxke B ropax 3amnajaHoil EBpo-
nbl, CxkanguHaBum, Manoi A3uu, MoOHro-
aun, Kuras [1, 2].

Bonpock! cbipbeBoii 0a3bl it JaHHOTO
pacTeHUs: B HACTOSIIIEE BPEMSI SIBIISIFOTCS BECh-
Ma akTyaJibHbIMU. Haripumep, ormMeuaercs He-
COOTBETCTBHE BO3PACTAIOIIMX TOTPEOHOCTEH
MIPOMBIIIIJICHHOCTH B ChIPbE U BOBMOXXHOCTEN
€ro 3aroroBki. OCHOBHBIM MOCTABILIMKOM CUH-
taercsi Poccusi, 0/lHaKO BO MHOTHUX PErMOHax
P® pommona pososas 3aneceHa B KpacHyro
KHUTY. BO3MOXXHOCTM TPOMBIIIIEHHBIX 3a-
TOTOBOK €r0 JIOBOJIbHO OIPaHUYEHbI B CBS3U
C TeM, YTO BO30OHOBIJICHHE 3apOCiel Mpouc-
xomuT B TedueHue 10-15 net u st HEKOTOPhIX
paiioHOB YCTaHOBJIEHBI HOPMbI 3arOTOBKH ChlI-
Pbsi POIIHOJIBI PO30BOM € YUE€TOM BPEMEHHU BOC-
CTaHOBJICHUS 3apocieit [3-5].

[Tocnennee Bpemsi OTMEUAETCsl POCT KO-
Ju4ecTBa paboT, MOCBSIIEHHBIX BOMPOCaM
BBEJICHHS POAUOJIBI PO30BOM B KYJIBTYPY B
CTpaHax, B KOTOPBIX pOAMOJIa IIpou3pacTa-
€T KaK JUKOPACTYIIUA BUJ, B YaCTHOCTH B
Poccun, Hopserum, llonemie, bonrapuwu,

alternate, oviform, serratulate, spired, 3—5
cm long, 0.5-1.5 cm wide. Plant flowers
have 5-part perianth, yellow (male) or yel-
lowish green to reddish brown (female),
gathered in crowded corymbiform inflo-
rescences. Fruits are upright, greenish or
brownish collective fruit 6-8 mm long.
Rhizomes are strong, tuberiform with a
few thin roots, which sometimes reach 3.5
kg, and weight 300-400 g in average. They
have bitter-puckery taste, smell is reminis-
cent of rose odor [1].

Rhodiola rosea is spread in polar-arctic
zone, tundra of North European Russia (along
the Arctic Ocean), Western and Eastern Sibe-
ria (Altai, Tyan-Shan, Sayan mountains), Far
East, mountains of Western Europe, Scandi-
navia, Asia Minor, Mongolia, China [1, 2].

Issues of raw material base for this plant
nowadays is rather timely. For example there
is an unbalance of the growing demand of
industry in raw materials and possibilities of
its stockpiling. Russia is the main supplier of
Rhodiola, however it is listed in Red Book
in some regions. Possibilities of its industri-
al stockpiling are rather limited because the
underbrush recovers within 10—15 years and
there are the norms of harvesting of Rhodio-
la rosea rhizomes with roots taking into ac-
count the time of underbrush recovery [3-5].

Lately there have been a growing num-
ber of works, devoted to the issues of Rhodi-
ola rosea introduction in countries, where
Rhodiola grows as a wild plant, particu-
larly in Russia, Norway, Poland, Bulgaria,
Switzerland, Germany, Finland etc. Range
of Russian authors showed reasonability of
Rhodiola rosea cultivation in the Russian
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[IBerinapuu, I'epmannu, PUHIAHAUU U
T.1. HexkoTopbIMH pOCCUICKMMH aBTOpaMu
MoKa3zaHa 11eJIecO00pa3HOCTh  KYyJIbTUBH-
pOBaHHUs POJMOIIBI PO30BOM Ha TEPPUTO-
pun Poccuiickoit denepanyu B yCIOBUAX
Camapckoi, MockoBckoit, MypmaHCKOU
[Tensenckoit obnactsx, Pecriyonmuku Komu,
YTO CIIOCOOCTBYET PACIIUPEHUIO CHIPHEBOM
0a3bl JaHHOTO pactenus [1, 4, 6, 7].

Jlyist pactiMpeHus ChIpbeBOi 0a3bl Mpo-
BOJISITCSL UCCJIEIOBAHUSI BO3BMOXKHOCTHU BBI-
paluBaHusl KyJIbTypbhl TKaHEW pOIUOJIBI
PO30BOI ¢ 1eNbI0 MOTy4YeHUs OHonoruye-
CKHM aKTHBHBIX BemiecTB [8, 9]. OxHako mo
HEKOTOPBIM JIaHHBIM XUMUYECKHUU COCTaB
OMOMACChl KyJIbTYPbl KJIETOK POAUOJIBI OT-
JMYaeTcsd OT TaKOBOIO MHTAaKTHOIO pacTe-
Hus [10].

[IpuopuTeT mNepBBIX CHCTEMATUYECKUX
HCCIIEOBAaHUN XUMHUYECKOIO COCTaBa He-
KOTOPBIX IpeacTaButeniei poga Poguona, B
T.4. POAMOJBI PO30BOM, IPUHAIICKUT TOM-
ckuM yueHbIM (CapatukoB A.C., KpacHos
E.A. u 1p.). B kopHEBUIIIAX POAUOIBI PO30-
BOIl OOHApy>XEHbI OPraHUYECKUE KHUCIOTHI
(mmaBeneBasi, TMMOHHAs, SOIOYHAS, STHTAP-
Has, rajioBasi), yIJIEBOJbI, IMpPEICTaBIEH-
HBIC TJIIOKO30H, (PpyKTO30H, caxapo3oi, ce-
JIOTeTTYI030M, 3(pupHOE Macio, TyOUIbHbIE
BelllecTBa nuporammoBoro psaa (16,0%) u
B-cutoctepun. VccrnenoBanue 3puUpHOrO
MacJia rmokaszayio Hanuuue (HEeHUIITHIOBOTO
CIUPTA, KOPUYHOTO AJIbJETHIa U LUTPAJISL.
ABTOpaMU TIpHU BBISIBICHUU COEIUHEHU,
OTBETCTBEHHBIX 32 (PApMaKOJIOTUYECKYIO
AKTUBHOCTH, ObUTH BBIJICJICHBI IBA COEAMHE-
HUS, UICHTU(DUIIMPOBaHHBIE KaK 1-OKcHu]e-
HWI-3-3TaHoi (7-TUPO30J1) U €T0 IIIOKO3H]
- n-okcupenun-f-(p-D-rroxkonupano-
3W1)-3TaHou (canuapos3un) [11].

[Ipu neranbHOM XMMUYECKOM U3YYEHUU
KOPHEBUI[ POAMOJIBI PO30BOM, IMPOBEICH-
HOM B CamMapCKOM rocy/lapcTBEHHOM MeEH-
nuHckoM yHuBepcutere U HITO « BUJIAPY,
OBUTH BBIICJICHBI 23 BEIIECTBA Pa3IUYHON
npupozbl: (EHONbHBIC COeTUHEHUs, ¢e-
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Federation in conditions of Samara, Mos-
cow, Murmansk, Penza Oblast, Komi Re-
public, which would promote the raw mate-
rial base broadening of this plant [1, 4, 6, 7].

There are researches on the possibili-
ties of Rhodiola rosea tissues cultivation to
broaden the raw material base and obtain bi-
ologically active substances [8, 9]. However,
according to some data, chemical composi-
tion of Rhodiola cells biomass differs from
the composition of an intact plant [10].

Priority of the first systematic research-
es for chemical composition of some rep-
resentatives of Rhodiola genus, includ-
ing Rhodiola rosea, belongs to Tomsk
scientists (A.S. Saratikov, E.A. Krasnov
and others). Organic acids (oxalic, lem-
on, apple, amber, gallic), carbohydrates
represented by glucose, fructose, sucrose,
sedoheptulose, essential oil, tannins of
pyrogallyc type (16.0%) and B-sitosterol.
The study for essential oil showed the
presence of phenylethyl alcohol, cinnamic
aldehyde, and citral. While isolating com-
pounds responsible for pharmacological
activity, authors isolated two compounds,
identified as n-hydroxyphenyl-p-ethanol
(n-thyrozol) and its glycoside - n-hydroxy-
phenyl-B-(B-D-glucopyranosyl)-ethanol
(salidroside) [11].

In detailed chemical study of Rhodiola
rosea rhizomes, carried out in Samara State
Medical University and VILAR, 23 sub-
stances of different nature: phenolic com-
pounds, phenyl propanoids, flavonoids, fla-
volignans, monoterpenes and sterols. 8 new

compounds were described (rosin, rosavine,
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HUJIIPONAHOUIbI, (pJIABOHOUIBI, (pJIABOJIUT -
HaHbl, MOHOTEPIICHBI U CTepUHBI. ONUCaHbI
8 HOBBIX CcOeIUWHEHUN (PO3HUH, PO3aBHH,
pO3apuH, POIUOJIMH, POAUOHUH, POJUO3UH,
posupuoin, pozupuaux) [1, 12, 13].

B cocraBe poanoiasl po30BOi BBIIEISIIOT
CIIEAYIOLNE COCTUHEHUS: (hEHUIITPOIIaHO-
uabl (pO3UH, PO3aBUH, PO3APUH, KOPUUHBIN
cnupt, KodelHas KHUCIOoTa), (EeHOJbHBIE
COeNIMHEHUsI (TUPO30J, CATUIPO3UI, Taj-
JIOBasi KUCIIOTA, TaJUTUIUH (METWIrasiar)),
(dnaBoHOMABI — ponuonuH (QraBoIUTHAH
repOaneTHa), pOJMOHHUH, POJUO3UH, 8-Me-
TUIATepOalleTHH, alleTHIIPOJIAJITUH, TPUIUH,
TpULUH-5-O-TI1I0K03K 1, TeprneHou bl (po-
3UJI0JI, PO3UPHUIIUH, -CUTOCTEpPHUH, JAyKO-
crepun) [1, 13].

DdupHoe Macio POAUOIBI PO30BOI
NPEICTABIISIET UHTEPEC MPHU UCTIOIb30BAHUH
B KocMmeTuke. Conepxanue 3(pUpHOTo Macia
B KOPHEBMILAX C KOPHSIMHU POAMOIBI PO30-
BOM 110 pa3HbIM JaHHbIM OT 0,03% 110 0,2%.
UYro kacaeTcsi KOMIIOHEHTHOIO COCTaBa, To,
HampuMep, B cocTaBe 3()UPHOro Maclia Chl-
PBsl POAMOIBI PO30BOH, MPOU3pACTAIONICH B
Hopseruu, Obutn 0O0HapyKeHbI CIEYIOINE
OCHOBHBIE KJIACChI: MOHOTEPIEHOBBIE KHC-
JIOThI, MOHOTEPIIEHOBBIE CITUPTHI, anudaTu-
yeckue crnupThl. OCHOBHBIM KOMIIOHEHTOM,
o0yclaBIMBaOUIMM 3alax POAMOIIbI, MPH-
JAIOUIUM €My CXOXKECTh C 3alaxoM pO3bl,
CUMTAETCsl repaHuod (conepxurcs 10 65%).
B sdupHom Mmacne poaumonsl coxpepikarcs
TaK)Ke TepaHul alerat, OEH3WIOBBIN CIUPT,
(eHWIITUIIOBBIN CIIUPT, Trepanmi (HOopMHar.
YceunuBaroT 1BETOUHBIA 3arax KOPHEBHIIL
POIMOIIBI PO30BOM JIMHATIOON U €T0 OKCUJIBI,
HOHaHAJIb, JICKaHAJIb, HEPOJ M KOPUYHBIN
cnupt [4, 14].

CrangapTu3anus ChIpbsi POAMOIBI PO-
30BOM MPOBOJMIACH COITACHO (hapMaKo-
neitHo#t crarbe I'® XI m3pganus (ctT. 75, T.
2) no canuapo3uay. B Hacrosiee Bpems
CTaHJapTU3allUsl CbIPbsl TPOBOJUTCSA B CO-
oTBeTcTBUM ¢ TpeOoBaHusimu ['® 13, T. 3,
@®C 2.5.0036.15. mo cymMe MIMKO3UJIOB KO-

rosarian, rhodiolin, rhodionin, rhodiosine,
rosiridol, rosiridine) [1, 12, 13].

Rhodiola rosea consists of the following
compounds: phenyl propanoids (rosin, rosav-
ine, rosarine, cinnamic alcohol, caffeic acid),
phenolic compounds (thyrosol, salidroside,
gallic acid, gallicyne (methylgallat)), flavo-
noids — rhodiolin (herbacetine flavolignan),
rhodionin, rhodiosine, 8-methylherbacetine,
acetylrhodalgine, tricine, tricine-5-O-glu-
coside, terepnoides (rosidole, rosiridine,
B-sitosterol, dowcosterol) [1, 13].

Essential oil of Rhodiola rose is interest-
ing for the use in cosmeceutics. The con-
tent of essential oil in rhizomes and roots
of Rhodiola rosea reaches 0.03% — 0.2%.
As for the component composition, for ex-
ample composition of the essential oil of
Rhodiola rosea raw materials which grows
in Norway has the following base classes:
monoterpenic acids, monoterpenic alcohols,
aliphatic alcohols. The main component,
which determines the smell of Rhodiola and
which makes it similar to the smell of rose
is geraniol (up to 65%). Rhodiola essential
oil consist of geranil acetate, benzyl alco-
hol, phenylethyl alcohole, geranil formate.
The smell of the Rhodiola rosea rhizomes
is strengthened by linalool and its oxides,
nonanal, decanal, nerol, and cinnamic alco-
hol [4, 14].

Standardization of the Rhodiola rosea
raw materials was carried out in accordance
with a State Pharmacopoeia article (art. 75,
vol.2) on salidroside. At present, raw mate-
rials standardization is carried out accord-
ing to the requirements of SP 13, vol. 3, FS
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PUYHOIO CIMpTa B MEPECUYETE HAa PO3aBUH
(Hopma He meHee 1%) u canmuapos3uy (He
menee 0,8%).

IIpumenenue poouonvl po306oii 8 Hapoo-
HOU U HayuHoU mMeouyuHe. Poauorna po3oBast
— OJIHO W3 CaMbIX NOMYJSIPHBIX PacTEHUM
HapOJHOI MenuLMHbI AnTas U B uenom Cu-
o6upu. Ha npotsoxkennn 6omnee 400 net xop-
HEBHUIIA JAHHOTO PACTEHUS HCIOJIb3YIOTCS
B HAPOJHON MeIUIMHE B KaueCTBE O0IIey-
KPEIUISIIOLIET0 CPEJICTBA. 30JI0TOM KOPEHb
U3J]aBHA NPUMEHSETCS B HApOAHOW MeIu-
nuHe AJTas B BHJI€ HACTOS U HACTOMKHU
KaK Cpe/CTBO, CHUMAIOIIIEE yCTAIOCTb, I10-
BBITIIAIONEEe PAabOTOCIIOCOOHOCTh, a TaKXKe
IpU MaJIOKPOBUHU, UMIIOTEHIINH, 30JI0TYyXE,
3a00JICBaHMSIX JKEITy[Ka U HEPBHOW CHCTe-
Mmel [1, 11].

Havano HayyHbIM HCCIEIOBaHMSIM PO-
JMOJBI PO30BOM OBLIO MONOXKEHO B 60-X
rogax XX Beka. B 1961 rogy skcneaunum,
Bo3masisiemoil I.B. KpblnmoBbiM, ynanoch
OTBICKaTh B KEJPOBOi1 Taiire ropHoro Asras
30JI0TOW KOPEHb U UIACHTU(PUIUPOBATH €TI0
¢ poauosoit po3osoi [11].

B pesynbrare wuccienoBaHuil TOMCKHX
YUEHBIX, pOJINOJIa po30Basi Obljla BBE/ICHA B
HAy4YHYI0 MEIULIMHY U UCITIOJIb3YETCS B BUE
xuakoro skcrpakra (1:1) na 40% sTrnosom
CIUpPTE KaK CTUMYJUPYIOLIEE U aJalTOreH-
Hoe cpenactso [1, 15].

[IpoBeneHO 3HAUNUTEIBHOE KOJIMUYECTBO
HCCJIeI0BaHUM, MOCBSILIEHHBIX HCCIEeI0Ba-
HUIO BJIMSHUSA POAMOJBI PO30BOM HA II€H-
TpPaJbHYIO0 HEPBHYIO CUCTEMY U KOIHUTHUB-
Hble (yHKUIMU. CyliecTByeT MHEHHE, 4YTO
npenapaTrbl poOIUONbl U3MEHSIOT OUOAIIEK-
TPUYECKYI0 AKTUBHOCTb F'OJIOBHOTO MO3ra B
pe3yabrare npsiMoro BIUSHUSA [IPU YYaCTUU
PETUKYISIpHON (popmalvu CTBOJIOBOW 4Ya-
CTH IOJI0OBHOTO M03ra. OTMEUEHO, YTO B Ma-
JBIX JT03aX caiauaposun odmagaer H-xomu-
HOTO3UTUBHBIM JIEHCTBHUEM, a B OOJBIIUX
— UEHTpajJbHbIM M-XOJIMHOHETaTUBHBIM
nevcteuem [16—-18].

Ponnona mMoxeT oka3pIBaTh BIMSHUE HA
42

2.5.0036.15. by the sum of glucosides of
cinnamic alcohol, in terms of rosavine (at
least 1%) and salidroside (at least 0.8%).

Application of Rhodiola rosea in folk and
scientific medicine. Rhodiola rosea is one
of the most popular plants of a folk medi-
cine of Altai and Siberia on the whole. For
400 years rhizomes of this plant have been
being used in a folk medicine as a general
strengthening agent. Golden root has been
being used in folk medicine of Altai for a
long time as an infusion, which mitigates
fatigue, increases working capacity, and for
anemia, impotence, scrufolia, stomach and
nervous system diseases treatment [1, 11].

The scientific researches of Rhodiola
rosea started in 1906s. In 1961, an expedi-
tion headed by G.V. Krylov managed to find
a golden root in a cedar taiga of the Altai
mountains and identify it with Rhodiola ro-
sea [11].

As the results of the Tomsk scientists
studies, Rhodiola rosea was introduced into
scientific medicine an now is used as a lig-
uid extract (1:1) based on 40% ethanol, as a
stimulating and adaptogenic agent [1, 15].

There was a significant number of stud-
1es, devoted to the influence of Rhodiola ro-
sea on the central nervous system and cog-
nitive functions. There is an opinion, that
Rhodiola drugs change bioelectric activity
of a brain as the result of a direct influence
with reticular formation of a brain stem. It
was noted that salidroside at small doses
has H-choline-protective action, and at big
doses — central M-choline-negative action
[16-18].
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KOTHUTUBHBIE (YHKIUU, B T.4. OOy4YCHHE
U naMATh Onarofapsi MOBBIIIEHUIO YCTOM-
YUBOCTH HEPBHOW CHCTEMBI K CTPECCOBBIM
¢dakropam. PaccmarpuBaercss Takxke BO3-
MOYKHOCTb AHTHOKCUIAHTHOIO JI€WCTBUS
[penaparoB pOAMOJIBI PO30BOM Ha IIEH-
TPaJIbHYI0O HEPBHYIO CHCTEMY, YTO I03BO-
JSIeT MPEeAoTBpallaTh HEraTUBHOE BO3JEH-
CTBHE CBOOOMHBIX paaukanon [19-21].

OKCTpPaKT 30J0TOr0 KOPHSI IOBBILIAET
CWJIy M TOJBUKHOCTH IPOLIECCOB BO30YXK-
JICHUS] U TOPMOKEHUS TIPEUMYIIECTBEHHBIM
BIMSHUEM Ha BO30YIUTEIbHBINA Ipolecc.
OTMmedeHo, 4To Mocje Kypca JIEYEHHUS dKC-
TPaKTOM POAMONBI Y OOJBHBIX HACTyHAaeT
3HAUUTEIBbHOE YIYUYIIEHUE COCTOSHUS LIEH-
TpajJbHOM HEPBHOM cucteMsl. lIpu sTOM
y CTpajalollMX HEBPO3aMH HaOIIOAAeTCs
yAydllleHHWE CHa, NaMsTh, BHUMAaHUs, arl-
MIETUTA, UCUE3AET MOBBIIICHHAs pa3apaKu-
TEIbHOCTb U HEMIPUATHBIC OILYIIEHHs B 00-
nactu cepaua. Kuakui 3KCTpaKT POIUOIIbI
s dexTuBeH s MPOPUIAKTUKY HEBpaCTe-
HUU Y 370pPOBBIX Jt0fIeH, paboTa KOTOPBIX
TpeOyeT MOBBIIIEHHOTO YMCTBEHHOTO Ha-
npsoxenus [ 1, 11].

CooOmaeTcss 0 MPUMEHEHUH HKCTPaK-
Ta POJAUOJIBI PO30BOM MPU KOPPEKLMH I0-
OOUYHBIX SIBJICHMU IMCUXOTPOIHOM Tepanuu
mm3oppenun. [lpu s3Ttom Hambonee oruer-
JIMBOE TEPAIIEBTUUECKOE BIUSHUE SKCTPAKT
POIMOIIBI OKA3bIBAET HA SBJICHUS TAPKUHCO-
HU3Ma, acTeHuu u ap. [19, 22].

Bonbiioit uaTEpec mpencrapiseT cobom
CMOCOOHOCTh 30JI0TOTO KOPHSI TOBBIIIATH
COIPOTHUBIIIEMOCTh OpPraHKW3Ma K HeOaro-
NPUSATHBIM  BO3ICUCTBUAM: XUMHYECKUM,
OMONOTMYECKUM, (PU3HMUYECKUM CTpeccaMm B
KauecTBe aJ1anToreHa. B 1enom ajantoreHsl
MOBBIIIAIOT COMPOTUBISAEMOCTh KO MHOTMM
3a00JI€BaHUSM, YCHUJIMBAIOT OOMEH BEIIECTB
B OpraHusMe, CTHUMYJIUpPYIOT THIIOTaJla-
MO-TUNO(PU3APHO-HANOYEYHUKOBYIO  CH-
CTEMY, CIIOCOOCTBYIOT IpoOIleccaM CHHTE3a,
YAYYIIAIOT TPAHCHOPT KHUCIOpOJAa K MBbIII-
1aM, K HEpBHOM cucTeMe, YBEIUYUBAIOT 00-

Rhodiola may influence the cognitive
functions including education and memory,
owing to the increase of a nervous system
resistance to stress factors. There is a pos-
sibility of antioxidant action of Rhodiola
rosea drugs on the central nervous system
which allows preventing a negative influ-
ence of free radicals [19-21].

Golden root extract increases strength
and movability of exciting and slowdown
by its main influence on the excitatory pro-
cess. It was noted, that after the Rhodiola
extract course, the sick had a significant
improvement of the central nervous system
state. Neuroses patients had better sleep,
memory, attention, appetite, increased irri-
tation and discomfort in heart. Liquid ex-
tract of Rhodiola is efficient for the neur-
asthenia prevention in healthy persons, the
work of whom requires an increased mental
effort [1, 11].

It is informed about the application of
Rhodiola rosea extract for the correction
of side effects from psychotropic therapy
of schizophrenia. At that the most signified
therapeutic influence of Rhodiola extract is
shown for the parkinsonism, asthenia etc
[19, 22].

The ability of a golden root to increase
organism resistance to unfavorable influenc-
es like chemical, biological, physical stress-
es, as adaptogene evokes great interest. On
the whole, adaptogenes increase resistance
to many diseases, intensify metabolism in
organism, stimulate hypothalamus-hypoph-
ysis-adrenals system, promote synthesis
processes, intensify oxygen transportation
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pa3oBaHUE SPUTPOLIUTOB M TPEIMSTCTBYIOT
JEHCTBUIO TUIIOKCUYECKUX cTpeccoB [1, 19].

B psine uccnenoBanuii 10Ka3aHo, 4YTo po-
JIMOJIa PO30Basi MOXKET TOBBIMIATH (Pr3rye-
CKy10 paboTocnocobHocTh. Ha Moienu kpbic
U3y4YEeHO BIIMSHUE POAO3MHA HAa HEKOTOphIE
OCHOBHBIE TIOKa3aTelld OOMEHa BEIIECTB B
CKEJIETHBIX MBIIIIIAX, MO3TE, [IEYCHU U KPOBH
C IETbI0 BBIICHEHUS MEXaHW3Ma CTHMYJIH-
PYIOIIUX U aJalTOTEHHBIX CBOWMCTB €e Tpe-
napatoB. B xojie uccienoBanusi y )KUBOTHBIX
OTMEUEHO YMCHBIICHHEC WHTCHCUBHOCTH
[JIMKOJIN3a, CHU)KEHHE YPOBHS MOJIOYHOM
KHCJIOTHI B MBIIIIIAX JIO UCXOIHOTO YPOBHSI,
coxpaHeHue 0osiee BBICOKOTO ypoBHS (oc-
donunuUIOB B MEYEHH W MBIIIIAX, caxapa
B KpOBH TOCJE 2-X 4acoB IiaBanus. [lpu
3TOM HOPMAaJIM3YIOIIEee BO3JCHCTBHE, OKa-
3bIBAEMOE POJIO3MHOM Ha TPOIIECCHI yTIie-
BoAHO-(hocopHOrO 0OMEHa, Oonee BbIpa-
YKCHO TIPH JITTUTEIILHBIX Harpy3Kax, IpuieM
KOJIMYECTBO Makpodpruyeckux (ocdaroB B
TOJIOBHOM MO3T€ OcTaeTcsi B Hopme [23].

