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DapMaKOTHOCTHYECKOE HCCIEI0BAaHUE IOA3€EMHBIX U HaA3€MHbIX
opranoB Echium vulgare (L.)

J.C. Kpyrios, A.B. Bornanos, B.B. Beanuko

@I'bOY BO «Hosgocubupckuil 2ocydapcmeeHHblil mMeduyuHekuil ynugepcumem» Muxadpasa Poccuu, Hosocubupck,
Poccus

AHHOTAIIUA

BBengenwue. Pacrenus poma Echium L. sBIAIOTCS MEPCIEKTUBHBIM HCTOUHUKOM OHOJIOTHYECKHM AKTUBHBIX COEIH-
HeHuil (BAC) denonpHON 1 HAPTOXUHOHOBOM IIPUPOABI, OJJHAKO UX (HAPMAKOTHOCTHUUECKHE XapaKTePUCTUKU U3yJeHBbl
HEJIOCTaTOYHO.

I e 1 b . YcTaHOBJIEHHE TUATHOCTHUECKUX MPU3HAKOB HAJ[3eMHBIX U ITO/I3€MHBIX OpraHoB E. vulgare u KOJINYeCTBEH-
HOe OIIpeJieieHe Coiep:KaHus Harbosiee 3HAYUMBIX rpymi BAC.

MaTtepuaas U MeTOo bl . O0beKTaMU UCCIEIOBAHUS CIIYKIUIN IIOJ3eMHbIE U HA/I3€MHbIE OPTaHbI pacTe-
HUs, 3aroToByieHHbIe B HoBocnOmpcekoi ob1acty. [IpoBesieHbI MUKPOCKOIIMYECKHE UCCIIE0BAHNS aHATOMUYECKOTO CTPO-
€HM:A pacTeHus C UCIO0JIb30BAaHUEM CBETOBOIO U CKAHUPYIOIIETo 3JIEKTPOHHOT'O MUKPOCKOIIOB, & TaKXe ClleKTpodoToMe-
TPUYECKOE U TUTPUMETPUUECKOE OIPEZieIeHNe COepIKaHusa (DIaBOHOU/IOB, THIPOKCUKOPUIHBIX KHCJIOT, AyOUIbHBIX
BEILleCTB, ITOJIMCAXapu/I0B U HAGTOXNHOHOB.

Pe3ynbTarbl. YCTAHOBJIEHBI AUATHOCTUUECKIE AHATOMIYECKIE IPIU3HAKY KOPHEH, cTebJIel, INCThEB U TeHepa-
TUBHBIX OpraHoB. [loka3aHO, 4YTO HaJ3eMHble OPraHbl XapaKTEepPU3YIOTCA BBICOKMM CcojiepKaHueM (PIaBOHOU/IOB
(1,35 + 0,15 %) ¥ TUAPOKCUKOPUYHBIX KUCJIOT (1,85 £ 0,2 %), Torzia Kak B KOPHAX MPeo0IaaloT HapTOXHHOHBI (IITUKO-
HUH — 0,034 + 0,06 %).

3axkaiwoueHue. Echiumvulgare L. npeacrasiser coboll MepCIEKTUBHBIN HCTOYHUK (HEHOIBHBIX COEIUHEHUN 1
HapTOXUHOHOB. [ToJTyueHHbIE TAHHBIE MOTYT OBITH HCIIOJIH30BaHBI IIPU pa3paboTKe METOAOB CTAH/IAPTU3AINHU U CO37a-
HUH GUTOIIPENapaToB.

Kaoueswte croea: Echium vulgare, bapmakoraosus, GaBOHOUIB, THIPOKCUKOPUYIHBIE KUCIOTHI, ITUKOHUH, MOPQO-
JIOTO-aHATOMUYECKHUH aHAJINS.
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HUe [TO/I3eMHBIX U HaI3eMHBIX opraHoB Echium vulgare (L.) // Journal of Siberian Medical Sciences. 2026;10(3):71-
81. DOLI: 10.31549/2542-1174-2026-10-3-71-81

Pharmacognostic study of underground and aboveground organs
of Echium vulgare (L.)

D.S. Kruglov, A.V. Bogdanov, V.V. Velichko
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ABSTRACT

Introduction. Plants of the genus Echium L. are a promising source of biologically active compounds (BACs),
including phenols and naphthoquinones, however, their pharmacognostic characteristics have been insufficiently studied.
A i m . Determination of morphological and anatomical features of the aboveground and underground organs of Echium
vulgare L. and quantification of the main groups of BACs.
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Materials and meth ods. Theobjectsof the study were the underground and aboveground organs of the
plant harvested in the Novosibirsk region. Microscopic examinations of the plant anatomy were carried out using light and
scanning electron microscopes, as well as quantification of flavonoids, hydroxycinnamic acids, tannins, polysaccharides,
and naphthoquinones was performed with spectrophotometry and titrimetry.

R esults. Diagnostic anatomical features of the roots, stems, leaves, and reproductive organs were established. It
was shown that the aboveground organs have a high content of flavonoids (1,35 + 0,15%) and hydroxycinnamic acids

(1,85 + 0,2%), whereas naphthoquinones predominate in the roots (shikonin: 0,034 + 0,06%).

Conclusion.

Echium vulgare L. represents a promising source of phenolic compounds and naphthoquinones.

