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CKpPUHHHIOBOE XHUMHUKO-00TAHUYECKOE HCCIe0BaHUE
Brunnera sibirica (Boraginaceae)

B.B. Besnnuxko, [1.C. Kpyrios, /I.JI. IIpokymeBa, H.O. Kum

@I'BOY BO «Hosocubupckuil 2ocydapcmeetHbilil meduyuHckuil yHusepcumems» Munzdpasa Poccuu, Hosocubupck, Poccus

AHHOTAIIA

BBeneHue. Pacrenus cemeiicrBa GypauHuKOBbIe (Boraginaceae) HeOCTaTOUHO U3y4YeHbl. OTHUM U3 €T0 IPe/ICTaBH-
Tesiel ABJAeTcsa OpyHHepa cubupckas (Brunnera (B.) sibirica Steven) — MHOTOJIETHEE TPABSHHUCTOE PACTEHHE, KOTOPOE BCTpe-
yaeTcs Ha TeppuTopuun 3anaaHoi Cu6UpH, JIETKO BBOAUTCS B KYJIBTYPY U HUMEET J0CTATOYHO OOJIBIIYI0 6Gromaccy. JIJaHHBIX O
XHUMHUYECKOM cocTaBe B. sibirica B uTepaType He 0O0HAPY:KEHO, HO U3BECTHO O IPUMEHEHUH B HAPOJHOU MeIUIIHE OpyH-
HepbI KpynHoicTHOH (B. macrophylla (Adams) I.M.Johnst.) B kauecTBe aHTHOAKTEPHUATIBHOTO U TPOTUBOMUKPOGHOTO CPe/I-
CTBa. YUUTHIBAs TPUHIIUII (DHIIOTE€HETHYECKOTO POJICTBA, MOKHO ITPETIOIONKUTE HATNIKeE ¥ B. sibirica aHaIOTHIHBIX CBOWCTB.
Il e 1 b. OUTOXUMUYECKUI AaHAIN3 U BHIABJIEHNE MUKPOIMATHOCTUYECKUX TIPU3HAKOB B. sibirica.

MaTepuasnab U ME€ETOI/ Bl . BKauecTBe 00bEKTOB UCCIIEOBAHUS BBHICTYIIAHU JIUCThSI, TeHEPATHUBHBIE TIOOETH
u KopHeBHuIa B. sibirica, 3arotoBienubie B HoBocubupckoit o6actu. CyMMapHbIe U3BIEUEHUSI U3 ChIPbs, IIOJIyUEeHHbIE C
WCTIOJIb30BAHNEM B KAUeCTBE DKCTPATEHTOB BOJBI OUUIIEHHOM, BOAHO-CIIUPTOBBIX CMecel U 2% XJIOPOBOZOPOHOM KHUC-
JIOTBI, HCIIOJIB30BAJIH JIJIS1 KAYECTBEHHOTO U KOJIMUYECTBEHHOTO AaHAIN3a KOMIIOHEHTOB PACTUTEILHOTO ChIPhS C IIPUMeEHe-
HHUEM CIEeKTPO(OTOMETPHUECKOTO U IPABUMETPUUYECKOTO METO/I0B aHaIn3a. MceienoBaHine MUEKPOMOP()OIOTHH JINCTHEB
Y KOPHEBHII[ IPOBOJIVJIH C UCIIOJIb30BAHIEM METOZ[a MUKPOCKOIIHH.

PesynbTarthl . Bcoipbe 6bUTH OOHAPY:KEHBI OCHOBHBIE TPYIIIBI OHOJIOTHYECKU aKTUBHBIX coefuHennii (BAC) u
OTIpeIeJIEHO UX KOJIMYECTBEHHOE COZIEpIKaHue B OpraHax pactenus. Tak, Haubosbiee KOIU4ecTBO (hIaBOHOUIOB U OKCH-
KOPHUYHBIX KHCJIOT H3BJIEKAETCS U3 TeHEPATHBHBIX [100€roB, 60J1ee 60raTsl XJI0POMUIIIIOM JIUCThS, 4 AHTOLIMAHAMU — FeHe-
paTHBHBIE IT0GETH; BOIOPACTBOPUMBIE BelecTBa (I0IH(IaBAaHOBBIE COEAVHEHN U ITOJIMCAXapUbl) B 6OJIbIIIEM KOJIHUYe-
CTBe U3BJIEKAIOTCS U3 KOPHEBHUII. B pe3ysibTaTe MUKPOCKOIIMYECKOTO aHAIN3a MOPQOJIOTUH JINCTHEB U MIOIIEPEYHBIX Cpe-
30B KOPHEBHII| YCTAHOBJIEHBI IIPU3HAKH, II0 KOTOPHIM MOKHO IMArHOCTUPOBATD IIO/IJIMHHOCTD CHIPHSI.
3axknwueHHue. Hammune BAC, 061a1a101UX TPOTHBOBOCIATIUTEILHBIM, OAKTEPUIIMTHBIM U PEreHePUPYIOIIIM
JIENICTBHEM, CO3/Ia€T MPEIIOCHLIKY U1 DOJIee JEeTAIbHOTO U3ydeHus B. sibirica Kak MepereKTHBHOTO HCTOUHMKA PACTH-
TEJILHOTO ChIPbS.

Knaoueswte caoea: Brunnera sibirica, Boraginaceae, pyTuH, GpepysioBas KUCIOTA, XJIOPODIILI, AHTOIIMAHBI, ITOJIFICAXA-
PU/IBI, ATKATOU/IBIL.

Oo6pazen nmutupoBaHusa: Bemuuko B.B., Kpyrimos /I.C., IIpokymiesa /[.JI., Kum H.O. CKpUHHHTOBOE XU-
MHKO-O0TaHUYeCcKoe uceierioBanue Brunnera sibirica (Boraginaceae) // Journal of Siberian Medical Sciences.

2025;9(3):54-66. DOI: 10.31549/2542-1174-2025-9-3-54-66

Screening study of Brunnera sibirica (Boraginaceae):
chemical composition and plant structure

V.V. Velichko, D.S. Kruglov, D.L. Prokusheva, N.O. Kim

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT
Introduction. Plants of the Boraginaceae family are insufficiently studied. One of its representatives is Brun-
nera (B.) sibirica Steven, a perennial herbaceous plant that can be found in Western Siberia, is easily introduced into cul-
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tivation and has a fairly large biomass. There are no data on the chemical composition of B. sibirica in the literature, but it
is known about the use of B. macrophylla (Adams) I.M.Johnst. in traditional medicine as an antibacterial and antimicro-
bial agent. Considering the principle of phylogenetic affinity, it can be assumed that B. sibirica has similar properties.