HccnenoBanne BIMSIHUS POJIO3WHA Ha
TKaHEBOE JIbIXaHHE CKEJICTHBIX MBIIIII KPBIC
MOKA3aJI0, YTO aKTUBHOCTh €T0 Y JKUBOTHBIX
MOCJIe TATUYACOBOTO TIABAHUS OCTACTCS B
HOpME, TOT/Ia KaK B KOHTPOJIE MOTIOIICHHE
KHUCIIOPOJIa CYIIECTBEHHO YMEHBIIIACTCS.
BrIcka3piBaeTcsi MHEHHE, YTO CTUMYJIUPY-
ot 3G ¢GeKT poao3uHa CBA3aH C HOpMa-
JU3alreil OKUCIUTEIbHBIX MPOIIECCOB B TO-
J0BHOM Mmo3re [1, 24].

B ycnoBusix skcriepuMeHTa uccieoBaHa
BO3MOXXHOCTh KOPPEKIIMH CBOOOIHOPATH-
KaJIbHOTO OKHICIICHHSI JIUIIHIOB MeMOpaH B
IU1a3Me KPOBU M TKaHU MEYEHU >KMBOTHBIX
MyTeM BBEJCHUS AJATOTCHOB SKCTPAKTOB
ANIEYTEPOKOKKA, POIHMOIIBI PO30BOM M KOPHS
cononku [25]. [Tokazana ux 3pPpexKTUBHOCTH
JUIS TIOBBIIIEHUS] YCTOMYUBOCTA OpraHu3Ma
B YCIIOBHSIX CTpECCa — BO3JIEHCTBUSI IPOOK-
CUJAHTHBIX (DAaKTOPOB (XOJIOA0BOM HArPy3KH
u ynbTpaduoneToBoro obmydenus). Baene-
HUE DKCTPAKTOB DJIEYTEPOKOKKA U POITUOIIBI
pO30BOM OKa3bIBaeT 0o0yiee BBIPAKCHHBIN
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to muscles, nervous system, increase eryth-
rocytes formation, and prevent the action of
hypoxic stresses [1, 19].

A range of researches proved Rhodiola
rosea to increase physical working capac-
ity. The influence of rhodosine on some
base indicators of metabolism in skeleton
muscles, brain, liver, and blood was stud-
ied on rats to figure out the mechanism of
stimulating and adaptogenic properties of
its drugs. During the study, animals showed
a decrease of glycolysis intensity, lactic acid
level decrease in muscles, as well as blood
sugar after 2 hours swimming. At this, nor-
malizing action of the rhodosine on carbo-
hydrate-phosphorus metabolism process is
more signified during long-term loads, and
the number of macroergic phosphates in
brain remains normal [23].

The study for rhodosine influence on
tissue respiration of skeleton muscles of
rats showed, that its activity after 5 hours
of swimming remained normal, while the
control group showed significant reduction
of oxygen intake. There is an opinion that
stimulating effect of rhodosine is linked
with normalization of oxidational processes
in brain [1, 24].

The experiments studied a possibility of
free-radical oxidation of membranes lipids
in blood plasma and animal liver tissue by
means of application of adaptogenes of Eleu-
terococcus, Rhodiola rosea, and licorice root
[25]. The experiment showed their efficien-
cy at the increase of organism resistance in
conditions of stress of pro-oxidant factors

(cold stress and ultraviolet radiation). Appli-
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AHTHOKCUIAHTHBIA 3 dEeKT U cTpecc-npo-
TEKTUBHYIO aKTUBHOCTB B YCJIIOBUSIX MHIIYK-
UMY NIEPEKUCHOTO OKUCIICHUS JTUTINIOB BO3-
NEMCTBUEM XOJIONA, O YEM CBHJIETEIILCTBYET
CHIDKEHHE COZIEpP)KaHUsl MPOAYKTOB MEPOK-
CUJAllMU B KPOBU U MEYEHU )KUBOTHBIX [26].

PaccmarpuBaercs BO3MOXKHOCTB UCTIOJb-
30BaHMs MpEnaparoB POAMOIBI PO30BOM B
KauecTBE rernaTonpoTeKTopoB. B uccnenona-
HUSIX Ha JKUBOTHBIX MOJTYYEHBI Pe3yibTarhl,
cBUICTENbCTBYOMUE 00 3(hdeKTuBHOCTH
Je4eOHO-TTPODUIAKTUIECKOTO TPUMEHEHUS
IPENaparoB pOAMOJbl PO30BOM B OTHOLIE-
HUM WHIYyIUPOBaHHBIX (ochopopranmye-
CKUMH COEUHEHUSMHU MOPAKEHUN TMEUEHHU.
[Tpu 5TOM MO TENaTONpPOTEKTOPHON AKTUB-
HOCTH Tpernapar U3 KyJlIbTypbl TKaHEl He
yCTynall )KUJIKOMY SKCTpakTy poauoisl. [1o
HEKOTOPHIM JIaHHBIM, TOBBIIIEHUE AaKTHB-
HOCTH CYNEpPOKCHUJINCMYTa3bl MPHU BBEJE-
HUW POAMOJIBI PO30BOM HACTOMKH KpBICaM,
OTPaBJICHHBIM YETBHIPEXXJIOPUCTHIM YTIIEPO-
JIOM, B COYETaHUHU C TOHMKEHUEM YPOBHS
MaJIOHOBOI'O JIMAJIbJIETH]Ia, CBUJIETEIILCTBY-
€T 0 HAJIMYMM Y HEe BBIPAKECHHBIX Teraro-
MIPOTEKTOPHBIX CBOKCTB [27, 28].

Takum oOpazom, npenaparbl POAHOJIBI
paccMaTpuBalOTCsl KaK  IEpPCHEKTUBHBIE
CpeICTBa B Tepamnuu Jenpeccuii, 0one3Hu
[TapkuHCOHa, pU paccTpOMCTBAX MaMsTH,
BHUMAaHUs, IS NPOPUIAKTUKY apUTMHIA,
TIOBBIIIICHNUS BHIHOCIUBOCTH, @ TaK)Xe CHU-
KEHHUs] YPOBHSI CTpecca B CHOPTUBHOM H
KOCMHUYECKOW MEIUIMHE, VIS YITy4IIeHUS
MIEPEHOCUMOCTH U TOBBIIIEHUS YPPEKTUB-
HOCTH IIPU XUMUO- U paJHOTEpanuu ommyxo-
Jeil, B Ka4eCTBE UMMYHOCTUMYIUPYIOLIETO
cpenctna [19, 29, 30].

B nacrosmee Bpems B Poccuiickoit ®e-
Jepalid TPUMEHSIETCSI SKCTPAKT POIUOIIBI
KUJKUN KaK TOHU3HMPYIOLIEE CPEACTBO U
MOKa3aH MpU MEPEeyTOMIICHUAX Y IpPaKTH-
YEeCKH 370POBBIX JIIOIeH U OOJIBHBIM, OClia-
OJIEHHBIM B pe3yJbTaTe JUIUTEIBHOTO 3200-
JeBaHUs. DKCTPAKT POJUOIIBI IPUMEHSAETCS
TaKoke MpU PYHKIIMOHATIBHBIX 3a001eBaHMU-

cation of Eleuterococcus and Rhodiola rosea
extracts exhibits more signified antioxidant
effect and stress-protective activity in condi-
tions of lipid peroxidation induction by cold,
based on the reduction of peroxidation prod-
ucts in blood and liver of animals [26].

There is a possibility to use Rhodiola
rosea drugs as hepatoprotectors. The an-
imal trials gave results which prove effi-
ciency of treatment and preventive appli-
cation of Rhodiola rosea drugs in relation
to induced organophosphorus compounds
of liver damage. The drug from tissues
was as good as liquid extract of Rhodio-
la by hepatoprotective activity. Some data
shows that superoxide dismutase activity
increase after Rhodiola rosea infusion ap-
plication to rats, poisoned by tetrachloride
carbon, in combination with reduced level
of malondialdehyde gives evidence about
the presence of signified hepatoprotective
properties [27, 28].

Thus, Rhodiola rosea drugs are con-
sidered prospective agents for depression,
Parkinson disease, memory and attention
disorders treatment, arrhythmia prevention,
stamina increase, and stress level reduction
in sport and space medicine, as well as to
improve resistance and efficiency of chem-
ical and radio therapy of tumors, as immu-
nomodulatory agents [19, 29, 30].

Nowadays liquid extract of Rhodiola
rosea is used in the Russian Federation as
a tonic agent and is prescribed for overfa-
tigue of almost healthy people, and the sick
persons weakened by a long-term disease.
Extract of Rhodiola rosea is also used for

45



DOI: 10.19163/2307-9266-2016-4-5-36-62

Dapmayus u papmaronoeus T. 4 Ne 5, 2016

SIX HEPBHOM CUCTEMBI — aCTEHUYECKUX CO-
CTOSIHUSX, Pa3IUYHBIX (popMax HEBPO3OB,
BEreTUBHO-COCYIUCTON JUCTOHUU, TUTIOTO-
Huu [15].

B cxaHIMHABCKHUX CTpaHax 3aperucTpu-
pOBaHHBIE MpenapaTbl POAHOIBI PO30BOM
UCIIOJIB3YIOTCS JIJIsl TOBBIIEHUS YMCTBEH-
HOW pabOTOCTIOCOOHOCTH BO BPEMs CTpecC-
ca, KaK MCUXOCTUMYJIUPYIOIIEE CPEICTBO U
Kak oOmeykperusitonee cpeactso [31, 32].

be3onmacHocTh poAMOIIBI PO30BOM JaAET
BO3MOKHOCThH HCIIOJIb30BaTh €€ HE TOJHKO
B BH/JIE JICKAPCTBEHHBIX MPENApaToOB, HO U B
MUIIEBON MPOMBIILIEHHOCTH, B YACTHOCTH,
B pelenType 0e3aqKoroJbHbIX TOHU3UPYIO-
IIMX HanmuTKoB [33].

Ha teppuropun Poccuniickonn denepa-
IIMM 3apEeTUCTPUPOBAHBI CIIEIYIONINE OUO-
JIOTUYECKH aKTHBHBIEC JI0OABKM K MUIIE HA
OCHOBE POJIMOJIBI PO30BOA:

e OMOJIOTrMYECKH  AaKTUBHAs1  J00aBs-
ka k numie «Teppa-mumant Poamnomnay
(«Terra-plant Rhodiola») Ttabnerku
maccor 1100 Mr mpownsBoncTBa KOM-
nanuen «Haryp Ilpoaykr EBpoma»
(«Natur Produkt Europe B.V.»), (Hu-
JIepJIaH]Ibl);

e OHMOJOTMYECKH aKTHUBHAs J100aBKa K
nuie «®durouain «Pogumoia po3oBas»
(3omoToit kopeHb)» ((HUIBTP-TIaKeThI
no 2,0 r, maketsl o 40 r) (TY 9197-
020-71546263-10) IIPOU3BOJCTBA
00O «Yuke-Taman», (Poccuiickas
Odenepanus) [34].

B Camapckom MeTMIIMHCKOM YHUBEPCUTE-

T€ NPEUIOKEHA HACTOMKA POAMOIIBI PO30BOM
Ha 40% stunoBoM crnmpre (1:5), momydenue
KOTOPOM OCYIIECTBISIOT METOIOM MOAU(U-
[IMPOBAaHHOM Mallepallui, B KadecTBe CyO-
CTaHIMM [T TOTy4YeHust cupona [1].

Pa3zpaborana Taxxke pecypcocOeperaro-
asi TEXHOJIOTHS MOJIyYeHUsI BOAHO-CIIHP-
TOBOTO HM3BJICUCHHS] M3 HIPOTa KOPHEBUIIL
poauonbl po3oBoii nocie CO, -3KCTpaKiuy,
MO3BOJISOIAST COXPAHUTh UCXOIHBIN HA0OD
OMOJIOTMYECKH aKTUBHBIX BEIIECTB B rOTO-
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the treatment of functional diseases of ner-
vous system — asthenic conditions, different
forms of neuroses, vegetative-vascular dys-
tonia, hypotonia [15].

In Scandinavian countries, Rhodiola
rosea drugs are used to increase mental ca-
pacity during stress, as psychostimulatory
agent and general tonic agent [31, 32].

Safety of Rhodiola rosea gives possibili-
ty to use it not only as drugs but in food in-
dustry as well, particularly in non-alcoholic
tonic beverages recipes [33].

There are following biologically active
food supplements on the basis of Rhodiola

rosea in the Russian Federation:

e Terra-Plant Rhodiola biologically

1,100 mg pill
produced by Natur Produkt Europe
B.V. (Netherlands);

e Phytotea Rhodiola Rosea (Golden
Root) biologically active supplement
(2.0 g packet filter by 40 g) (TU
9197-020-71546263-10) produced by
Chike-Taman Itd (Russian Federation)
[34].

Samara Medical University offered in-

active supplement,

fusion of Rhodiola rosea on 40% ethanol
(1:5), obtainment of which is provided by
the method of modified maceration as an
excipient to obtain syrup [1].
Resource-saving technology of water-al-
cohol extract obtainment from a solvent cake
of Rhodiola rosea rhizomes after CO,-ex-
traction was worked out. It allows saving an
initial set of biologically active substances
in the final product (dry extract) and to in-
crease the product yield, as well as to obtain

CO,-extract, which is of some interest for
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BOM TMPOIYKTE (CyXOH IKCTPAKT) U TMOBBI-
CUTBH BBIXOJ IIEJICBOTO MPOAYKTA, a TAKKE
nosy4yarh CO,-9KCTPaKT, MPEeICTaBIISIOIIMN
UHTEpeC sl map(OMEpHOH, MUIEBON U
JIMKEPOBOJOYHOM MPOMBIIIIIEHHOCTH. [lo-
JYYEHHBIA MO 3TOW TEXHOJIOTMU SKCTPAKT
POZIMOJIBI PO30BOI CYyXOW XapaKTepU3yeTcs
BBICOKUM cojiepkanureM po3asuHa (3,15%),
Ipyrux (GEeHWITIPOTaHOUIHBIX TJIUKO3U OB,
a TaKXe CaIuApPO3uIa U MOHOTEPIEHOBO-
ro IIUKO3WAA PO3HUPHUANHA, OOJagarome-
ro TyOepKyJO0CTaTUYECKON AaKTUBHOCTHIO.
CO,-9KCTpaKT pOIHOIIbI PO30BOM COMEPIKUT
B KaueCTBE JOMUHHUPYIOUIETO KOMIIOHEHTA
KOPUYHBIA CHUPT, @ TAKXKE JPYTUe JIUIO-
(uIbHBIC BELIECTBA — TUPO30J1, PO3UPHUIOI,
B-curoctepun u ap. [35].

Ha 6a3e [Isturopckoit I'@A pazpadboran
KOPPUTMPOBAHHBINA CHUPOIl HA OCHOBE DJKC-
TpPaKTa POJUOJIbI PO30BOM C U3BJICUCHUSIMU
W3 IIUTIOBHUKA W TUOMCKYCa, 00Ia aronmii
aJanTOT€HHBIM M CTUMYJIUPYOITUM 3P dek-
TOM. H3MEHEHbl HEKOTOpbIE TEXHOJIOTHU-
YECKHUE MapaMeTpbl MOJyYEHUs! SKCTPAKTa
POZIMOJIBI PO30BOI: BBIOpaHa PETIEPKOIISIITUS
Ha 4-x auddys3opax, yCTaHOBIEHA OMNTH-
MaJlbHasl CTENEHb U3MEIBYEHHOCTU CHIPhS
[36, 37].

Cnenyer OTMETUTh, YTO HApPYKHBIX Jie-
KapCTBEHHBIX (OPM POIUOIBI  PO30BOM
MIPOMBIIIIJIEHHOCTHIO HE BbIMTycKaeTcs. Ot-
CYTCTBYIOT M JJaHHbIE 00 UCCIIEIOBaHUSIX B
oOnacT pa3pabOTKH TaKUX GOpM.

OcHosHble Hanpasienus UCNOIb306a-
HUSL POOUOTIbL PO30BOLL 8 HAPYHCHBIX JleKap-
CMBEHHBIX U KoCMemuueckux cpeocmeax. B
TOKE BpEeMsI B TUTEPATypPE UMEIOTCS OT/IEITb-
HBIE CBEJICHUS 00 MCTIONIBH30BAHUH POTUOIBI
PO30BOM 111 HApY’KHOrO npuMeHenus. Ha-
MpUMeEpP, PKCTPAKT POAMOIBI PO30OBOM MPH-
MEHSIeTCsl B 3yOOBpaueOHOM MpaKTHKE IS
CMa3bIBaHUS JIECEH IpU nuopee (THoeTeye-
HUH), YTO OCHOBAHO Ha €ro MPOTHUBOBOCIIA-
JUTENbHBIX CBOMCTBAX [1].

B kocmeronoruu poauona po3oBas Uc-
MOJIL3YyEeTCS B KAYECTBE TOHHU3UPYIOIIETO

parperfumery, food, and alcoholic beverage
industry. Rhodiola rosea dry extract obtained
following this technology is characterized by
the content of rosavine (3.15%), other phen-
ylpropanoid glucosides, as well as salidro-
side and monoterpenic glucoside of rosari-
dine, which has anti-tuberculous activity.
CO,-extract of Rhodiola rosea has cinnamic
alcohol as a dominating component, as well
as other lipophilic substances — thyrozol, ro-
siridol, B-sitosterol etc [35].

Corrected syrup on the basis of Rhodiola
rosea with Rosa canina and Hibiscus extract,
which has an adaptogenic and stimulating
effect was worked out in Pyatigorsk State
Pharmaceutical Academy. Some technical
parameters of the Rhodiola rosea extract
obtainment were changed: repercolation on
4 defusers was chosen, the optimum degree
of grinding of raw materials [36, 37].

It should be noted that there is no indus-
trial external dosage forms of Rhodiola ro-
sea. There are no data about the studies in
the working-outs of such forms.

Principal areas of Rhodiola rosea usage
in external medical and cosmetic products.
At the same time, there is some data about
the use of Rhodiola rosea for external use in
some literature. For example, Rhodiola ro-
sea extract is applied in a dental practice for
gums anoint while pyorrhea (suppuration)
which is based on its anti-inflammatory
properties [1].

Rhodiola rosea is used in cosmetology
as a skin tonic together with the plants like:
Manchurian aralia, spiny eleuterococcus,
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KOJKY CpEACTBa Hapsiay CO CIEAYIOIIUMHU
pacTeHUsAMU:  ApAIMEN  MaHBYKYPCKOM,
JJIEYTEPOKOKKOM KOJIFOUMM, JKEHBIIEHEM,
JJUMOHHUKOM KHTAHCKHM, 3aMaHUXOU BBI-
COKoM, useB3eed. [IpumeHeHHe pPOAMOIIBI
PO30BOM B KOCMETOJIOTHH U JEPMaTOIOTHU
CBSI3BIBAIOT C TOHU3UPYIOIIUM, aHTHCEITH-
YECKHUM, BSDKYLIMM JeucTBUEM. B Buue
HACTOsl U OTBApa KOPHEBUILA POAMOIIBI PO-
30BOH MMPUMEHSIOT MPU ce00pEeHHOM JepMa-
TUTE, IPU YTPEBOM CHIIH, ITUPOKOIIOPUCTOU
KOK€ Y KaK CpeJICTBO OT MOTVIMBOCTHU. TOHHU-
3Upyrouiee JeiCTBUE POIUOIIBI PO30BOM UC-
MOJIB3YETCS Ul Pa3lIA)KUMBAaHUS MOPLIVH
Ha JIMIIE U I1Ie€ B BUJE IpUMoUeK [38].

DKCTPAaKT POAMOIIBI MpeajgaraeTcs i
UCIIOJIB30BaHUsl B KocmeTtonoruu. Tak, cy-
XOW DKCTPAKT POIUOJIBI PO30BOM, CTaH-
JNAapTU3UPOBAHHBIA 10O THUPO3UHY U ca-
JUAPO3UIY, Mpenlaraercsi KUTAaUCKUMHU
IIPOU3BOJIUTEISIMUA Ul HUCIOJIb30BAaHUS B
KOCMETHKE B KQUE€CTBE CPEACTBA ISl 3aME/I-
JICHUSI CTApEHMs, NPUIAHUSA DIAJAKOCTUH H
21aCTUYHOCTH Koxke [39].

DKCTpaKThl pPOAMOJILI PO30BOM Mpeasia-
TaroTCs IS UCIOJIb30BaHUS B T.H. «JOMall-

HEW KOCMETHUKE» WIIA «KOCMETHKE PYYHOU
pabote» (Tabm. 1) [40, 41].

Tabnuya 1 — Ixcmpakmut poouovl po30eoil,

npednamauenubte

ginseng, Schizandra chinensis, Echinopanax
elatum, may chang. Application of Rhodi-
ola rosea in cosmetology and dermatology
is connected with tonic, antiseptic, bonding
action. Rhodiola rosea rhizomes infusions
and decoctions are applied for seborrheic
dermatitis, acneiform rash, wide-pore skin
treatment, and as an antiperspirant. Tonic
action of Rhodiola rosea is used for tighten-
ing on face and neck as lotions [38].

Extract of Rhodiola is recommended to
use in cosmetology. Dry extract of Rhodio-
la rosea extract standardized by the thyro-
zine and salidroside is offered by Chinese
producers to use in cosmetics as a product
for aging retardation and smooth and elastic
skin [39].

Extracts of Rhodiola rosea are offered
to use in so-called “home cosmetics” or
“handmade cosmetics™ (table 1) [40, 41].

Cosmetic industry of Russia manufac-
tures following cosmetic products with

Rhodiola rosea extract:

07151 UCNOIB306AHUA 8 «(KOCMEMUKe PYUHOIL pabombly /
Table 1 — Extracts of Rhodiola rosea for the application in “handmade cosmetics”

HanmenoBanue / Name

Pexomenmanm k mpumenennto / Application recommendations

Ponunosl po3oBoit
CYXOMH DKCTpPAaKT /
Dry extract

of Rhodiola rosea

Jns yxona 3a BsUIOH, yBsiIAIOIIEH TyCKIIOW KOXKeH /

For withering, fading, dull skin

Kpems! 1uist yxona 3a koxkeit Bokpyr a3 / Eye creams
Tonuzupyromme kpemsl 1uist Tena / Tonic body creams

Cpenctsa aJ1sl KOXKH, CKIIOHHOM K YTPeBOW ChITH /

For skin prone to acneiform rash

Cpenctsa ot nommBocTH / Antiperspirant

BoccranasnuBaronue macku 1t Bosioc / Regenerative hair masks

[I3I" skcTpakT
POIINOIIBI PO30BOH /
PEG extract

of Rhodiola rosea

Kak npotuBoBoCTIanuTeNnbHOE, Ie3UHUITHPYIOLIEe, CMATYAOIIee,
TOHU3UPYIOIIEE CPEACTBO B KOCMETHKE BOKPYT TIIa3, JIUIsl I'y0, CpeICTBAX
TUTHCHBI TIOJIOCTH pTa U T.1. / As anti-inflammatory, disinfect, smoothing,
tonic agent in eye cosmetics, for lips, oral cavity hygiene product etc.
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Kocmernueckoil  MPOMBIIUIEHHOCTHIO
Poccum BeimyckaroTest ciaenyromue KocMe-
TUYECKHUE CPEACTBA C IKCTPAKTOM POJIUOJIbI
pO30BOM:

e JIHEBHOM KpeM JIJI JIMIA C POJIUOJION
PO30BOM Il YyBCTBUTEIBHOU KOXKHU,
HOYHOM KpeM JIs JTULA C SKCTPAKTOM
pPOIMOJIBI PO30BOM, CHIBOPOTKA ISt
JMLA C SKCTPAKTOM POAMOIIBI PO30BOM
(6penn «Harypa Cubepuka», OOO
«ITepBoe peuienue»);

e kpem mia juua «Poguona poszoBasi»
JUISL CyXOH W YyBCTBUTEIIBHOU KOXHU
(6penn «Ywmcras muams», OO0 «Ka-
JIUHAY);

e JIHEBHOM KpeM JIJId JIMIA C POJIUOJION
posoBoii (Openna «Pementsl 6alyIku
Aradsn», OO0 «IlepBoe perieHue»);

® KpeM OT MOpIIMH BUTaMuH F u 30110-
TOIl KOpeHb, cepusi «Aneyrt», Green
Mama (xomnanus «Green Mamay)
[42-44].

MO’KHO OTMETUTD, UTO POJIMOIIA PO30BAst
PEKOMEHIyeTCsl IPEUMYLIECTBEHHO IS UC-
M0JIb30BaHUs IIPU BO3PACTHOM KOXKeE, yBsa-
TOIIEH KOXKe, /TSl MPOPUITAKTUKN CTAPCHHSL.
EcrtecTBenHoe crapeHue koxu — 310 Gu-
3UOJIOTUYECKUM TPOLIECC, BO3HUKAOIINN
1oJ| JIEHCTBUEM BHYTPEHHUX (DAKTOPOB.
BemiecTtBa pacTUTENBHOIO MPOUCXOXK]IE-
HUSA, BXOJSIINE B COCTaB KOCMETHUYECKUX
CPEACTB JUISl YXOJa 3a CTaperolIeh KOXKEH,
COIIACHO UX JICMCTBHUIO HA pa3/IUYHbIEC 3BE-
Hbs IPOLIECCa, JEATCS Ha YBIAXHSAIOIINE
CpelcTBa; CpPEACTBA, BOCCTAaHABIMBAIOIINE
JUMHUIHBINA Oapbep; aHTUOKCUIAHTBI; CPEe/I-
CTBA, BIUSAIONINE Ha OOMEH BEIECTB; MPO-
TUBOBOCHAJIMTENIbHbIE CPEICTBA; CPEACTBA,
yAy4IIAONINe MUKPOLUPKYISALUIO; Cpell-
CTBa C 3CTPOTEHONOAO0HON AKTUBHOCTHIO
[45, 46].