The data obtained can be used in the development of methods for standardization and herbal medicinal products.
Keywords: Echium vulgare, pharmacognosy, flavonoids, hydroxycinnamic acids, shikonin, morphological and anatom-

ical analysis.
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BBEJAEHUE

Pacrenust cemelictBa Boraginaceae copep:kar
pa3HOOOpa3HbIe OHOJIOTHYECKH AaKTHBHBIE COEIIHE-
uus (BAC), B ocHoBHOM (eHOBHOM TpUPOIbI [1—3],
obJraiaronye MIUPOKUM CIHEKTPOM (hapMaKOJIOTH-
YEeCKOW aKTUBHOCTH, B YACTHOCTH ITPOTHBOMHUKPOO-
HOM, MPOTUBOBUPYCHOM, IPOTHUBOBOCIIAIUTETLHON
U aHTHATPEraHTHOH [4, 5]. B ceMelicTBe BBIIEIAIOT
HECKOJIBKO TPUO, B TOM 4HcJie TpUOy BOPOOEHHUKO-
BBIX, JIJI1 PACTEHUH KOTOPOI XapaKTEPHO HAJTUUHE B
cocTaBe COeTWHEHUN HaQTOXMHOHOBOTO psfa —
HanpuMep, IMUKOHWHA. HadToXuHOHBI 006J1a1at0T
BBIPpAYKEHHOU OMOJIOTHYECKONH aKTHBHOCTHIO, BKJTIO-
Yyasi IPOTHUBOOIIYXOJIEBOE JIeHcTBHE [6].

B Tpube BOpOOEHHHKOBBIX MOIKHO BBIJIETUTD
pon Echium (E.) L., o0beAUHSIONIMI, COTJIACHO
nocsieqHeln kinaccudukanuu Angiosperm Phylogeny
Group IV (APG 1V), 0k0J10 70 BHUJIOB TPaBSIHHUCTHIX
pacreHwuii, IIUPOKO paclpocTpaHeHHBIX B EBporre,
CpenuzeMHOMOpPbe U 3amaTHOU A3UH, 00JIaJAI0NIHX
BBICOKOI KOJIOTUYECKOH IJIACTUYHOCTBIO U 3HAUH-
TEJIHOM ChIPhEBOH MIPOAYKTHUBHOCTBIO, UTO OIIPE/Ie-
JIIET WX TOTEHITUAIBHYI0 (PapMaKOTHOCTUUECKYIO
meHHocTh. IlpencraBurenu poxa Echium wusmaBHa
MPUMEHSJINCh B HApOAHOH MenuilHe EBpombl
bmxuaero Bocroka. Hactou 13 Hazm3eMHBIX U IO~
3€MHBIX OPTaHOB PACTEHUsI UCIIOIH30BAIA KaK MPO-
TUBOBOCIIAJIUTEIPHOE, CEIAaTHBHOE, PAHO3aXKUBJISI-
I0lllee ¥ OTXapKHUBAIIIlee CPelCTBO IpHU 3ab0sieBa-
HUSAX JIbIXaTeJIbHBIX IyTEH, BOCIAJIEHUAX KOXKH H
JKeJTyI0YHO-KUIIIEYHBIX paccTpoicTBax [7].

CoBpeMeHHbIE HCCJIEZIOBAHUS  ITO/ITBEPIKIAIOT
HaJIM4YUEe y Pas3jnYHbIX BUAOB Echium aHTUOKCH-
JIAHTHOM, AHTUMHKDPOOHOW, ITPOTHBOBOCIAIUTEIb-
HOH U IUTOIIPOTEKTOPHOU aKTUBHOCTH [6]. JKciepu-

INTRODUCTION

Plants of the Boraginaceae family contain a vari-
ety of biologically active compounds (BACs), primar-
ily of phenolic nature] [1-3], possessing a broad
spectrum of pharmacological activity, antimicrobial,
antiviral, anti-inflammatory, and antiplatelet in par-
ticular [4, 5]. Several tribes are distinguished within
the family, including the tribe Lithospermeae, whose
plants are characterized by the presence of naphtho-
quinone compounds, such as shikonin. Naphthoqui-
nones exhibit pronounced biological activity, includ-
ing antitumor effects [6].

Within the tribe Lithospermeae, the genus
Echium (E.) L. can be distinguished, which, accord-
ing to the latest of the Angiosperm Phylogeny
Group IV (APG IV) classification, comprises about
70 species of herbaceous plants that are widely dis-
tributed in Europe, the Mediterranean, and Western
Asia, and exhibit high ecological adaptability and
significant raw material-based productivity, which
determines their potential pharmacognostic value.
Representatives of the genus Echium have long been
used in folk medicine of Europe and the Middle East.
Extracts from the aboveground and underground
organs of the plant were used as anti-inflammatory,
sedative, wound-healing, and expectorant agents for
respiratory diseases, skin inflammations, and gas-
trointestinal disorders [7].

Modern studies confirm the presence of antioxi-
dant, antimicrobial, anti-inflammatory, and cytopro-
tective activities in various species of the genus
Echium [6]. Experimental data show that extracts
from Echium amoenum Fisch. & C.A. Mey. exhibit a
pronounced anti-inflammatory effect in cell line
models by inhibiting nitric oxide production by mac-
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MEeHTaIbHBIE TAHHBIE TTOKA3BIBAIOT, YTO U3BJIECYEHUS
13 TpaBbl cuHAKA mpuatHoro (E. amoenum Fisch. &
C.A. Mey.) nposIBJIAIOT BRIPAXKEHHOE ITPOTUBOBOCIIA-
JIATETBHOE JIEUCTBHE HA KJIETOUHBIX MOJIEJISIX 32 CUET
MHTUOUPOBAHUS IPOAYKITUN OKCUIA a30Ta MaKpoda-
ramu [8]. ®apmakosioruueckass akKTUBHOCTb pacTe-
HHH poJia HAIIPSMYIO CBsI3aHA C UX BTOPUYHBIM MeTa-
60JTU3MOM, TIPEXKTIE BCETO C MPUCYTCTBHEM HA(DTOXH-
HOHOBBIX IUTMEHTOB W (DEHOJIBHBIX COEIUHEHUH.
CymiectBeHHBIM  (aKTOpPOM,  OTPAHUYUBAIOIIUM
MEIUITUHCKOE IMPUMEHEHHe pacTeHHH CceMencTBa
Boraginaceae B 11esioM u poaa Echium B 4acTHOCTH,
SIBJISIETCS IIPUCYTCTBUE MTUPPOJTU3UIMHOBBIX aJTKAJI0-
WUJI0B, O00JIaalOIMX TelaTOTOKCUYECKUMU CBOK-
ctBaMu. BmecTe ¢ TeM B HaIlleM MCCIEIOBAHUU [9]
IIOKa3aHO, YTO coJlep:KaHue JMaHHOU rpymmsl BAC B
pacreHusIX TPUObI BOPOOEHHUKOBBIX HE3HAUUTETHHO
U HEe BBI3BIBAET IPOSIBJIEHUS OCTPOH TOKCUYHOCTH
IIpU TPUMEHEHUH (PUTOIIPENapaToB.