A i m . Phytochemical analysis and detection of microdiagnostic signs of B. sibirica.

Materials and methods. Theobjects of the study were the leaves, reproductive shoots and rhizomes of
B. sibirica harvested in the Novosibirsk region. The total extracts from the raw materials obtained using purified water,
water-ethanol mixtures and 2% hydrochloric acid as extractants were used for qualitation and quantitation of the compo-
nents of the plant raw materials using spectrophotometric and gravimetric methods. The micromorphology of leaves and
rhizomes was studied using microscopy.

Results. The main groups of biologically active compounds (BAC) were found in the raw materials and their quan-
titative content in plant organs was determined. Thus, the largest amount of flavonoids and hydroxycinnamic acids is
extracted from reproductive shoots, leaves are more rich in chlorophyll, and reproductive shoots are more rich in antho-
cyanins; water-soluble substances (polyflavan compounds and polysaccharides) are extracted in large amount from rhi-
zomes. Using microscopic analysis of the leave morphology and transversal sections of the rhizomes, signs for identifica-
tion of the raw materials were established.

Conclusion. The presence of BAC with anti-inflammatory, bactericidal and regenerating effects creates
prerequisites for a more detailed study of B. sibirica as a promising source of plant raw materials.

Keywords: Brunnera sibirica, Boraginaceae, rutin, ferulic acid, chlorophyll, anthocyanins, polysaccharides, alkaloids.
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BBEJAEHUE

Ha coBpemeHHOM (apMaleBTHIECKOM PBIHKE
JIEKapCTBEHHbIE IIperapaThl, KOTOPBIE CO/EpIKaT
pacTuTesibHbIE KOMIIOHEHTHI, TTOJIb3YIOTC OOIbITON
MONYJIAPHOCTBIO. Takol BBIOOD OOBSACHSETCA TEM,
4yTOo (pUTOMpeEnaparhl yaie BCero UMerT 60jiee Msr-
Koe (dapMaKoIOTUUECKOe JeWCTBHE U CIIOCOOHBI
OKa3aTh KOMIUIEKCHOE BJIMSHME HA OPTaHU3M YeJsI0-
Beka. Kak mpaBuio, ecjiv JieKapCcTBEHHbIE PACTEHUS
HE CO/Iep’KaT SAOBUTBHIX U CHUJIBHOZEHCTBYIOIIMX
BEIIECTB, OHU 00J1a/1al0T HU3KOU TOKCUYHOCTHIO, UTO
CIIOCOOCTBYET CHHIKEHHUIO PHCKA BO3HUKHOBEHUS
HesKesIaTeIbHBIX peakiuil. Fimes 7110 ¢ HOBBIM pac-
TUTEJIbHBIM CHIPDBEM, BasKHO HCCJIEI0BATh XHMUUE-
CKHH COCTaB U pa3paboTaTh KPUTEPUU OTIPEIeIEHUS
€ro MO/ITHHHOCTU U I00POKAaYeCTBEHHOCTH.

Cpeau HepCIeKTUBHBIX OOBEKTOB [IJIsI UCCIIEO0-
BaHUsA 0COOBIN HHTEPEC IIPEICTABIISIET MATIOU3YUeH-
Hoe pacteHue 6pyHHepa (6.) cubupckas (Brunnera
(B.) sibirica Steven) — MHOTOJIETHEE TPaBSHHCTOE
KOPDHEBHIIIHOE PAacTeHHe U3 ceMelcTBa OypauHHKO-
BBIX (Boraginaceae). B 1iesiom poji Brunnera Steven
BKJIIOUAeT, KpoMe 0. cHUOUpCKOH, elle JBa BUjA:
6. kpymHosmcTHyl0o — B. macrophylla (Adams)
I.M.Johnst. u 6. BocTounyto — B. orientalis (Schenk)
I.M.Johnst. [1]. [Tpu 3TOM Ha Tepputopuu Poccuu
(puc. 1) mpou3pacTawT TOJBKO 6. KPYITHOJIUCTHAS U
0. cubupckas [2].

B. cubupckas umeer 6Gosiee OOIIMPHOE pacIpo-
CTpaHeHUe Ha TeppuTopuu Poccuu, NpeacTaBiseT

INTRODUCTION

In the modern pharmaceutical market, medicines
that contain herbal ingredients are very popular.
This choice is explained by the fact that herbal
medicinal products most often have a milder phar-
macological effect, and can have an integrated effect
on the human body. As a rule, if medicinal plants do
not contain poisonous and potent substances, they
have low toxicity, which allows reducing the risk of
adverse reactions. When dealing with new plant raw
materials, it is important to investigate the chemical
composition and develop criteria for determining its
identity and quality.

Among the promising objects for research, the
little-studied Brunnera (B.) sibirica Steven, a peren-
nial herbaceous rhizomatous plant from the Boragi-
naceae family is of concern. In general, the genus
Brunnera Steven includes, in addition to the
B. sibirica, two more species: B. macrophylla
(Adams) I.M.Johnst. and B. orientalis (Schenk)
I.M.Johnst. [1]. At the same time, only B. macro-
phylla and B. sibirica grow in Russia (Fig. 1) [2].

B. sibirica has a more extensive distribution
within the territory of Russia, is a nemoral relict of
the Tertiary and is a characteristic element of the
underwood of taiga. It has a rather narrow isolated
range, covering Altai, Kuznetsk Alatau, Northeastern
Tyva, Western and Eastern Sayans, and several iso-
lated areas of its range in the Tomsk region [3, 4].
Despite the fact that B. sibirica has limited natural
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Puc. 1. Apean pacpoctpaHeHus1 GpyHHePBI KPYITHOJIUCTHOH U GPYHHEPBI CHOMPCKOM Ha TEPPUTOPUU
Poccuiickoii @enepariuu (PUCYHOK BBITIOJIHEH aBTOPAMU C TIOMOIIBIO ITporpaMmmbl Photoshop
[yTeM HaJIOXKEHUsI KapT apeaioB OT/EIbHBIX BU/OB, IIPE/ICTaBIEHHBIX B [2])
Fig. 1. Distribution of B. macrophylla and B. sibirica within the territory of the Russian Federation (the figure was made
by the authors using Photoshop by superimposing maps of the ranges of individual species presented in [2])

