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B o0030pe cucremaruzupoBana WHGpOpMa-
OHUsT O XUMUYECKOM COCTaB€ KOPBI, JINCTHEB,
COIIBETUH U TOOETOB Pa3IMYHBIX BUJIOB WBHI.
bonee nmogpoOHOE BHMMaHME YIEJIECHO HCCIIE-
JIOBaHUSIM WBBI, MPOBEJCHHBIM 3a TOCJICTHUE
HECKOJIBKO JIET B HAIlIEH CTpaHe U 3a pyOeKoM.
JInst KaskJ10¥, OMUCAHHOM B MBaX TPYMIBI OHO-
JIOTUYECKH AaKTHUBHBIX BEIIECTB, MPUBOISATCS
CBEJICHHS O TIPOSIBIISIEMBIX BUAaX (apMakoio-
TUYECKOW aKTUBHOCTH.

KamoueBbie caoBa: uBa, Salix L., xopa,
no0eru, (eHOIOTITUKO3UIBI, (PIaBOHOUIBI, JTy-
OWIIbHBIC BEIIeCTBA, PCHOTKApPOOHOBEIE KUCIIO-
ThI, aMHHOKHCJIOTBI, TTOJINCAXapUIbI, (hapMaKo-
JIOTHYSCKOE ICHUCTBHE.

TepaneBruyeckas LEHHOCTb JIEKapCTBEH-
HBIX PACTEHUH OINpENEAeTCs BXOIALUIMMH B UX
cocTaB OMOJIOTMYECKU AKTHBHBIMU BEILIECTBA-
Mmu (BAB). Ilpu 3ToM B Ka’kJ10M U3 JIEKapCTBEH-
HBIX PAaCTEHUH CUHTE3UPYIOTCS OTHOBPEMEHHO
cotHu BAB, koTOphI€e, monaaas B OpraHu3M ye-
JIOBEKa, OKa3bIBalOT CyMMAapHBIH (hapMakoIo-
ruueckuit 3¢ dekt. JlomonmHuTensHOE U3yYeHHe
paHee HCCIENOBAHHBIX M JABHO HMCIOJIB3YIO-
LIUXCs JIEKAPCTBEHHBIX PACTEHHUH WHOTAA I0-
3BOJISIET BBISIBUTH HOBBIM acHEKT UX OMOJIOTH-
YECKOM aKTUBHOCTH.

[enbto HacTosiliero o030pa SIBISETCS CH-
creMaru3anus HHQopMaIuu 0 cocTaBe OUOIo-

The review systematizes data about chem-
ical composition of bark, leaves, inflorescenc-
es, and sprouts of different species of Salix L.
The closest attention is payed to investigations
of Salix, which has been recently carried out in
our country and abroad. For every group of bi-
ologically active substances described in Salix
there are data about suppressed types of phar-
macological activity.

Keywords: willow, Salix L., bark, sprouts,
phenolic glycosides, flavonoids, tannins, phe-
nolcarbonic acids, amino acids, polysaccha-
rides, pharmacological action.

Therapeutic value of medicinal plants is
determined by biologically active substances
(BAS) in their composition. At that, hundreds
of BAS are simultaneously synthesized in every
medicinal plant, which after entering human or-
ganism implement total pharmacological effect.
Additional investigation of previously studied
and long-term used medicinal plants sometimes
allows revelation of new aspects of their bio-
logical activity.

The purpose of this study is systematization
of information about the composition of biolog-
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TMYECKU aKTUBHBIX BEUIECTB, OOHAPYKEHHBIX B
pacteHusix poaa MBa, KOTOpble MOT'YT CIIYKHUTb
NEPCIEKTUBHBIMU UCTOYHUKAMU JUIsSl CO3/1aHUs
OTEYECTBEHHBIX JIEKAPCTBEHHBIX IIPENAPATOB.

N3ydyeHneM XMMHUYECKOTO COCTaBa pasjiny-
HbIX BUIOB uBbI (Salix L.) Havanu 3aHUMATh-
ca eme B XVIII Bexe. Mcropus npuMeHeHUs
U XMMHUYECKHM COCTAaB HEKOTOPBIX BHUIOB MBBI
JIOCTAaTOYHO IIOJHO OIMCaHbl B JAMCCEPTALMIX
[0 M3YyYEHHUIO MBBI OEJIOH M MBBI OCTPOJIUCT-
HOM, BBIMIOJIHEHHBIX 3a MOCeAHue ol [1, 2].
B cBoeii pabote, uT0OBI N30€KaTh MOBTOPEHUN
C BBILICyKa3aHHBIMH paboTaMu, Mbl OTPAHUYH-
JMCh KpPAaTKUM aHAJIUTHYECKHM 0030pOM H3-
BECTHOW Ha JaHHBIH MOMEHT HWH(pOpMALUU O
XMMHUYECKOM COCTAaBE HEKOTOPHIX BUAOB MBBI
U TPOSABISEMBIX BUAAX (PapMaKOIOTHUECKOU
akTuBHOCTH. Kpome Toro, 6omee moapoOHO Mbl
OCTaHOBMJIUCh HA HCCIIEJOBAHMSIX HEKOTOPBIX
BUJIOB MBBI, IIPOBEJEHHBIX 3a IOCIICIHHUE HE-
CKOJIBKO JIET B HAILICH CTpaHe U 3a PyOek oM.