Crnenyet oTMeTuTh, uTo E. plantagineum L., cuu-
TAIOIIUHACS JUKOPACTYIUM BujpoM [10], B Poccuu
UMeeT 3aHOCHBIN xapakTtep [11, 12] U, KOHEYHO, HE
MOJKET pacCMaTPUBATHCS KaK HCTOYHUK JieKap-
CTBEHHOTO PaCTUTEJIPHOTO CHIPhA. B cBOIO ouepess,
cunsk pycckuti (E. rossicum Gmel.), Takxe paccma-
TpUBaeMbIl Kak BUj poza Echium [10], Mo JaHHBIM
TreHEeTUYECKOTO aHaJIU3a B paMKaX KyiacCu(pHUKAIUN
APG 1V onpezesier kak Pontechium maculatum (L.)
Bohle & Hilger u BbiZieJIeH B OTAENBHBIA POJ
Pontechium Bohle & Hilger [13], moaTomy B HacTos-
1ee BpeMs K pozy Echium OTHOIIIEHHs He HMEET.

C yueToM COBpEMEHHBIX ITpe/ICTaBIeHUI, OCHOBaH-
HBIX Ha pe3yJbTaTaX MOJIEKYJISIPHO-T€HETHIECKIX
HcceoBanuii [14], u3 npeacraBurese poaa Echium
Ha TeppuTOpuU PoccrM MPOM3PACTAIOT TOJBKO /Ba
BHJIa CHIHSIKA — CHHSK 00bIkHOBeHHbIH (E. vulgare L.)
U cuHAK utanbssackui (E. italicum L.) (puc. 1).

W3 sTux ABYX BUOB TOJIBKO E. vulgare L. umeer
HEOOXOMMBIA PECYpCHBIA IMOTEHITUAJ U SIBJISETCS
MEPCIIEKTUBHBIM I MPOBENEHUs CKPUHHUHTA
HOBBIX JIEKAPCTBEHHBIX PACTEHUH.

Cunsik ob6sikHOBeHHBIH (E. vulgare L.) — nByser-
Hee TPaBSHHCTOE PAaCTeHHE BHICOTOU 710 1 M, C IIPSIMO-
CTOSTIUM CTeOJIEM CTMHEHHO-TAHI[ETHBIMU JTUCThIMH
U 3UrOMOp(HBIMHU ITBETKAMU CHHETO I1BeTa. JJaHHbIe
0 XHMUYECKOM COCTABE PACTEHUS UMEIOT pa3pO3HEH-
HBIU XapaKTep, IIPU 3TOM B OOJIBIIIEH CTETIEHH HCCITe-
JTOBaHA MO/I3€MHAs YacTb PACTEHUS.

O0mui PUTOXUMUUYECKUN aHAINU3, IPOBEIEH-
HBIH paHee [16], ITO3BOIMJ BBIJIEJUTH B KadyecTBe
ompesieiAOMuX  (hapMaKoJIOTUUeCKHHd  addekT
TUJPOKCUKOPUYHBIE  KHUCJIOTHI,  (DJIaBOHOUIBI,
HaDTOXMHOHBI U UX JEPUBATHI, a TAKKEe TyOHUIbHBIE
BellleCTBa U MOJINCaXapHU/Ibl.

rophages [8]. The pharmacological activity of plants
of the genus is directly related to their secondary
metabolism, primarily due to the presence of naph-
thoquinone pigments and phenolic compounds. A
significant factor limiting the medical use of plants of
the Boraginaceae family on the whole and the genus
Echium in particular is the presence of pyrrolizidine
alkaloids with hepatotoxic properties. However, our
study [9] has shown that the content of this group of
BACs in plants of the tribe Lithospermeae is insig-
nificant and does not cause acute toxicity when using
herbal medicinal products.

It should be noted that E. plantagineum L., con-
sidered a wild species [10], is a stranger in Russia [11,
12] and, obviously, cannot be viewed as a source of
medicinal raw materials. In turn, E. rossicum Gmel.,
also considered as a species of the genus Echium
[10], according to genetic analysis within the frame-
work of the APG IV classification, was identified as
Pontechium maculatum (L.) Bohle & Hilger, and was
allocated to a separate genus Pontechium Bohle &
Hilger [13], therefore, it is not currently related to
the genus Echium.

Considering current concepts based on the results
of molecular genetic studies [14], only two species of
the genus Echium grow up in Russia — E. vulgare L.
and E. italicum L. (Fig. 1).

Of these two species, only E. vulgare L. has the
necessary resource potential and is promising for
screening new medicinal plants.

E. vulgare L. is a biennial herbaceous plant that
can grow up to 1 m in height, with an erect stem, lin-
ear-lanceolate leaves, and zygomorphic blue flowers.
Data on the chemical composition of the plant are
fragmentary; moreover, the underground part of the
plant being studied to a greater extent.

A general phytochemical analysis performed [16]
made it possible to identify hydroxycinnamic acids,
flavonoids, naphthoquinones and their derivatives as
well as tannins and polysaccharides as the com-
pounds determining the pharmacological effect.