CrapeHue 3a4acTyr0 Ha3bIBAIOT XPOHUYE-
CKUM BOCHAJIUTENIHBIM MPOLIECCOM, T.K. U3-
OBITOYHASI AKTUBHOCTH KOJUIAT€HAa3 U 2J1acTas,
a TaK)Ke MOBBIIICHHAS! OKUCIIUTENIbHAS aKTUB-
HOCTh SIBIISIFOTCSI TIPOBOLIMPYIOIIUM  (haKTO-

e day facial cream with Rhodiola rosea
for sensitive skin, night facial cream
with Rhodiola rosea extract, facial
serum with Rhodiola rosea extract
(Natura Siberica, Pervoye Reshenie);

e Rhodiola rosea facial cream for dry
and sensitive skin (Chistaya liniya,
Kalina);

e Day facial cream with Rhodiola rosea
(Retsepty babushki Agafyi, Pervoye
Reshenie);

e anti-wrinkle cream vitamin F and
golden root, Aleut, Green Mama line
(Green Mama) [42-44].

We would note that Rhodiola rosea is
recommended mostly to use for aging skin,
fading skin, and ageing prevention. Natural
skin ageing is a physiological process,
provoked by organismic factors. Organic
substances in composition of cosmetic
product for ageing skin, by their action on
different links of the process can be divided
into moistening agents; lipid barrier restoring
agents; antioxidants; metabolism agents;
anti-inflammatory agents; microcirculation
improvement agents; estrogen-like activity
agents [45, 46].

Ageing is called

inflammatory process because excessive

often chronic
activity of collagenase and elastases, as
well as enhanced oxidation activity is a
provoking factor for the inflammation
mediators synthesis. Therefore content of
anti-ageing products are recommended to
use anti-inflammatory components. Tannins
have anti-inflammatory properties. They are
found in raw materials of Rhodiola rosea.
Anti-inflammatory activity, ability to inhibit
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pOM Uil CMHTE3a MEAMATOPOB BOCIHAJICHMUS.
[ToaToMy B cocraBe NpPOTUBOBO3PACTHBIX
CPEACTB PEKOMEHTyETCsl UCTIOJIb30BaHUE ITPO-
TUBOBOCIAIUTEIIBHBIX KOMIIOHEHTOB. [IpoTn-
BOBOCIAJIMTEIbHBIE CBOMCTBAa BBIPAXKEHBI Y
TyOUJIBHBIX BEIIECTB, KOTOPHIE COMEPIKATCS
B CBIPbE pOAMOJIBI po30Bou. [IpoTrnBOBOCHA-
JIUTENIbHAsT aKTUBHOCTH (CIIOCOOHOCTh WHTU-
OUpoBaTh S-ITUMOOKCUTEHA3y) BBISBICHA Y
[-TUPO30J1a, BXOAAIIETO U B COCTAB POAMOJIBI
po3oBoii [45, 47].

OnHUM U3 U3MEHEHUH KOXH, BO3HUKAIO-
MM B IMPOLECCE CTApEHUs], CYUTAETCS BO3-
HUKHOBCHHUE TJIUKAIIMKU — HEe(PEepPMEHTATUB-
HOWM peaky MEXAy MOHOcaxapuiamMu Hu
amMuHOrpymnoi 6enkoB. Toukoi npunoxeHus
NPOIIECCOB INHMKALMKU B KOXXE€ B OCHOBHOM
SIBIISIIOTCSL IGPMAJIbHBIE CTPYKTYpBI: KOJLIa-
T€H, D3JaCTUH, DIIOKO3aMUHOIIMKAaHbI. T.H.
«CIUUTBIN KOJUIAr€H», YCTOMYUB K IEHCTBHIO
THJIPOJIa3, 4TO 3aMeIsieT OOHOBJIEHUE KOJLIa-
reHa U MPUBOINUT K 00pa30BaHUIO MOPIIWH.
DT0T Mporece ycyryomseT HaTuuue cBoOoI-
HBIX paJIMKAJIOB W M30BITKA caxapoB. Bere-
cTBa, 00JIaIatONe AaHTUOKCUIAHTHBIM JICH-
CTBHEM, CITOCOOHBI CHMXKATh OOpa3oBaHUE
«CILKATOTO KoJutareHay» [48, 49].

Ha mozenu kiaeTok KepaTHHOIIUTOB J0-
Ka3aHO, YTO AKCTPAKT POJUOJIBI PO30BOM
o0nasaeT CrmOCOOHOCTHIO TOBBINIATH AaH-
TUOKCHIAHTHYIO 3alIUTHYIO CIIOCOOHOCTH
KJIETOK. B pszne uccienoBaHuil JOKa3aHO
HaJU4Yue AaHTUOKCUIAHTHON aKTUBHOCTH
y caluapo3ujia U TUPO30J1a, UYTO MOXKET
00BsICHUTH A()PEKTUBHOCTH HCIIONH30BA-
HUSI U3BJIEYEHHUN U3 POIUOIIBI PO30BOU A
yXOZa 3a CTaperolel KOXKeH, B T.4. MPEIsIT-
CTBOBaTh 00pa3oBaHuI0 ruKarui [50].

JIurHanbl, Kak U (IAaBOHOHIBI, CTEPOUI-
HbIE CAlOHUHBI, (PUTOIKIUZOHBI OKA3HIBAIOT
ACTPOreHONOI00HOE ICHCTBHE U TIPU HAPYK-
HOM TpuMeHeHuH. OJHO3HAYHBIX OObICHE-
HUU MeXaHH3Ma JEeUCTBUS dTUX COE€IUHEHUIN
B COCTaBE HAPYXHBIX CPEACTB HET, HO UMe-
I0TCS JaHHBIE, OObsCHSIONIHE UX d(PdeKTnB-
HOCTb B CPEJICTBAX JUIsl KOPPEKIIUU MOPILIKH,
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5-lipoxygenase) was revealed in p-thyrozol
from the composition of Rhodiola rosea
[45, 47].

Appearance of glycation — non-fermen-
tative reaction between monosaccharides
and amine group of proteins is considered
one of the skin ageing changes. Dermal
structures are the application point: col-
lagen, elastin, glycosaminoglycans. So-
called “sewed collagen™ is resistant to the
action of hydrolases, which slows down
collagen renewal and leads to formation of
wrinkles. This process enhances number
of free radicals and excessive sugars. Sub-
stances with antioxidant action are able to
reduce the formation of “sewed collagen”
[48, 49].

It was proved on the keratinocytes cells
that Rhodiola rosea extract has an ability to
increase antioxidant protective capability of
cells. The range of studies proved the pres-
ence of antioxidant activity of salidroside
and thyrozol, which can explain the effi-
ciency of Rhodiola extracts for ageing skin,
including glycation formation prevention
[50].

Lignans, as well as flavonoids, steroi-
dal saponins, phytoecdisones exhibit es-
trogen like action in external application.
There are no decisive explanations to the
mechanism of these compounds action
mechanism in composition of dermatic
agents, but there are data which explain
their efficiency in anti-wrinkles agents, in-
cluding a capability to stimulate prolifera-
tion of basal keratinocytes and fibroblasts.
Synthesis of collagen and glucosamino-
glycans is strengthened by flavolignans
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B T.4. CIIOCOOHOCTh CTHMYJIHPOBATh MPOJIH-
(eparuro 0a3anbHBIX KEPATUHOIUTOB U (HU-
OpobmacroB. CHHTE3 KOJUTareHa M TIIFOKO3a-
MUHOIJIMKAHOB yCUJIMBAIOT (PIIABOJIUTHAHBI
pacTpOIIIK TSTHUCTON, SKCTPAKTHI dJeyTe-
POKOKKa, COIepPKaIero TPUTEPIICHOBhIE Ca-
MOHWHBI U JINHTAHbI, IMMOHHUKA KUTAHCKO-
T0, TAK)KE COJICPIKAIIIETO JIMTHAHBI B KAYECTBE
OCHOBHOU TPYIITIHI OMOJIOTUYECKH aKTUBHBIX
Beniects [49, 51, 52]. Kpome Toro asist actpo-
TEHOMOIOOHBIX ~ BEHIECTB  (DITABOHOMTHOM
MPUPOBI  XapaKTePHO AHTHOKCHIAHTHOE
neiicrere. IMEIOTCS JaHHBIE O TOM, 4TO (h1a-
BOJIMTHAHBI PACTOPOIIIM TSTHUCTONH B HC-
CIICJIOBAHUSAX HA MOJETH KJIETOK KepaTHHO-
UTOB ¥ (pruOp0OIACTOB MBIIIEH TPOSIBIISIOT
AQHTUOKCUJAHTHYIO aKTUBHOCTH B OTHOIIIE-
HUM TTOBPEXKICHUI, BEI3BAHHBIX MIEPOKCUIOM
BozIopoJa [53]. @naBonUrHaHbl PpOIMOIIBI PO-
30BOM TaK)KE MOTYT TPENICTABISATh UHTEPEC
Kak OMOJIOTMYECKH aKTHBHBIE BEIIECTBA, 00-
YCIIABIIMBAIOIINE AKTUBHOCTh €€ M3BIICUCHHIA
MIPU HAPYKHOM MIPHUMEHEHHH.

Nmerotcst 1aHHBIE O CTUMYIUPYIOIIEM
BIMSIHUM KOMIUIEKCA, COJEPIXKAIIEro Jie-
B3€10, 2JICYTEPOKOKK, POAHOITY U JINMOHHUK
KUTACKUN Ha MOJENIH KJIETOK (Gudpobdia-
cToB. Jloka3zaHo, 4TO KOMMO3UIUSI aKTUBH-
3upyeT MeTabon3M OEJIKOB, HYKJICMHOBBIX
KHCIIOT, JIUMHUIOB, PETYIUPYEeT TPaHCIOPT
BemiecTB [54]. Bo3aMOXXHO, ¢ aKTHBU3AIIU-
eil merabonm3Ma cBs3aHa IPPEKTUBHOCTD
MPUMEHEHUS POIUOJIBI PO30BOM MIJIst yXozaa
3a CTaperoUIeH, YBAIAKOLIEH KOXKEN JIULA.

[ToMrMO e€cTeCTBEHHOTO CTAapEeHHUS, BbI-
NENSIOT TaKk HaszbiBaeMoe (HOoTocTapeHue,
MpeicTaBIsionee coooi mpoiecc u3MeHe-
HHUS KOXKH 11071 iccTBUEM YD-U3I1ydeHus, B
OCHOBE KOTOPOTO JICKUT WHTECHCU(DUKAIIUS
CBOOOHOPAIUKAIIBHBIX DPEAKIU, MPUBO-
JSTIasi K MOBPEXKICHUI0O MEMOpaH KIIETOK,
HYKJICMHOBBIX KHCIJIOT, OCJIKOB, BKJIIOYAS
BOJIOKHA U PELENTOPHBINA arnmapar KJIeTOK,
a Tak)ke HapylmIeHU0 QYHKITUU YHAOTEIHS.
Jlyisi maHHOTO BHJIA CTapEeHUS XapaKTEPHBI
CYXOCTb KOXKH, TE€JIEAHTUIKTA3UU, HAPYIIIe-

of Silybum marianum, extracts of Eleu-
terococcus with triterpene saponins and
lignans of Schizandra chinensis, as well
as lignans as a principal group of biologi-
cally active substances [49, 51, 52]. Apart
from this estrogen like substances of fla-
vonoid nature is characterized by an an-
tioxidant action. There are data about the
fact that flavolignans of Silybum maria-
num exhibit antioxidant activity towards
the damages, provoked by the hydrogen
peroxide, while studying models of cells
of keratinocytes fibroblasts of mice [53].
Flavolignans of Rhodiola rosea may also
be of interest as biologically active sub-
stances which condition the activity of its
extracts for external application.

There are data about stimulating influ-
ence of complex with may chang, Eleutero-
coccus, Rhodiola, and Schizandra chinensis
on a model of fibroblasts cells. It was proven
that the composition activates metabolism of
proteins, nucleic acids, lipids, regulates sub-
stances transportation [54]. Possibly, the ac-
tivation of metabolism is connected with the
efficiency of Rhodiola rosea application for
the ageing, and weathering face skin treat-
ment.

Apart from natural ageing, there is so-
called photo-ageing, which is a process of
skin defection under the influence of UV
radiation, which is based on the intensifi-
cation of free radical responses which lead
to the damage of cells membranes, nucleic
acids, proteins, including fibres, and cells
receptor mechanism, as well as endotheli-
um dysfunction. This ageing type is charac-
terized by the skin dryness, telangiectasis,
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HUSl MIUTMEHTAIMU IO TUITY JIEHTUTO, TH-
nep- U TUIOMEIAH03a, TTOBBIIIEHHBI PUCK
HOBOOOpasoBauwmii [45, 48].

s 60psOBI ¢ PoTOCTApEHHEM AaKTy-
aJbHBI HE TOJBKO aHTUOKCUIAHTHI, YBIAXK-
HSIIOIME CPENICTBAa, HO W OTOEJIMBAOIINE
CpEeJICTBA JIJIsl YCTPAHECHHUsI SIBIICHUI TUTIEP-
NUTMEHTAIUK. SIBJICHHE THMEepIUrMeHTa-
[IUU TaKXKE XapaKTEepPHO JUIsl TaKOro 3a0o-
neBaHusi kak akHe. Kpome nuckomdopra,
BBI3BAHHOTO BBICHIIIAHUSIMU B MEPUOJT 000-
CTpeHus 3a00s1eBaHus, OECTIOKONCTBO y Ma-
IIUEHTOB BBI3BIBACT IMOCTAKHE, MPECTABIISI-
FOLIEE KOMIUIEKC CTOMKUX U3MEHEHUHN KOXKHU
U3-32 JJUTENBHO CYIIECTBYIOUIEH yrpeBoit
CBIM U ceOOpeH, MPOSIBISIONINXCS B TOM
YHUClie B BHJIC THUICPIUTMEHTAIIUN KOXH
(kopuuHeBbIe TIATHA) [55].

Tak, monudeHonsbl CHIOCOOHBI BIHSITH
Ha MEJIaHOTEHE3, MOCPEICTBOM MHTHOUPO-
BaHUsl (EPMEHTA TUPO3UHA3BI, IPUHUMAIO-
IIET0 y4yacTHUEe B CHHTE3€ MUTMEHTa Meja-
HuHA. Takoii 3¢ deKT mposBISIOT TaIoBas
U DIUIaroBasi KUCIOTHI, apOyTWH, TIaOpH-
JIUH, KOpUYHAs KUCJIOTA, alI033UH, dIIUKATe-
XuH-3-raymiar. Mexanusm OTOeIMBAIOIIETO
JICUCTBUS TaJUIOBOM KHCJIOThI — BEILIECTBA,
BXOJISIIME B COCTaB POJUOIIBI PO30BOH, 3a-
KIIIOYAeTCsl B UHTUOMPOBAHUU aKTHUBHOCTH
TUpo3uHa3bl. CyuTaeTcsi, YTO JIOMOJHU-
TEIHHBIM YCUIIUBAIOLTUM (PAKTOPOM B TO/1a-
BJICHMM MEJAHOI€HE3a IAJUIOBOM KUCIOTOU
SIBIIICTCS HAJTMYKE Y HE€ aHTUOKCUIAHTHOMN
aKTUBHOCTH [56, 57].

B 3apyOexHoii nuTepaType HMEIOTCS
JaHHBIC, TOJTBEPKIAIOIINE WHTUOUPYIO-
miee JIeCTBUE CIIUPTOBOTO JKCTPAKTa po-
JTMOJIBI Ha TUPO3UHA3y. MiMeroTces cBeieHus
0 TOM, YTO THUPO30J OOJIAaeT CIOCOOHO-
CTBIO UHTUOMPOBATH MPOIECC MTUTMEHTAIINH
KO, YMEHbIIIast BEIpAOOTKY THPO3UHA3HI U
TRP-1 (cTtabunuzarop menanocom). Taxxe
YCTaHOBJIEHO, YTO THPO30JI MPEBOCXOIUT
10 aKTUBHOCTU CAJUAPO3U, 00JIaTar0IIHiA
HECKOJIbKO HMHBIM MEXaHU3MOM JIeHCTBUS

[58-60].
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pigmented lesions on lentigos type, hyper-
and hypomelanose, high risk of neoplasia
[45, 48].

Not only antioxidant, moistening agents
are used to treat photo-ageing, but also
bleaching agents to eliminate hyperpigmen-
tation. Hyperpigmentation is also character-
istic for acne. Apart from discomfort, pro-
voked by the rashes in disease aggravation
period, post-acne is what bothers patients,
which is a complex of persistent change of
skin, because of a long-term acneiform rash
and seborrhea, which can also appear as a
skin hyperpigmentation (brown spots) [55].

So, polyphenols are able to influence
melanogenesis by inhibiting tyrosinase fer-
ment, which participated in melanin pig-
ment synthesis. Such effect is exhibited by
gallic, ellagic acid, arbutin, glabridin, cin-
namic acid, aloesin, epicatechin-3-gallate.
Mechanism of bleaching action of gallic
acid — substance which is a part of Rhodiola
rosea is in inhibiting the tyrosinase activi-
ty. The antioxidant activity of gallic acid is
considered to be an additional strengthen-
ing factor to suppress melanogenesis using
it [56, 57].

Foreign literature has data, which con-
firm the inhibiting action of alcohol extract
of Rhodiola rosea on tyrosinase. There are
data about the fact that thyrozol is capable
of inhibiting the process of skin pigmenta-
tion, reducing production of tyrosinase and
TRP-1 (stabilizer of melanosomes). It was
also established that thyrozol was more
active than salidroside with another action
mechanism [58—60].

There are also data about the presence
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Takke HMMEIOTCS JaHHBIE O HAJTUIHH
Y®-npOoTeKTOPHON aKTUBHOCTH CaJIAIPO-
31J1a, TOATBEPKICHHBIC HA MOJICIIU KYJBbTY-
PBI KJIETOK KepaTUHOLMTOB [61].

Hcnonb3oBanue SKCTPAKTOB POAUOIBI TIPU
KUPHOU KOXKE M aKHE MOKHO OOBSICHUTH BbI-
COKHUM COZIEp’)KaHHEM JTyOUJIbHBIX BEIIECTB.
Hcnonb3oBaHue B Ka4eCcTBE KOMIIOHEHTOB Ce-
OOperyIupyIONMX KOCMETUYECKUX CPEICTB
pPacTUTEIBHBIX KOMIUIEKCOB, COMEPIKAIINX
TyOUJIbHBIC BEIIECTBA, CBA3AHO C UX BSIKY-
LIEH, MOACYIIMBAKOLIEN AKTUBHOCTBIO, TPO-
THUBOBOCIIAIUTEIIGHBIM JICHCTBHEM, a TaKKe
CHOCOOHOCTBIO CyXKaTh TOpPbL. AKTHBHOCTb
CAJILHBIX KeJe3 PEryIupyeTcs MHOKECTBOM
SH/IOKPHHHBIX M HEOHIOKPHUHHBIX (haKTOPOB,
B T.4. UTHIPOTECTOCTEPOHOM, 00PA3yIOIIUM-
Csl B KOXKE M3 TECTOCTEPOHA MO/ JICHCTBUEM
depmenta S-a-pemykraszbl. [lomaBrstorneit
AKTUBHOCTBIO B OTHOIIIEHUU 5-0-pEeIyKTa3bl,
MIPeA0TBpaIlasi Ype3MEPHOE CAIOOT/ICIICHNUE,
00IaIatoT BEIIECTBA PACTUTEIILHOTO MPOMC-
XOXK/ICHUSI, B YACTHOCTH, (PUTOCTEPUHBI, CO-
JiepKaIecss U B ChIPb€ POAMOIBI PO3OBOM.
duToCTEpUHBI OKA3BIBAIOT TAKKE MPOTHBO-
BOCTIAIUTENIFHOE JICHCTBUE, YyrHETas (akKTo-
pBI BocmajieHus — npocrarianaud E2, dak-
TOp HEKpO3a OmmyXxonu-a [55, 62].

Kpome toro, coneprkariyecs B poauosie po-
30BOM JTyOMJIbHBIE BEIIECTBA OONAIAIOT aHTHU-
MUKpPOOHBIM JieiicTBreM. Taroke B TuTeparype
HMMEIOTCSl TIPEJIIIONIOXKEHNS], YTO yTHETAroIIee
NIEWCTBUE B OTHOILICHUHU OaKTepHii BO3OyIUTe-
neit akae Propionibacterium acnes skcTpakTa
BomHOro m3 pomuonbl — Rhodiola crenulata,
CBSI3aHO C HAIMYKMEM CATUIPO3UIA, COIEepKa-
IIETOCs ¥ B POIMOJIE PO30BOH [62-64].

3akJirouenue. Takum oOpa3om, poauona
po30Basi — pacTeHue, o0IaIaroIIee MeJIbiM
CHEKTpOM  (papMaKOJIOTUYECKUX CBOWCTB,
Cpeii KOTOPBIX MHTEPEC MPENICTABISET ACHi-
CTBHUE Ha IIEHTPAJbHYIO HEPBHYIO CUCTEMY,
HaJIMYue aJanTOTeHHBIX M aHTHOKCHJIAHT-
HBIX CBOMCTB. AHTHOKCHIAHTHOE JICUCTBUE
o0ycClaBiIMBaeT TeMaTONPOTEKTOPHYIO aK-
TUBHOCTH TIPEMapaToB POAHMOIBI PO30BOA,

of UV protector activity of salidroside, ap-
proved on the model of keratinocytes cells
model [61].

The application of Rhodiola extract for
fat skin and acne can be explained by high
content of tannins. The use of plant com-
plexes with tannins as seborrhea regulating
cosmetic agents is linked with their bind-
ing, drying activity, anti-inflammatory ac-
tion, as well as the ability to narrow down
pores. Activity of oil glands is regulated by
a lot of endocrine and non-endocrine fac-
tors, including dihydrotestosterone which is
formed in skin from testosterone under the
influence of 5-o-reductase ferment. Plant
origin substances, particularly phytosterols
from Rhodiola rosea raw materials exhibit
suppressing activity towards 5-a-reductase,
preventing excessive oil secretion. Phytos-
terols has also an anti-inflammatory activi-
ty, suppressing inflammation factors — pros-
taglandin E2, factor of tumor necrosis factor
a [55, 62].

Apart from this, tannins in Rhodiola ro-
sea has antimicrobial action. Some literature
as well has hypotheses that suppressing ac-
tion of water extract of Rhodiola — Rhodiola
crenulata against Propionibacterium acnes
— acne activating bacteria, is connected with
the presence of salidroside, which is found
in Rhodiola rosea [62—64].

Conclusion. Thus, Rhodiola rosea is a
plant with a whole spectrum of pharmaco-
logical properties, including action on the
central nervous system, presence of adap-
togenic, antioxidant properties. Antioxidant
action conditions hepatoprotective activity

of Rhodiola rosea drugs, neuroprotective,
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HEUPOIPOTEKTOPHOE, YD-NPOTEKTOPHOE,
paauo- U XUMHOINIPOTEKTOpHOE AeiicTBue. C
AHTUOKCUJIAHTHOM aKTUBHOCTBIO CBsI3aHA U
NEPCHEKTUBHOCTh MCHIOJIB30BAHUS POJIUO-
JIbl PO30BOM JJIsl HAPY>KHOTO MPUMEHEHUSI.
B nureparype mmeercss JOCTaTrOYHOE KO-
JIMYECTBO CBEACHUI O HAIMYMU BO3MOKHOTO
a¢dekra OMOIOTHUECKH AKTHBHBIX BEIECTB
POAMONBI PO30BOI NPU HAPYKHOM MPUMEHE-
HHUU: aHTHOKCHJIAHTHOTO ¥ aHTUMHKPOOHOTO,
otOenuBaroiero, YO-mpoTeKTOpHOTO, CTUMY-
JMPYIOIIETO OOMEH BEIIECTB, YTO CBUJICTEIb-
CTBYET O MEPCIEKTUBHOCTHU €€ NPUMEHEHHUS B
KOCMEILIEBTUKE U MOATBEPHKIACT OIBIT TPau-
IMOHHOIO MCIIONIb30BaHMs ISl yXO4a 3a YBS-
JTAIOLLIEN KOXKEH, )KUPHOU KOXKEW Y TPY aKHE.
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UV-protective, radio- and chemo-protective
action. Prospects of Rhodiola rosea use for
external application are linked with antiox-
idant activity.

Literature has sufficient data about pos-
sible effect of biologically active substanc-
es of Rhodiola rosea for external use: an-
tioxidant, and antimicrobial, bleaching, UV
protective, metabolism stimulating, which
proves the prospectivity of its use in cosme-
ceutics and proves the experience of its tra-
ditional use for the withering, fat skin, and

acne treatment.
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CPABHUTE/IbHOE MOP®0O/10I0-AHATOMUYECKOE UCCNEAOBAHUE
BEFETATUBHbIX OPTAHOB JIABASHUKA OBbIKHOBEHHOIO
(FILIPENDULA VULGARIS MOENCH.)