B macTosmmii MOMEHT H3BECTHO, UYTO OC-
HOBHBIMU JICHCTBYIOIIMMHU BELIECTBAMHU H3Y-
YEHHBIX BUJIOB UBBI SBISIIOTCS (DEHOJIOTIHKO-
3ubl, (PIABOHOWIBI, AYOWIIbHBIC BEIIECTBA,
a TaKke B COCTaB BXOAAT (PEHOIOKHCIIOTHI,
ACKOpOMHOBAsT KHCIIOTA, AMUHOKHCIOTHI, Ca-
MOHUHBI, (PUPHBIE Maclia U MOJIMCAXAPHUJIBI,
KOTOpBIE MOTYT BHOCHUTH BKJIAJ] B 001U ap-
Makonorndeckuit a¢pdexr [3]. M3BecTHO, UTO
KOJIMYECTBEHHOE cojnepkaHue bAB B kope un
JHMCTBSAX MOXKET MEHATHCS B pa3iindHble (a3bl
BEreTallMy U 3aBUCUT OT YCIIOBHI Ipou3pacra-
HUS, U3YYEHHBIX BUJIOB UBHI [4, 5].

OnHu U3 OCHOBHBIX IpeJCTaBUTENEH OHO-
JIOTMYECKU AaKTHBHBIX BEIIECTB CEMENCTBa
UBOBBIE — (DEHOJIOIIMKO3HU/IbI, AITTMKOHOM KO-
TOPBIX ABJISIETCS CAIULWIOBBIN criupT. [lepBbiit
(eHOIONINKO31 I, BBIJACICHHBIH M3 pPacTeHUN
— CalMUUH (CaJMKO3UMa), IPEACTaBIsIeT cO00i
B-rimroko3ua  canuuuiIoBoro cmupra. Ero mo-
JTy4MII U3 KOPBI UBBI (DpaHIly3CKUN y4eHBIH A.
Jlepy (1829). IMeHHO C CaJIMIIMHOM CBSI3aHbBI
OCHOBHBIE BUbI JEHCTBUS UBBI — IPOTUBOBOC-
[AJUTEIBbHOE, aHAJIBIETUUECKOE U YKAPOIOHU-
)aroree [6]. UTo kacaeTcsi KOJUYECTBEHHOTO
COJIEpKaHUs CAJIMLIMHA, B U3yYEHHBIX Ha JaH-
HBI MOMEHT BHU/IaX UBBI, TO OHO BaApbUPYET 10
HMMEIOLUMCS CBEJIEHUSAM J1I0CTaTOYHO LIHUPOKO.
OTO CBSI3aHO HE TOJBKO C MEXBHJIOBBIMM pa3-
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ically active substances, revealed in the plants
of Salix L. genus, which can serve as a prospec-
tive source for production of Russian medicinal
drugs.

The investigations for chemical composi-
tion of different species of Salix L. have start-
ed in XVIII century. History of application and
chemical composition of some sorts of Salix are
described in theses of studies for Salix alba and
Salix acutifolia quite in details [1, 2]. In this
paper, in order to avoid repetitions with above
mentioned researches, we made a brief analytic
review of presently known information about
the chemical composition of some species of
Salix, which have been lately carried out in our
country and abroad.

At present we know that phenolic glyco-
sides, flavonoids, tannins as well as phenolic
acids, ascorbic acid, amino acids, essential
oils, and polysaccharides which can contribute
in a total pharmacological effect, are the prin-
cipal active substances of the studied species
of Salix [3]. Quantitative composition of BAS
in a bark and leaves is known to be changeable
in different vegetation phases, and depends on
growing conditions of the studied species of
Salix [4, 5].

Ones of the principal representatives of bi-
ologically active substances of Salix family are
phenolic glycosides with salicyl alcohol as an
aglycone. The first phenolic glycoside, isolat-
ed from plants — salicin (salicoside), is a B-gly-
coside of salicyl alcohol. It was isolated from
a willow bark by French scientist A. Leroux
(1829). It is salicin which has principal types
of Salix activity — anti-inflammatory, analgesic,
and febrifuge actions [6]. Quantitative content
of salicin in the studied Salix species varies
rather broadly. This is connected not only with
interspecies differences but with the quanti-
tative determination method used at the first

place.
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JUYUSMH, HO, B IIEPBYIO OYEPENb — C UCIIOJIb-
3yEMBIM METOJIOM KOJMYECTBEHHOI'O OIpeie-
neHus. B cBoell paboTe Mbl MPUBEIEM TOJIBKO
JaHHble 3a nocieanue 10 ser, monmydeHHbIE ©
HCII0JIb30BAaHUEM COBPEMEHHOIO METO/IA BBICO-
K03((heKTUBHOHN KUAKOCTHOM Xpomarorpaduu
(BOXX), mockonbKy Ha JaHHBIA MOMEHT JTOT
METOJ SIBIIIETCSl Haubosee MIMPOKO MPUMEHS-
€MBIM M OTHOCHTEJIBHO YJOOHBIM B HCIIOJIB30-
BaHuu. HaiineHo, 4ro copep:kaHue cauiMHa
B BMJIaX MBBI, paclpocTpaHeHHbIX Ha CeBep-
HoM KaBkasze, cocTaBnsieT B Kope UBbI Oenoi
— oxoiio 0,92%, B KOpe MBBI TPEXTHIYMHKOBOM
— oxo110 0,2%, B KOpe UBbI IyPILypHOH — OKOJIO
0,81% [2]. B 2013 . A.A. IleTpyk ObL10 OIpe-
neseHo meronoMm BOXX coneprkanue canuuu-
Ha B JIUCTBSIX U COLIBETHUSAX HEKOTOPBHIX BHUJIOB
pona Salix, mpou3pacTaIX HA TEPPUTOPHH
Aunraiickoro kpas 1 HoBocubupckoii oGnactu.
ConeprkaHue caaulHa B JIUCThAX UCCIIEOBAH-
HBIX BHJIOB HaxXoAWJIOCh B mpeaenax ot 0,72%
(S. albavar. vitellina) no 2,31% (S. alba (:xen-
ckuil sx3emiusip)). CoaepikaHue cajuldHa B
COLIBETUSAX MCCIIE0BAaHHBIX BUJI0B HAXOAWIOCH
ot 1,31% (S. albavar. vitellina) mo 1,78% (S.
alba (>keHckwii »x3emiusip)) [7]. Cnemyer ot-
MeTuTh, 4yTo B EBpomneiickorn dapmakonee K
(apMakoneiHbIM BUJIaM HBBI OTHOCSAT BH/IBI,
cozeprkaiiue B kope He menee 1,5% canununa
(mocne menounoro ruaponusa) [9]. [lomobunoe
ucclieIoBaHUE OBLJIO MPOBEACHO Ha IpUMEpe
KOpBI BBl OCTPOJIMCTHOM, IPOU3PACTAIOIEH B
[ToBomxbe. OO61ee coaepkaHue CaUIUHA 110-
cJIe ILEJIOYHOr0 TUApOJH3a Kojaebaaock ot 6,5
10 9,5% [8].