c000¥ HEMOPAIBbHBIA PETHKT TPETHYHOTO ITEPUOZA 1
SIBJISIETCS XapaKTEPHBIM 3JIEMEHTOM HI)KHETO spyca
YepHEBBIX JIECOB. IMeeT JOCTaTOUHO Y3KUH U3 BIOH-
KTUBHBIHA apeast, OXBaThIBAIOIUI Astaii, Ky3Herkuit
Autaray, CeBepo-Bocrounyto TreiBy, 3anagHbiii u Boc-
TOuHBbIN CassHbI, HECKOJIPKO M30JIUPOBAHHBIX yUJaCT-
KoB apeasia B ToMmckoi obsactu [3, 4]. HecmoTpst Ha
TO, 9YTO 0. CHOMpPCKas UMEET OTPAaHUYEHHBIE 3aITachl
CBIPbsA B TPHUPOZIE, OHA IIPEBOCXOAHO BBOAUTCA B
KYJIBTYPy, o0OpasyeT OOIIUpHBbIE 3apOCid, KMEeT
OoJiplyto puTOMAaccy, HENMPUXOTINBA, 3UMOCTOHKA,
JUTUTEJIBHO CYIIECTBYET B KyJIbTYPE, MOKET PACTH Ha
OZTHOM MecTe 6oJiee 30 Jiet [5].

HayuyHbple [aHHBIE O XUMHYECKOM COCTaBE
6. cubUpCKOW WMEIOT pa3pO3HEHHBIH XapakTep,
KpOMe TOTr0, HET JAOCTOBEpHON WHGMOPMAIUH O ee
IPUMEHEHUU B HapOAHOH MequiinHe. OTHAKO €CTh
CBeZIEHUsT O TPUMEHEHHU OJIU3KOPOJICTBEHHOTO
BHU/ia — 0. KPYITHOJIMCTHOU — B KAUeCTBE aHTHOAKTe-
PHATBHOTO W TIPOTHBOTPUOKOBOTO cpezacTBa [6].
YuuThIBasg MPUHIUI (PUTOTEHETUYECKOTO POJICTBA,
MOXKHO IIPEATIOJIOKUTH ¥ 0. CHOUPCKON aHAJIOTHY-
HBIE CBOHCTBA.

Taxkum o6pazom, 6. cubHupcKast — IEPCIEKTHBHOE
pacTeHue /UIsI TPOBENEHUS CKPUHUHTA HOBBIX
JIEKapCTBEHHBIX PACTEHUH.

reserves of raw materials, it is excellently introduced
into culture, forms extensive thickets, has a large
phytomass, is low maintenance, frost-hardy, exists
in culture for a long time, can grow in one place for
more than 30 years [5].

Scientific data on the chemical composition of
B. Sibirica are scattered, in addition, there is no reli-
able information about its use in traditional medi-
cine. However, there is evidence of the use of a closely
related species, B. macrophylla as an antibacterial
and antifungal agent [6]. Considering the principle
of phylogenetic similarity, it can be assumed that
B. Sibirica has similar properties.

Thus, B. Sibirica is a promising species for new
medicinal plant screening.

AIM OF THE RESEARCH

Phytochemical analysis and identification of
microdiagnostic signs of B. sibirica.

MATERIALS AND METHODS

The objects of the study were the leaves, repro-
ductive shoots and rhizomes of B. sibirica harvested
in the summer of 2023 from plants cultivated on a
private plot in the village of Vengerovo, Novosibirsk
region (55°68’ N, 76°72” W). The planting material —
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ITEJIb UCCJIEJIOBAHUSA

OUTOXUMHUYECKUH aHAIN3 U BBHIABJIEHUE MHUKPO-
JANArHOCTUYECKUX IIPU3HAKOB 6pyHHepbl CI/I6I/IpCKOf/’I.

MATEPUAJIBI 1 METOAbI

B xauecTBe 00'BEKTOB MCCIIEOBAHUSA BBICTYIATN
JINCThsl, TeHepaTUBHble IMOOErM U KOPHEBHUIIA
B. sibirica, 3arOTOBJIEHHBIE JIETOM 2023 T. OT pacTe-
HUH, KyJIbTUBUPYEMBIX Ha IIPHUYCaJIeOHOM y4acTKe B
¢. BearepoBo HoBocubupckoii obactu (55°68’ c.1.,
76°72’ B.11.). [TocaiouHbIH MaTepyuas B BUJIE KyCKOB
KODHEBUI OBLT B3AT B 2020 T. U3 IPUPOAHON
3apOCJIH, PACIIOJIOKEHHOH B CMEIIIaHHOM JIeCY B 1 KM
Ha [ro-3amaj; ot noc. Kosmaposo Tomckoro paiioHa
Tomckoii obactu (56°20' c.11., 84°55’ B.71.). Chipbe
IIocJIe 3aTOTOBKY OYHIIAIN OT IpUMecel U IMOBpeX-
JIEHHBIX YacTeH U CYIIIJIN BO3ZYIIHO-TEHEBBIM CIIO-
co00M B B3aKpPHITOM IIOMEIIEHUU JI0 BO3AYIIHO-
CYXOTO COCTOSTHUSI.

Jnsa  ompeneneHUss MHUKPOMOP()OIOTHYECKOTO
CTPOEHUs JINCTbEB IIPOBOJIUIN IPENBAPUTEIEHOE
pasMaunBaHue OO'bEKTOB IyTeM KUIISTIEHUS B TeUe-
HUe OJHOM MUHYTHI B 5% BOJHOM PacTBOpe HATPHUS
TUAPOKCH/ia. AHaTOMHUYeCKOe CTpPOeHHe KOPHEBUII]
HCCIeIOBAJIM Ha IOTIEPEYHBIX Cpe3ax, ChIPhe Ipes-
BApUTEJIPHO BBIIEPKUBAIN B TEUEHUE 2 MECAIEB B
uKCcHpyOIEM pAacTBOpPe — BOA:TJIHIEPUH:95%
BTAHOJI B COOTHOIIIEHUHU 1:1:1. B kauecTBe 3akioua-
OIIEH Y TIPOCBETIAIONIEN KUTKOCTH UCIIOJIb30BAIHN
CMeCh BOZBI U IVIUIIEPUHA B COOTHOIIEHUU 1:1. J{Jis
BBISIBJIEHUS JIMTHU(UIIMPOBAHHBIX 3JIEMEHTOB B
CTPYKTYpe KODHEBUII IIPOBOAWIN OKpaIIuBaHHUE
Cpe3oB  0,1% pacTBOpPOM IapaHUTPOAHUJIMHA.
MUKpPOCKOTTYECKOE WCCIENOBAHNE ITPOBOAUIN C
HCITOJIb30BAHHEM MUKPOCKOTIOB Zeiss Axio Scope.A1
u «Mukpome-6» Ipu yBeJIUUEeHUH B 25—400 pa3 B
IIPOXOZAIIEM CBeTe (/I BBIABJIEHUS CTPYKTYPHBIX
ay1IeMeHTOB TKaHel). [losyueHHble M300paKeHUS
(¢urcrpoBan ¢ TOMOIIBIO M POBOU (HOTOKAMEDPHI
Zeiss Axiocam 512 color u cuCTeMBbI BU3yaJIM3aIUH
«Mukpomes Visual SMP 9,7"».