U NABA3HUNKA BA3O/IUCTHOIO (FILIPENDULA ULMARIA (L.) MAXIM.),
NMPOU3PACTAIOLLNX HA CEBEPHOM KABKA3E

Ilamueopckuii meouxo-gapmayesmuieckutt UHCMUMym —
Gunuan @I'HOY BO Bonel MY Munszopasa Poccuu, e. Ilaimuzopck, Poccus

EK. Serebryanaya, LV. Geonya, K.M. Alieva

COMPARATIVE MORPHOLOGICAL AND ANATOMICAL INVESTIGATION
OF THE VEGETATIVE ORGANS OF FILIPENDULA VULGARIS MOENCH.
AND FILIPENDULA ULMARIA (L.) MAXIM.

FROM THE NORTHERN CAUCASUS REGION

Pyatigorsk Medical and Pharmaceutical Institute — branch of Volgograd State
Medical University of the Ministry of Health of Russia, Pyatigorsk, Russia
E-mail: fatimasereb@yandex.ru

BeedeHue. /13y4eHue cbipbe8bix UCMOY-
HUKO8 pacmumesibHO20 NpPOUCXOXO0eHUs
0719 noslydeHusa 6UO02UHECKU aKMUBHbIX
gewecms, obnaoarwux  8vlpaxeHHoU
apmakoniozudeckol aKmuB8HOCMbIO, 8bl-
3bI8deM HeCOMHEHHbIU UHMepec 014 pas-
gumusa cospemeHHoU papmayuu. Leneo
uccneoosaHus. [lposecmu cpasHumers-
Hoe  MOp@O0/1I020-aHAMOMUYEeCKoe  UC-
cnedogaHue 08yx 8u0os poda n1abasHUK:
nabasHuk obbikHoseHHbIU (Filipendula vul-
garis Moench.) u nabasHuk 8a30/UCMHbIU
(Filipendula ulmaria (L.) Maxim.), npous-
pacmaruwux Ha CesepHom Kaskaze. Me-
mooel. []ns npogedeHUA CpAasHUMETIbHO20
MUKPOMOPOI02u4ecko20 Ucc1e0o8aHus
6blU 83AMbl 06pA3Ubl CBEXECOOPAHHbIX
pacmeHuu (utoHe 2014-2015 22.) 8 pasnuy-
Hoelx patioHax CegsepHo2o Kaskasa (2. [Tamu-
20PCK, 1020-3aNAO0HbIU CKI0H 20pbl Mauwiyk,
OMKpbIMbIU y4Aacmok siyea, 2. JlepMmoHmMos,
I0XHbIU CKJI0H 2. bewumay, omkpeimeit n1ye,
KBP, ywenve beseHeu, npassili 6epez peku
Yepek beseHeulickul, nouMeHHbIU J1ye,

Introduction. Study for raw sources of

a phytogenesis to obtain biological active
substances with expressed pharmacologi-
cal activity, attracts undoubted interest for
the development of modern pharmaceutics.
Objective. To carry out a comparative mor-
phological and anatomical research of two
types of Filipendula species: Filipendula vul-
garis Moench. and Filipendula ulmaria (L.)
Maxim., which grows in the North Caucasus.
Methods. Samples of fresh-gathered plants
were gathered (June, 2014-2015) in various
areas of the North Caucasus to carry out a
comparative micromorphological research
(Pyatigorsk, a southwest slope of the moun-
tain Mashuk, the open site of a meadow, Le-
rmontov, the southern slope of Beshtau, an
open meadow, KBR, the gorge of Bezengi,
the right bank of Cherek Bezengiysky River,
an inundated meadow, KBR, Dzhylysu Nat-
63
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KBP, ypouuwe [xoinvicy, cybanbnulickuli
nye), a makxe 2epbapHele 06pasyvi poHOa
eepbapus kagedpbl 60MAHUKU U papma-
KozHo3uu [Tamuzopcko2o MeouKo-ghapma-
yesmuuyeckozo UHcmumyma. MW3syyeHue
ocobeHHocmel  MUKpOMOpgo102u4ecKo-
20 CMPOEHUA KAk 8e2emamusHblx, mak u
2eHepamueHblx op2aHos 08yx 8u008 npo-
800U/IU NO CMAHOAPMHbLIM MemMOOUKAM
MUKpPOCKONUYeCcKUX U 2UCMOXUMUYECKUX
uccnedo8aHudl. ®omoezpaghuposaHue
ppazmeHmo8  MUKpOMOpghoo2u4ecKo-
20 CMpOeHUA 0p2aHo8 npPosoousIu Nnpu
nomowu mukpockona BUOME/[-2 ¢ ¢o-
moHacaokou Digital microscope camera
DMC-300. Pesynemamel u obcyxoeHue.
[posedeHsbl cpasHumesnvbHoie Mopghos1020-
aHamomuyeckue uccedo8aHus 08yx 6u-
0os pooda Filipendula: naba3Huk ob6bikHO-
geHHwlIU (Filipendula vulgaris Moench.) u na-
6a3Huk easonucmnoil (Filipendula ulmaria
(L.) Maxim.), npouspacmarowux Ha Cesep-
Hom Kaskase. BolsgsieHbl npu3HaKku passiu-
yul MUKpOMOPOI02UHECKUX NPU3HAKOS,
Komopble Nno380/A10m npogooums oud-
2HOCMUKY J1eKapCmeeHH020 pacmumerib-
HO20 cbIpbA. K NpU3HAKam omauyus MOXHO
OMHecmu yCmbUYHbIU annapam aHOMO-
YumHo20 mund, mpuxomsl 8 8uoe OJIUH-
HbIX NPAMbIX U U302HYMbIX OOHOK/1eMOoY-
HbIX 80/10CK08, (hopma cmebsia u Yepewka
HA Nnonepe4yHoOM cevyeHuUu, Hajau4ue ony-
weHusA 4Yepewka u cmebsd, Koiu4ecmeo
U pacnosioxeHue NnpoBOOAUUX NYYKO8 8
cmebne u yepewke nucma. lpogedeHHole
uCce008aHUA ABAIOMCA (pazMeHmom
KOMNJIEKCHbIX (hapMakozHOCmMu4Yeckux u
3K0J/1020-6U0/1I02UYECKUX  UCC1e008aHUU
nepcnekmMuBHbIX pecypcHbuix 8u0o8 ¢propel
CesepHozo Kaskasa.

Knioyeeble cnoea: nabasHuUk 8430-
JIUCMHbIU,  n1abasHUK  06bIKHOBEHHBbIU,
Filipendula vulgaris Moench., Filipendula
ulmaria (L.) Maxim., mopgonozo-aHamo-
MuyYecKue NPU3HAKu

64

ural Boundary, a subalpine meadow), and
also herb samples of a herbarium fund of
department of botany and a pharmacogno-
sy of the Pyatigorsk medico-pharmaceutical
institute were taken. Studying of features of
a micromorphological structure of both veg-
etative, and generative bodies of two types
was carried out by reference techniques of
microscopic and histochemical researches.
Photography of fragments of a micromor-
phological structure of bodies was carried
out by means of BIOMED-2 microscope with
a photo of Digital microscope camera DMC-
300. Results and discussion. Comparative
morphological and anatomical researches
of two types of the Filipendula species were
conducted: Filipendula vulgaris Moench.
and Filipendula ulmaria (L.) Maxim., which
in the North Caucasus. Signs of distinctions
of micromorphological features which al-
low carrying out diagnostics of medicinal
vegetable raw materials were revealed. Dis-
tinctive features are the anomocytic stoma-
ta, trichomes in the form of the lengthiest
straight lines and arched monocelled hairs,
a form of a stalk and a scape on a transverse
section, existence of omission of a scape and
stalk, quantity and an arrangement of con-
ductive bunches in a stalk and a scape of a
leaf. The conducted researches are a frag-
ment complex the pharmacognostical and
ecological and biological researches of per-
spective resource species of the North Cau-
casus flora.

Keywords: Filipendula vulgaris Moench.,
Filipendula ulmaria (L.) Maxim., morpholog-
ical and anatomical signs
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BBenenue. 3yuenne CbIpbeBbIX UCTOU-
HUKOB  PAcCTUTEJIBHOTO  MPOUCXOXKICHUS
JUISL TIOJTy4E€HUsSI OMOJIOTUYECKH aKTHUBHBIX
BEIIECTB, O0JIAIAFOIINX BBIPAXKEHHOH (ap-
MaKOJIOTUYECKOW aKTUBHOCTHIO, BBI3BIBAET
HECOMHEHHBI MHTEpEC MJIsi Pa3BUTHUS CO-
BpeMeHHOM (apmaruu. B pamkax paboTh
CTaBpOIOIBCKOTO MEAMKO-(papmareBTuie-
CKOTO KJIacTepa Ha MPOTSKEHUH HECKOJb-
KUX JIET TPOBOJUTCS HDKOJIOT0-O00TaHU-
YECKUH MOHUTOPUHI PECYPCHBIX BHUIOB
dopsr CeBeproro KaBkasza, KoTophle mpe/-
CTaBJISIIOT HHTEpeC ¢ (papMaKOTHOCTUYE-
cKoi ToukH 3peHusi. COBMECTHO € rocyuap-
CTBEHHBIMH MPUPOTHBIMHU 3aMIOBETHUKAMH,
HAy4YHO-UCCJIEIOBATEILCKUMH HMHCTUTYTA-
Mmu ¥ By3amu CeBepo-KaBka3ckoro pernona
IIPOBOJATCSI COBMECTHbBIE IKCIIEIUIIMOHHBIE
UCCJIETOBaHMS, TO3BOJISIFOIINE OIICHUTH 3a-
Machl JIEKaPCTBEHHOI'O PACTUTEIBHOIO Chl-
pps, a Takxke pa3zpaboraTb OOBEKTHBHBIE
METOJMKHU OMpe/eIeHUs] MPOAYKTUBHOCTH
MEPCHEKTUBHBIX PECYPCHBIX BHJIOB Ha OC-
HOBAaHUU OWOJIOTHYECKUX U (hapMaKOTHO-
CTUYECKUX METOJIMK ONPEeICHHs ypoxKaii-
HOCTH JICKAPCTBEHHOT'O ChIPhS U 3aM1aCOB Ha
tepputopun Ceepo-KaBkasckoro pernona
[1,2,3].

[TonyueHHbIE JaHHBIE PETYIISPHO BKIIO-
yaroTcss B 0a3y JaHHBIX IEPCHEKTUBHBIX
pecypcHbix BunoB (iopsl CeBepnoro Kas-
Ka3a, KoTopas pazpaborana Ha kadenpe 60-
taHuku [lsTuropckoro Meauko-hapmarien-
TUYECKOTO MHCTUTYTa — ¢unuana OI'BOY
BO BonrI'MYV [4].

NHTepec Kk wHccineayeMblM — BUIaM
Filipendula vulgaris v Filipendula ulmaria
BBI3BaH TE€M, UYTO B HAJ3EMHBIX OpraHax u
B KOPHEBHILAX HAKAIJIMBAKOTCA (DI1aBOHO-
UJbl, TJIMKO3U/IbI, JyOWJIbHbIE BEIECTBA, a
TaKk)ke acKopOMHOBas kuciora. B Hamzewm-
HOI yacTu 0OHapyKeHbI 3PUPHOE MACTIO, B
ceMmeHax — 10 6 % xxupHoro macna [5].

Heab uccaexosanus. [Iposectu cpas-
HUTEIBHOE  MOP(OIOro-aHATOMUYECKOE
Uccle0BaHue IBYX BUAOB poja Jlaba3zHuk

Introduction. Study for raw sources
of a phytogenesis to obtain biologically
substances with an

active expressed

pharmacological attracts
undoubted interest for development of the

modern pharmaceutics. Within work of the

activity,

Stavropol medico-pharmaceutical cluster
for several years ecologic and botanical
monitoring of resource species of flora of
the North Caucasus which are of interest
from the pharmacognostical point of view
is carried out. Together with the national
natural parks, research institutes and higher
education institutions of North Caucasus
region the collateral forwarding researches
which allow estimation of the reserves
of medicinal vegetable raw materials,
and also to develop objective techniques
of definition of efficiency of perspective
resource types on the basis of biological
and the pharmacognostical of techniques of
definition of productivity of medicinal raw
materials and stocks in the territory of North
Caucasus region [1,2,3] are conducted. The
obtained data regularly join in the database
of perspective resource species of flora of
the North Caucasus which is developed
at department of botany of the Pyatigorsk
Medical and Pharmaceutical institute
— branch of Volgograd State Medical
University [4].

Interestinthe studied types of Filipendula
vulgaris and Filipendula ulmaria is caused
by the fact that in elevated bodies and in
rhizomes flavonoids, glycosides, tannin
agents, and also acidum ascorbinicum. In
an elevated part are found an essential oil,
in seeds — to 6% of aliphatic oil [5].

Research objective.
comparative morphological and anatomical

To conduct a

research of two types of species Filipendula:
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(mabaznuk oObikHOBeHHbIN (Filipendula
vulgaris Moench.) u nmaGa3HUK BS30JIUCT-
ueiit (Filipendula ulmaria (L.) Maxim.),
npouspactaromiux Ha CeBepHoMm Kaskaze
JUTS1 BBISIBIICHUSI IPU3HAKOB PA3JIMUUiA, KOTO-
pbl€ MOTYT MOCIIYKUTh B JaJIbHEHIIEM MPU
COCTaBJICHUH HOPMAaTUBHOM TOKYMEHTALIMU
Ha JIEKapCTBEHHOE PACTUTEIBLHOE ChIPhE.

Metoabl. O6bekTamMu AJi1 TPOBEIACHUS
CPaBHUTEIILHOTO MHUKPOMOP(OIOTUYECKO-
IO HCCJENOBAaHUSl MOCIYXWIH OOpa3Lbl
CBeKecoOpaHHBIX pacTeHui (uroHb 2014—
2015 rr.) B paznuuHbIX pailoHax CeBepHO-
ro Kaskaza (Ilaruropck, roro-3amajgHblii
CKJIOH TOpbhl Maiilyk, OTKPBITBI Yy4acTOK
ayra, I. JIepMOHTOB, FO’KHBIN CKIIOH I. bem-
Tay, oTKpbIThIN J1yT, KBP, ymense besenrn,
npaBbiii 6eper pexu Yepek besenruiickui,
noitmenHsbIi 1yr, KBP, ypouunuie J[XbLbICy,
CyOaNbIUICKUI JIYT), a Takke repOoapHbIe
obpasnel poHma repbapust kadeapsr 0o-
TaHUKH U (dapMakorHo3uu lIsTuropckoro
MeINKO-(hapMarieBTHUECKOTO ~ MHCTUTYTA
(axponum PGFA).

Nzyuenne ocobeHHOCTEN MUKPOMOPPO-
JIOTUYECKOTO CTPOCHUS KaK BEre€TaTUBHBIX,
TaK W TeHEpPaTHUBHBIX OPTaHOB JIByX BUIOB
IIPOBOJWIN IO CTaHAAPTHBIM METOJIMKAM
MUKPOCKOTIMYECKUX W THUCTOXUMHUYECKUX
uccaenosanuii [10, 11]. dotorpadupona-
Hue (parMeHTOB MUKPOMOP(POIOTUYECKOTO
CTPOEHUSI OPraHOB MPOBOAMIIA MPHU MOMO-
1 Mmukpockona BUOMEJ]-2 ¢ potonaca-
kot Digital microscope camera DMC-300.

PesyabTarsl. Buns poga JIaba3uuk (Ta-
BOJITA) OTHOCSTCS K ceMelcTBy Rosaceae.
JlabGazuuk oObIkHOBeHHBIN (Filipendula
vulgaris Moench. (Filipendula hexapetala
Gilib.) — MHOroNEeTHEE TPaABSIHHUCTOE pac-
T€HHE BbICOTOM 110 70 cM, KOpPHEBHUIIE C
KITyOHEOOpa3HO YTOJIIEHHBIMU KOPHSIMH
(puc.l). IlpukopHeBble JUCThS MNPEPHIBU-
CTO-TIEPUCTHIE, C MHOTOYUCIIEHHBIMU NIEPU-
CTO-pacCEYEHHbIMU TUCTOUYKaMU. [[BeTkH B
METeNBYaToOM coLBeTHH, aHTena. L{BeTok
aKTUHOMOPQHBIN € JTBOWHBIM OKOJIOIIBET-
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Moench.
Filipendula ulmaria (L.) Maxim., which

Filipendula  vulgaris and
grow in the North Caucasus, the signs of
distinctions growing in the North Caucasus
for identification which can serve further
by drawing up normative documentation on
medicinal vegetable raw materials.
Methods. As objects for carrying out a
comparative micromorphological research
exemplars of fresh-gathered plants (June,
2014-2015) in various areas of the North
Caucasus (Pyatigorsk, a southwest slope
of the mountain Mashuk, the open site of a
meadow, Lermontov, the southern slope of
Beshtau, an open meadow, KBR, Bezengi
gorge, the right bank of Cherek Bezengiysky
KBR,
Dzhylysu natural boundary, a subalpine

River, an inundated meadow,
meadow), and also herb exemplars of fund
of a herbarium of department of botany and
a pharmacognosy of the Pyatigorsk Medical
and Pharmaceutical institute were taken
(PGFA acronym).

Study for features of a micromor-
phological structure of both vegetative,
and generative bodies of two types was
carried out by reference techniques of
microscopic and histochemical researches
[10, 11]. Photography of fragments of a
micromorphological structure of bodies
was carried out by means of BIOMED-2
microscope with a photo of Digital
microscope camera DMC-300.

Results. The types of species Filipendula
fall into to the Rosaceae family. Filipendula
vulgaris Moench. is a perennial grassy plant
up to 70 cm high, a rhizome with reinforced
roots (fig. 1). Radical leaves faltering and
plumose, with numerous plumose and dissect
leaflets. Flowers in a panicled inflorescence,
antel. A flower is actinomorphic with a
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HUKOM. Yamieuka pa3ienbHONUCTHAsI, BEH-
yuK Oelblil, pasaenbHOoJIenecTHbIH. Yare-
JUCTUKOB M JICMIECTKOB MO 6. AHIporen
MHOTOUHCIIEHHBIM U Hecpocumics. ['nne-
e TaKXe MHOTOYUCIICHHBIN, aroKapIi-
HbIU, 3aBs3b BEpXHsis [6, 7, 8].

Jla6a3nuk Bsi3onuctHbi (Filipendula ul-
maria (L.) Maxim.) — MHOTOJIETHEE KOPOT-
KO-KOPHEBUIIIHOE PACTEHUE C MPEPHIBUCTO
MEPUCTO-PACCEUYEHHBIMU JINCThSIMU, CHU3Y
MOKPBITHIMU TYCTBIM O€JIBbIM OITyIICHHEM.
Crebenp npsmocrtosianii 10 150 cm BbIco-
Toil (puc. 2). KopHeBasi cucreMa MOYKO-
Baras, MpeAcTaBieHa KOPOTKUM MOJI3YYUM
KOpHeBHIIIeM 0e3 KIIyOHEBHIHBIX YyTOJIIE-
Huil. CrebneBbie JUCThS OYepelHbIe, pac-
MOJIOKEHBI TI0 BCEMY CTEOJI0, BIUIOTH [0
conBeTus. JIUCTbsl YepelKoBble, C MPEephI-
BHCTO MEPUCTO-PACCEUECHHBIMU JIMCTOBBIMU
MJIACTHHKAMU, ¢ 2-9 mapamu OOKOBBIX JTHU-
CTOYKOB, IMUJBYATHIX TI0 KPAKO U OTHUM 00-
Jiee KPYyHHBIM KOHEYHBIM JIMCTOYKOM, pa3-
JeJeHHBIM Ha 3 nonu. B ocHOBaHuU nHcTa
HAXONATCS TMPWIMNCTHUKU OCTPO3yOdaThiM
KpPaeM U YaCTUYHO CPOCUIUECS C YEPEIIKOM.
CouBeTne OOTPHOUIHOE, CIOKHOE, aHTE-
na. [[BeTkn akTHHOMOpP(QHBIC, YAIIECIUCTHU-
KOB U JICTIECTKOB 10 5 [7].

Filipendula vulgaris Moench. npous-
pacTtaeT NpakTUYECKU IO BCEH eBpOIeii-
ckoil yactu Poccuu, a TakkKe B yMEPEHHON
30He A3zuM, uHOTrAa BecTpevaercs B CeBep-
HOM Amepuke. Bua npeanounTaer nepeys-
JIaKHEHHBIE MecTa [9].

UYto Kacaercs HKOJOTMYECKUX YCIOBUHI
MIPOU3pACTaHUsI, TO CIEAYET OTMETUTD, UTO
uccleayeMble BUJbI MPOU3PACTAIOT MpEU-
MYIIECTBEHHO Ha OTKPBITHIX TPABIHUCTBIX
CKJIOHAX, Jyrax, HO JIaDa3HUK BS30JHUCT-
HBIU MIPEANOYUTAET YBIAKHEHHBIE YUaCTKU
Jyra, BCTpe4yaeTcs Mo Oeperam BOJJOEMOB.

double perianth. The cup with a nimbus
white. 6 sepals and petals. Androceum
numerous and not accrete. Gynoecium also
numerous, apocarpic, ovary top [6, 7, 8].

Filipendula ulmaria (L.) Maxim. is a
plant with rhizome and falteringly plumose
and dissect leaves from below covered
with heavy-bodied white omission. Stalk
is upright (fig. 2) up to 150 cm high. The
root system with a fibrous root system
withtuberous roots, is presented by a short
creeping rhizome without tuberiform
thickenings. Stem leaves next, are located
on all stalk, up to an inflorescence. Leaves
are petiolar, with falteringly plumose and
dissect sheet plates, with 2-9 couples of
side leaflets, the dentate edge (margin),
and one larger terminating leaflet divided
into 3 shares. In the basis of a leaf there are
stipules doubly serrate edge and partially
accrete with a scape. The inflorescence is
racemose. The terminal bud keeps growing
and forming lateral flowers, the composite,
antel. Flowers actinomorphic, sepals and
petals on 5 [7].

Filipendula vulgaris Moench. grows
practically in all European Russia, and
also in a moderate zone of Asia, sometimes
meets in North America. The look prefers
the rehumidified places [9].

As for ecological conditions of growth, it
should be noted that the studied types grow
mainly on open grassy slopes, meadows,
but the Filipendula ulmaria prefers the
humidified sites of a meadow, meets on

coast of reservoirs.
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Pucynok 1 — Mopgonozuueckoe cmpoenue Filipendula vulgaris Moench.
(1 — oowuii 6uo yeemyuiezo pacmenus, 2 — ppazmenm coyeemus, 3 — ppacmenm nucma,
4 — ¢hpazmenm Kopuegoi cucmemwl ¢ KyOHeBUOHBIMU YMOTULEHUAMU)
Figure 1 — Morphological structure of Filipendula vulgaris Moench.
(1 — a general view of the blossoming plant, 2 — an inflorescence fragment,
3 — fragment of a leaf, 4 — fragment of root system with tuberiform thickenings)

Spatmoe wewreTy
» Coumaramg
Voremrmvre re

Pucynok 2 — Mopgonozuueckoe cmpoenue Filipendula ulmaria
(1 —o6wuii 6uo, 2 —ppacmenm cousemus, 3 — hpazmenm aucma,
4 — ¢hpazcmenm Kopmueeoii cucmemot)

Figure 2 — Morphological structure of Filipendula ulmaria
(1 — a general view, 2 — a fragment of the leaf, 3 — a fragmentlist,
4 — fragment of root system)
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Jluct Filipendula vulgaris ampucroma-
TUYECKUN. BepxHsad snuuepMma Ipencras-
JIEHA OCHOBHBIMM KJIETKAMHU SIHJEPMBI,
YCTBUYHBIMH allapaTaMd M TPUXOMAMH.
OCHOBHBIE KJIETKH 3MUAEPMbI UMEIOT Cia-
OOM3BUIINCTHIC AHTUKIIMHAIBHBIE CTCHKH.

YCThUYHBIM  amnmapar aHOMOLMTHOIO
Tuna. TpUXoMBI pacronararTcs Mo KUIKe
U TPEACTABIEHbl JIOCTATOYHO JJIMHHBIMU
OJTHOKJIETOYHBIMU  BOJOCKamMu. HuxkHsA
JMUJEpMa UMEET 3HAYUTEIIBHOE OIIyLICHUE,
[IPEACTABICHHOE IPOCTBIMU OJHOKJIETOU-
HBIMH BOJIOCKAMM KaK IIPSIMBIMM, TaK 1 U30-
THYTbIMU. OCHOBHBIE KJIETKH 3MHIEPMBI C
CWJIBHO W3BWJIMCTBIMM AHTUKJIMHAJIbHBIMU
CTEHKaMHU. YCTbUYHBIE alIapaTrbl aHOMO-
LATHOIO THUIIA BCTPEYAIOTCS 31E€Ch 4Yallle,
4yeM Ha BepxHed snuaepme. OTIM4UTENb-
HBIMM TIPpU3HAKaMH SBIIAETCS HAJU4HE TO-
JIOBUYATBIX BOJIOCKOB, PACIOJIOKEHHBIX I1O
xuike (puc. 3).