B 1926 r. u3 xopbl UBBI OBUT BBIIEIICH APY-
roil peHONOIIMKO3UA — CATUAPO3U, KOTOPBIN
obnagaer OM(YHKIMOHATBHBIMU CBOWCTBAMH,
T.e. MPOSIBIISIET ce0sl KaK MHTMOUTOP WM WHU-
LMaTOP OKHUCIIUTENbHBIX Ipoueccos. IIpossie-
HUE OJIHOT'O U3 CBOMCTB 3aBUCUT OT KOHLIEHTPA-
LMY CalUApPO3Ua B PEaKLIMOHHOW Cpele, Tak
€CJIM KOHLIEHTpAalUsl HU3Kas, TO CAIUAPO3U]
BBICTYNAeT KaK MHTHOUTOP OKHCIUTEIbHBIX
IIPOLIECCOB, IPU BBICOKUX KOHLEHTPALMIX OH
siBisieTcst uHunuaTtopowm [ 10].

OTtkpbiTie B XX BEKe HOBBIX METOJOB aHa-
JaM3a AaJ0 BO3MOXHOCTH Uil u3ydeHus bAB
Pa3NIUYHBIX BHJOB HMBBI B BEIYIIMX HayYHBIX
neHrpax mupa. C momoupio xpomartorpadu-

In our paper we will demonstrate data for
the recent 10 years, obtained using contempo-
rary method of high-performance liquid chro-
matography (HPLC), because currently this
is the most widespread and rather convenient
method to use. We have found that salycin con-
tent in Salix species widespread in the North
Caucasus amounts to about 0.92% in a bark of
Salix alba, about 0.2% in a bark of Salix tri-
andra, about 0.81% in Salix purpurea bark [2].
In 2013 A.A. Petruk using HPLC method de-
termined the content of salycin in leaves and
inflorescences of some species of Salix genus,
growing in Altay Krai and Novosibirsk Oblast.
The content of salycin in leaves of the species
under study amounted from 0.72% (S. albavar.
vitellina) to 2.31% (S. alba (female)). The con-
tent of salycin in inflorescences amounted from
1.31% (S. albavar. vitellina) to 1.78% (S. alba
(female)) [7]. We should note, that European
Pharmacopoeia considers only Salix species
with at least 1.5% salycin (after alkaline hydro-
lysis) to be pharmacopoeial [9]. Similar study
was carried out on the example of bark of Salix
acutifolia growing in Volga region. The general
content of salicin after the alkaline hydrolysis
fluctuated from 6.5 to 9.5% [8].

In 1926 another phenolic glycoside —
salidroside — was isolated from the Salix bark,
which had bifunctional properties, i.e. it is pro-
nounced as an inhibitor or initiator of oxida-
tion processes. The manifestation of one of the
properties depends on concentration of salidro-
side in reaction environment, so if the concen-
tration is low, salidroside will be an inhibitor
of oxidation processes, at high concentrations it
will be initiator [10].

The discovery of new analysis methods in
XX century gave possibility to investigate BAS
of different species of leading scientific centers
of the world. With the help of chromatographic
and spectral analysis methods the knowledge
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YECKUX M CIEKTPAJIbHBIX METOIOB aHaJIN3a
paciupeHbl MPEACTAaBICHUS O IIIMKO3UIAHOM
COCTaBe Pa3IMYHBIX BHUJIOB UBBL. 3apyOe)KHBI-
mu [11, 12] u oreyectBennbiMu [13, 14, 15,
16] yueHsIMu ObLIM OOHAPYKEHBI TaKUE MPE-
CTaBUTEIW JAHHOW TPYIIbI COCAUHEHUM Kak
CAIMKOPTHUH, TPEMYIOUAUH (TpeMyJaluH),
(bparuiuH, rpaHJuIEHTaTUH, IMypIypeuH, ca-
JMPENno3u]], TPUAHIPHUH, BUMAJIMH W JIpyrue
coeaunenus. Ilo3xke, TpuaHAPUH U BUMAIUH
10 OAHOM M3 KinaccupuKanuii ObUTH OTHECEHBI
K rpynmne (GeHWInponaHoOuA0B. YCTaHOBJICHO,
YTO TPUAHJPHH UMEET HEHPOTPOIHYIO aKTHB-
HOCTb, IIPOSBIISIST AKTONPOTEKTOPHOE, AaHTUTUII-
HOTEHHOE, 11epeOpONpPOTEeKTUBHOE JIeHCTBHE
[17]. B 2014 . B Kopee ObL10 mpoOBEICHO HC-
cinenoBanue BetBeit S. glandulosa Seemen, 00-
Hapy>KeHbI 12 HOBBIX ()EHOJIBHBIX TIIUKO3UJIOB
u 13 onucanusIx panee. Psan coeaunennii npo-
SIBUJIM BBIPQKEHHBI MHTHOUPYIOMUN 3P PeKT
Ha CUHTE3 OKCHJIA a30Ta B KCIIEPUMEHTAIbHON
MOJIeNIM AaKTUBAIlMM MUKPOIIUH JIUIONOJUCA-
xapunamu [ 18].