B xome o0mero QuUTOXMMHUYECKOTO aHaIN3a
OBLIM HCCJIEIOBAHBI BOJHBIE M BOJIHO-CIIPTOBBIE
W3BJIEYEHHS U3 I[BETKOB U JINCTHEB 0. CHOMPCKOU C
IIOMOIIbI0 KAUeCTBEHHBIX PEeaKIUil s OIpesiesie-
HUS OCHOBHBIX DY OMOJIOTHYECKH AKTUBHBIX COe-
nuHennii (BAC) — dbytaBoHOU/IBI, AYOUIbHBIE Bellle-
CTBA, CAlIOHUHBI, TOJTCAXapU/Ibl, AHTOITMAHBI, KyMa-
pUHBI — C HCHOJIb30BAHHEM OOIIENPUHATHIX
¢apmakomneiinbix MeTouK [7]. [IpucyrcrBre anka-
JIOUJIOB OMpPENEeJIsIU, HUCIOIB3Ys OOIe0CcauTe b
Hble peakTuBbI: Barnepa — bymapya, /[paresiopda,
Matiepa, Mapku, Illetibiepa, beprpana, 3oHHEH-
IITEHHA, DPACTBOPHI TAHUHA ¥ TUKPUHOBOU KHUCJIOTHI.

pieces of rhizomes — was taken in 2020 from a natu-
ral thicket of a mixed forest located 1 km southwest
of the village Kolarovo, Tomsk district, Tomsk region
(56°20" N, 84°55" W). After harvesting, the raw
materials were cleaned of impurities and damaged
parts and brought to an air-dry state indoors by
shade drying.

To determine the micromorphological structure
of the leaves, the objects were macerated by boiling
for one minute in a 5% aqueous solution of sodium
hydroxide. The anatomical structure of the rhizomes
was examined on transversal sections; the raw mate-
rials were exposed for 2 months to a fixing solution —
water:glycerin:95% ethanol in a ratio of 1:1:1. A mix-
ture of water and glycerin in a ratio of 1:1 was used as
a mounting and clearing liquid. To identify lignified
elements in the rhizome structure, sections were
stained with a 0,1% paranitroaniline solution. Micro-
scopic examination was performed using a Zeiss
Axio Scope.A1 and “Micromed-6” at magnification
x25—400 in transmitted light (to identify the struc-
tural elements of tissues). The obtained images were
recorded using a Zeiss Axiocam 512 color digital
camera and a Micromed Visual SMP 9.7” visualiza-
tion system.

During the general phytochemical analysis, water
and water-ethanol extracts from the flowers and
leaves of B. sibirica were studied using qualitation of
the main groups of biologically active compounds
(BAC) — flavonoids, tannins, saponins, polysaccha-
rides, anthocyanins, coumarins — using generally
accepted pharmacopoeial techniques [7]. The pres-
ence of alkaloids was determined using precipitation
reagents: Wagner-Bouchard, Dragendorff, Mayer,
Marquis, Scheibler, Bertrand, Sonnenschein, solu-
tions of tannin and picric acid.

Total extractions were used for qualitative and
quantitative analysis of the chemical composition of
the raw materials by spectrophotometry. 70% etha-
nol (for extraction of hydroxycinnamic acids, flavo-
noids, and sum of chlorophylls), 2% aqueous solu-
tion of hydrochloric acid (for extraction of alkaloids
and anthocyanins), and purified water (for extrac-
tion of tannins and polysaccharides) were used as
extractants. An accurately weighed quantity of the
raw material was placed in a flask, the extractant was
added at the ratio of raw materials : extractant of
1:30, after which the flasks were heated under reflux
for 30 min on a boiling water bath.

The qualitative composition of hydroxycin-
namic acids was analyzed by thin-layer chroma-
tography (TLC) in a battery of solvents of ethyl
acetate : ethanol : water (200:27:22), using solu-
tions of standard samples of caffeic, chlorogenic,
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1 mpoBeZieHUs Ka4eCTBEHHOTO W KOJIUUe-
CTBEHHOTO aHAJN3a XUMHUYECKOTO COCTaBa CHIPHS
METO/IOM CIIEKTPO(OTOMETPHUU UCIIOJIb30BATIA CYM-
MapHble U3BJIeUeHUs. B KauecTBe SKCTpareHTa JUIs
UX TIOJIy4eHHs1 ObUTH BBIOpPaHBI 70% 5TaHON (1151
W3BJIEUEHUST OKCUKOPUYHBIX KUCJIOT, (DJIAaBOHOUIOB
U CYMMBI XJIOPOQUILIIOB), 2% BOJHBIN PACTBOP KHUC-
JIOTHI XJIOPOBOIOPOTHOM (7151 U3BJIEYEHUS ATKAIIO-
WI0OB U aHTOIIMAHOB) W BOJAA OUMINEeHHasd (JJist
W3BJIeUeHUs] TyOMJIbHBIX BEIECTB U IOJIFICAXapH-
710B). TouHYI0 HaBECKy ChIpbsl IIOMEIAIN B KOJIOY,
00aBJIsIIM BHIODAHHBIM SKCTPAreHT B COOTHOIIIE-
HUMY ChIPBE : DKCTPATEHT — 1:30, IOCJIe YETO KOJIOBI ¢
[IPUCOEIUHEHHBIM  OOPATHBIM  XOJIOAWJIBHUKOM
MIOMEIAIN HA KUIISAIIYI0 BOISHYIO OAHIO U BBIZIED-
JKUBAJIU B Te€UeHUE 30 MUHYT.