JlucroBass mnactunka Filipendula vul-
garis NOP30BEHTPAIBHOIO THUIIA, IO BEPX-
HEW 3MUIECpPMOM pacrojaraercs najlucai-
Held Me3odumn B 2-3 cnos. B obnactu
IJIaBHOM KWJIKM pacrojaraercs oT IpoBo-
JAIMIMX MYyYKOB 1-3 KoJ1arepajbHOIO THIA.
B oOmacTtu 1aBHOHM KWIKH MO HIDKHEH
AMUAEPMONl  pacmoiaraercsd  KOJUIEHXU-
Ma yTOJIKOBOIO THIa. JIMarHOCTUYECKUM
MIPU3HAKOM JIMCTOBOM IUIACTUHKH, KaK H
Yepellka, SBISETCS HAJIWYUE OITyLICHMUS,
IIPEACTABICHHOTO MPOCTBIMUA OJHOKJIETOU-
HBIMH BOJIOCKaMH.

UYepelok Ha ONIEPEYHOM CEUEHUH NMeE-
€T CeJIOBUIHYIO (hopMy C 2 XapaKTepHbIMU
BbIcTynamu. Ilox snmaepmoit pacronoxena
KOJUIEHXMMA IUIACTUHYATOI'O THUIIA B 2 CIIOSL.
[IpoBoasmas cuctemMa ITy4KOBOIO THIIA.
[Iyuku 3aKkpbITble KOJUIATEPAJIbHBIE, OAMH
KPYHHBIA — JOpP3aJIbHBIA U 2—4 MEJNKUX —
BEHTPAJIbHBIX. JlOp3ajbHBIA IIPOBOASAIIUI
My4YOK UMEET MONYIyHHYIO dopMmy, (ios-
Ma OpUEHTUPOBaHa K HWKHEH snuaepme. K
(I1059MHOM YacTH MPUIIETAIOT CKICPEHXHM-
HbIE€ BOJIOKHA.

The leaves of Filipendula vulgaris
have the amphistomatical type. The top
epidermis is presented by the main cages
of an epidermis, stomatal apparats and
trichoms. The main cages of an epidermis
have sinuous anticlinal walls.

The stomatal complex is anomocytic.
Trichom settle down on a vein and are
presented by rather long monocelled hairs.
The lower epidermis has the considerable
omission presented by prime monocelled
hairs both direct, and arched. The main cages
of an epidermis with are strongly sinuous
anticlinal walls. The stomatal complex of
anomocytic type is encountered here more
often than on the top epidermis. Distinctive
sign is the presence of the capitate hairs
located on a vein (fig. 3).

The sheet plate of Filipendula vulgaris
of dorzoventral type, palisade mesophyll
in 2-3 layers is under the top of epidermis.
In the area of the main vein 1-3 vascular
bundles of collateral type are located. The
collenchym of corner type is settled in
the area of the main vein under the lower
epidermis. A diagnostic sign of a sheet plate
as well as a scape, is the existence of the
omission presented by prime monocelled
hairs.

The petiole on a transverse section
has the saddle-like form with 2 reference
ledges. The collenchym of lamellar type
is located under epidermis in 2 layers.
Conductive system of fascicular type. The
vascular bundles are closed collateral, one
large — dorzal and 2-4 shallow — ventral.
The dorzal vascular bundle has the semi-
lunar form, the phloem is focused to the
lower

epidermis. Sclerenchym fibers

adjoin to a phloem part.
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Pucynok 3 — Anamomuueckoe cmpoenue nucma Filipendula vulgaris Moench.

1-3 — 3nuodepma n1ucmoeoil niacmMunKu 6epxXuasa (0CHOBHbIE K1eMKU, YCHIbUYHbLE ANNAPAMbL,
mpuxomot), 4—6 — Inudepma 1UCMOBON NIACMUHKU HUNCHAA, 7-9 — nOnepeynblil cpe3 YyepeuiKa
aucma, 10-11 — nonepeunwlii cpe3 1ucmoBoll NAACMUHKU 8 001ACMU 2/1A6HOU HCUTKU
Figure 3 — Anatomic structure of the leaf of Filipendula vulgaris Moench.

1-3 — epiderm of a sheet plate top (the main cells, stomatal apparats, trichom),

4-6 — an epiderm of a sheet plate lower, 7-9 — a transversal cut of the petiole of the leaf,
10-11 — a transversal cut of a sheet plate in the field of the main vein
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®opma crebnst Filipendula vulgaris na
MONEPEYHOM cedeHHH MHororpanHas. Iloa
SMUJEPMOM pacrojiaraercsi KOJJICHXUMA,
ACCUMWISILIMOHHAS MapeHXUMa U 3HI0JEp-
Ma. lleHTpalibHBI UWIUHADP COCTOUT U3
HNEPULIMKIMYECKON CKIEPEHXUMBI, (PII03-
MBI, KaMOWsI, KCHJIEMbI U TAPEHXUMBI Cep/I-
ueBuHbl. [lepuiukianyeckas CKiepeHXxuma
pacrionaraercsi OTAEJIbHBIMU  y4acTKaMu
HaJ NpoBoALIMMU ITyuykaMmHu. [IpoBogsiue
MyYKH OTKPBITHIE KOJIJIaTepajIbHbIE, PACIIO-
JIO)KEHBI MO Kpyry B konmuectBe 16. Tum
cTesn — sycrenb. [lapeHxuma cepAleBUHBI
MIPE/ICTAaBIEHA JKUBBIMU MAapEHXUMHBIMU
KJIeTKamu (puc. 4).

[Tonepeunsiii cpe3 xopHeBua Filipen-
dula vulgaris Moench. IlokpoBHas TKaHb
npeacrasieHa nepuaepmoit. [lox nepunep-
MOW pacIoJIOKEHbl NTapEeHXUMa KOpBbI, IIe-
puuKII, Gprosma, KaMOHid, KCUiema, mapeH-
xuma cepaueBuHbl. [IpoBoasias cuctema
nydykoBoro tuna. IlpoBomsiiue mydku
OTKpBIThIE KoJulaTepaibHble. [lapenxuma
CEpJILEBUHBI U MEXKITyYKOBasl MapeHXHMa,
KOTOpasi COCTOUT U3 KIJIETOK C CHUJIBbHO JIWT-
HUPUIUPOBAHHBIMHU CTEHKAMHU.

JlucroBas mnactunka Filipendula ul-
maria NOP30BEHTPAIBHOIO THUIIA, TAK KaK
MOJ] BEPXHEW JMUAEPMOM pPACIONAraeTCs
nanucaaabii mMe3odwut B 1 cioit. Tlox
AMUAEpPMO B 0O0JACTH TIIABHOM IKUIIKU
pacrioaraercsi  KOJUIGHXHMMa  IUIACTHH-
4aTOro THUIIA, PACHOJIONKEHA B 2-3 CIIOA.
B uenTpanpHOW 4YacTH JXKWIIKU PacHoJio-
KEH KOJUIATEPAJIbHBIM IPOBOJSAIINAN ITy-
YOK, (103Ma KOTOPOTO OPUEHTHPOBAHA K
JOP3aJIbHOM CTOPOHE, a KCUJIEMa K BEH-
TpaJIbHOM. XapakTepHa IAapeHXHMHas U
CKJIEpEHXUMHasl O0OKJaJKa MpPOBOJsIIIE-
ro nydka. JIMarHoCTU4ECKUM IPU3HAKOM
SMUJEPMBI JTMCTOBOM IJIACTUHKHU SBIISIET-
Csi HaJIU4Me ONyIIeHUs, O0Opa30BaHHOIO
MPOCTBIMU OJTHOKJIETOUYHBIMH BOJIOCKAMU.
Hwxnsa snuaepMa JIMCTOBOM IUIACTUHKU
COCTOMUT M3 OCHOBHBIX KJIETOK, YCTbUYHO-
ro amnmnapara aHOMOLMTHOTO THIIA U TpH-

The stem of Filipendula vulgaris have
polyhedral form on a transverse section.
Under epiderm we can see the collenchyme,
anassimilatory parenchymand anendoderm.
The central cylinder consists of a pericyclic
sclerenchym, a phloem, a cambium, a xylem
and a parenchym of a core. The pericyclic
sclerenchym settles down certain sites over
vascular bundles. The vascular bundles open
collaterals, are located around in number of
16. Lay type — an eustel. The parenchym of
a core is presented by live parenchym cells
(fig. 4).

Transversal cut of a rhizome of
Filipendula vulgaris Moench. cover fabric
is presented by a periderm. Under a periderm
the bark parenchym, a pericycle, phloem,
a cambium, xylem, core parenchym are
located. Conductive system of fascicular
type. The vascular bundle 1s open collateral.
A parenchym of a core and an interfascicular
parenchym which consists of cells has
strongly lignified walls.

The lamina of Filipendula ulmaria
is dorzoventral since there is palisade
mesophyll in 1 layer under the upper
epidermis. The collenchym of lamellar
type settles down under epidermis in the
field of the main vein, it is located in 2-3
layers. In the central part of a vein the
collateral vascular bundles which phloem
is focused to the dorzal part, and a xylem
to ventral is located. The parenchym and
sclerenchym facing of a vascular bundles
is characteristic. A diagnostic sign of an
epidermis of a leaf plate is existence of
the omission formed by prime monocelled
hairs. The lower epidermis of a sheet plate
consists of the main cells, the stomatal
apparat of anomocytic type and thichoms,
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Pucynok 4 — Ilonepeunwtii cpe3 cmeonsa Filipendula vulgaris Moench.
1 — cxema nonepeunozo cpeza cmeons, 2—3 — (hpazmenmsl nonepeuHozo cpeza cmeons,
4 — cxema nonepeunozo cpesa kopnesuuia, 5—6 — ppacmenmeol nonepeunozo cpeza Koprhesuuia
Figure 4 — Transversal cut of a stem of Filipendula vulgaris Moench.
1 — schemes of a transversal cut of a stem, 2-3 — fragments of a transversal cut of a stem,
4 — scheme of a transversal cut of a rhizome, 5-6 — fragments of a transversal cut of a rhizome

XOM, B BHJ€ MPOCTBIX OJHOKIJIETOUHBIX
BOJIOCKOB. JKHJIKA COCTOUT U3 BBITIHYTHIX
TOJICTOCTEHHBIX KJIETOK, B KOTOPBIX pac-
MoJjaralTcsi OJMHOYHbBIE JIPY3bl OKcajaTa
Kanplusa. BepxHss snuaepMa JIMCTOBOU
MJACTUHKU OTJIMYAETCS OT HIKHEH OT-
CYTCTBHUEM yCTBUYHOTO ammnapara. Kietku
UMEIOT O6oJiee BRITAHYTYIO (hopmy. Tpuxom
He oOHapyxeHo (puc. 5).
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in the form of prime monocelled hairs. The
vein consists of the extended thick-walled
cells in which individual druses of Sodium
oxalatum of calcium settle down. The top
epidermis of a sheet plate differs from lower
in lack of the stomatal apparats. Cells have
more extended form. Trichomes are not

revealed (fig. 5).
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Pucynok 5 — Anamomuueckoe cmpoenue nucmoeou naacmunxu Filipendula ulmaria
1-2 — HudIcHAA Inudepma 1UCmOoBoll NIACMUHKU (0CHOBHbIE K/IeMKU INUOEPMbl, YCHbUYHbIE
annapamut), 3—4 — 6epxnan Inudepma aucma (0CHOGHbvIE KIeMKU INUOEPMDBL),

5-7 — nonepeunwlit cpes nucmogoil naacmunku, 6 — cxema HONEPEYHO20 cpe3a
JIUCMOBOIl N1aACmunKu, 5, 7 — homozpaguu ppacmenma nonepeunozo cpesa
JUCMOB0Tl NIACMUHKU 6 001aCmU 2TIAGHOTL HCUNKU)

Figure 5 — Anatomic structure of a leaf of Filipendula ulmaria
1-2 — the lower epidermis of a leaf plate (the main cells of an epidermis, stomatal apparats),
3-4 — the top epidermis of a leaf (the main cells of an epidermis), 5-7 — a transversal cut of
a leaf plate, 6 scheme of a transversal cut of a leaf plate, 5,7 — photos of a fragment of a
transversal cut of a leaf plate in the field of the main vein)

Yepemok mmcra Filipendula ulmaria
MMEET CeATIOBUIHYIO (DOPMY Ha ONIEPEIYHOM
CEUYCHUH C IByMs XapaKTEPHBIMH BBICTYTIAMHU
Ha abaKkCHaIbHOU CTOPOHE. DNHAepMa UMEET
BBIPOCTHI B BUJIC MHOTOYMCIICHHBIX MPOCTHIX
OJTHOKJICTOYHBIX BOJIOCKOB, TaKXKe BCTpeya-

The scape of the leaf Filipendula ulmaria
has the saddle-like form on a transverse
section with two reference ledges on the
abaxial party. Epidermis has outgrowths in the
form of numerous prime monocelled hairs,
capitate hairs also meet. Under epidermis the
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FOTCS TOJI0BYaThie BOJIOCKU. [loa snuaepmoin
pacnosnaraercs KOJUICHXMMa IUIACTUHYATOIO
TUna B 2—3 CcJ0si, IPU 3TOM B OOJIACTH BbI-
CTYIIOB, KOJMYECTBO CJIOEB YBEIMYUBACTCS
1o 7. IIpoBogsmiasi cucreMa IpencTaBlIeHA
3 TpOBOASIIMMU MyYKAMU KOJJIaTe€pasibHO-
ro tuna. JlopcajbHbIi IIy4OK KpyIIHEE, 4eM
BEHTpaJbHblE. XapakTepHbIM MPU3HAKOM
SBJISIETCSl HATMYKME MTAPEHXUMHON OOKJIAJKH
Ka)KJI0TO MTPOBOJISIIETO MyYKa.
[Tonepeunsiii cpe3 cTebisi BHIIOIHEH B
2 30HaAX — B HIO)KHEN 30HE U B 00JIaCTH I[BE-
ToHOca. Ha momnepeunomM cedenuu crebelnb
UMEEeT MHOTOIpaHHYI0 (OopMy B BepxHeEi
YaCTH, U IMSITUTPAHHYIO (OpPMY — B HIKHEH
yactu. [lokpoBHas TKaHb IpeACTaBICHA
AMUAEepMON. XapaKTepHbI IIPOCTBIE OIHO-
KJIETOUHBIE M TOJOBYaThle BOJMOCKU. [lof
SMUAEPMOI PaCIIONIOKEHBI KOJUIEHXUMA U
aCCUMWIALIMOHHAs mapeHxuMa. llepunu-
KJIMYECKas CKJIEpPEHXUMa pacrojaraercs
NOJI IPOBOASLIMMHU IyYKaMHU OTHECIbHBIMHU
yuactkamu. [IpoBozgsmias cucrema Mmydko-
BOT'O THIA, MyYKHA OTKPBITHIE KOJIATEpaslb-
HBIE, PACIIOJIO0KEHBI IO KPYTY B KOJIMYECTBE
23 wtyk. ®nosMa COCTOUT U3 CUTOBHUIHBIX
TPYOOK U KJIETOK-CIIyTHUL. B 1ieHTpanbHO
YacTH MMONEPEYHOro cpesa cTedst pacmoo-
’KEHa ITapeHXMMa cepaueBuHa (puc. 6).
®opma kopueBuiia Filipendula ulmaria
Ha MONEPEYHOM CEUEHUM LMIMHIPUYECKAS.
[lokpoBHasi TKaHb NpEACTaBICHA IEPHUIEP-
MO, KIETKU (heJUIeMbl PacTIONOKEeHbI B 3-4
CI10s1, KJIETKH MEPTBBIE, PSIMOYTOILHO# (hop-
MBI, TIponTUTanbl cyoepuHoM. Kopa cocrout
U3 )KMBBIX MAPEHXUMHBIX KIIETOK. LleHTpasb-
HbI LWIMHAP NPEICTaBIEH MEPULIMKIOM,
¢rosmol, kaMOueM, KCUIeMOW M TapeHXH-
MoM cepaueBuHou. [lepunmximyeckast 30Ha
NPEACTaBICHAa MApEHXUMHBIMH  KJIETKaMHU
0oJiee KPYIHOTO pa3mMepa, YeM KIIETKU KOPBbI.
[IpoBomsimiasgs cucremMa IIy4KOBOIO —THIIA,
MyYKH OTKPBITHIE KOJUIATE€pajIbHbIE, PacHo-
JOXKEHbl Mo Kpyry. Tum crenmum — sycrens.
XapakTepHbIM MPU3HAKOM SIBIISIETCS TO, YTO
KcuiiemMa 00pa3oBaHa HE3HAYUTENBbHBIM KO-
JMYECTBOM COCY/IOB PA3IMYHOIO JUaMeTpa U
JTUTrHA(DUITIPOBAHHOM MApEHXUMOM, 1 BOJIOK-
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collenchym of lamellar type in 2-3 layers, at
the same time in the field of ledges settles
down, the quantity of layers increases to 7.
The conductive system is presented by 3
conductive bunches of collateral type. The
dorsal bunch is larger, than ventral. The
reference sign is a presence of a parenchym
facing of each conductive bunch.

Thetransversal cutofa stem was executed
in 2 zones — in the lower zone and in the
field of a stem with flowers. On a transverse
section the stem has the polyhedral form
in an upper, and a pentahedral form — in
the bottom. Cover fabric is presented
epidermis. Prime monocelled and capitate
hairs are characteristic. Under epidermis the
collenchym and an assimilatory parenchym
are located. The pericyclic sclerenchym
settles down under vascular bundles certain
sites. The conductive system of fascicular
type, vascular bundles open collateral, are
located around in number of 23 pieces.
Phloem consists of sieve-like tubes and
cages companions. In the central part of a
transversal cut of a stem the parenchyma a
core (fig. 6) is located.

Filipendula ulmaria rhizome form is
cylindrical on a transverse section. Cover
fabric is presented by a periderm, cells
of a fellem are located in 3-4 layers, cells
dead, squared, impregnated with suberin.
Bark consists of live parenchym cells. The
central cylinder is presented by pericycle,
phloem, cambium, xylem and parenchym
core. The pericyclic zone is presented by
parenchym cells of larger size, than a cell of
bark. The conductive system of fascicular
type, vascular bundles open collateral, are
located around. Lay type — an eustel. The
reference sign is that the xylem is formed
by the slight number of vessels of various
diameter both a lignified parenchym, and
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Hamu uOpudopma. [lapenxuma cepieBruHa
3aHUMAET LEHTPAJIbHYIO YacTh MOIEPEYHOIO
cpe3a KOpPHEBUINA U TPE/ICTaBIeHA KUBBIMU
napeHXuMHbIMH KieTkamu. Kopens Filipen-
dula ulmaria viMeeT NEpPBUYHOE CTPOEHUE.
CHapyXu KOpeHb TOKPBIT MPOOKOH, COCTO-
Aen n3 MepTBbIX KieTok. Kopa coctout u3
HECKOJIBKMX CJIOEB 3K3071€pMbl — 23 CJlosl U
Me30IepMbl. XOpOLIO pa3BUTa 3HIOAEPMA.
Ilon He#l pacromaraercsi 30Ha MEPULIMKIA,
TIPEe/ICTaBICHHAs | CIIOEM JKUBBIX TAPEHXUM-
HBIX KJIETOK (puc. 7).

elongated thick-walled cell fibers. The
parenchym a core occupies the central part
of a transversal cut of a rhizome and is
presented by live parenchym cells. The root
Filipendula ulmaria has primary structure.
Outside the root is covered with the stopper
consisting of dead cages. The endoderm is
well developed. Under it the pericycle zone

presented by 1 layer of live parenchym cells
(fig. 7) settles down.

Pucynok 6 — Ilonepeunstii cpe3 uepewika 1ucmoeoil RAACMUHKU U cmeons
Filipendula ulmaria
1 — cxema nonepeunozo cpeza yepeuika aucma, 2 — pomozpagpun ppazmenma nonepeunozo
cpesa uepewika a1ucma, 3 — cxema HONEPEUHO20 cpe3a cmeons,

4 — pomozpagpua ¢ppacmenma nonepeunozo cmeonn

Figure 6 — Transversal cut of a petiole and a stem of Filipendula ulmaria

1 — a transversal cut of a petiole of a leaf, 2 — the photo of a fragment of a transversal cut
of a petiole, 3 scheme of a transversal cut of a stem,
4 — the photo of a fragment of a transversal stem
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Pucynok 7 — Ilonepeunwtii cpe3 kopuesuwia Filipendula ulmaria
1 — cxema nonepeunozo cpesza KopHesuuia, 2 — cxema NONEPEUHOZ0 CPe3aA KOPHS,
3—4 — ¢ppacmenmut nonepeunozo cpeza Kopuesuwia, 5 — pomozpaghus ppazmenma
nonepeuHozo cpe3a KOpHA 6 001acmu YeHmMpPAIbHO20 YUIUHOPA
Figure 7 — Transversal cut of a rhizome of Filipendula ulmaria
1 — a transversal cut of a rhizome, 2 scheme of a transversal cut of a root,
3-4 — fragments of a transversal cut of a rhizome,
5 — the photo of a fragment of a transversal cut of a root in the field of the central cylinder
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Oobcyxnenune. B pesynbrare npoBeneH-
HBIX CpPaBHUTEJIBHBIX MOpP(}OJIOT0-aHATO-
MUYECKHX MCCIICJIOBAHUIA BBISBJICHO, YTO
MPU HATUYUH 001X MOP(OTOTUYECKUX U
AHATOMUYCCKUX TPHU3HAKOB, XapaKTEPHBIX
Uit ipencraBureneit pona Filipendula, cy-
MIECTBYIOT U MPU3HAKH PA3JINYUH, KOTOPBIC
MOTYT TIOCITY’KUTh B JalIbHEHIIIEM TIPU CO-
CTABJICHUM HOPMATHUBHOW JOKYMCHTAIIUU
Ha JICKAPCTBEHHOE PaCTUTENbHOE Chiphe. K
HUM MOXKHO OTHECTH CJEIyIOIINe Mpu3Ha-
KU, KOTOPBIE TPEJICTaBICHBI B TabmuIe 1.

Discussion. As a result of the conduct-
ed comparative morphologic and anatom-
ic researches it was revealed that in the
presence of the common morphological
and anatomic features, the characteristic
of representatives of the sort Filipendula,
there are also signs of distinctions which
can serve further by drawing up normative
documentation on medicinal vegetable raw
materials. It is possible to carry the follow-
ing signs which are presented in table 1 to
them.

Taonuya 1 — Cpasnumenvhan XapaKmepucmuKa 6bla61eHHbLX MOPP0o1020-
AHAMOMUYECKUX NPUHAKOE 1A0A3HUKA 00bIKHOBEHHO20 U 1A0A3HUKA 8A30ITUCIIHO20 /
Table 1 — The comparative characteristic of the revealed morphological

and anatomical signs of Filipendula vulgaris and Filipendula ulmaria

Filipendula vulgaris Filipendula ulmaria
Tum nucra / » =
aM(puCTOMATUICCKUH / TUTIOCTOMATHYECKUit /
Leaf type . . .
amphistomatic hypostomatic

Onuzpepma nucra /
Structure of epidermis

OCHOBHBI€ KJICTKH JIUICPMbI UMEIOT

C1a00M3BWIINCTHIC AaHTUKIIMHAIBHEIC

crenku / The main cells of an epider-
mis have sineous anticlinal walls

OCHOBHBIE KJICTKH 3THIEPMBbI UIMEIOT
W3BUJIMCTBIC aHTUKJIMHAJIBHBIE CTeH-
ku / The main cells of an epidermis
have poorly sineous anticlinal walls

YcrbuuHbIN amnmapar /
Stomatal apparats

AHOMOLIMTHOT'O THUIa /
Anomocytic type

AHOMOLIMTHOI'O THUIMA /
Anomocytic type

Tpuxomsr /
Trichome

JUTUHHBIC TTPSMBIE U H30THYTHIE O1-
HOKJIETOYHBIE BOJIOCKH U T'OJIOBUATHIC
BOJIOCKH, PacIoaratoTcs Mo JKHIKe /
the lengthiest straight lines and arched

monocelled hairs and capitate hairs,

settle down on a vein

HPOCTHIE OJJHOKJICTOYHBIE BOJIOCKH /
prime monocelled hairs

®opma yepenika Ha rorme-
PEUHOM CeueHUH /
Petiole form on
a transverse section

ceIoBUaHAs /
saddle-like

TpeyronbHas Gopma /
triangular shape

Onyienue /
Omission

HE pa3BUTO /
it is not developed

OIyIIIEHHE CHIIbHOPA3BUTOE, 00pa-
30BaHO MPOCTHIMHU OTHOKIJICTOYHBIMHU
Bostockamu / Omission strongly de-
veloped, is formed by prime mono-
celled hairs

Komenxuma /
Collenchym

TUTACTHHYATOTO THIIA
B 2 cnos / lamellar type in 2 layers

IJIACTUHYATOrO THIIA B 2-3 104,
IIPH 5TOM B O0JIACTH BBICTYIIOB, KO-
JIUYECTBO CIIOCB YBEINYUBACTCS 10
7 / lamellar type in 2-3 layers, at the
same time in the field of ledges, the

quantity of layers increases to 7

IIpoBoasiias cucrema
yeperka Jmcra /
Conductive system
of a petiole of a leaf

ny4koBoro tuna / fascicular type

MyYKOBOTO THTIA /
fascicular type
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IIpooonxcenue mabnuyw 1 / Table 1 continued

Filipendula vulgaris Filipendula ulmaria
Tum nmucra / = -
aM(pUCTOMATUYECKHI / TCUIIOCTOMATHYECKUH /
Leaf type . . .
amphistomatic hypostomatic

dopma cTebns
Ha TIONIEPEYHOM CEYEeHUH /
Stem form
on a transverse section

MHororpanHas / polyhedral

nsiturpanHas / Pentahedral

Ornymmenne cteous /
Omission of a stem

He pa3BUTO / it is not developed

pa3BHTO,
XapaKTEePHBI POCTHIC OJJHOKIICTOY-
HBIC U TOJIOBYATHIC BOJIIOCKH /
Omission strongly developed, is
formed by prime monocelled hairs.