Cnenyromeil BaxHeumeld rpynmnoii BAB,
OOHApYXEHHOW B M3yYEHHBIX BUJAX HUBHI, SB-
JSFOTCA (PIIaBOHOUIBI. XUMHUECKYIO CTPYKTY-
py U (dapMakoJIOrHYecKHe CBOICTBA JTaHHOM
IpYIIBl COEAUHEHUH Ha4YaIl U3ydaTh B Hayase
XIX Beka, korna B 1814 1. u3 kopbl ayOa BBI-
JEJIUIN KPUCTAJNIMYECKOE BEILECTBO — KBEP-
netuH. B 1864 . u3 pyTsl cagoBOii BbLIEIWIN
PYTHUH, KOTOPBIH BIOCIEACTBUUA OOHAPYKHUIIU U
B HEKOTOPBIX BUJAX UBbI. 3aMHTEPECOBAHHOCTh
(r1aBOHOMIaMU 3HAYUTEIHHO BO3pOCHa, KOTIa
B 1936 . U3BECTHBI aMEPUKAHCKUI Y4YEHBIN
BEHI'EPCKOTO IPOMCXOKIeHUs, Jsaypear Ho-
6enesckoil mpemun A. Cent-/pepau (1893—
1986) ycranoBui, 4yTo ()JIaBOHOMIBI U3 KOPBI
JMMOHAa HMMEIOT P-BUTaMMHHYIO aKTHBHOCTD,
TO €CTh CIOCOOHOCTh YMEHBIIATh MPOHHUIIAC-
MOCTb U JIOMKOCTb Kanwuisipos [19]. Ilepssie
UCCIICIOBAaHMS 110 OIpEesICHUI0 (hIaBOHOU-
noB B uBe otHocsaTcsa K 1931-1933 rr., korma
¢panny3ckumu ¢putoxumukamu C.Charaux u
J.Rabate B kope uBBI MypIlypHOii ObLT 0OHAPY-
KE€H HapuHTreHUH-5-rmoko3un [3]. K HacTos-
IeMy BPEMEHH B KOPE€ U JIUCThSIX Pa3IUYHbIX
BUJIOB MBBI UACHTU(DUIIUPOBAHKI PsiJl (IIaBOHO-
UJOB U YCTAHOBIIEHA UX XUMHUYECKasi CTPYKTY-
pa. IlpeacraBuTenu kiaccu(pUKAMOHHBIX MO~
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about glycoside composition of different Salix
species was broadened. Foreign [11, 12] and
Russian [13, 14, 15, 16] scientists discovered
the representatives of these compounds group
like salikortin, tremuloidin (tremulatsin) fra-
gilin, grandidentatin, purpurein, salireposide,
triandrin, vimalin and other compounds. Later
triandrin and vimalin were included with phe-
nilpropanoids group. Triandrin was established
to have neurotropic activity, manifesting acto-
protective, antihypnogenic, cerebroprotective
action [17]. In 2014 a study for branches of S.
glandulosa Seemen was carried out in Korea;
12 new phenolic glycosides out of 13 previous-
ly described glycosides were discovered. The
rang of compounds showed signified inhibiting
effect on the synthesis of nitrogen oxide in ex-
perimental model of microglia activation with
liposaccharides [18].

The next important group of BAS, discov-
ered in the Salix species under study was flavo-
noids. Chemical structure and pharmacological
properties of these compound group has been
under study since early XIX century, when in
1814 crystalline substance of quercetin was
isolated from an oak bark. In 1864 rutin was
isolated from Ruta graveolens, which was dis-
covered later in some species of Salix. Interest
in flavonoids rose significantly when in 1936
famous American scientists of Hungarian or-
igin, Noble prize awardee A. Szent-Gyorgyi
(1893-1986) discovered that flavonoids from a
lemon bark have P-vitamin activity i.e. ability
to lessen the permeability and capillary fragility
[19]. The first investigations on the flavonoids
determination in Salix date back to 1931-1933
when French phytochemists C.Charaux and
J.Rabate discovered naringenin-5-glycoside
in a bark of Salix purpurea [3]. At this point
the range of flavonoids was identified in bark
and leaves of different Salix species, and their