AIM OF THE RESEARCH

Identification of morphological and anatomical
features of the aboveground and underground organs
of Echium vulgare L. and quantification of the main
groups of BACs.

MATERIALS AND METHODS

The objects of the study were the underground
and aboveground organs of E. vulgare, harvested in
the summer of 2025 in the Novosibirsk region
(steppe meadow in the vicinity of the village of Moro-
zovo, Iskitimsky District, 54°77' N, 83°23" E). After
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Fig. 1. Habitats of plants of the genus Echium L. in the territory of Russia (according to [15])
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@ —Echium vulgare L.
IEJIb NCCJIEJOBAHUA

YcraHOBJIEHHE TUAaTHOCTUYECKUX IIPHU3HAKOB
HaJI3eMHBIX U TOJ[3eMHBIX opraHoB E. vulgare u
KOJIMYeCTBEHHOE OIIpe/ieIeH e CoflepKaHnusA Hanbo-
Jee 3HaUMMBIX Tpyni BAC.

MATEPUAJIBI 1 METO/IbI

B kauecTBe 0OBEKTOB HCCIIEIOBAHUS BBICTYIIAN
moi3eMHble U Hafi3eMHble opraubl E. vulgare, 3aro-
TOBJIEHHBIE JIETOM 2025 T. Ha Tepputopunt HoBocu-
O6upckoil obsactu (OCTETHEHHBIN JIYyT B OKPECTHO-
cTsix ¢. MoposoBo HMckutmMmckoro paioHa 54°77’
c.air., 83°23" B.a.). Ilocie 3aroTOBKU IMPOBOIMIH
MIEPBUYHYI0 00pabOTKY ChIPbsl: HAJ3EMHBIE OPTaHBI
OYMINAJIK OT IIOBPEXKJEHHBIX YacTed, a KOpHH
OBICTPO MPOMBIBAJIU B IPOTOYHOM BOJIE U Pa3pe3aiu
Ha KYCKH JITHHOU 2—3 cM (JacTu KopHeH 6oJiee 1 cM
B IMaMeTpe paszpesaud BA0Jb). ChIpbe CYIIHIN 10
BOB/IYIIIHO-CyXOT'O COCTOSTHHS IIPHU KOMHATHOU TeM-
mepaType B IOMEIEeHIH, UCKIIIOYasl IOIaJJaHre Ha
CBIPBE MPSIMOTO COJTHEYHOTO CBETA.

Jna  ompenesieHus: MUKPOMOPDOIOTUYECKOTO
CTPOEHHsI JIUCTHEB MPOBOAWIN IIPEIBAPUTETHHOE
pasmMauyuBaHue OOBEKTOB IIyTEM KUIISUYEHHUS B TeUe-
HHE OJTHOM MHHYTHI B 5% BOJHOM pacTBOpPE HATPHsI
THAPOKCH/Ia. AHATOMUYECKOE CTPOEHUE OCEBBIX
OPTaHOB KCCJIEOBAJIM HA ITONIEPEYHBIX CpPe3axX KOp-

harvesting, primary processing of the raw material
was carried out: the aboveground organs were
cleaned of damaged parts, and the roots were quickly
washed in running water and cut into pieces 2—3 cm
long (root parts more than 1 cm in diameter were cut
lengthwise). The raw material was dried to an air-dry
state at room temperature indoors, excluding expo-
sure to direct sunlight.

To determine the micromorphological structure
of the leaves, the objects were preliminarily macer-
ated by boiling for one minute in a 5% aqueous solu-
tion of sodium hydroxide. The anatomical structure
of the axial organs was examined on transversal sec-
tions of roots and stems, which were preliminarily
exposed for 2 months to a the fixing solution of
water : glycerin : 95% ethanol at a ratio of 1:1:1.
A mixture of water and glycerin at a ratio of 1:1 was
used as a mounting and clearing liquid. To identify
lignified elements in the root structure, sections were
stained with a 0,1% solution of paranitroaniline.
Microscopic examination was carried out using a
Zeiss Axio Scope.A1 microscope at magnifications
x25—400 in transmitted light. The obtained images
were recorded using a Zeiss Axiocam 512 color digi-
tal camera. The ultrastructure of the fruits was exam-
ined using a MERLIN Compact scanning electron
microscope (Carl Zeiss).
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Hel U cTebJiel, KOTophble MpeIBapUTEIbHO BBIZEP-
JKUBAJIN B TEUEHHE 2 MeC B GUKCUPYIOIIEM PacTBOpe
BOJIA : TJTUIEPUH : 95% 3TAHOJI B COOTHOIIIEHUH 1:1:1.
B xauecTBe 3aK/II04aolIell U IPOCBETIIAIONIEN KU/I-
KOCTel MCIOJIb30BAJI CMeCh BOJBI U IVIMIIEPHHA B
COOTHOIIIEHUH 1:1. [IJI1 BBIABIEHUs JIUTHUPUITPO-
BAHHBIX 3JIEMEHTOB B CTPYKTYPe KOPHEH IIPOBOIVIIH
OKpaIlIiBaHUe CPe30B 0,1% PacTBOPOM ITapaHUTPO-
aHWINHA. MUKDPOCKOIIMYECKOE UCCIIEIOBAaHUE TIPO-
BOJIMJIH C HUCIIOJIb30BAaHUEM MHKPOCKOIa Zeiss AXio
Scope.A1l 1Ipu yBeIUUEHUU 25—400 B IPOXOSAIIEM
csere. IlonyueHHble H300paKeHUA UKCUPOBAIIHU C
ITOMOIIbI0 TUPPOBOH doTOKaMephl Zeiss Axiocam
512 color. YIbTpacTpyKTypy ILJIOJIOB HCCIIEOBAIH C
IIOMOIIbI0 CKAHUPYIOIIET0 3JIEKTPOHHOTO MHUKPO-
ckorra MERLIN Compact (Carl Zeiss).