KauecTBeHHBIN COCTaB OKCHUKOPHUYHBIX KHCJIOT
AHAJTU3UPOBAIIM METOJIOM TOHKOCJIOMHOHM XpoMa-
torpadun (TCX) B cucreMe pacTBOpUTEJIEH ITHIA-
[leTaT:3TaHOJI: Boja (200:27:22), IPU 3TOM HCIIOJIb-
30BaJIM PACTBOPHI CTaHAAPTHHIX 06pa31oB Kodei-
HOU, XJIODOT€HOBOH, XWHHOH, &epysIoBod U
rajjioBOM KHCIOT. XpoMaTorpaMMbl IIPOCMATPH-
Basiu B yabrpaduosieroBoM (Y®) cBere mpu yIuHE
BOJIH 254 ¥ 365 HM /IO U TI0CJI€ TIPOSIBJIEHUS ITapaMU
aMMHuakKa.

CrnekTpsl TMOIJIONIEHUsI OINPENEIsiid Ha CIeK-
tpooTtomerpe CP-56 (AO «JIOMO», CaHKT-
IleTepOypr, Poccust) B quamazoHe BOJH OT 200 710
800 HM B KiOBeTe C TOJIIIUHOHN IOTJIOIAOIIETO
ciosi 10 MM. KoHIeHTpanuio pacTBOpOB IOAOU-
pasiu ImyTeM pasBeieHUs UCCIEyEMBIX PACTBOPOB
COOTBETCTBYIOIIMMHU PACTBOPUTENAMU. [IJis KOJIH-
YeCTBEHHOTO ompeziesieHus (hIaBOHOUAOB HCIIOJIb-
30BaI MeToy U depeHITuanbHON crieKTpodoTO-
METpHUH, KOTOPBIA OCHOBAH Ha IOTJIOIIEHUH
Y®-cBeTa XpOMOTEHHBIM KOMILIEKCOM, 00pa30BaH-
HBIM IIpU B3aUMO/IEHCTBUU U3BJIeUeHU ¢ 2% pac-
TBOPOM aJIIOMHUHHUSA XJIOPHAA B 95% 3TaHOJE IPU
JUINHE BOJIHBI 410 HM U U3BeCTHOM K03 duIreHTe
SKCTUHKIUH pyTrHA [8]. KostmuecTBeHHOE Olpeie-
JIeHWe CYMMbI OKCUKOPHYHBIX KHCJIOT, XJIOPO-
¢uia, aHTOIMAHOB MPOBOJAWIN cIeKTpodOoTOMe-
TPUYECKH II0 ONITUYECKOH IJIOTHOCTU Ha XapaKTep-
HOM MAaKCHMyMe TIOTJIOIIEHUs] COOTBETCTBYIOIIETO
BeIlleCTBa.

KosnnuecTBeHHOE — ompesieieHNEe  TyOMIIBHBIX
BEII[ECTB MIPOBOJIVJIM METOZIOM TUTPOBAHUS B COOT-
BerctBuu ¢ O®PC «OmnpenesneHue copepKaHUA
IyOWIBHBIX BEIECTB B JIEKAPCTBEHHOM PACTUTEIIb-
HOM CBhIPb€E U JIEKAPCTBEHHBIX CPEJICTBAX PACTUTEb-
HOTO IIPOUCXOXKJIEHUSI» B IepecueTe Ha KaTeXUH.
Cozep:kaHre IOJIMNCAXApUIOB OIpeZessiid T'PaBU-
MeTpuyecku [7].

quinic, ferulic and gallic acids. Chromatograms
were viewed in ultraviolet (UV) light at wave-
lengths of 254 and 365 nm before and after ammo-
nia exposure.

The absorption spectra were determined on an
SF-56 spectrophotometer (LOMO JSC, St. Peters-
burg, Russia) at a wavelength range of 200—800 nm
in a cell with thickness of an absorbing layer of
10 mm. The concentration of solutions was selected
by diluting the studied solutions with appropriate
solvents. For quantitative determination of flavo-
noids, differential spectrophotometry was used,
which is based on the absorption of UV light by a
chromogenic complex formed by the interaction of
extraction with a 2% solution of aluminum chloride
in 95% ethanol at a wavelength of 410 nm and a
known extinction coefficient of rutin [8]. Quantita-
tive determination of the sum of hydroxycinnamic
acids, chlorophyll, and anthocyanins was carried out
using spectrophotometry by absorbance at the char-
acteristic absorption maximum of the corresponding
substance.

Quantitative determination of tannins was car-
ried out by titration in accordance with the General
Pharmacopoeial Article “Determination of the con-
tent of tannins in medicinal plant raw materials and
medicinal herbal products”. The content of polysac-
charides was determined gravimetrically [7].

RESULTS AND DISCUSSION

Phytochemical analysis showed the similarity of
the chemical composition of the leaves and repro-
ductive shoots of B. sibirica. The main groups of BAS
were found: polysaccharides, coumarins, alkaloids,
polyflavan compounds (catechins), saponins, and
flavonoids. The rhizomes were characterized by the
absence of a positive testing for flavonoids. Presum-
ably, all the studied parts of the plant contain alka-
loids, as evidenced by positive reactions with tannin
solution and Dragendorff reagent.

Using TLC, gallic and ferulic acids were found in
the reproductive shoots, leaves, and rhizomes of B.
sibirica. The absorption spectra of ethanol extracts
from leaves, reproductive shoots and rhizomes are
similar in a pattern to the standard spectrum of feru-
lic acid (Fig. 2) with a characteristic absorption max-
imum at 325 nm. Therefore, quantitative determina-
tion of the content of hydroxycinnamic acids was
carried out in terms of ferulic acid. The results of the
study show that the largest content of hydroxycin-
namic acids is extracted from flowers (2,86%), less —
from leaves (2,02%) and rhizomes (1,35%).

Ferulic acid has anti-inflammatory, antiplatelet,
antibacterial, and antitumor activity [10, 11]. The
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PE3YJIBTATDBI 1 OBCY KAEHUE

OUTOXUMUYECKUI aHaJW3 I0Kasaja OJIM30CTh
XHMHYECKOTO COCTaBa JIUCTb€B U TeHEepPaTHUBHBIX
oberoB 6. cubupckoil. Bt o6HApPYKEHBI OCHOB-
HbI€ IPYTIIIbI OUOJIOTUYECKU AKTUBHBIX COEIUHEHUH:
MOJIMCaxXapu/bl, KYMapUHbI, aJIKaJIOU/IbI, MOTHIIa-
BaHOBBIE COeIMHEHUS (KaTEXUHbI), CATIOHUHBI, (J1a-
BoHOU/Ibl. KOpHeBHINA OTIUYAIUCH OTCYTCTBHEM
MTOJIOKUTEIPHON peakiuu Ha GaBoHOUABL. IIpes-
ITOJIO’KUTEJIPHO BO BCEX MCCJIEyEMbIX YACTIX pacTe-
HHUA COJIepKATCs aJKaJOUbl, O UEeM CBHETETb-
CTBYIOT TIOJIO}KUTEJIbHBIE PEAKIMHU ¢ PacTBOPOM
TaHWHA U peakTuBOM JIpareHopda.