chemical structure was established. Represen-
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rpynn (GpIaBOHOUIOB BCTPEYAIOTCS BO MHOTHX
BUaax uBhbl [3, 12, 14, 15, 16]. IIpeacraBure-
jeM (pIaBOHOB B UBE SIBISICTCS JTFOTCOIHH, KO-
TOpPBI OOHAPYKEH B KOpe S. purpurea, TUCThIX
S. acutifolia, S. caprea, S. acutifolia, S. alba, S.
triandra, S. vestita, S. berberifolia, S. myrtilloi-
des, S. saxatilis, S. pyrolifolia [14, 20, 21]. B
ruOpuie UBbI BABUJIOHCKOW ¢ MBOI Oeoi ObLI
OOHApyXEH JIFOTEOJIUH-7-TJIMKO3U, KOTOPBII
COJZICPXKUTCS TAKXKE B JTUCTHSIX S. purpurea, S.
acutifolia, S. caprea, S. elburensis, S. acutifolia,
S. alba [13,14]. Eme onHuM mpeacTaBUTEIEM
(1aBOHOB SABJISIETCS AlIUT€HUH, OOHAPYKEHHBIN
Y KOJTMYECTBEHHO OTMPEICTICHHBIN B TUCTHIX S.
saxatilis u S. recervigemmis [21]. Bonee BbI-
paKCHHBIE KEITYETOHHBIE CBOWCTBA Yy (aBo-
HOJIOB, TPEACTABUTEISIMU KOTOPBIX SIBISIOTCS
KBEpILIETHH, OOHapyXeHHbIH B S. triandra (u-
CThs W COILIBETHS) M JUCThAX S. acutifolia, S.
alba, S. caprea, S. vestita, S. berberifolia, S.
myrtilloides, S. nummularia, S. recervigemmis,
S. krylovii, S. sphenophylla [13, 14, 21] u py-
THH, COJICPIKALIUIICS B TUCTHSIX U COLBETHUSAX S.
triandra, Salixalba u Salix alba var. vitellina, u
mucthsix S. acutifolia u S. songarica Anderss
[14, 16, 21]. U3BecTHO, 4TO (IaBOHOUIBI 00-
Jaal0T JKETYETOHHBIM JICWCTBUEM, KOTOPOE
BO3PACTaET B psiy (JIaBOHBI, XaJIKOHBI, (aBa-
HOHBI, (p1aBoHONBI. B pabote I'.B. O6onenie-
BOM YCTaHOBJICHO IIPOTHUBOSI3BEHHOE ACUCTBUE
(h1aBOHOWIOB, MEXAHHU3M PAa3BUTHUSL KOTOPOTO
B OMNpEICTICHHONW Mepe CBS3BIBACTCSI C MPOTH-
BOBOCHAIUTEIHHBIMU M CIA3MOJIUTUYCCKUMU
cBOWCTBaMH. B skcnepumeHTax HamOobIIeh
AKTUBHOCTBIO 00J7aiany TIHUKO3UAbl  (hraBo-
HOJIOB U XankoHOB [19]. IlpeacraButenu ¢ma-
BOHOJIOB OIMCAHBI BHINIE, a MPEICTaBUTEIIEM
XaJIKOHOB B CEMEICTBE UBOBBIC SIBISCTCS (hia-
BOHOMU/| M30CAJUIYPHO3KI, OOHAPYKCHHBIN B
kope S. purpurea, S. elburensis, S. daphnoides u
S. acutifolia [1, 14]. [loka3zano, uro ¢raBoHOU-
JIbl SIBIISTOTCSL DK30T€HHBIMH HHU3KOMOJIEKYJISIp-
HBIMH AHTUOKCUJIAHTAMHU, HEUTPaTU3yIOIIN-
MU JCHCTBHE AaKTUBHBIX MOIIEKYN KHCIOPOAA.
YCTaHOBJIEHO, YTO B PACTUTENBHBIX TKAHSIX,
KaKk ¥ B OpPraHU3ME >KUBOTHBIX, (PIAaBOHOUIBI
COBMECTHO C acKOpOMHOBOH KHCIOTOH Yyd4a-
CTBYIOT B DQH3UMATUYECKUX MPOIECCaX OKUCIIEC-
HUS U BOCCTaHOBIIeHUs. Jloka3aHo, 4TO Takue
(h1aBOHBI KaK JMOCMETHH U €T0 TIIUKO3UIbI (Ka-