[epumyxn /
Perycicle

MapeHXMMa PacIoaaraeTcs OTAC/Ib-
HBIMH y4aCTKaMH HaJ[ IIPOBOISIIUMHI
myukamu / the parenchym settles
down certain sites over vascular
bundles

CKJICPEHXHMMa PACIIOIaraeTcs Mo
[IPOBOIAIIMMHU ITyYKaMHU OT/ICIb-
HBEIMU ydacTkamu / the sclerenchym
settles down under vascular bundles
certain sites

IIpoBoasias cucrema
creois / Conductive
system of a stem

myukoBoro tuna / fascicular type

myukoBoro tuna / fascicular type

[poBoasiye my4xu /

OTKpBITHIE KOJUIATepaibHEIE, PACIIO-
JIOKEHBI 110 KPYTY B KolmdecTe 16 /

OTKPBITBIE KOJUIaTepajbHbIE, pacIo-
JIOKEHBI 110 KPYTy B KoJIM4ecTBe 23

Vascular bundles open collateral, are located around in | mTyk / open collateral, are located
number of 16 around in number of 23 pieces
3akjwouenue. IIpoBeneHsl cpaBHU- Conclusion. Comparativemorphological

TeJbHBIC MOP(OI0TO-aHATOMUYECKHIE
ucCle0BaHus ABYX BHAOB poaa Jlabas-
nuk (Filipendula vulgaris u Filipendula
ulmaria), mpouspacTaloIUX Ha TEeppH-
topun CepepHoro Kapkaza. BrlsiBieHbl
pa3nu4us MUKPOMOP(OIOTHISCKUX TPH-
3HAKOB, KOTOPBIE MO3BOJSIOT MPOBOJIUTH
JMarHOCTUKY JIEKAPCTBEHHOTO pacTH-
TEJIHOTO ChIphbsi. K mpu3Hakam oTanyus
MOXHO OTHECTH YCTHUYHBIN amnmapar aHo-
MOIIUTHOTO THUIIA, TPUXOMBI B BUJE JUJINH-
HBIX MPSIMBIX U U30THYTHIX OJHOKJIETOY-
HBIX BOJIOCKOB, (hopma cTeOs U uepemnika
Ha TONEPEYHOM CEUYEHUHU, HaIMYUe OIy-
HICHUST Yepelnika U cTebiiss, KOJIMYEeCTBO
U PaCIOJIOKEHUE TPOBOMSIIINX ITYYKOB B
crebne u yepemke nucta. [IpoBeneHnsie
UCCIIeIOBaHUs  SIBIAIOTCS (parMeHTOM
KOMIIJIEKCHBIX (apMaKOTHOCTUYECKUX H
HKOJIOTO-OMOJIOTUYECKUX HCCIEOBAaHUN
MEePCTIEKTUBHBIX PECYPCHBIX BHUAOB (HI10-
pbl CeBepHoro KaBkasa.
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and anatomical researches of two types
of Filipendula vulgaris and Filipendula
ulmaria growing in the territory of the
North Caucasus were carried out. Signs of
distinctions of micromorphological features
which allow carrying out diagnostics of
medicinal vegetable raw materials were
revealed. It is possible to carry the stomatal
apparats of anomocytic type, trichom in
the form of the lengthiest straight lines
and arched monocelled hairs to signs of
difference, a form of a stalk and a scape on
a transverse section, existence of omission
of a petiole and stem, quantity and an
arrangementofvascularbundlesandapetiole
of a leaf. The conducted researches are a
fragment complex the pharmacognostical
and ecological and biological researches of
perspective resource species of flora of the
North Caucasus.
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CPABHUTE/IbHOE NCCNEAOBAHUE CYBXPOHUYECKOMN TOKCUYHOCTU
BA3E/IMHOBOIO MAC/NA U TIULUENAKCA

A.B. Boponkos, A.FO. Tepexos, U.H. /[vakoesa, H.C. Aépamenko,
C.A. Kynewoesa, E.E. 3auenuna, /[.H. Ilo30nsaK06

IIamueopckuii meouxo-gapmayeemuieckuii UHCMmumym — guauan
@I'FOY BO Borel MY Munszopasa Poccuuy, e. [lamueopck, Poccus

COMPARATIVE STUDY FOR SUBCHRONIC TOXICITY
OF VASELINE OIL AND GLYCELAX

A.V. Voronkov, A.Y. Terekhov, I.N. Dyakova, N.S. Avramenko,
S.A. Kuleshova, E.E. Zatsepina, D.I. Pozdnyakov

Pyatigorsk Medical and Pharmaceutical Institute — branch of Volgograd State
Medical University of the Ministry of Health of Russia, Pyatigorsk, Russia
E-mail: prohor.77@mail.ru

CospemeHHble mepanesmuyeckue Noo-
X00bl npednazaom wupokuti 8bibop cnabu-
meJibHbIX Cpedcms, Komopsle 4dcmo npu-
MeHAloMcA  6ecKOHMPOJIbHO,  hpesbiuas
peKomMeHO0B8AaHHbIU pexxum. [Tosmomy npeo-
cmasnfaemcs UHmMepecHoiM CPagHUMesIbHoe
uccnedosaHue CybxpoHuU4eckol MOKCUYHO-
cmu 08yx npenapamos 3moli epynnel Base-
JIUHOB020 Macnaa u lnuyenakca. Ljeneto uc-
C/1e008aHUA A8UJIOCL CPABHeHUe cmeneHu
MOKCUYeCKoz0 8/1UAHUA 14-0He8Ho20 npume-
HeHusA ucciedyembix npenapamos. Memooel.
Mpenapamei 6bisu ucc1e008aHbI 8 08YX 003aX:
gblcwel mepanesmuyeckou U mokcu4eckou,
npesoiwaroujell mepanesmuyeckyto 003y 8
10 pas. B pabome ucnonv3o8aiu 31ekmpo-
kapouozpadgh «[lonucnekmp-8/B», 2emamoro-
euyeckul eemepuHapHeilt aHanuzamop BC
2800vet (Mindray), 6uoxumuyeckul aHanu-
3amop BS-380 (Mindray), ananuzamop mouu
CL-50. llocne eckpbimusa XUBOMHbIX Ohpe-
Oenianiu maccoswlli Ko3gguyueHm op2aHos
(cepoua, nezkux, ceneseHKU, neyeHu, xesyo-
Ka, noyek, HadnoyeyHukos). Pesynemameol.
INpu uccnedosaruu IKIy camok, nonyyasuwiux
[nuyenakc 8 obeux 0o3ax, nogelLandce am-
nnumyoa 3ybua R. Y camok, nonyyaswiux Ba-
3e/IUHOB0E MACJ10, OaHHbIU NOKA3amesib CHU-

Contemporary therapeutic approaches
offer a wide range of laxative agents, which
are often used without a control, exceeding
the regime recommended. Therefore, the
comparative study for subchronic toxicity of
both drugs from this group (Vaseline oil and
Glycelax) appears interesting. The aim of the
study was the comparison of a toxic influ-
ence of 14-days application of the drugs un-
der study. Methods. The drugs were studied
in two doses: higher therapeutic, and toxic,
which 10 times exceeds therapeutic dose. We
used “Polispektr-8/B” electrocardiograph, BC
2800vet (Mindray) hematologic veterinary
analyzer, BS-380 (Mindray) biochemical ana-
lyzer, CL-50 urine analyzer. After the animals
autopsy we determined organs’ coefficient
(heart, lungs, spleen, liver, stomach, kidneys,
adrenals). Results. While studying the ECG of
female rats, amplitude of R wave increased
after they got Glycelax in both doses. Female
rats who got Vaseline oil this index decreased
at minimum dose and increased at maxi-
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XKanca Ha MUHUMAbHOU 003e U NOBbILACA
Ha makcumaineHod. lpu npueme [nuyenakca
y Camyo8 nNosbIWanacs akmusHOCMb adHU-
HAMUHOMPAHcpepassl, y Camok — acnapma-
mamuHompacgepassi. [pu npueme Bazenu-
HOB8020 MAC/1d 8 MAKCUMAJ1bHOU 003€ Y CAMOK
CHUXa1ace akmusHOCMb wesio4Hol goceha-
masel. Y camok, nosy4asiux MakcumMasibHyto
003y BasenuHoso2o macsna, CHUXanoce co-
OepxxaHue obwezo beska. [puem Mnuuenaxca
8 MakcumasbHol 003e Nnosbllana CcooepXd-
Hue bunupybuHa u e2o ¢pakyuti y camyos u
CAMOK, 8 MO 8peMA Kak npuem BazenuHosozo
Macaa 8 MakcumaseHol 0o3e noswlWas co-
OepxaHue 6unupybuHa y camok. Y camyos,
nosay4aswux [nuyenakc, NoOHU3UI0CL cooep-
XaHue 2emo2/106uHa u 2emamokpum. 3a-
KnoYeHue. [Ipu 01umenbHOM npumeHeHuu
833e/1UH08020 MAC/IA Y XUBOMHbIX 060€20
noJsia 803MOXHbl HAPyWeHus pabomel cepo-
Ua c 8eposAMHbIM pasgumuem apummud, 2e-
NnamomoKCcu4Yecko20 3ggekma, HapyuweHue
JIUNUOHO20 obMmeHa. lpu 310ynompebneHuu
[nuyenakcom, Kpome nepeyucsieHHo20, Mo-
XKem pazeumbCA CHUXeHUe YPOBHA 2eM0o2/10-
OUHA U HapyweHue peosioeuyecKux caolicma
Kpo8u.

Knioueswble cnoea: BazenuHosoe macso,
nuyenakc, obwas MoKCU4YHOCMb

BBenenue. CoBpeMeHHBIE Teparnes-
TUYECKHUE TOAXOABl  IMPETyCMaTPUBAOT
MIUPOKUNA BBIOOP CIIAOUTENBHBIX CPEICTB.
CrnenyeT OTMETUTD, UTO B MOKUIIOM BO3pac-
TE€ TaKOH MPUEM MPOUCXOTUT Yalie OECKOH-
TPOJBHO, TIPEBHIIAST PEKOMEHIOBAHHBIN
PEXKHUM, YTO SIBIISICTCS MPUUMHON pa3BUTHS
HEOMIaronpuaTHBIX TOO0YHBIX 3P (HEKTOB
[1, 2, 3]. IlooTromy mpexncraBisieTcs WH-
TEPECHBIM CpPaBHUTEIBHOE  HCCIENOBa-
HUE CYOXpOHHUYECKOW TOKCHYHOCTH JIBYX
HaubOosee MOMYNISAPHBIX IMpEnaparoB STOU
rpymmbl. [{ist mccnenoBaHus UCTIOMB30BAIN
«BazenmnHoBoe Macio, Macio s mpueMa
BHYTpb» (cepust 40315, ronen no 03.2020),
npousBoauTenb 3AO «Tynbckas papmaiieB-
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mum dose. After Glycelax application, male
rats had an increased activity of alanine ami-
notransferase. After Vaseline oil application
at maximum dose, female rats had alkaline
phosphatase activity lowered. Female rats,
which got a maximum dose of Vaseline oil
had a total protein lowered. Glycelax at max-
imum dose increased the content of biliru-
bin and its fractions in male and female rats,
while Vaseline oil application at maximum
dose increased the content of bilirubin in fe-
male rats. Male rats which got Glycelax had
hemoglobin and hematocrit level increased.
Conclusion. At long-term application of
Vaseline oil, animals of both genders had
heart disorders with possible development
of arrhythmia, hepatotoxic effect, lipid ex-
change dysfunction. After excessive use of
Glycelax the above mentioned is added with
possible hemoglobin and rheological blood
properties level decrease.

Keywords: Vaseline oil, Glycelax, general
toxicity

Introduction. Contemporary therapeutic
approaches provide a wide spectrum of
laxative agents. It is worth noting, that such
application in elderly age may often be
without any control, exceeding the regime
recommended, which can be reason for
unfavorable side effects [1, 2, 3]. Therefore,
the study for subchronic toxicity of two
most popular drugs of this group appears
interesting. We used “Vaseline oil for inner
use” (serial number 40315, expiration date
03.2020), produced by Tula Pharmaceutical
Plant and “Glycelax 1500mg” suppositories
number 190215,

(serial expiration
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Tudeckas Gpabpuka» u cynmno3utopuu «l nu-
nenakc, 1500 mr» (cepust 190215, ronen no
02.2017), npouszBoautenb 3A0 «MockoB-
ckas (apmarieBTrueckas padpukay.

Heabio uccjieqoBanms SIBUJIOCH CpaBHE-
HUE CTEIEHU BIMSAHUA 14-IHEBHOTO Mpume-
HeHusi BazenunoBoro macna u [nunenakca
C MOMOIIBI0 KOMITJIEKCA TeMaTOJIOTMYECKHUX,
OMOXMMHYECKUX, THUCTOJIOTHYECKUX U (u-
3UOJIOTMYECKUX METOJIOB HMCCIIEOBAaHUS Ha
OCHOBHBIC CUCTEMBI M (DYHKIIH OpraHH3Ma
IKCIIEPUMEHTAIBHBIX )KUBOTHBIX.

Mertoasbl. [Ipemaparsl Obuld HCCIENO-
BaHbI B JIByX J103aX: BBICIIEH TeparieBTU4e-
CKOM (C yueToM BHJIOBOTO Ko3((duiueHTta
nepecuera) [4, 5] U TOKCUYECKOM, MPEBBI-
HIAKoIIeN TepaneBTU4ecKyto 103y B 10 pas.
Hnsa I'munenakca coctaBmio 180 Mr/kr u
1800 mr/kr, miist Basenunosoro macia — 2,5
MJI/KT B 25 MII/KT.

[’pymnmbl cocTosM U3 CaMIlOB U CaMOK
o 10 ocobeit B rpynme. Tak kak uccieno-
BaHMs IpEnapaToB MPOBEACHBI C UHTEPBA-
JaoM B 1,5 Mecsna, TO 11 KaK10i TPyIIbI
KUBOTHBIX, IMOJIyYaBIIMX Mperapar, OJaHO-
BPEMEHHO HCCJIEIOBAJIaCh KOHTPOJIbHAs
TpyIIa )KUBOTHBIX.

Uccnenosanne OMO3JIEKTPUYECKON
aKTUBHOCTU pPabOTBI cepila KpbIC Mpo-
BoAWIM Ha snekTpokapauorpade «llomu-
cniektp-8/B» (Poccust), mpu 3TOM peructpu-
pyd cledyronme mnapameTphl: aMIUIMTYya
3yo1oB P, R, T u AnuTenbHOCTh HHTEPBATIOB
P-Q, QRS, Q-T, R-R Bo II cranmaptHOM OT-
BEJICHUU MPU CKOPOCTU JBMKCHUS JIEHTHI
50 MM/cek. 3anuch 3IEKTPOKAPAUOTPAMMBI
(OKT") y xpbic ocymecTBisIach Moj Hap-
KO30M (BHYTPUOPIOIIMHHOE BBEJCHHUE XJIO-
panruapara B 03¢ 350 Mr/kr).

['emaronornueckue mnokazaTenu (KOJIU-
YECTBO JPUTPOLIUTOB, I[BETOBOH IOKa3a-
T€Jb, YPOBEHb T'e€MOTIIOOMHA, KOJIWYECTBO
TPOMOOIIMTOB, KOJIMYECTBO JICHKOLUTOB,
aeiikodopmyIa) onpenensiii ¢ UCHOIb30-
BaHUEM CHCTEMBbl BETEPUHAPHOIO aBTOMa-
TUYECKOTO reMaTosioruueckoro ananuza BC

date 02.2017),
Pharmaceutical Plant.

produced by Moscow

The aim of the study was the comparison
of a toxic influence of 14-days application
of Vaseline oil and Glycelax by means of
hematological biochemical, histologic,
and physiological methods of research
for the principal systems and functions of
experimental animals’ organisms.

Methods. The drugs were studied in
two doses: higher therapeutic (considering
species scale factor) [4, 5], and toxic, which
10 times exceeds therapeutic dose. For
Glycelax it amounted to 180 mg/kg and
1800 mg/kg, for Vaseline oil it amounted to
2.5 ml/kg and 25 ml/kg.

Groups included male and female rats by
10 animals in a group. Since the drugs trials
were carried out with a 1.5 month interval,
every animal group which got the drug, a
control group of animals was studied.

To research bioelectric activity of
rats’ heart work we used “Polispektr-8/B”
electrocardiograph  (Russia), registering
following parameters: amplitude of P, R, T
waves and P-Q, QRS, Q-T, R-R intervals
distance in the II standard derivation
with the trace velocity of 50 mm/sec. The
cardiogram record of rats was done with
anesthesia (abdominal injection of chloral
hydrate at dose 350 mg/kg).

Hematological indicators (number of
erythrocytes, color indicator, hemoglobin
level, thrombocytes number, leucocytes
number, leucoformula) were determined by
using the system of veterinary automatic
hematological analysis of BC 2800vet
(Mindray) in blood, obtained from the
sublingual vein.

Blood serum was obtained from the an-
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2800vet (Mindray) B KpoBH, MOJIy4YEHHOU
Y3 TOBS3BIYHOMN BEHBI.

W3 kpoBU KUBOTHBIX MyTEeM LEHTPUDY-
TUPOBAHUS IIOJTy4aJId CBIBOPOTKY, B KOTOPOM
ONpEAEIIANN CIEayIoe ONOXUMUYECKHE
MOKa3arein: Cofep)kaHue ob1iero 6enka u
ero ¢paxiuii, MOYEBUHBI, KPEAaTUHUHA, MO-
YEBOW KHUCIIOTHI, 00IIET0 OMIMPyOrHA U €TO
dbpakuuii, XoyiecTepuHa, TPUTIUIEPUIOB
(TPT), anannnamuHoTpaHchepassl (ANAT),
acnapraramuHotrpancdepassl (AcAr), mie-
nounoit pocdarassl (LLID). Bee mokazarenu
OTIPEICIISITUCH HA aBTOMATUYECKOM OMOXH-
muyeckoM ananuzatope BS-380 (Mindray).

Mouy cobupanu yTpoM HaTOIIAK B Te-
yeHue 2-X gacoB mocie 2,5% BomHOM Ha-
Ipy3Kd. YnenbHbld Bec, pH, mpucyrcrsue
B Moue Oelika, KeTOHOBBIX TeJ, HUTPUTOB,
[JTIOKO3bl, ypOOWJIMHOTEHa, OWIupyOHuHa,
JICUKOIIUTOB, SPUTPOLUTOB OMPENEISIN C
MOMOIIbI0 KAYECTBEHHBIX JHUArHOCTHYE-
CKHUX TIOJIOCOK Ha TMOJyaBTOMAaTUYECKOM
ananuzarope mouu CL-50 [6, 7] .

[Tocne BCKpBITHS KUBOTHBIX MPOBOJIU-
JM U3bSITHE BHYTPEHHUX OPraHOB: cep/lia,
JIETKUX, CEJIE3CHKH, NIEYCHU, KEIIyIKa, Ipa-
BOW U JIEBOW MOYKH, IPABOTO U JIEBOTO HAJI-
noyeuyHUKoB. Kaxxaplii opraH B3BEHIMBAIH
Ha DJIEKTPOHHBIX Becax W (DUKCHPOBAIH
Mmaccy. [lokazarenbp — mMaccoBblil kK03 du-
IIUEHT OPraHOB — OTHOILIEHHUE Beca OpraHa
K BECY JKMBOTHOTO.

JlanHO€ HcCClIeIOBAaHUE BBIMOIHSIOCH
B COOTBETCTBMM C HalMoHanbHBIM CTaH-
naprom Poccuiickoit ®enepauuu ['OCT
P-53434-2009 «IIpuHIMmbel HaaIexKamen
nabopaTopHo# mpakTukn»; [Ipukazom Mu-
HUCTEPCTBA 3[IpaBOOXPAHEHUSI U COIUAb-
Horo passutus P® or 23 asrycra 2010 .
Ne 7081 «O06 yTBepx)aenuu [IpaBun nabo-
paToOpHOM IpaKTUKW»; PyKoBOACTBOM 11O
MPOBEACHUIO JOKIMHUYECKUX HCCIIEI0Ba-
HUH JIEGKAPCTBEHHBIX CPE/ICTB.

Pesynbrarsl onbITOB 00padarbiBaiN Me-
TOJIOM BapUAllMOHHON CTATUCTUKU B TIPO-
rpamme StatPlus 2009. B kadecTtBe mapa-

84

imals’ blood by means of centrifuging. The
following biochemical indicators were de-
termined in the blood serum: total protein
and its fractions, urea, creatinine, uric acid,
total bilirubin and its fractions, cholester-
ol, triglycerides, alanine aminotransferase,
aspartate aminotransferase, alkaline phos-
phatase. All indicators were determined by
means of an automatic biochemical analyz-
er BS-380 (Mindray).

Urine was gathered in the morning on an
empty stomach, during 2 hours after 2.5%
of water load. Specific weight, pH, protein,
ketone bodies, nitrites, glucose, urobilino-
gen, bilirubin, leucocytes, erythrocytes in
urine was determined by means of quali-
tative diagnostic tapes at the CL-50 semi-
automatic urine analyzer [6, 7].

After an autopsy of the animals we took
out their organs: heart, lungs, spleen, liver,
stomach, kidneys, adrenals). Every organ
was weighed on electronic scales, and their
mass was recorded. The mass coefficient of
the organs which is a relation of the organ’s
weight to the animal’s weight, was the in-
dicator.

This research was carried out in accor-
dance with:

GOST P-53434-2009 “Principles of the
Proper Laboratory Practice” National Stan-
dard of the Russian Federation; 708 Order
of the Ministry of Healthcare and Social
Development of the Russian Federation
dated 23 Aug. 2012 “On Rules of Labora-
tory Practice”; Guidance for pre-clinic drug
studies conduction.

The results of the experiments were pro-
cessed with the method of variation statistics
using StatPlus 2009 program. Student’s test
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METPUUYECKOTO KPUTEPUS HUCIOIb30BaIU
kpurepuii CtblofieHTa. B kauecTBe Hema-
pameTpuyeckoro kpurepus — U-kpurepuit
Manna-Yutau. Pa3znuuus onpeneneHsl npu
0,05 ypoBHE 3HAUUMOCTH.

PesyabTarel u o0cyxaenmne. M3 Bcex
MOKa3aTesiel 3JIeKTPOKapAHOrpaMMBbl, I0-
JYYEHHBIX Y JUBOTHBIX, M3MEHEHHUs Ha-
OMIOANIMCh TOJBKO MO OHOMY U3 HUX —
M3MEHSIIaCh aMIUTUTY/Aa 3yo1a R u Tonbko
y camok. Tak y camoK, nomny4asiux [ue-
JIaKC B MUHUMAJIBHOU J103€, aMILTUTY/1a 3y0-
na R 6wuta mocroBepHo Bhimie Ha 51,00%,
YeM 3HAU€HHE KOHTPOJIbHOM TpYyIIbI, a y
CaMOK, Mojy4daBImMX BaszennHoBoe wmac-
70 — ke Ha 31,20%. Y caMmok, moiyyas-
IUX MakCMMallbHble A03bl [Jmuenakca u
BazenunoBoro macna, amrumirtyaa 3yOIOB
R 6pma gocroBepHo Beimie Ha 47,79% wu
62,40% COOTBETCTBEHHO OTHOCHUTEIIBHO
3HAYEHUH KOHTPOJIBHBIX Tpymi (Tabdm. 1).

was used as a parametric criterion. Mann—
Whitney U test was used as non-parametric
criterion. Differences were determined at
0.05 significance level.

Results and discussion. From all the in-
dicators of the electrocardiogram obtained
from animals, only one of them had chang-
es. Amplitude of the R wave changed only in
female rats. So, female rats which received
Glycelax at minimum dose, R wave ampli-
tude was significantly higher by 51.00% than
in a control group, and female rats which re-
ceived Vaseline oil wav amplitude was low-
er by 31.20%. Female rats, which received
maximum doses of Glycelax and Vaseline
oil, had R waves amplitude higher by 47.79%
and 62.40% respectively, concerning the
control groups values (table 1).