Metosiom TCX B cocTaBe reHEpaTUBHBIX ITI0OETOB,
JINCThEB W KOpHEBHUIN 0. CHOUPCKON OOHApPY:KEeHBI
rajutoBasi U hepyJioBasi KUCIOThI. KpHBbIE CIIEKTPOB
TIOTJIONIEHUsI CIIUPTOBBIX U3BJIEYEHUH W3 JINCTHEB,
reHepaTUBHBIX MO0OEroB ¥ KOPHEBUII] IT0 XapaKTePY
OJIM3KHU K CIIEKTPY CTAaHIApPTHOTO BelecTBa Ghepysio-
BOH KHCJIOTHI (PHC. 2) C XapaKTEPHBIM MaKCUMyMOM
MIOIJIOIIEHHUsI TIPU 325 HM, ITOTOMY KOJUYECTBEH-
HOE OIIpeJIeJIEHNE COIEPIKAaHUA OKCUKOPUYHBIX KUC-
JIOT MPOBOJWJIN B mepecuere Ha (GepysIOBYI0 KHC-
J0Ty. Pe3ysibTaThl HCCIEMOBAHUSA TOKA3BIBAIOT, UTO
HauOOJIbIIIEE KOJUYECTBO OKCUKOPUYHBIX KHCJIOT
HU3BJIEKaeTCs U3 LBETKOB (2,86 %), MeHblllee — U3
JIUCTBEB (2,02 %) U1 U3 KopHe# (1,35 %).

depysioBast KUCa0Ta 06J1aTA€T IIPOTUBOBOCIIAIH-

pharmacological effects of ferulic acid are mainly due
to its antioxidant properties.

When ethanol solution of aluminum chloride (IIT)
was added to 70% ethanol extracts from leaves and
flowers of B. sibirica, the occurrence of colored prod-
ucts — chelate complexes was observed, and a batho-
chromic shift A = 35 nm was noted on the absorption
spectrum (Fig. 3, A). At the same time, the absorption
maximum of the differential spectrum (chromogenic
complex relative to the spectrum of the initial extrac-
tion) was observed at a wavelength of 410 nm
(Fig. 3, B), which is typical for rutin [12].

When studying the quantitative content of flavo-
noids, it was found that the largest content of them is
extracted from reproductive shoots (0,31%) com-
pared with leaves (0,17%).

The main pigment contained in plants is chloro-
phyll which, as expected, was absent in underground
organs, since they do not have the photosynthetic
capacity (Fig. 4).

The quantitative content of chlorophylls a and b
was determined by measuring the absorbance of the
extractions at wavelengths of 644 and 662 nm and
calculating the chlorophyll content using the Holm-
Wettstein’s formula [13]. The content of chlorophylls
a and b in the leaves was 0,31% and 0,54%, and in the
reproductive shoots — 0,08% and 0,14%, respec-
tively, which is quite predictable, since the leaves are

TEJIbHBIM, aHTHATPETaHTHBIM, aHTHOAKTEepHaJIb- the main photosynthetic organ of plants.
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Puc. 2. YiprpadrosieToBble CIIEKTPHI CIIUPTOBBIX U3BJIeUEeHUH U3 opraHoB B. Sibirica
(1 — KOpHH; 2 — JIUCTHSI; 3 — TEHEPATUBHbIE MIOOETH) B CPABHEHUU CO CIIEKTPOM (4) hepys10BOr KUCIIOTHI [9]
Fig. 2. Ultraviolet spectra of B. Sibirica ethanol extracts
(1 — rhizomes; 2 — leaves; 3 — reproductive shoots) in comparison with the spectrum of (4) ferulic acid [9]
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Puc. 3. YiprpadroieToBble CIEKTPBI: A — CIIUPTOBOTO U3BJIEUEHUsI U3 JIUCThEeB B. Sibirica
(1 — ucxoIHOE M3BJIEUEHHE; 2 — XPOMOTEHHBIN KOMILIEKC, 00pa30BaHHBIN IIPU B3aUMO/IEACTBUN UCXOHOTO U3BJIEUEHUS
c AlCl , OTHOCHTEJIBHO 3KcTpareHTa); B — nuddepeHuanbHbIi CIIEKTP XPOMOTEHHOTO KOMILIEKCA
OTHOCHMTEJIbHO MCXOAHOI0 U3BJIeueHusI (2—1)
Fig. 3. Ultraviolet spectra: A — ethanol extraction from leaves of B. Sibirica (1 — initial extraction;
2 — chromogenic complex, formed because of the interaction of the initial extract with AICI, relative to the extractant);
B — differential spectrum of the chromogenic complex relative to the initial extraction (2—1)

HBIM, IIPOTHBOOITYXOJIEBBIM JielicTBHEM [10, 11].
®apmaxkosiornueckrie 3ddeKrTs (pepysIoBOl Kuc-
JIOTBI 00YCJIOBJIEHBI B OOJIBIIIEH CTENIEHU €€ aHTHOK-
CHUIAHTHBIMU CBOMCTBAMMU.

[Tpu pobGaBieHUn K 70% CHUPTOBBIM H3BJIEUE-
HUSM W3 JIUCThEB U I[BETKOB 0. CHOUPCKOU CIIUPTO-
Boro pacrBopa aymoMmunusa xsiopuaa (III) wabsro-
namu obpasoBaHUE OKPAIIEHHBIX IPOAYKTOB —
XeJIATHBIX ~ KOMILJIEKCOB, a Ha CIEKTpe
MOIJIOIIEHUsT — 0ATOXPOMHBIA CABHUT A = 35 HM
(puc. 3, A). [Ipu 3TOM MaKCHUMyM TOTJIOIIEHUS qUd-
(epenmuanbHOro cHexkTpa (XpOMOTEHHBIH KOM-
IIJIEKC OTHOCUTEIBHO CIEKTPA MCXOJTHOTO H3BJIeUe-
HUs1) HaOIIOAaICa TPU JJIMHE BOJHBI 410 HM
(puc. 3, B), uTo xapakTepHO /i pyTHHa [12].