tatives of the classification subgroups of flavo-
noids are encountered in many species of Salix
[3, 12, 14, 15, 16]. Luteolin is representative
of flavones in Salix, which is encountered in
S. purpurea, leaves of S.acutifolia, S.caprea,
S.acutifolia, S.alba, S.triandra, S.vestita, S.ber-
berifolia, S. myrtilloides, S.saxatilis, S.pyroli-
folia [14, 20, 21]. One more representative of
flavones is apigenin, discovered and quantita-
tively determined in leaves of S.saxatilis and
S.recervigemmis [21]. Flavonoids, represented
by quercetin, discovered in S.triandra (leaves
and inflorescences) and leaves of S.acutifo-
lia, S.alba, S.caprea, S.vestita, S.berberifolia,
S.myrtilloides, S.nummularia, S. recervigem-
mis, S.krylovii, S.sphenophylla have more sig-
nified biligenic action [13, 14, 21] as well as
rutin in leaves and inflorescences of S.triandra,
Salixalba u Salix alba var. vitellina, and leaves
of S.acutifolia u S. songarica Anderss [14, 16,
21]. Flavonoids are known to have biligenic ac-
tion, which grows in the raw of flavones, chal-
cones, flavanones, flavanoles. G.V. Obolentse-
va established in her work an antiulcer action
of flavonoids, which development mechanism
is in some degree connected with anti-inflam-
matory and spasmolytic properties. The experi-
ments showed that glycosides of flavonoles and
chalcones were the most active [19]. Flavonoles
representatives are described above, and the
representative of chalcones in Salix family is
isosalipurposide, flavonoid discovered in a bark
of S. purpurea, S.elburensis, S. daphnoides, and
S. acutifolia [1, 14]. Flavonoids were proved
to be exogenous low-molecular antioxidants,
which neutralize an action of active oxygen
molecules. We established that plant tissues, as
well as animals organisms flavonoids togeth-
er with ascorbic acid participate in enzymatic
processes of oxidation and repairing. Such fla-
vones as diosemetin and its glycosides (capreo-
side and salicapreoside), discovered in Salix
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NPEeo3ul M CaJMKANpUO3M]), OOHApPYKEHHBIE
B MBE KO3beH, 00J1a/1al0T BEHOTOHU3UPYIOIIEH
AKTUBHOCTBIO U TNPUMEHSIOTCS MPH BapUKO3-
HOM pacIlUpEeHuH BeH, (redutax u remoppoe,
a Tak)Ke B T'MHEKOJIOTMYECKOM mpaktuke [22].
@®aBoHOUABI 00Ja/1AI0T BBIPAKEHHBIM MPOTH-
BOAJUIEPTUYECKUM 3()(HEeKTOM, YTO OOBICHSCT-
Csl HapyIIEHUEM BBICBOOOXKICHHSI MEAMATOPOB
ameprud. OHM BOCCTaHABIMBAIOT (DYyHKIUU
KJICTOUYHBIX MEMOpaH IyTeM HEeNOCpPEeICTBEH-
HOTO OMOXMMUYECKOT0 B3aUMOCHCTBHSL, OHO-
BPEMEHHO yTHeTas aKTMBHOCTH (hocoauscre-
pasbl, YTO CIIOCOOCTBYET HAKOILJICHUIO B KIIETKE
UAM®. IIpu s1oM OGonee >(PeKTUBHBIMU
uHruouropamu Qgocdonurcrepassl ABIAIOTCA
(y1aBOHBI U (HITABOHOJIBI, COIEPIKAIINECS B BbI-
LIETIEPEYUCICHHBIX BUAAaX UBBI. DI1aBOHOUIBI,
Kak crenuduueckue UHruouropsl (ochoau-
JcTepas, SBISIIOTCA MOIIHBIMH PEryIsTOpaMu
MeTabonu3Ma HYKJIEOTHIOB M B ITOM IIIaHE
MPECTABIISAIOT MOTEHIIMAIBHBIN (papMaKoIOTH-
yeckuil uurepec [23, 24].

Craenyer OTIENbHO OCTAHOBUTBHCS Ha IPO-
BE/ICHHBIX 32 MOCJICHUE TOJIbl HCCIEOBAHUSIX
(J1aBOHOMIOB pa3lIUYHBIX BUIOB MBHI. Tak, B
2012 rony B.b. bpacnaBckum Oblna 3amiuiie-
Ha JUccepTalys Ha COMCKAaHUE yUeHOH cTere-
HU JOKTOpa (papMaleBTUYECKUX HAayK HA TEMY
«KomruiekcHoe papmakorHocTuieckoe v pusu-
KO-XMMHUYECKO€e HCCIIeIoBaHNEe (pIIaBOHOHMJIOB U
(eHUIMPOMAHOUAOB TPEACTaBUTENICH CeMeii-
cTBa MBOBBIX (Salicaceae)». B mannoit pabore
Oosibliee BHUMaHKUE OBUIO Y/IEIEHO M3YUEHHUIO
npencraButeneil poga Tomonb, a Takxke ObUI
U3y4YeH XMMUYECKHI COCTaB KOPHI JIByX BUJIOB
uBbl: S. viminalis L. u S. acutifolia Willd. B pe-
3ynbrare npu nomowu YO-, AMP-cnekrpocko-
IIUU ¥ MacCC-CIIEKTPOMETPHH, a TAKKEe XUMHYE-
CKHUX MpEeBpaLIeHUH ObLIN UACHTU(PHUIIMPOBAHBI
7 BemiecTB, OTHOCALIMXCS K (praBoHOMAAM, 5
— K ()eHWINPONAaHOUAM U 5 — K TIPOCTHIM (e-
Honam. [Ipuuém, u3 xopel S. acutifolia Willd.
BIICPBBIC BBIJCIICHbl HAPUHTEHUH, TPYHUH,
KaTeXHH, M30CAJIUIYPIIOJI, CUPUHIHH, TpUaH-
JpUH, CAJIMKOPTHH, TPEMYJIAIUH, alui-Ccalu-
renuH. B pesynbrare mnpoBenéHHbIX (apma-
KOJIOTMYECKUX MCCIEeIOBAHUI MOKA3aHO, 4YTO
pactenust pona Msa, coxmepkamue (raBoHO-
uabpl U (PeHWINPONAHOUABI, SBISAIOTCA Iep-
CHEKTUBHBIM HCTOYHUKOM aHTUMHUKPOOHBIX,
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caprea, have venotonic activity and are applied
in varicose veins, phlebitis, and hemorrhoid,
and in gynecology [22]. Flavonoids have sig-
nified anti-allergic effect, which is conditioned
by the damage of allergy mediators release.
They restore functions of cell membranes with
direct biochemical confunction, simultaneously
suppressing phosphodiesterase activity, which
promotes the accumulation of cAMP in a cell.
At that the most efficient inhibitors of phospho-
diesterase are flavones and flavonoles, which
are parts of the above mentioned Salix species.
Flavonoids, as specific inhibitors of phospho-
diesterases are powerful nucleotide metabolism
regulators and in this connection are of poten-
tial pharmacological interest [23, 24].