Taonuuya 1 — 3nauenue 3youa R (X0,1 mB) IKI nocne npumenenusa I'nuyenakca

u Bazenunoeozo macna Yy camok /

Table 1 — R wave amplitude (X0.1 mV) of ECG after application

of Glycelax and Vaseline oil in female rats

Kontpous / Control

I'munenaxc / Glycelax

Bazeannosoe maciio /
Vaseline oil

MunuMmaJjabHas
J103a (BbICIIAS

KoutpoJus | KouTpoanb
TepaneBTHYecKasi) /

MakcumaJjabHas
03a

MuHuMaJabHasi
J103a (BbICHIAst
TepaneBTHYecKast) /

MakcumaJjbHas
m03a

1/ 2/ Minimal dose (TOK(EI/I‘ICCKZUI) / Minimal dose (TOK(EI/I‘ICCKaH) /
Control 1 | Control 2 . Maximum dose . Maximum dose
(higher (toxic) (higher (toxic)
therapeutic) therapeutic)
2,49+0,16 | 2,50+0,29 3,76+0,21* 3,68+0,21% 1,72+0,15%* 4,06+0,40*

* — significant against the corresponding control

* — JIOCTOBEPHO OTHOCHTEIILHO COOTBETCTBYIOIIETO KOHTPOJIS /

buoxumuueckue wucclieqoBaHUs TOKa-
3aresieil ChIBOPOTKHM KPOBHU BCEX HCCIENO-
BAaHHBIX >KMBOTHBIX BBISIBUJIO CIIETYIOIIHNE
3aKOHOMEPHOCTH. Y CaMoOK, MOJy4YaBIIUX
[muuenakc, HaOMIOAANOCH JOCTOBEPHOE
NOBBIIIEHUE  AaKTMBHOCTH  aJaHUHAMMU-
HoTpaHcdepasbl Ha 27,03% Ha MUHUMAb-
HOM 103¢ 1 Ha 15,75% — Ha MakCUMaJIbHOM.
VY caMIi0B, MOMy4YaBIIMX MaKCUMAaIbHYIO

Biochemical researches of the blood se-
rum of all animals revealed the following
regularity. Female rats which got Glyce-
lax had significant augmentation of alanine
aminotransferase activity by 27.03% at
minimum dose and by 15.75% at maximum
dose. Male rats which got maximum dose
of Glycelax had significantly higher aspar-
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no3y Inuienakca, akTUBHOCThH acrapra-
TaMUHOTpaHcdepa3pl OblIa  JTOCTOBEPHO
BBIILIC 3HAYEHUN KOHTPOJIBHOM TPYIIIbI Ha
22,86%. Ilpu nmpueme BazennHoBoro mac-
Ja B MaKCUMaJbHOM J103€ Y CaMOK CHHUXKa-
Jach AKTUBHOCTH IIEIOYHOU (ocdarassr
Ha 39,03% OTHOCHTEIPHO 3HAYCHUM KOH-
TPOJIHOM I'PYIIIBL.

B rpynmax xpseic, nomyyasmux [iuie-
JaKc, HapylleHHi OelkoBoro oOMeHa He
Ob110. OJTHAKO y CaMOK, MOJTyYaBIIUX MaK-
CUMallbHyl0 103y BaszenmHoBoro wMacina,
HAOIOIANIOCh IOCTOBEPHOE CHUKEHHUE CO-
nep>kanus obmiero 6enka Ha 10,89% oTHO-
CUTEJIBHO 3HAYEHUN KOHTPOJBbHOU IPYIIIIbIL.

[Tokazarenu MUTMEHTHOTO OOMEHa IMpHU
npueMe [nuienakca W3MEHWIHCh TOJNb-
KO Ha MaKCUMaJbHbIX Ao03ax. Tak y cam-
LIOB JJOCTOBEPHO MOBBICUJIOCH COAEPKAHUE
obmiero Ounmpybuna Ha 37,05% 3a cuer
cBOOOMHOTrO OUIMpPYyOMHA, KOTOPBIM MOBBI-
cuics Ha 45,97%. Y caMok, moiy4aBIIUX
I'muuenakc B MakCUMalbHOM 103€, JOCTO-
BEPHO MOBBICUJIOCH COAEPIKAHUE MPSIMOTO
ounupyouHa Ha 76,85%, npu oTHOBpEeMEH-
HOM TEHJICHLIMM TOBBIIMICHUSI COAECPIKAHUS
cBoOOHOrO M obmiero Omnupyouna. Be-
JICHHE MaKCUMaJIbHOH /10361 Ba3zennHoBoro
MacJja camiiam MPUBEJO K MOBBIIICHHUIO CO-
nepskanus ooiero omnnpyouna Ha 65,62%
3a cueT CBOOOIHOrO OMIIMPYOUHA, KOTOPBIHA
OBLJT BBIIIIE 3HAYEHUH KOHTPOJIBHOU IPYIIIBI
Ha 81,04%. YV caMOK JOCTOBEPHBIX OTKJIO-
HEHUH OT KOHTPOJIbHBIX 3HAYEHUI HE OBLIO.

BBenenne mMuHMManbHONM H03bI | HIie-
JaKkca camilaM MOHU3UIIO COAEPIKAHUE XO-
necrepuHa Ha 13,92%, a MuHuManbHas 103a
BazenuHoBoro macia cHu3WiIa y camIOB
conepxkanue TpurunepuaoB Ha 30,92%.
MaxkcumanbHas no3a BazenmnHoBoro mac-
Ja y caMIOB MOHU3WIA COAECPKAHUE TPUT-
auuepuioB Ha 46,67%, a MakcUMallbHas
no3a [nuuenakca moBbICHIIA CONEpKAHUE
xonecrepuHa Ha 13,18% y camok. Ananus
KIMHUYECKUX ToKazarenei mnepudepude-
CKOM KpPOBU HE€ BBISIBUJI U3MEHEHUN IMOCIE
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tate aminotransferase activity by 22.86%
against the values of the control group. Af-
ter application of Vaseline oil at maximum
dose, female rats had lower activity of al-
kaline phosphatase by 39.03%, considering
the control group values.

Groups of rats which got Glycelax did
not show protein exchange disorders. How-
ever female rats which got maximum dose
of Vaseline oil had significant reduction
of total protein by 10.89% considering the
control group values.

The indexes of a pigment exchange af-
ter Glycelax application only changed at
maximum doses. So the male rats had sig-
nificantly higher content of total bilirubin
by 37.05% because of the free bilirubin
which increased by 45.97%. Female rats
which got maximum dose of Glycelax, had
the content of direct bilirubin increased by
76.85%, at the simultaneous tendency for
the increase of free and total bilirubin. Ap-
plication of a maximum dose of Vaseline
oil to the male rats led to the increase of
total bilirubin by 65.65% on the account of
free bilirubin, which was higher than con-
trol group values by 81.04%. Female rats
did not show significant deviations from
the control values.

Application of a minimum dose of
Glycelax to male rats reduced cholesterol
by 13.92%, and minimum dose of Vaseline
oil reduced the number of triglycerides by
30.92%. Maximum dose of Vaseline oil
in male rats increased the content of tri-
glycerides by 46.67% and maximum dose of
Glycelax increased cholesterol by 13.18%
in female rats. Analysis of the clinic indices
of peripheral blood did not show changes
after application of Vaseline oil, while the
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npuema BazennHoBoro macia, B TO BpeMs
KakK BBeJleHHE | Tunenakca npuseso K u3me-
HEHUIO CJIEeYIOUINX MOKa3aresiei.

VY caMI10B, MOJIy4aBIIMX MUHUMAIIEHYIO
7103y, JTOCTOBEPHO IOHU3MIIUCH COAEpIKa-
Hue reMonno6una Ha 11,87% u remarokpur
Ha 12,38%. BBeaeHne MakCUMalIbHBIX 103
caMm1aM MPUBEJIO K CHIXKEHUIO COJIEPKaHUS
remoriioonHa Ha 12,86% u TEHIEHIUH 110-
HUKEHUSI TEMaTOKPUTA.

AHanmu3 JUHAMUKA MAacCCOBBIX KOA(-
(UIIMEHTOB BHYTPCHHHX OPTraHOB BBIsI-
BUJI CHIDKEHHE MaccoBOro Kod(duiimeHra
cepaua Ha 9,40% u cenezénku — Ha 8,60% y
CaMIIOB, MMOJIYYaBIIMX MAKCUMAIbHYIO 103y
BazenunoBoro macma. Y camios, mnoiny-
YaBIIIMX MaKCUMallbHYI0 103y [muienakca,
CHU3UJICS MACCOBBIN KOA(PPUIUEHT JErKUX
Ha 26,15%, a y caMmOK, MOJIy4aBIIMX Mak-
CUMAJIbHYIO 103y, TOHHU3MWJICS MAacCOBBII
k03ppunueHT cepaua Ha 12,34%.

JIpyTux OTKJIOHEHUN MO HCCIeA0BaH-
HBIM TOKa3aTelsiM He ObLIO.

3axrouenme. Takum o0pazoM, Mpu UK~
TEILHOM MpUMeHeHun BazenuHoBoro macna
y JKUBOTHBIX 000€TO T0JIa BO3MOXKHBI Hapy-
IIeHUs PadOoThI CepIilia C BEPOSITHBIM Pa3BU-
THEM apUTMHUH, a TAKXKE TeNaTOTOKCUYECKOTO
sdekTa, HapylieHHe JUMUAHOTO OOMEHA.
[Ipun nnurensHOM mpuMeHeHun [nunenakca
KpOME TEPEUYHUCIEHHOIO MOXET pPa3BUTHCS
CHIDKCHHE YPOBHSI T€MOITIOOMHA U HapyIlle-
HUE PEOJIOTMYECKUX CBOWCTB KPOBHU.
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Glycelax implementation led to the follow-
ing indices change.

Male rats which got minimal dose had
lower hemoglobin by 11.87% and hemato-
crit by 12.38%. Application of maximum
doses to the male rats led to decrease of he-
moglobin by 12.86% and a trend for hema-
tocrit decrease.

Analysis of the weight coefficients of
internal organs revealed the reduction of a
weight coefficient of heart by 9.40%, and
spleen by 8.60% of male rats which got a
maximum dose of Vaseline oil. Male rats
which got maximum dose of Glycelax
had weight coefficient of lungs lower by
26.15%, and female rats, which got a maxi-
mum dose had heart weight coefficient low-
er by 12.34%.

There were no other deviations revealed.

Conclusion. Thus, after the long-term
use of Vaseline oil of the both gender ani-
mals there may be disorders in heart func-
tions with possible arrhythmia, as well as
hepatotoxic effect, lipid exchange disorder.
After long-term use of Glycelax the above
mentioned may be added with hemoglobin
level reduction and rheological blood prop-
erties malfunction.
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mission, the authors’ names are to be changed (ad-
dition, removal, rearrangement). When sending the
final version of the article to editorial board, make
sure that authors’ list is whole and formed consider-
ing the guidelines.

ATTENTION: Authors are fully responsible
for the authenticity and originality of the informa-
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nHpOpMAIMH, TIPETOCTABICHHON B pykonucu. Bee
PYKOTIMCH TIPOXOMAT MPOBEPKY HA HAIUYHE 3aUM-
CTBOBaHMN B cucteMe «AHTUIUIaruar»y. Opuru-
HAJIBHOCTh PYKONUCH JOJKHA ObITH He MeHee 80%,
B MPOTUBHOM cily4yae PyKONHChH OyaeT Bo3Bpallie-
Ha 0e3 mpaBa omyonukoBanus. [Ipu oOHapyx)eHUn
HapylLIeHNs] aBTOPCKHUX IPaB WM Iularuara Oynet
MIPOBEJICHAa PETPaKIHsl OMyOJMKOBAHHBIX CTAaTeH B
cootBercTBUU ¢ npaBuwiamMu COPE.

OPOPMJUIEHME CTATBH

Cratbu B xypHale « Dapmayus u papmaxono-
2us» U3JIAI0TCS Ha PyCCKOM M @aHTJIMKCKOM SI3bIKax C
pe3ioMe COOTBETCTBEHHO.
Best cratest (TekcT, TaONHIBI, TPUMEYaHUs, 3a-
TOJIOBKH, HHOCTPAHHBIC BCTABKH, CIIHCOK JINTEpary-
Pbl, IOAPUCYHOUHBIE MOAIIUCH | Ap.) Habupaercs Ha
KommbioTepe — kerib 12, mpudt Times New Roman
yepe3 1 mHTEpBaN ¢ moMAMH: CBepXy, cHu3y — 20
MM, cneBa — 30 mm, cripaBa — 20 MM. Bee ctpanuntist
JIOJDKHBI OBITH ITOCIIEIOBATENTFHO IIPOHYMEPOBAHBI.
Jis opurrHANBHON CTaThb CyMMapHBI 00beM
HE JOJDKEeH MpeBbIaTh 15 crpanun (popmar Oymaru
A4), nnst xpatkoro cooOrienust — 4 crpanuipl. O0b-
eM 1 oOpMIICHUE JIPYTUX BUIOB PadboT (0030p, JieK-
MU WA MHOE) COTIIACYIOTCS C peNaKimeii 3apaHee.
Pykommch nomkHa OBITH 0opMIIeHA TIO CIIETY-
IOIIEMY TUTaHy:
1. Huapexc YIK
2. Ha3Banue cratbu
3. Muunmansl 1 GaMUITUR aBTOPOB
4. TlonHble Ha3BaHUS C YKA3aHUEM TIOJHBIX I10-
YTOBBIX aPECOB YUPEKICHUH, K KOTOPHIM
OTHOCSTCS aBTOPBI. Ecii aBTOpHI paboTtator B
Pa3HBIX YUPEKISHHUIX, TO CBSI3b KKIOTO aB-
TOpa € €ro OpraHu3alreil OCyIIecTBiIsIeTcs ¢
MOMOIIIBIO UG BEPXHETO Perucrpa

5. Awnnoramus (pestome) oovemom 200-250
CJIOB TEKCTa C M3JIOKEHHEM CYTH paboTHI.
B anHOTanmm HE PEeKOMEHYeTCs HCIIONb-
30BaTh ()OPMYIIbI, H3TOTABIUBAEMBIE B I'pa-
¢uueckom popmate. AHHOTAIMS IPESICTAB-
nsieT co0OH aBTOHOMHYIO YacThb PYKOIHCH,
MOJTOMY BCE BBOJIUMBIC COKpALICHUS W
YCIIOBHBIE 0003HAYEHHUS TOJIKHBI OBITH pac-
muQpOBaHbI 371€Ch xKe. Moens aHHOTalun
JIOJKHA OBITh CIIeTyFOIIEeH:
— Hcxonnbie nanuble
— Ilenb
—  Hccnenosarenbckas nmpobiema
— Omnucanue, yeMy TOCBSIICHA JaHHAS

CTaThs
— Ommcanne METONOB / HCIIONB3YeMbIX
MaTepHalioB

—  Pesynbrarsl
— Hayunsii Bknan
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tion represented in manuscripts. All manuscripts
are to be checked for borrowings in “Antiplagiat”
system. Authenticity of manuscripts must be at least
80%, otherwise a manuscript will be declined with
no right to be published. If intellectual property
rights violation is detected, retraction of the articles
published will be carried out in accordance with
COPE rules.

ARTICLE PREPARATION

“Pharmacy & Pharmacology” Journal publishes
articles in Russian and English languages with an
abstract.

The entire article (text, tables, notes, ti-
tles, foreign language insets, references, in-
scriptions under the figures etc) is typed on
the computer in Times New Roman, 14 pt,
1 spacing, and margins: 20 mm from above and be-
low, 30 mm from the left, 20 mm from the right. All
pages should be consequently numbered.

Total volume of the original article should not
exceed 15 pages (A4 sheet), short report volume is
4 pages. The volume and layout of other works (re-
view, lecture etc) should be coordinated with edito-
rial board in advance.

A manuscript must follow this plan:

1. UDC index

2. Article title

3. Initial letters and authors’ surnames

4. The whole names with addresses of the es-

tablishments, to which authors belong. If
authors work in different establishments,
the links of each author with his organiza-
tion is manifested with upper case numbers.

5. An abstract with 200-250 words of typed

text with article’s content. It is not recom-
mended to use formulas in graphical for-
mat. Abstract is an autonomous part of a
manuscript, therefore all the acronyms must
be deciphered herein.

An abstract must contain:

— Initial data

— Objective

— Research problem

— Description of what an article is devot-
ed to

— Description of methods/ materials in-
volved.

— Results

—  Scientific contribution
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— BriBoasl

— OO0macTs IpUMECHEHHS

— OrpanudeHusi /HanpaBieHus1 OyIylIux
HUCCIIEN0OBaHUN

KiroueBrle ciioBa (He 6osee 6),Touka B KOH-

11e KITFOYEBBIX CIIOB HE CTaBUTCS

CprKTypnpOBaHHbm TEKCT CTAThH:
pasnen BBEJIEHUE. Kpatkoe n3noxe-
HUE, OTpa)karoliee COCTOSTHAE BOTIpoca
K MOMCHTY HAIMCaHUs CTaThbU W IICIb
HACTOSIIETO HCCIeoBaHus. BBIABUTH
aKTyaJIbHOCTh U HOBHM3HY HCCIIe/IOBa-
HUS, BBIJIBUHYTH TUTIOTE3y U HAMETHUTH
MyTH €€ T0Ka3aTeIbCTBa;

—  pazgen METO/IbIL. Onucanue metoau-
KU UCClieIoBaHui. JlaeTcs mocTaTouHo
noApoOHOE oNMcaHue padoOTHI, AT ee
BO3MOXKHOTO BOCTIpOHM3BeNEHU. MeTo-
JIbI, OMYOJIMKOBaHHBIC paHEe, JOJKHBI
COTIPOBOXKIATHCSA CCBHIJIKAMH: aBTOPOM
OIMCBIBAIOTCS TOJBKO OTHOCSIIMECS K
TeMe U3MECHEHUS;

— pasnen PE3VJIbTATHIL. Kpome ommca-
HUSI 9KCTIEPUMEHTOB B HEM JIOJDKHBI TIPH-
BOJIUTHCS JaHHbIE 00 HMCTOYHUKAX HC-
TIOJIb30BAaHHBIX PEareHTOB M COPOCHTOB
WM JOCTATOYHO TOAPOOHBIE WX Xapak-
TEPUCTUKH, TPUMEHSEMBIX MpUOOpax,
CCBUTKHM Ha THITOBbIE METOTUKH U T.I1.;

—  pazgen OBCYXJEHUE (pazmen mo-
JKeT OBITh 00BheuHeH ¢ pazuenom PE-
3VJIBTATDBI). [aercs yOemutenbHOE
00BsSICHEHHE PEe3yJIbTaTOB M MOKa3bIBa-
eTCsl UX 3HAaUUMOCTh, YTOOBI YHTATEIb
MOT'" HE TOJBKO CaMOCTOSITENIHO Olie-
HUTH METOJI0JIOTHYECKHE TUTFOCHI I MH-
HYCBI JAHHOTO HCCIIEIOBAaHUsI, HO MPH
JKeJTaHUHM W BOCTIPOM3BECTH €T0;

—  pazgen 3AKJIFOYEHUE. Tlogsonsrcs
OCHOBHBIE HTOTH Pa0OTHI, IPUBOMIATCS
pEKOMEHJIAllM W YKa3aHHe Ha Jallb-
HeHIe BO3MOXKHBIC HAlpPaBICHUS HC-
CIICIOBAaHUM;

—  pazaen BIIATOJAPHOCTU. IIpuso-
JUTCSI TIPU HEOOXOMUMOCTH. ABTOpaM
CIIeyeT BKJIOYaTh B HErO JaHHBIE O
JIOTIOJTHATENFHBIX ~ MCTOYHHMKaX  (u-
HAaHCUPOBAHUS, B TOM 4YHCJIE HOMEpa
MPOEKTOB W/miu TpaHToB. llepeurc-
JSIFOTCSL JIMIA, OpPTaHW3alH, (OHIBI
U T.J., KOTOpbIE OKa3aJll KaKylo-JIu0o
OMOLIb aBTOpPY(aM) B NPOBEACHUH
HCCIICIOBaHMUs, paOOTHI U T. 1. (HAIPH-
Mep, (UHAHCOBAsI TIOMOIIb, SI3BIKOBAs
(TMHrBUCTHYECKAs]) MTOMOIb, TOMOUIb
B HANVCAHWW CTaTbU WM TIPaBKa KOP-
PEKTYpHI K T. 11.);

—  OubnuorpauuecKuil CMCoK.

Conclusions
Area of application
Limits/directions of the future studies

Keywords (6 at most), no dot at the end

Article must follow the structure:

INTRODUCTION section. Brief sum-
mary, which reflects the problem by the
time of articlewriting and a purpose of
the study. To show the timeliness and
novelty of the study, to make a hypoth-
esis, and to find ways of its proving;
METHODS section. The description of
the methods of a study. There must be
rather detailed description of the work
of its reconstruction. Methods, pub-
lished before, should be attached with
references: author only describes the
changes referred to a theme;

Apart from the description of the ex-
periments it should contain data about
the sources of the reagents and sorbents
used or their quite precise characteris-
tics, equipment, reference to the typical
methods etc;

DISCUSSION section(the section may
be joined with RESULTS section).
There’s a grounded interpretation of the
results, demonstration of their signifi-
cance, for reader not only to estimate
methodological advantages and disad-
vantages of the study but to reconstruct
it as well;

CONCLUSION section.There are prin-
cipal conclusions of the paper, recom-
mendations for the further studies;
GRATUTUDE section. If necessary.
Authors should point out the data ad-
ditional funds, including numbers of
grants. It should include persons, orga-
nizations, funds etc., which implement-
ed some assistance to the authors in their
study, work, etc. (for example financial,
linguistic assistance, correction, writing
assistance etc);

References.
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8. Kondmnukr narepecos. Obecneunsas 106po-

COBECTHOCTh M HENPENIB3SITOCTh IyOInKye-

MBIX MaTepUaTIOB HEOOXOAMMO HCKIIOUUTH

BJIHMSIHUE JFOOOTO KOH(JIMKTa HHTEPECOB.

PenaxToph! 1 perieH3eHThI HE UMEIOT TIpaBa;

— OBITH cBs3aHBI (DMHAHCOBBIMH O0sI3aH-
HOCTSIMU;

—  OBITB CBSI3aHBI C KOMMEPYECKUMU Opra-
HU3AIUSIMH, TaK WU MHAYE 3aHHTEpe-
COBAaHHBIMH B ITyOJIMKAI[UU PACCMATPH-
BaeMOI CTaTbH;

—  CaMOYCTpaHAThCS OT TMPHUHATUS pe-
IMIeHHs O TyONUKaIlMK, Ha KOTOpBIS
MOTYT TOBJIUSITh WX JIMYHBIC MOTHBBI,
yOeXKIeHUS W TPEAPACCYIKH;

—  CBOEBPEMEHHO COOOIIATh O HAJIMYUH TI0-
TEHIIUAJILHOTO KOH(JIMKTA NHTEPECOB;

—  JIOBOAWTH IO CBEICHHUS aBTOPOB IPH-
HATBIN B KypHaje MOPSIOK OCYIIECT-
BJICHHA HE3aBUCHMOTO PEIeH3HPOBa-
HUs (HarpuMep, coo0Iast O TOM, Kakas
4acTh CTaTeH MMOIBEPTaeTCsl BHEITHEMY
PEeLIEH3UPOBAHUIO);

—  OTHOCHUTKCS K PYKOITUCSM KaK K KOH(U-
JIEHIIHATBPHBIM JTOKyMEHTaM U Tpebo-
BaTh TOTO )K€ OT PEIaKTOPOB M PEIICH-
3CHTOB;

— noOuBaThCsl  CTPOTOrO  pas3jieicHHS
(GYHKINN COTPYAHUKOB, YJaCTBYIOIINX
B PEIAKTOPCKOM U IEJIOBON ACSITEIBbHO-
CTH JKypHaa.

[Ipu onucaHuy KIMHUYECKUX HAONIOICHUN HE
JIOTTyCKaeTcsl YIOMHHAaHUE (aMWIHK TTalieHTOB,
HOMEPOB UCTOPHUIl 00JIE3HHU, B TOM YUCIIC HA PUCYH-
kax. [Ipu u310)KeHNU IKCTIEPUMEHTOB Ha )KHBOTHBIX
CJIelyeT yKa3bIBaTh, COOTBETCTBOBAJIO JIH COMEPIKa-
HUE U HCIIOJIH30BaHKE JIAOOPATOPHBIX KUBOTHBIX B
COOTBETCTBHH C TPeOOBAHUAMU HAIJISKAIIEH JT1a00-
paropnoii npakruku (GLP) u ¢ cobmonenuem oc-
HOBHBEIX TosiockeHntt Koreenruu Coseta EBporibl
«O0 oxpaHe TTO3BOHOYHBIX XHUBOTHBIX, UCIIOJB3Y-
€MBIX B DKCIEPUMEHTaX W B JIPYTHX HAyYHBIX IIe-
Jx», Jlupekrussl EBpOIENHCKOro mnapiaMeHTa Hu
Cogera EC «O 3amure >KMBOTHBIX, HCIIOJIb3YEMbIX
JUTSL HAyYHBIX TIeJIei», a TaKKe HAIMOHAIBHBIM 3a-
KOHaM, TIpaBUJIaM, IPUHATHIM B YUPEIKICHHH.

Penakuusi ocrapjsieT 3a co0oii mpaBo Kop-
PEeKTHPOBATH NepeBo HA AaHIVINHCKUIA A3bIK. J[71s1
BO3MOXXHO OoJiee TOYHOHM Tepenadyn CMbICiia M Op-
(orpaduu crarbu TpHU €e MepeBoC HA aHIIMHCKUN
S3BIK aBTOpaM IIENIECOO00Pa3HO TPEACTABIATh Ha aH-
IJIMHACKOM SI3BIKE CIIMCOK HCTIONB30BAHHBIX B CTAaThE
crier(pUIecKuX TEPMHUHOB, WMEHHBIX pPEakIMid |
PCaKTUBOB, Ha3BAHUI OMOJIOTMYECKUX OOBEKTOB HC-
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Patientssurnames, clinical histories’ numbers
are not allowed to be used while describing clin-
ical studies, including figures. Describing the ex-
periments on animals you should point if the use
of laboratory animals corresponded to the GLP re-
quirements and principal rules of European Council
Conventions “On the protection of animals, used
in trials and other scientific purposes”, Directions
of European Parliament and Council of European
Union “About the Protection of Animals Used in
Scientific Purposes”, as well as national laws and
regulations of the establishment.