115 n3ydeHuss KOMIIOHEHTHOTO U KOJINUeCTBEeH-
HOT'O COCTaBa ChIPbsI METOIOM CIIEKTPO(POTOMETPUH
HCIIONIb30BAJIM CYMMapHble W3BjedYeHUs. B kaue-
CTBe DKCTpareHTa JJjif WX IOJIyYeHUs HCIIOJIb30-
Basil 70% 5TaHOJN (Ui U3BJIEUEHUS OKCUKOPUY-
HBIX KUCJIOT U (PJIABOHOUIOB) M BOJY OUHUIIEHHYIO
(m1s u3BIEUeHU NyOMJIBHBIX BEIECTB U IIOJIMCA-
xapuzoB). CeKTphl MOTJIONIEHUS ONPEeNesIsiain Ha
cuektpodoromerpe CP-56 (AO «JIOMO», CaHKT
[TerepOypr, Poccusi) B quamasoHe BOJH OT 200 /0
600 HM B KIOBET€ C TOJIIIUHOHN IOIJIOIAIOIIETO
¢10s51 10 MM. 171 KOJTMYEeCTBEHHOTO OIIPeiesIeHuUs
¢J1aBOHOU/IOB UCIIOJIb30BaIN MeTOA A depeHIu-
QJIBPHOU CIEKTPO(POTOMETPUM, KOTOPBI OCHOBaH
Ha IOTJIOIIEHUH CBETA XPOMOTEHHBIM KOMILIEKCOM,
00pa30BaHHBIM B pe3yJbTaTe B3aUMOJIEHCTBUS
U3BJIEYEHUs C 2% PACTBOPOM AJTIOMHHUS XJIOPHUAA
B 95% 9TaHOJIe TIPU AJTUHE BOJIHBI 410 HM. Kosrue-
CTBEHHOE OIpeZieJIeHUe CYMMbI OKCHKOPUYHBIX
KHUCJIOT TIPOBOAUINA METOZOM IPSIMOU CIeKTPodOo-
TOMETPUY IIPU JIINHE BOJIHBI 330 HM (Xapakrep-
HBIH MaKCHMyM IOTJIOIIEHUSI PO3MapHUHOBOHN KHC-
sotel). KotmyecTBeHHOE Ompezieienre AyOUIbHbBIX
BeIlleCTB IIPOBOUJIN METO/IOM TUTPOBAHUS B COOT-
BercTBUH ¢ O®C «OtmpenesieHne cojiepKaHUs
JyOMJIBHBIX BEIECTB B JIEKAPCTBEHHOM PaCTUTEIIb-
HOM CBHIpb€ U JIEKAPCTBEHHBIX CPENICTBAX PACTH-
TEJILHOTO IIPOUCXOK/IEHHUSA» B IIepecuere Ha KaTe-
xuH. CopeprkaHue IOJIUCAXaPUIOB OIpeesIsiIn
rpaBUMETPUUECKH [17].

PE3YJIBTATDBI 1 OBCY KAEHUE

B pesynbprate MOpd0-aHATOMHYECKUX HCCIIEZO-
BAaHUA YCTAHOBJIEHO CJIeAyIOIIee:

« kxopuu E. vulgare uMelOT HENYYKOBOE BTOPUY-
HOe cTpoeHHe (puc. 2, A) ¢ BMECTUIUIIIAMU CXU30-
TeHHOU CTPYKTYPHI B KOPOBOH YacTU KOpHs (pHC. 2,
B, C), B KOTOPBIX HAKAIIJINBAETCS ITUKOHIH;

To carry out compositional assay and quantita-
tive chemical assay of the raw material by spectro-
photometry, total extracts were used. In order to
obtain them, 70% ethanol (for extraction of
hydroxycinnamic acids and flavonoids) and puri-
fied water (for extraction of tannins and polysac-
charides) were used as extractants. Absorption
spectra were determined on an SF-56 spectropho-
tometer (LOMO JSC, St. Petersburg, Russia) at a
wavelength range from 200 to 600 nm in a cell with
thickness of an absorbing layer of 10 mm. For quan-
titative determination of flavonoids, differential
spectrophotometry method was used, which is
based on the absorption of UV light by a chromo-
genic complex formed by the interaction of the
extract with a 2% solution of aluminum chloride in
95% ethanol at a wavelength of 410 nm. Quantifica-
tion of the sum of hydroxycinnamic acids was car-
ried out by direct spectrophotometry at a wave-
length of 330 nm (characteristic absorption maxi-
mum of rosmarinic acid). Quantification of tannins
was carried out by titration in accordance with the
General Pharmacopoeia Monograph “Determina-
tion of the content of tannins in medicinal plant raw
materials and medicinal herbal products” in terms
of catechin. The content of polysaccharides was
determined gravimetrically [17].

RESULTS AND DISCUSSION

The morphological examination of plant organs
showed the following:

« roots of E. vulgare have a non-fascicular sec-
ondary structure (Fig. 2, A) with schizogenous con-
ceptacles in the bark layer of the root (Fig. 2, B, C),
where shikonin accumulates;

« the stem morphology is secondary, non-fascicu-
lar; the covering layer of the epidermis and the
pubescence are represented by rigid trichomes —
emergences;

« leaves have an amphistomatic structure. The
epidermis of the upper part is represented by
straight-sided cells and is thickly pubescent with
long (up to 3 mm) straight and curved hairs
(Fig. 2, D); along the leaf veins, a crystal-bearing
sheath (Fig. 2, E) consisting of prismatic crystals is
located;

« epidermal cells of the lower side are character-
ized by sinuated walls, and stomata of anamocytic
type (Fig. 2, F) located mainly on the lower side of
the leaf as well.