[Tpu uccietoBaHUH KOJTUYECTBEHHOTO COZIEPIKa-
HUsL (PIIAaBOHOUJIOB OBLIO YCTAHOBJIEHO, YTO HAW-
0oJIpIliee UX KOJINYECTBO HM3BJIEKAETCS U3 TeHepa-
THBHBIX 100€eT0B (0,31 %) 110 CPaBHEHUIO C JINCTHIMU
(0,17 %).

OCHOBHBIM TUTMEHTOM, COJIEPIKAIIIIMCS B PacTe-
HUSX, ABJIAETCS XJIOPOQUILTT, KOTOPBIH BIIOJIHE ecTe-
CTBEHHO OTCYTCTBOBJI B IOJ[3€MHBIX OpraHax, Tak
KaK OHU HE HMEIOT CIIOCOOHOCTH K (DOTOCHHTE3Y
(puc. 4).

KosnuecTBeHHOE cozieprraHme XJIOPOMUILIOB a U
b ompezensiin, U3Mepsisi ONTUYECKYIO IUIOTHOCTD
U3BJIeUeHUs NPU JJINHAX BOJIH 644 1 662 HM U pac-

B. sibirica is characterized by the presence of
other pigments, anthocyanins, in reproductive
shoots. A characteristic maximum was found on the
absorption spectrum at a wavelength of 520 nm
(Fig. 5), corresponding to the spectrum of delphini-
din [14], therefore, the quantitative content of antho-
cyanins (in percentage) was determined in terms of
delphinidin-3-O-glycoside: it was 0,04%.

The qualitation confirmed the presence of con-
densed tannins in all types of the raw materials,
their quantitative content was determined using the
titrimetric method in terms of catechin: the largest
content of condensed tannins is extracted with
water from rhizomes — up to 7,17%, from leaves —
up to 4,31%, from reproductive shoots — up to
3,92%.

The content of water-soluble polysaccharides in
reproductive shoots was 4,84%, in leaves — 5,91%, in
rhizomes — 12,91%.

Screening of the chemical composition of leaves,
reproductive shoots and rhizomes of B. sibirica
revealed the presence of substances that are impor-
tant from the point of view of pharmacological activ-
ity, therefore, the next stage of our study was the
identification of microdiagnostic signs of the plant
studied.

Microscopic examination revealed that the
whole plant is pubescent, which is characteristic of
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Puc. 4. YaprpaduoseToBble CIEKTPhI CIIMPTOBOTO U3BJIEYEHH U3 OpraHoB B. Sibirica:
1 — U3 KOpHEl; 2 — 13 TeHepaTUBHBIX TI0OETOB; 3 — U3 JINCTHEB
Fig. 4. Ultraviolet spectra of B. Sibirica ethanol extractions:
1 — from roots; 2 — from reproductive shoots; 3 — from leaves

CUYUTBHIBAsT COZIEPIKAHUE XJIOPODUIIOB IO popmyJie
Berrmreiina [13]. Comeprkanue xi0poduuioB a u b
B JINCTBAX COCTABWJIO 0,31 U 0,54 %, a B TeHepaTUB-
HBIX moberax — 0,08 u 0,14 % COOTBETCTBEHHO, UTO
BIIOJIHE 3aKOHOMEPHO, TaK KaK KMEHHO JIHCTbS
SIBJIAIOTCSI OCHOBHBIM (DOTOCHHTE3UPYIOUIUM Opra-
HOM pacTeHUs.

1151 6. cubUpCKOY XapaKTEPHO HAIMYWE U IPYTHX
IIUTMEHTOB — AHTOI[MAHOB — B '€HEPATHUBHBIX M00e-
rax. Ha cexTpe morJiomeHus o6HapyKeH XapaKTep-
HBI MaKCUMyM IIpU JIJINHE BOJIHBI 520 HM (pHc. 5),
COOTBETCTBYIOIIMH CIIEKTPY JAeabbUuHUANHA [14],
MI03TOMY KOJIMYECTBEHHOE COZIEPIKaHUE AHTOITMAHOB
(B %) omnpenesnsiu B Iiepecuere Ha AeTbOUHUTUH-3-
O-IJIMKO3U/: OHO COCTaBUJIO 0,04 %.

KauecTBeHHOH peakIiviell MOATBEPIKIEHO IIPUCYT-
CTBHE BO BCE€X BHJAX CHIPbS KOHIEHCHPOBAHHBIX
JIlyOVWUIBHBIX BEIEeCTB, UX KOJIMUECTBEHHOE COZiepIKa-
HUE€ OTIPe/IeJIsUIN METO/IOM TUTPUMETPHH B IIEpecueTe
Ha KaTexXWH: HanbOJIblllee UX KOJIMYECTBO U3BJIEKA-
eTcst BOZIOU U3 KOPHEBUII] — /10 7,17 %, U3 JINCThEB —
10 4,31 %, 13 TeHEPATUBHBIX ITOOETOB — /10 3,92 %.

Copep:xaHue BOOPACTBOPUMBIX IIOJIICAXAPHU/IOB
B TeHepaTHUBHBIX I00erax coCTaBWIO 4,84 %, B
JIUCTBAX — 5,91 %, B KOpHEBUIIAX — 12,91 %.

CKpPUHUHT XUMHUYECKOTO COCTaBa JINCThEB, TeHe-
PaTUBHBIX IOOETOB ¥ KOPHEBHII . CHOMPCKOM IT03BO-
JIWJI BBISIBUTH IIPUCYTCTBHE B COCTaBE HCCIIETYEeMbIX
BUJIOB CBIPbsI BAYKHBIX C TOUKU 3peHust papMaKoso-

all plants in the Boraginaceae family. The pubes-
cence is represented by simple conical-shaped
unicellular hairs (Fig. 6, 7) with length of
250,0 + 34,0 um and diameter of 70,0 + 12,2 um at
the base with a characteristic rosette of epidermal
cells and a narrow cavity inside. The number of
hairs is 6,3 £ 1,4 pcs/mm?.

The pronounced aerenchyma is placed on the
abaxial side of the leaf (Fig. 8).

Stomatal apparatus is of anomocytic type (Fig. 9);
length of guard cells is 33,0 + 5,4 um. The number of
stomata is 160,0 + 24,0 pcs/mm?.

The rhizome (Fig. 10) is characterized by the
presence of the exodermis, i.e. the periderm with the
straight-walled, tightly closed cells. The rhizome
structure is characteristic for the secondary transi-
tional structure of the stem of dicotyledonous plants.
The sclerenchyma is poorly pronounced, the main
volume of the rhizome is filled by the storage paren-
chyma.