Recent investigations of flavonoids from
different Salix species are worth a special at-
tention. So, in 2012 V.B. Braslavskiy defended
his thesis of Doctor of Pharmaceutical Scienc-
es on Complex Pharmacognostic and Physical
and Chemical Investigation of Flavonoids and
Phenylpropanoids of Salicaceae Family. In
this paper the author pays more attention to the
study of representatives of Populus genus, and
chemical composition of two Salix species was
studied as well: S. viminalis L. and S. acutifolia
Willd. As the result, using UV, NMR spectros-
copy and mass spectrometria, as well as chem-
ical transformation, 7 substances were identi-
fied. They belonged to flavonoids, 5 substances
belonged to phenylpropanoids and 5 substances
belonged to simple phenols. For the first time
the following substances were isolated from a
bark of S. acutifolia Willd.: naringenin, prunin,
catechin, isosalipurpol, syringin, triandrin, sa-
likortin, tremulatsin, acyl saligenin. As the re-
sult of the pharmacological studies conducted,
they showed that Salix genus plants with fla-
vonoids and phenylpropanoids are prospective
source of antimicrobial, anti-inflammatory, and

adaptogenic medicinal drugs [25]. Besides, fla-
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MIPOTUBOBOCHAJIUTEIBHBIX U  aJalTOrCHHBIX
JeKapcTBEHHbIX cpencts [25]. Kpome Toro, Bbi-
nenennbie u3 S. acutifolia Willd. ¢rnaBonouIBI
NPYHHUH U IIUHAPO3U/ B 103€ 5 MIV/KT, IPOSIBUIIN
JTMYPETUUECKUIA U calmypeTudecKuil 3pQeKxTsl,
B OCHOBE KOTOPBIX JIEXKAT MEXaHU3Mbl COUETaH-
HOTO BIUSHHSI Ha KIIyOOUKOBYIO (PUIIBTpalnio
U KaHaJbLIEBBI TPAaHCIOPT MOHOB [26]. A.A.
Ilerpyk B 2012 r. ¢ nomombto Merona BOXKX
n3yumnia (pIaBOHOUHBIN COCTAB JINCTHEB HEKO-
TOPBIX BUJIOB MUBBI, IPOU3PACTAIOIIUX B a3MaT-
ckoit yactu Poccun. O6HapyXeHbl KBEPLETHH,
KeMrdepos, anureHuH, JIOTEOJUH W PYTHH,
IIPU 3TOM MPeoOIaaIoNIMMU SBISIOTCS KBEp-
netuH u jroreonud [20, 21, 27].

HccnenoBanus (haBOHOMIOB HEKOTOPBIX
BHJIOB UBHI IIpoBosiTca U B benapycu. B 2015
I. OMyOJIMKOBAaHA CTaThs 10 U3YyUYEHHIO 3aBUCH-
MOCTU cofepX aHus (PIaBOHOUJOB B JIUCThSIX
UBBI IIPYTOBUIHOM OT Pa3MEpOB U IMOJIOKECHUS
nmucta Ha mobere. Coxepxanue (HI1aBOHOHUIOB
B OTJEJIBHBIX JHUCThSIX BappupyeT or 1,2% no
11%, T. €. BecbMa 3HAUYUTEIBHO, B TO BpEMS KaK
CpeIHHE 3HAUEHHs B JIUCTHSIX C OJHOTO MOOe-
ra M3MEHSIOTCS CYIIECTBEHHO MEHbIIE — OT
4,08% no 5,76%. 3aBUCHMOCTb colepkKaHUs
(J1aBOHOMIOB OT MOJOXKEHUs JHCTa Ha Mo0e-
re 3epKaJlbHO MPOTHUBOIMOJIOKHA TOW, KOTOpas
Obula onucaHa Jyis JJIUHBI U Macchl JIUCTA, TO
€CTh CaMbl€ MEJIKUE JIMCThsl HAKATUIUBAIOT MaK-
CUMaJIbHOE KOJIMuecTBO (aBoHOUIOB [28].
OTO %€ rpylnIon aBTOpOB IIPOBEIEHO OIpeEIe-
JeHUe cojiepKaHus (IaBOHOMIOB B COLIBETH-
X, IUCThIX U Kope S. caprea. [lo pe3yasratam
HCCIIEI0BAHUM KOPY UBBI KO3bEH PEKOMEHIYIOT
B KayeCTBE IEPCIEKTUBHOIO JIEKAPCTBEHHOTO
PaCTUTENILHOTO CHIPBS, COAEPIKAIIETO TPOAHTO-
LUaHUIUHBI, KOTOpBIE, KAK U3BECTHO, O0YCIIOB-
JMBAIOT TMPOTHUBOBOCHAIUTENPHOE U AHTHUOK-
CUJAHTHOE JNeUcTBUE. JINCThA K€ U COLBETUs,
a B 0COOCHHOCTH MY’KCKHE, HAaKaIUIMBAIOIINE
3HAUUTENIbHbIE KOJIMYECTBA IPOU3BOIHBIX (ia-
BOHa U (DIaBOHONA, MOTYT OBITh HCTOYHUKOM
MOJTYyYEHHUSI JIEKAPCTBEHHBIX CPE/ICTB C KapAHO-
TOHUYECKHM U BEHOTOHU3UPYIOIIUM JEHCTBU-
em [22].