The reproductive organs have a number of fea-
tures:

« the pistil is two-forked, up to 1 mm of the style
length (Fig. 3, A); the stigma has cells capturing pol-
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Puc. 2. CtpoeHue KOPHS U JIUCTOBOH M1acTuHkH E. vulgare
Fig. 2. The structure of the root and leaf blade of E. vulgare

e crTpoeHHe CcTe0ssi BTOPHUYHOE, HEIyYKOBOE;
ITOKPOBHAsI TKAaHb JMHIEPMAa, OIIyIIIeHHE IIPEe/ICTaB-
JIEHO JKECTKUMU TPUXOMaMU — HYMePTeHIIaMu;

e JIMCT WMeeT aM(PUCTOMAaTHYECKOE CTPOEHHE.
AnugepMa BepxHeH 4YacTh MpeACcTaBeHa IIPAMO-
CTEeHHBIMU KJIETKAMU U TYCTO OIIyIlIeHa JTUHHBIMH
(To 3 MM) TpPAMBIMU U W30THYTHIMH BOJIOCKAMU
(puc. 2, D), B[10J1b KUJIOK JIMCTA PACIIOJIaraeTCs KpU-
CTaJUTOHOCHAs oOkiIazka (puc. 2, E), cocrosmasn u3
[IPU3MAaTHYECKUX KPHUCTAIIIOB;

o KJIETKH SMHUAEPMbl HUKHEH CTOPOHBI U3BUJIU-
CTOCTeHHBbIe, YCTHUIIA  AHAMOIIUTHOTO  THIA
(puc. 2, F), Tak»Ke paco/ioKeHbl IPENMYIIECTBEHHO
Ha HUKHEH CTOPOHE JIUCTA;

l'eHepaTHBHBIE OPT'AHBI UMEIOT PsiZi 0COOEHHOCTEH:

* IECTUK Pa3IBOEHHBIH /10 1 MM JITHHBI CTOJIOHKA
(puc. 3, A), Ha PbLIbIIE UMEIOTCS U3BUIUCTOCTEHHBIE
MBUIBIEYIOBUTEIbHBIE KIeTKu (puc. 3, B), mectux
OIIyIIIeH OJIHOKJIETOYHBIMHU BOJIOCKAMU;

o THIYUHKA COCTOUT W3 JBYX IbLIBHUKOB OKPY-
w0l GOpMBI uamMeTpoM 0,5—0,7 MM (puc. 3, C),
caMa IbLIIbIIA AJUTUIICOUTATBHON (DOPMBI JIUTHHOH /10
20 mkM (pwuc. 3, D).

Iy1oABI UMEIOT BU/I HEIPABUJIBHOHN TPEYTOJIbHOU
[MUPaMU/IBI BBICOTOM OKOJIO 3 MM, IITHPHHA Y OCHOBA-

len with sinuated walls (Fig. 3, B), the pistil is pubes-
cent with unicellular hairs;

« the stamen consists of two rounded anthers with
a diameter of 0,5—0,7 mm (Fig. 3, C), the ellipsoid-
shaped pollen is up to 20 um long (Fig. 3, D).

The fruits have the shape of an irregular triangu-
lar pyramid approximately 3 mm in height, with a
width at the base of approximately 1 mm (Fig. 3, E)
and an indistinct cicatrix (Fig. 3, F).

Analysis of the spectrum obtained for extracts
from roots and leaves (Fig. 4) shows that hydroxy-
cinnamic acids are present in trace amounts in the
roots, whereas the absorption spectrum of the grass
extract exhibits a maximum at 330 nm, which cor-
responds to the spectrum of the standard sample of
rosmarinic acid.

The absence of the bathochromic shift in the
spectrum of the solution, formed after 2% solu-
tion of aluminum chloride was added to the
extract, indicated trace amounts of flavonoids
in the underground organs, whereas the spec-
trum of the grass extract, obtained under the
same conditions, exhibited a shift in the absorp-
tion maximum from 360 to 410 nm, characteristic
of rutin.
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Puc. 3. l'eneparusHsie oprausl E. vulgare
Fig. 3. Reproductive organs of E. vulgare

HUs 0K0JI0 1 MM (puc. 3, E), ¢ HESIBHO BBIpQIKEHHBIM
nukaTpukcom (puc. 3, F).

AHau3 CIieKTpa, MOIYUeHHOTO MIPU HCCIeI0Ba-
HUHM U3BJIEYEHUH U3 KOPHEU W JIUCTheB (pHC. 4),
IIOKa3bIBAET, YTO THAPOKCUKOPUYHBIE KHUCJIOTHI B
KOPHSIX HAXOJATCsS B CJIEZOBBIX KOJHUYECTBAX, B TO
BpeMsI KaK Ha CIEKTpPe U3BJIEUeHHUs U3 TPABBI IPU-
CYTCTBYeT MaKCHUMYyM IOTJIOIIEHUS IPU 330 HM, UTO
COOTBETCTBYET CIIEKTPY CTaHAapPTHOTO oOpasiia po3-
MapUHOBOU KUCJIOTHI.

OtcyTcTBHE 0GATOXPOMHOTO CABUTA B CIIEKTPE
pactBopa, obOpasymwolinerocss Mpu J00aBJIEHUU K
U3BJIEUEHHUIO 2% pacTBOpa aJTIOMUHHUA XJIOPHUJA,
CBUJIETEIBCTBYET O CJIEZIOBBIX KOJIMYECTBAX (hJ1aBoO-
HOHJIOB B ITO/I3€MHBIX OpraHax, TOr/ia KakK B CIIEKTPE
M3BJIEUEHUS U3 TPABBI B TEX K€ YCJIIOBUAX OOHApPY-
JKUBAJICS CIBUT MaKCHMYyMa IIOTJIOIIEHUs ¢ 360 Ha
410 HM, YTO XapaKTEPHO JJIsI pyTUHA.