CONCLUSION

The study performed allows to draw the following
inferences:

1. Phytochemical analysis confirmed the simila-
rity of the chemical composition of the leaves and
reproductive shoots of B. Sibirica; the main groups
of BAC were found: hydroxycinnamic acids, flavo-
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noids, polyflavan compounds, alkaloids, chlorophyll,

haracterized by

1Zzomes are C

.Rh

the absence of flavonoids.

saponins, coumarins

2. The highest content of the above mentioned
active substances was detected in reproduc-
tive shoots. The obtained data on the chemical

o

THYECKOH aKTHUBHOCTH BEIIIECTB, IIO3TOMY Oda/IbHEH-

[ITAM 3TarioM PabOThI CTAJIO OIIpeieIeHIE MUKPOIHA-

THOCTUYECKHUX IIPU3HAKOB U3y4aeMOI'o B1/a.

B xoze MHKPOCKOITHYECKOr'0 UCCJIEAOBAHUA yCTa-

o

HOBJIEHO, UTO BCE PACTEHUE OITYIIEHO — JAHHBIH [TPU-

o

o

3HAaK ABJIAECTCA TUIIUMYHBIM JJIA BCEX PACTEHUU CEMEU -

Puc. 6. BerHHH nugepma Jrucra ¢ MHOTOYHCIIEHHBIMU IIPOCTBIMU « KHOIIKOBUIHBIMU » OAHOKJIETOYHBIMHU BOJIOCKAMU

Fig. 6. The upper epidermis of the leaf with numerous simple button-shaped unicellular hairs
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Puc. 7. [IpocToii KOHUYECKUH OTHOKJIETOUHBIA BOJIOCOK
Fig. 7. The simple conical-shaped unicellular hair

crBa Boraginaceae. OnylieHre IPeACTABIIEHO IIPO-
CTBIMH KOHHUYECKUMU O/THOKJIETOYHBIMH BOJIOCKAMHU
(puc. 6, 7) AUHOHN 250,0 + 34,0 MKM U IUAMETPOM
70,0 + 12,2 MKM Yy OCHOBaHUS C XapaKTePHOH pO3eT-
KOH U3 3MH/IEPMATIbHBIX KJIETOK U C Y3KOH MOJIOCTHIO
BHyTpU. KOJIMYECTBO BOJIOCKOB 6,3 + 1,4 IIT./MMZ.

Ha abakcuasapHO#M CTOpOHE JINCTA MIPUCYTCTBYET
BBIpa’keHHas1 aspeHxuma (puc. 8).

VeThbUUHBIA — ammapar  aHOMOI[UTHOTO — THIIA
(puc. 9), mWIMHA 3aMBIKAIOIUX KJIETOK COCTABJISET

composition allow to consider B. Sibirica as a
promising source of valuable BAC for medical
practice.

3. Microdiagnostic signs that are need for identi-
fication of B. Sibirica were determined.
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Puc. 8. Aspenxuma Ha ab6aKCHATIBHON CTOPOHE JIUCTA
Fig. 8. The aerenchyma on the abaxial side of the leaf
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Puc. 9. YCTbUUHBINM anmapar aHOMOIMTHOTO THIIA
Fig. 9. The anomocytic stomatal apparatus

33,0 + 5,4 mMkm. KomuuectBo ycrhul 160,0 +
24,0 IIT./MMZ.

KopueBuie (puc. 10) XapaKTepu3yeTcs HaJIU-
YreM IOKPOBHOH TKaHH — IEPUIEPMBI, KJIETKHU
KOTOPOH TPAMOCTEHHbBIE, IUIOTHO COMKHYTBIE.
CTpyKTypa KOpHEBHWINA XapaKTepHa JIsI BTOPUY-
HOTO IIEPEXOIHOTO CTPOEeHUs CTeOJIs JIBY/IOJIbHBIX
pacrenuii. CkyiepeHxrMa BbIpakeHa cj1abo, OCHOB-

ru/ microscopy/) for the equipment provided, and to
the Lead Engineer of the Center T.E. Alyoshina for
assistance in working on the equipment of the
Center.
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Puc. 10. Ilonepeynsiii cpe3 KOpHEBUIIA
Fig. 10. Transversal section of the rhizome
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HOM 00beM KOpHEBHIA 3aIOJIHSET 3alacarolnas
IapeHxuma.

3AK/JIOYEHUE

ITpoBeneHHOE UCCIeIOBaHUE TI03BOJIAET C/IeIaTh
CJIeTyTOIIHe BEIBOMIBL:

1. ®UTOXUMUYECKUH aHAINU3 HOATBEPAUI OJIu-
30CTh XMMHYECKOT'O COCTaBa JIUCThEB U I'eHEpPaTUB-
HBIX 1T00EroB 0. CHOUPCKOM; 0OHAPY?KEHBI OCHOBHBIE
rpynnbl BAC: OKCUKOpPUYHBIE KUCJIOTHI, (pJIaBOHO-
uzipl, NoaudIaBaHOBBIE COEIMHEHUsA, AJIKAJIOUJBI,
XJI0podMIIJI, CANIOHUHBI, KyMapuHbL. KopHeBuia
OTJINYAIOTCS OTCYTCTBUEM (hJIABOHOU/IOB.

2. Hawubosblnee coneprkaHue HCCIETOBAaHHBIX
IPyII JIeUCTBYIONIUX BEIIECTB OTMEUEHO B reHepa-
THUBHBIX II0OeraX. IloJlyueHHbIE JJaHHBIE O XUMUYe-
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CKOM COCTaBe ITO3BOJISIFOT PacCMaTpUBaTh 0. CHOUP-
CKYI0 KaK IepCIIEKTUBHBIM MCTOYHUK IleHHbIX BAC
JULSI IPUMEHEHUST MEJIUITMHCKON TTPAKTHKE.

3. YcraHOBJIEHBI MHUKPOJAMATHOCTUYECKUE TIPU-
3HAKU, OTIPEIEISAIONINE TOAIUHHOCTD 0. CHOUPCKOTA.

baarogapaocTu. ABTOPHI O6s1arogapHbl LleHTpy
KOJUJIEKTUBHOTO TIOJIb30BAHUSI MUKPOCKOIIUYECKOTO
aHaymza Ouosiormueckux oOvexktoB CO PAH
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BaHUH LIEHTPA.

KoH@uaukT uHTEpPECOB. ABTOPHI 3aSBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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