Editorial board is able to correct English trans-

lation. Authors are recommended to provide in En-
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CII/IOBaHNs, TPUBHAJILHBIE HA3BaHUS COEIUHEHMH,
IIpenaparoB U pearcHToB. [1o mpenBapuTesHOMY CO-
IVTAaCOBAHUIO C peJlaKIyel Mocie MPOoXOXkKICHNS BeeX
9TAllOB PELICH3UPOBAHUS W IPUHITUS CTAaTbU JUISA
MyOJIMKAIMK, HEOOXOIMMO TaK¥Ke TPEJCTABIATh (Of1-
HOBPEMEHHO C OKOHYATENIBHBIM BAPHAHTOM PYCCKOIO
TEKCTAa) TIOJTHBIN aBTOPCKHIA MEPEBOJ] ITOTO BapHaHTa
CTaTbU HA aHIIMHCKUI A3BIK WM 3aKa3aTh MEPEBO] B
pEeNAKIMK KypHAJld, BOCIIOIb30BABLINCH MOMOILBIO
Mpo(heCCHOHANBHOTO TIepeBOIUMKa. B ciyyae ymos-
JIETBOPUTENIBHOTO KauecTBa TaKOro NepeBoza oH Oy-
JIeT OITyOJIMKOBaH (IIOCIie PeIaKTHPOBAHKS).

AHIIOA3bIYHAS BePCHSI CTAaThU JOJDKHA TI0
CMBICJIY H CTPYKTYpe HOJHOCTbIO COOTBETCTBO-
BaTh PYCCKOA3bIYHOW M ObITH IPAMOTHOI C TOY-
KH 3pPeHHs1 AaHIVIMICKOro sI3bIKA.

PesynbTars! ¥ MOsICHEHHS K TEKCTY, TIPE/ICTaBIICH-
HBIE B BUJIC PUCYHKOB, TaOIUII ¥ rpadUKoOB, pacioda-
Tal0TCs HEIMOCPEICTBEHHO B TEKCTE I10CJIE MEPBOIO
yIIOMUHaHMA. B TekcTe MpUBOIUTCS 00s3aTeNbHOE
yKka3zaHue, HarpumMep: (tadm. 1) wmm (puc. 1).

Kaxxnast Tabnuia gomKHa UMeTh HoMep (apad-
ckuMu ndpamu) ¥ HazBaHue (06e3 COKpaleHHid),
pacrionokeHHoe Haja Tabmunei. Bee rpader B Ta-
OnMIax JOJDKHBI MMETh 3arojIOBOK, BCE COKpallle-
HUS JOJDKHBI OBITh pacii@poBaHbl B MPUMEYaHUH
K Tabnuie. 3arojloBOK TaONHUIbl, €€ COIEPKUMOE
[IPUMEUYaHMs JOJKHBI ObITh IIPEACTABIIECHBI Ha pyC-
CKOM U aHNIMKCKOM s3bIKax. Mcnonb3yemslil B Ha-
3BaHuM Tadmui mpudt: Times New Roman, mosy-
KUPHBIA KypcuB, 12 KerTb, UHTEPBAJ €IMHUYHBIMH.

Tabnuupl, 3aHMMaroNIe Oojee OfHOM CTpaHHU-
1bl, JOJDKHBI OBITh TAKXKE MPEACTABICHBI B OTACIb-
HOM TIpHujiaraeMoM Qaiisie ¢ coOIoIeHneM BCeX BbI-
IIEONMCAHHBIX TPEOOBAHUH K 0()OPMIICHHIO.

Kax b1t pucyHOK H0JKeH HMETh HoMep (apaO-
ckuMu nudpamu) ¥ HazBaHue (6€3 COKpaleHui),
pacronoXeHHOe TMOojA pUcyHkoM. Ecimm B pucyH-
K€ IIPUCYTCTBYET IOSCHSIOIIUI TEKCT, OH JIOJDKEH
OBITH COKpAIICH JO MUHUMYMa, & BCE COKpAICHHS
TOJKHBI OBITH pacu(pPOBaHBI B MMOSICHEHUHU K PH-
CyHKy. Ha3zBaHue pucyHKa W TMOSICHEHHS K HEMY
JOJDKHBI OBITH HPEACTAaBICHBI HA PYCCKOM U aH-
[JIMICKOM SI3bIKaX C MCIIOJIb30BAHUEM CIIETYIOIIETO
(dopmarupoBanus: Times New Roman, momyxwup-
HBII KypcuB, 12 KerTb, HHTEPBAI eIUHIYHBIA.

Kaxip1ii ucronbs3yemMblil pUCYHOK TOJKEH OBbITh
JOIIOJIHUTENIBHO NIPUIIOKEH B 3JIEKTPOHHOM BHUJE B
¢dopmate *.JPG, *. TIFF umu * PNG c pa3perienuem
He menee 600 nukcenei Ha oM. [IpennodTurens-
HBIM JTsI [IBETHBIX U300PaXKEHHUIA SIBIISICTCS (hopmar
* TIFF, nnsa pactpoBoro m3oOpaxenus — *.PNG.
He HyxHO Hcmonb30BaTh B TEKCTE CTAaTbHU WIIIIO-
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glish a list of specific terms, reactions, reagents, bio-
logical objects names, trivial names of compounds,
drugs, used in the article for the best possible inter-
pretation of the text’s massage. After the completion
of all the stages of the peer-reviewing and applying
of the article, a full author translation of the final
version of the article into English must be done, or
ordered in the editorial board of the journal, using
the services of the professional translator. If trans-
lation quality is satisfying it will be published (after
editing).

English versionof the article mustcoincide
with a structure and meaning of a Russian article
and must be grammatically correct in English.

The results and illustrations, provided as fig-
ures, tables, and graphs are put into the text right
after the first mention. There should be an indication
in the text, for example: (table 1) or (figure 1).

Every table should be numerated (with Arabic)
and named (without acronyms) above the table.
All graphs in tables should be titled; all acronyms
should be deciphered in the table notes. Table title,
its contents and notes should be provided in Rus-
sia and English languages. Table titles font is Times
New Roman, bold italic, 12, 1 interval.

Tables with more than one page should be sent
in a separate file considering all the requirements
mentioned above.

Every figure should be numerated (with Arabic)
and titled (without acronyms) under the figure. If
the figure contains some explanation, it should be
as minimum as possible; all acronyms should be
deciphered in the figure notes. The figure title and
its notes should be provided in Russian and English
languages with the following format: Times New
Roman, bold italic, 12, 1 interval.

Every figure used in the article should be addi-
tionally attached to the document in *.JPG, *.TIFF
or *PNG with at least 600 px/inch definition.
* TIFF is a preferable format for color images, and

* PNG is preferable for bit image. Do not use an-
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cTpanmu Jpyroro ¢opmara, He YKa3aHHOTO BBIIIC
(manpumep, *.GIF, *.PICT, *.WPG) unu MeHbIero
pasperieHus..

['paduku u aumarpaMMel, TpeNCTaBICHHBIC B
cratbe, OQOPMIISIIOTCS TaK K€, KaK M PUCYHKH,
OZIHAKO OHM JOJDKHBI OBITH JAONONHUTEIBHO TpH-
JIOXKEHBI B DJICKTPOHHOM BHje B Qopmare *.XLS,
* XLSX, *PPT wm *PPTX. IlpeacraBneHHas
Ha rpaduke WM TuarpamMmme MHGOPMALUS JTOTK-
Ha ObITh O(pOpMIICHA TaK, YTOOBI KaXKIbIH JIEMEHT
OBUI XOPOILO PAa3NUYUM W OTIMYUM OT JPYTOTro.
Bech moscHstomuit TEKCT JOMKEH OBITH CBEJCH J10
MUHHMYyMa. Pacmu@poBka MOSCHSIOMIET0 TEKCTa
JODKHa OBITh MpHioKeHa Hrpke. HasBanue u mo-
SICHEHHS TOJDKHBI OBITH MPECTaBICHBI HA PYyCCKOM
1 aHIJIMICKOM SI3bIKax C MCIIOJIb30BaHUEM CIEIYIO-
mero popmarupoBanus: Times New Roman, momy-
JKUPHBIA KypcuB, 12 kerib, UHTEpBal 1 MyHKT.

[Tpumep odopmieHus TabIUBL:

other images format (for example *.GIF, * PICT,
* WPG) or images with less definition.

Graphs and diagrams, presented in an article
are formed as well as figures, however they should
be additionally attached to the electronic version
in * XLS, *. XLSX, *.PPT or *.PPTX. The infor-
mation in a graph or diagram should be formed
so every element would be clearly seen and dis-
tinguished from another. Entire descriptive text
should be minimal. Deciphering of the descriptive
text should be attached below. Name and descrip-
tions should be given in Russian and English lan-
guages, using Times New Roman, bold italic, 12
size, 1 interval.

Table form example:

Tabnuuya 3 — Anmumuxpoonas akmuenocmsy nacmouixu (1:5)

(Oxkempazenm — cnupm munoguiii 70%)

Table 3 — Antimicrobial activity of tincture (1:5) (extragent — 70% ethanol)

ramm [opsiaxoBelii HOMep pa3BeaeHus / Serial number of dilution
MHKPO-
opramsma /
Microbial 1 2 3 4 5 6 7 8 9 10 11 12
strain
aP:reliléii(l)qr:S(;nas HZ:jT]?IO H]e):(/:TI?IO H}e):jT:Io HZ:(/:T;IIO Pocr/ | Pocr/ | Pocr/ | Pocr/ | Poct/ | Pocr/ | Pocr/ | Pocr/
Growth | Growth | Growth | Growth | Growth | Growth | Growth | Growth
growth | growth | growth | growth
Sltla;pil};leoucsoc- HI;;)(/:T;O HZ??T;IIO HE??TIEO HIe);)(/:TI\EIlo Pocr/ | Pocr/ | Pocr/ | Pocr/ | Poct/ | Pocr/ | Pocr/ | Pocr/
Growth | Growth | Growth | Growth | Growth | Growth | Growth | Growth
growth | growth | growth | growth
Escherichia Pocra | Pocra | Pocra
] Pocr/ | Pocr/ | Pocr/ | Pocr/ | Pocr/ | Pocr/ | Pocr/ | Pocr/ | Pocr/
coli uer / Nojer / Nojner / No Growth | Growth | Growth | Growth | Growth | Growth | Growth | Growth | Growth
growth | growth | growth
Bacillus Pocra | Pocra | Pocra | Pocta | Pocra | Pocta | Pocra | Pocta | Pocra Poct/ | Poer/ | Pocr/
cereus et / No|uer / No|uer / No|uer / No|uer / No|uer / No|uer / No|uer / No|uer / No Growth | Growth | Growth
growth | growth | growth | growth | growth | growth | growth | growth | growth
Candida
albicans H:;)jTI\EIlo Hz:jTliIio HE;)?TI?IO Pocr/ | Pocr/ | Poct/ | Pocr/ | Pocr/ | Pocr/ | Pocr/ | Pocr/ | Pocr/
Growth | Growth | Growth | Growth | Growth | Growth | Growth | Growth | Growth
growth | growth | growth
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[Tpumep odopmiieHHs pUCyHKa:
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Pucynok 1 — /luaznocmuyeckue nemenmosl 6 MUKPORPENAPamax
¢ nogepxnocmu aucma (A) u uz maonemox (b):
1 - 3nuodepmuc, 2 — ycmouua, 3 — opy3sl
Figure 1 — Diagnostic elements in leaves (A) and in the tablets (b):
1 — epidermis, 2 — stomata, 3 — calcium oxalate druse crystals

BUBJINOTPAOMYECKHUM CIUCOK /
REFERENCES

Hutupyemass nureparypa IOJDKHA COIEpXKarh
He meHee 10 ucrounnkoB. He menee 50 mporieHTOB
WCTOYHHUKOB U3 CIHCKA JINTEPATYPHI TOJKHBI OBITh
OITyOJIMKOBAHBI 32 ITOCJIEIHHE IIATh JIET, B TOM YHC-
Jie B )KypHaJlaX, MHACKCHPYEMBIX B 0a3ax JaHHBIX
Web of Science, Scopus, Science Index. Jlumn B
cily4ae HEOOXOAMMOCTH JOIMYCTHMBI CCHUIKM Ha
Oonee pannue Tpynbl. B crucok mureparypet HE
BKJIFOYAIOTCS Y4eOHBbIC MMOCOOUS, HOPMATUBHBIC U
APXUBHBIC MaTCpUualibl, CTATUCTUYCCKUC C60pHI/IKI/I,
ra3eTHbIC 3aMETKU Oe3 yKazaHWsl aBTOpa, MOHOTPa-
(hun, aBTOpedepaTsl U AUCCEPTAITUH.

B nutupyemoil auteparype KenarenbHo yKa3bl-
Bath uctouHuku ¢ DOL.

CTHIIb CCHLIOK:

B crarbe HoMep(a) CCHUTKHM 3aKITFOYACTCS B KBa-
JIpaTHBIE CKOOKH ¥ CTaBUTCS B OJHY JMHHIO C TEK-
ctoM. Homepa ccpitok (1npel B KBaApaTHBIX CKOO-
KaX) JOJDKHBI CTOATH B CIIMCKE JIMTECPATypPhbl B TOM
MOPSIJIKE, B KOTOPOM OHH YIIOMHUHAKOTCS B TEKCTE.

ABTOpP TMOJHOCTHI) HeCET OTBETCTBEHHOCTH
3a TOYHOCTh OMOJMOrpa)uIecKUX UCTOUYHUKOB,
B TOM YK CJIe B MIepPeBO/ie HA AHIIHICKUH SI3BIK.

REFERENCES

Literature quoted should contain at least 10
resources. At least 50% of the resources from the
references list must be timely (published recent 5
years) including journals, which are listed in Web of
Science, Scopus, Science Index. There can be ref-
erences to earlier literature only if necessary. Ref-
erences do not include educational aids, normative
and archive materials, collected statistics, newspa-
pers articles without an author, monographs, author
abstracts, and dissertations.

Resources with DOI are desirable to be in ref-
erences.

References form:

Numbers of references are written in square
brackets and are at one line with a text. References
numbers (in square brackets) must be in order of
their mention in the text.

An author is fully responsible for an accura-
cy of references including English translation.

1. Russian version — according to GOST P
7.0.5-2008.
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1. Pycckosi3bIuHBIN BapuaHT — B COOTBeT-
crBuu ¢ 'OCT P 7.0.5-2008.

CchUIKH B PYCCKOSI3BIYHOM BEPCHU CTaThH Jia-
FOTCSI Ha SI3bIKe OpUTHHAJIA.

Bce cchutku 1OIKHBI OBITH 0(DOPMITEHBI €THHO-
00pa3HO: TOIBKO C TOYKOH, 6€3 TUpE MEXK/1y YacTIMH
orcanus. CuMBoITBI Ne it & HE UCTIONB3YIOTCST;, HO-
Mep ob0o3Havaercs Jjiat. OykBod N 0e3 TOYKH Mociie
Hee; IBOMHOM KOCOW YepTOol OTAENSIETCSl OMCaHue
OoJsiee KpyMHOTO JOKyMEHTa, Ha ()parMeHT KOTO-
poro cceutatorcs. [lepen nBoiiHOM KOCoit 4epToit //
ToYKa He cTaBuTcs. [Ipobenbl 10 u nocie // 00s13a-
TEJbHBI.

2. Aarnos3piuiblii (REFERENCES)

Crucok nuTeparypel Ha aHIIUHCKOM SI3BIKE
(References) — cimyxuT, B TIEpBYIO Ouepenb, IS
OTCJIC)KUBAHUS IIUTUPYEMOCTH aBTOPOB U JKypHa-
noB. [IpaBuiibHOE OTMIFICAaHNWE UCTIONB3YEMBIX HCTOY-
HUKOB B CIIMCKax JIUTEpATyphbl SABIACTCA 3aJIOIOM
TOTO, YTO IUTHUpyeMas IyOiuKamus OymeT ydTeHa
IIpU OLICHKE HAay4YHOH NESTEIbHOCTH €€ aBTOpPOB, a
CJIEJIOBAaTEeNIbHO W OPTaHM3AIlMH, PETHOHA, CTPAHBI.
[To muTHpoBaHMIO KypHAJIa ONpEAEISIeTCs] ero Ha-
YVYHBIH YPOBEHb, aBTOPUTETHOCTH, IPPEKTUBHOCTh
JESITENIbHOCTH €T0 PeIaKIIMOHHOTO COBETa U T.JI.

Ha3paHus WMCTOYHHKOB M pabOT yKa3bIBAIOTCS
MIOJTHOCTHIO, 0e3 cokpariennid. K crarbe nmpuBoasT-
Csl BCE aBTOPBHI.

B OubnmorpadudeckoM CIuCke AHLJIMIICKOTQ

BAPUAHTA He JIONYCKAETCS UCIOIb30BaHUE pas3ie-
JIMTEIIBHBIX 3HAKOB /%, «—» U «Ne.

Ilpumepuvr opopmaenun oudruozpaghuuecxkozo
cnucka:

OnucaHue cTaTbH U3 )KypHaJa:

Ha pyccKoM:

EBceesa C.b., CricyeB b.b. McnonszoBanue npu-
POITHBIX MHHEPAJIbHBIX COJNEH B COBPEMEHHBIX KOC-
METHUYECKUX PELENTypax: acCOPTUMEHT IMPOIYKLIHH,
XapPaKTEPHUCTHKA CHIPHSI 1 0COOCHHOCTH TEXHOJIOTHH //
Dapmanms u papmakonorust. 2016. Ne2 (15). C. 4-25.
DOI: http://dx.doi.org/ 10.19163/2307-9266-2016-4-
2(15)-4-25.

HA aHIVIHIICKOM

Chashchin V.P., Gudkov A.B., Popova O.N.,
Odland J.0., Kovshov A.A. Description of Main
Health Deterioration Risk Factors for Population
Living on Territories of Active Natural Management
in the Arctic. Human Ecology. 2014, no. 1, pp. 3-12.
(in Russian)

OnucaHue CTAaThbU U3 YIEKTPOHHOTO )KypHAJIa:
Ha pyccKoM
Kontoposuu A.D., Kopxkybaer A.I., DOnep
JI.B. Ilporuo3 11o6anpbHOTO JHEProOOCCIICUCHHUS:
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References in Russian version are given in orig-
inal language.

All references must follow the same template:
only with a dot, without a dash between description
parts. Symbols like Ne and & are not used; a num-
ber is pointed with N without a dot; description of
a bigger document of reference is separated with a
double slash. There is no dot before double slash //.
Spaces before and after // are obligatory.

2. English (REFERENCES)

References in English serve the detection of
citation of authors and journals in the first place.
Correct description of the resources used in the ar-
ticle is a guarantee for a publication quoted to be
considered while estimating the scientific activity of
its authors, and therefore the organization, region,
country. Scientific level, credibility, efficiency of
its editorial board activity etc are determined by the
journal’s citation.

Resources and papers names are given in full
form, without acronyms. All authors are indicated.

It is not allowed to use signs like //, -, and Ne in

English references.

Examples of References lists:

Description of a journal article:
In Russian:

EBceeBa C.b., CricyeB b.b. Hcmonb3oBanme
MIPUPOTHBIX MUHEPATBHBIX COJIEH B COBPEMEHHBIX
peuenTypax:
NPOIYKIIUH, XapaKTEPUCTHKA ChIPbsI 1 0COOEHHOCTH

KOCMETHYECKUX ACCOPTUMEHT
TexHojoruu // @apmamms ©  hapMaKoIOTHS.
2016. Ne2 (15). C.4-25. DOL:http://dx.doi.org/
10.19163/2307-9266-2016-4-2(15)-4-25.

In English

Chashchin V.P., GudkovA.B., Popova O.N.,
Odland J.0., KovshovA.A. Description of Main
Health Deterioration Risk Factors for Population
Living on Territories of Active Natural Manage-
ment in the Arctic.Human Ecology.2014, no. 1,
pp. 3-12. (in Russian)

Description of an electronic journal article:
In Russian
Konroposuu A.D., Kopxyb6aes A.I"., Onep JI. B.
[IporHO3 TMOOANTHPHOTO JHEProOOECIICUCHUS: Me-
TOJOJIOT U,

KOJIMYCCTBCHHBIC OLICHKH, IIPAKTH-
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METOIOJIOTHS, KOJIMYCCTBCHHBIC OIICHKH, MPAKTH-
4yeckue BbIBOJIBI // MuHepaibHbie pecypchl Poc-
cUM. DKOHOMHKAa W YIIpaBlIEHHE: CETEeBOH >KYpH.
2006. N5. URL: http://www.vipstd.ru/gim/content/
view/90/278/ (mara obpammenus: 22.05.2012).

HA aHIVINHCKOM

Kontorovich A.E., Korzhubaev A.G., Eder
L.V. Forecast of global energy supply: Techniques,
quantitative assessments, and practical conclusions.
2006, no. 5. (In Russian) Available at: http://www.
vipstd.ru/gim/ content/view/90/278/). (Accessed:
22.05.2012)

Onucanue MaTepuajioB KOH(pepeHuii:

HA PYCCKOM

Boponkos A.B., Tepexos A.10O., [Ipsxosa 1.H.,
JIsixosa H.C. Bausaue npenapara «Hypoden, cym-
MTO3UTOPHUH PEKTaNbHBIE A aeTeil, 60 Mr» Ha co-
JepKaHue KaJblUs W XJIOpa B CBIBOPOTKE KPOBU
HEMoJI0BO3peNbiX Kpbic // Pa3paboTka, ncciemona-
HUE M MapKeTHHI HOBOHW (hapMaleBTHYECKOH mpo-
OyKuuu: ¢0. Hayd. Tp. / [lsTuropckuit meauko-gap-
MareBTHYecKuil HMHCTUTYT. [lsaruropck, 2014.
Bemm. 69. C. 267-270.

Onucanue KHUT:

HA PYCCKOM

@ypcr [T MeTonb! aHaTOMO-THCTOXUMUYECKO-
IO MCCIIE[OBAHUS PACTUTENbHBIX TKaHedl. M.:Hay-
ka, 2008. 250 c.

HA AaHITHIICKOM

Swan M. Practical English Usage. 3 ed. Oxford:
Oxford Univ. Press, 2005.

Onucanue 'OCTa:

Ha pyccKoM

I'OCT 8.586.5-2005. INocymapcTBeHHas! CHCTe-
Ma oOecIiedeHusI eNMHCTBA M3MepeHni. M3mepenne
pacxoa W KOJUYECTBa KUIKOCTEH M Ta3oB C IO-
MOIIBIO CTAHAAPTHBIX CYXKAIOIIUX YCTPOHCTB. M.:
Crangaprundopm, 2007. 143 c.

Ha AHIVIMHCKOM

GOST 8.586.5-2005. Method of measurement.
Measurement of flow rate and volume of liquids
and gases by means of orifice devices. Moscow,
Standartinform Publ., 2007. 10 p. (In Russian)

Bmecmo ccoinok na mamepuanvi ouccepmayuii
u agmopeghepamoe ouccepmauyuii, peKomenoyem-
€5l CCHLIAMBCA HA OPUCHHAIbHBIE CHIANbU
no meme ouccepmayuoHHol padomel,

MaKk Kak camu ouccepmayuu paccmampuearomcs
KaK pyKonucu u ne A6J11a10Mmcsa neyamHusimu
UCMOYHUKAMU

YecKkue BIBOJBI // MunepanbHbie pecypcsl Poc-
crM. DKOHOMHKA W YIIPaBJIE€HHE: CETEBOH JKYpH.
2006. N5. URL: http://www.vipstd.ru/gim/content/
view/90/278/ (nara obparuenus: 22.05.2012).

In English

Kontorovich A.E., Korzhubaev A.G., Eder
L.V. Forecast of global energy supply: Techniques,
quantitative assessments, and practical conclu-
sions.2006, no. 5. (In Russian) Available at: http://
www.vipstd.ru/gim/ content/view/90/278/). (Ac-
cessed: 22.05.2012)

Description of conferences materials:

In Russian

Boponkos A.B., TepexoB A.YO., JIpsixoBa N.H.,
JIsxosa H.C. Bnusinue npenapara «Hypoden, cyn-
MO3UTOPUH peKTalbHble a1 jereil, 60 Mr» Ha co-
JeprKaHue KaJdbLUsl U XJIopa B CBIBOPOTKE KPOBHU He-
0JI0BO3peEIbIX Kpbic // Pa3pabotka, uccieqoBaHue
W MapKeTHHT HOBOW (DapMameBTHIECKON TPOIyK-
mun: cO0. Hayd. Tp./ llaruropckuii meamko-dapma-
LeBTHYeCKHid MHCTUTYT. [lsaturopck,2014.Bem. 69.
C. 267-270.

Books description:

In Russian

dyper I'T. MeTonbt aHATOMO-
FUCTOXMMUYECKOT0 MCCIECIOBAaHUS PACTUTEIbHBIX
TkaHeil. M.: Hayka, 2008. 250 c.

In English

Swan M. Practical English Usage. 3 ed. Oxford:
Oxford Univ. Press,2005.

GOST Description:

In Russian

I'OCT 8.586.5-2005. I'ocymapcTBeHHas! CUCTe-
Ma obecriedeHHs eAMHCTBA u3MepeHuil. ismepenue
pacxoja U KOJMYECTBA KUIKOCTEH M Ia3oB C IIO-
MOIIbIO CTaHJAPTHBIX CYXAlOUIMX YCTPOUCTB. M.:
Crannaptuadopm, 2007.143 c.

In English

GOST 8.586.5-2005.Method of measurement.
Measurement of flow rate and volume of liquids and
gases by means of orifice devices. Moscow, Stand-
artinform Publ., 2007. 10 p. (In Russian)

It is recommended to use original article
reference on the dissertation paper instead
of the references on the dissertations and author
abstracts of dissertations,because dissertation
are considered to be manuscripts
and are not considered a published source.
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