CrexTp B pamasoHe 300—600 HM (cM. puc. 4)
[IOKA3aJI HAJIUYUEe MAKCUMyMOB IOTJIOIIEHUS IS
U3BJIEUEHHUS W3 TPaBbl B [AHMAIa30HE 420—430 HU
460 HM, a /1151 TIOTJIOIIeHUsI U3BJI€UEHUsI U3 KOPHS —
B inamnas3oHe 485—495 1 520 HM.

The spectrum at a range of 300-600 nm (Fig. 4)
showed the presence of absorption maximums for
the grass extract at a range of 420—430 and 460 nm
and for the root extract — at the ranges of 485—495
and 520 nm.

Such spectra are characteristic of shikonin (495
and 520 nm [18]) and geranylhydroquinone (420—
460 nm [19]). It should be noted that shikonin biosyn-
thesis [20] begins in the leaves, where geranyl-geranyl
pyrophosphate, interacting with 4-hydroxybenzoic
acid, forms geranylhydroquinone, which is then enzy-
matically transformed into shikonin in the roots. The
shikonin that is obtaining accumulates in the bark
layer of the root in schizogenous conceptacles.

The content of various BACs in the aboveground
and underground organs of E. vulgare is shown in
Table 1.

As expected, the content of tannins and polysac-
charides in the aboveground organs was higher
than in the underground ones. The phenolic com-
plex, consisting of flavonoids and hydroxycinnamic
acids, is virtually absent in the underground organs.
It is noteworthy that the content of the shikonin

Journal homepage: http://jsms.ngmu.ru

77



Kpyenos /I.C. u dp. / Journal of Siberian Medical Sciences T. 10, N 3 (2026)

1,0
0.8 -
0.6 —

>

04 — i-

>

0,2 o i

Onruueckast IIIOTHOCTH, D / Absorbance, D
|

0~
250 300 350

400 450 500 550

Jlmaa BoHel, HM / Wavelength, nm

Puc. 4. YO-criekTp u3BIeUeHUH 13 KopHeH (2), Tpassl (3) E. vulgare;
1 — PacTBOP CTAHJIAPTHOTO 00pasIa pO3MapHHOBOM KHCIIOTHI
Fig. 4. Ultraviolet spectra of extracts from roots (2), grass (3) of E. vulgare;
1 — solution of the standard sample of rosmarinic acid

[Tomo6HbBIE CIIEKTPHI XapaKTEPHBI 1151 MUKOHUHA
(495 1 520 HM [18]) U repaHWITHUAPOXUHOHA 420—
460 uM [19]. CnenyeT 0OpaTuTh BHUMAHUE, YTO OHO-
CUHTE3 IITUKOHUHA [20] HAUMHAETCS B JIUCThAX, T
repaHwi-repanwinupodocdar, B3aUMOJEUCTBYSA C
4-TUPOKCUOEH30MHOU KHCJIOTOH, obOpa3syer repa-
HIWITHIPOXUHOH, KOTOPBIN YK€ B KOPHAX (pepmMeH-
TaTUBHO IEPEXOJIUT B IMHUKOHUH. OOpasyromuiics
[MIMKOHWH HAKAITUBAETCS B KOPOBOH YaCTH KOPHS B
CXU3UTEHHBIX BMECTHIHINAX.

Copnep:xxanue paznuudbix BAC B Ha/I3eMHBIX U
roA3eMHbIX opranax E. vulgare npuseneHo B Tab. 1.

precursor, geranylhydroquinone, in the grass was
0,29%, which is an order of magnitude higher than
the content of shikonin formed from it in the roots —
0,034%.

CONCLUSION

The pharmacognostic study of the underground
and aboveground organs of E. vulgare L. has made it
possible to comprehensively characterize the mor-
phological, anatomical, and phytochemical features
of this species, important for the standardization of
raw materials.

Ta6jmua 1. Coaepmal—me OCHOBHBIX I'pyHI 6HOJIOTHYECKH aKTUBHBIX COEAI/IHEHI/II‘;I B HaZI3€MHbIX U IIOA3€MHbBIX OpraHax

E. vulgare (%)

Table 1. The content of the main groups of biologically active compounds in the aboveground and underground organs

of E. vulgare (%)

BuoJioruyecKy akTUBHbIE COeAUHEHHA TpaBa Kopuu

Biologically active compounds Grass Roots

dyaBoHOUBI (B HEpecyeTe HA PyTHH) 1,35+0,15 He o6Hapyxensb! / Not detected
Flavonoids (in terms of rutin)

I'napokcukopuYHbIE KUCIOThI 1,85 +0,2 0,08 £ 0,02

(B mepecyeTe Ha pO3MapUHOBYIO KHUCJIOTY)

Hydroxycinnamic acids (in terms of rosmarinic acid)

['epanuiruapoxuHoH / Geranylhydroquinone 0,29 £ 0,04 He o6HapyxeH / Not detected
IukoHuH / Shikonin He o6Hapy»eH / Not detected 0,034 + 0,06

Jy6unbHble BelllecTBa (B nepecyeTe Ha KATEXHH) 7,2+0,8 4,0+0,4

Tannins (in terms of catechin)

[Monucaxapuae! / Polysaccharides 53%0,5 1,26 £0,2
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Copep:kanue AyOUIBHBIX BEIIECTB U IOJIMCAXa-
PU/IOB B Ha/I3€MHBIX OPTaHaX 0KA3aJI0Ch O3KU/IAEMO
BBIIlIE, YeM B IMO/3eMHBIX. DEHOJIBHBIA KOMILIEKC,
IIpeJicTaBJIeHHbIN (IaBOHOUJIAMU M THUJPOKCHUKO-
PUYHBIMH KHCJIOTaMH, IPAKTHYECKH OTCYTCTBYET B
O/I3eMHBIX OpraHax. Cyieyer 06paTuTh BHUMAaHHUE,
YTO COZIepKaHU€e TPEANIECTBEHHUKA [IMKOHHHA —
repaHWITHIPOXUHOHA — B TPaBe COCTABUJIIO 0,29 %,
YTO HA MOPSAO0K OOJIbIIE COMIEPKAHUSA 00pasyroIlie-
rocsi U3 Hero IMUKOHWHA B KOPHSX — 0,034%.

SAKJIIOYEHUE

ITpoBenenHOe (GapMaKOTHOCTHYECKOE HCCIIEZO-
BaHUE MOJI3EMHBIX U HA/A3eMHBIX opraHoB E. vul-
gare L. I03BOIMIIO KOMIIEKCHO OXapaKTepU30BaTh
Mopdosioro-aHaTOMUueckre U (GUTOXUMUUYECKHe
0COOEHHOCTH JIAHHOTO BHJIA, YTO UMEET 3HAUEHHE
IUIS CTAHAAPTU3AINHU CHIPBA.

YcTaHOBJIEHBI IMATHOCTUYECKU 3HAUMMBbIE IIPU-
3HAKU: JUUIS KOPHEU XapaKTepHO BTOPUYHOE HeIy4-
KOBOE CTPOEHUE U HaJINYNe CXU30T€HHBIX BMECTH-
JIUI, CJTyKaIllUX MEeCTOM HaKoIUIeHUsA Ha(pTOXUHO-
HOB; cTebesTh TaKKe UMeeT BTOPUYHOE CTPOEHUe, a
SIHJIepMa IMOKPHITA KECTKUMH TPUXOMAaMU; JIUCThS
XapaKTepusylTcsa aM@UCTOMaTUYeCKUM  CTpoe-
HHEM, BBIDA’KEHHBIM OITyIlIeHHEeM U HaJIUYNeM KpH-
CTAUIOHOCHBIX KJIETOK; TeHepaTUBHBIE OpTaHbI
(mecTuk, THIYMHA U IIJIO/(bI) UMEIOT CIIeNU(PUIECKOe
CTPOEHUEM.

TpaBa u kopuu E. vulgare L. cyiecTBeHHO pas-
JINYAIOTCA 0 COZlePKAHNUI0 (PeHOJIBHBIX COoeInHe-
HUU: B IO/I3€MHBIX OpraHax (JIlaBOHOU/IBI IPAKTU-
YEeCKH OTCYTCTBYIOT, a THAPOKCHKOPHYHBIE KHC-
JIOTBl TIPUCYTCTBYIOT B CJIEJOBBIX KOJIHMUECTBAX,
IIPU 3TOM JJOMUHUPYIOT Ha(pTOXUHOHOBBIE COEU-
HeHUs (IIMKOHWH); B JIUCThAX IpeobiagaoT BAC
(eHoNBPHON TpUpOALL. /laHHBIE 3aKOHOMEPHOCTH
MIOATBEPIKAAIOT OpraHocneruUIHOCTh MeTabo-
Jm3Ma.

ITosryueHHBIE TAHHBIE COIJIACYIOTCA C COBPEMEH-
HBIMH TIPE/ICTABJIEHUSIMHU O OWOCHHTE3e IIPOU3BO-
JHBIX HA(DTOXWHOHA: IPOMEKYTOUHBIE COEAMHEHMUS
(opMupyTCA B JUCTHAX U Jlaslee TpaHCHOPMUPY-
I0TCA B KOPHSAX C HaKOIUJIEHMEM KOHEUHBIX IIPOJYK-
TOB, UTO MOATBEP:K/aeT PyHKIMOHAIBHYIO Audde-
PEHIIPOBKY OPTaHOB PACTeHUSA.

[TosyueHHBIE PE3YIBTATHI OOOCHOBBIBAIOT IIEP-
CIEKTUBHOCTD JATBHEUITNX (PapMaKOTHOCTHYECKIX
u QapMaKoJIOTHUECKUX wuccyienoBanuii  Echium
vulgare L., Tak Kak TpaBa 3TOTO PACTEHUS MOXKET
CJIy?KUTh HCTOYHUKOM (DEHOJIBHBIX COEAMHEHUH ¢
IpeziniosiaraeMoll aHTHOKCU/IAHTHOU aKTUBHOCTBIO,
a KOPHU — UCTOYHUKOM Ha(PTOXMHOHOB C IIPOTHUBO-
BOCIIQJTUTETBHBIM JIEACTBUEM.

Diagnostically significant features have been
established: the roots are characterized by a second-
ary non-fascicular structure and the presence of schi-
zogenous conceptacles where naphthoquinone accu-
mulates; the stem also has a secondary structure, and
the epidermis is covered with rigid trichomes; the
leaves are characterized by an amphistomatic struc-
ture, pronounced pubescence, and the presence of
crystal-bearing cells; the reproductive organs (pistil,
stamen, and fruits) have a specific structure.

The grass and roots of E. vulgare L. differ signifi-
cantly in the content of phenolic compounds: in the
underground organs, flavonoids are virtually absent,
and hydroxycinnamic acids are present in trace
amounts, while naphthoquinone compounds (shiko-
nin) dominate. In the leaves, phenolic BACs prevail.
These patterns confirm the organospecific character
of metabolism.

The data obtained are consistent with the current
concepts of the biosynthesis of naphthoquinone
derivatives: intermediate compounds are formed in
the leaves and then transformed in the roots accu-
mulating final products, which confirms the func-
tional differentiation of plant organs.

The results obtained substantiate further promis-
ing pharmacognostic and pharmacological research of
Echium vulgare L., since the grass of this plant can
serve as a source of phenolic compounds with sus-
pected antioxidant activity, and the roots — as a source
of naphthoquinones with anti-inflammatory effects.
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