VBBl Tarxke SBISIOTCS TaHHIOHOCHBIMHU
pactenusimu. Kopa HEKOTOPBIX BUAOB MOMKET
comepxarb 10 20% nyOuipHBIX BemecTs [29].
Nzyuena npupona nyOomnbHbIX BemecTs (/IB),

vonoids prunin and cynaroside, isolated from S.
S. acutifolia Willd. at dose 5 mg/kg showed di-
uretic and saluretic effects, which are based on
the mechanisms of combined influence on glo-
merular filtration and canalicular ions transfer
[26]. In 2012 A.A. Petruk, using HPLC method
studied flavonoid composition of some species
of Salix, which grow in Asian Russia. She dis-
covered quercetin, kaempferol, apigenin, luteo-
lin, and rutin, with dominance of quercetin and
luteolin [20, 21, 27].

The investigations of flavonoids from some
Salix species have been carried out in Belarus.
In 2015 Belarus authors published the article
about the study for dependence of content of
flavonoids in Salix viminalis leaves on the size
and position of a leaf on a sprout. The content
of flavonoids in certain leaves hover from 1.2%
to 11%, i.e. it is rather significant, while aver-
age values in leaves of one sprout change sig-
nificantly less from 4.08% to 5.76%. The de-
pendence of the flavonoids on the leaf position
on a sprout is completely the opposite to the
dependence described for a length and weight
of a lead, it means that the smallest leaves accu-
mulate maximum quantity of flavonoids [28].
The same authors determined the content of fla-
vonoids in inflorescences, leaves, and bark of S.
caprea. As the results of the study, a bark of S.
caprea is recommended as prospective medic-
inal plant raw materials, which contain proan-
thocyanidins, providing anti-inflammatory and
antioxidant action. Leaves and inflorescences,
especially male, which accumulate significant
quantity of flavone and flavonoles derivatives,
can be the source for obtainment of medicinal
drugs with cardiotonic and venotonic action
[22].

Salix species also have tannins. A bark of
some species may contain up to 20% of tan-
nins [29]. Nature of tannins from different Sa-
lix species was studied; these were tannins of
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COZIEpIKAILUXCS B Pa3HbIX BUAaX UBbI — 3TO /B
[IAPOTAJUIOBOM U IUPOKATEXUHOBOU TIPYIIIIBL.
Omnpenenensbl BUIBI UBBI, COAEPXKAIIUE TOIBKO
JIB muporamioBoi rpymmbsl — 3710 S.triandra,
S.caprea, S.viminalis. Takue Bunsl kak S.alba,
S. purpurea, S.pentandra, S.fragilis comepxkar
TyOUIIbHBIE BEIIECTBA MUPOKATEXMHOBOW IPyII-
nbl [14]. Conepxanue [IB B kope HEKOTOPBIX
BHUJIOB UBBI MOXET JOCTHraTh Oonee 20%, npu
9TOM HauOOosblIass TaHUJAHOCTh OTMEYEHA Y
Kopbl — uBHI S.aurita L. [29]. M3BecTHO 0 psine
(dapmakonornyeckux cBorcTB JIB. Bsokymiee
neiictBue 0OYCIIOBIEHO CIOCOOHOCTBIO J1y-
OWJIbHBIX BEIIECTB CBSA3BIBATHCS C OEIKaMU,
00pa3yst KOMIUIEKCHI, YTO CIIOCOOCTBYET 3a-
KUBJICHUIO PaH, O’KOTOB U JICUCHUIO JHAPEH.
AHTHOKCUJIAaHTHOE  JIeHCTBHE OOYCIIOBIIEHO
MHTUOMPOBAHUEM aKTUBHBIX (POPM KUCIOpOA.
[IpoTuBOBOCTIAIUTENNBHOE JEHCTBUE TyOWIIb-
HBIX BEIIECTB OCYILECTBISAETCS 3a CUeT He-
CKOJIBKMX MEXaHHU3MOB (MHTHOMpOBAHUE INPO-
W3BOJICTBA M HAKOIUIEHUS MPOCTArJIaHAMHOB,
BOCHAJIUTENBHBIX MapKepoOB, OKCHIA a30Ta B
Makpodcarax [30].

B paborax A.A. Ilerpyk, omyOIMKOBaHHBIX
¢ 2009 r., u3ydeHo cozepkaHue 1yOnuIbHbIX Be-
IIECTB B JINCTHSIX HEKOTOPBIX MPEACTaBUTEICH
pona Salix (Salicaceae), mpouspacTaromux B
asuarckoit yactu Poccun. IIpoBenennoe orpe-
nenenue conepxkanus [IB mepmanranatrome-
TPUYECKUM METOJIOM I0Ka3aslo, YTO HauOOIIb-
mee KojaudecTBo JIB HaxoauTcs B JUCTHAX S.
phylicifolia (7,1%), comepxxanue JIB Oonee
5% oOHapykeHO emie B Tpex BUAAX HBBI: S.
gracilistyla, S. pentandra, S. pyrolifolia [31].
OTUM e aBTOPOM OIIpejesieHa CEe30HHast IH-
HaMHKa HAKOIUIEHUS JyOMJIbHBIX BEIIECTB Ha
pUMepe BUAOB MBBI, UHTPOIYLIMPOBAHHBIX B
Hentpansnom Cubupckom 0OTaHUYECKOM CaTy
CO PAH. B o6pa3suax JucTbeB BCeX U3YUSHHBIX
oco0eii conepkanue JIB okazanock BeIlIe, 4eM
B COLIBETUSX (B IUCTBAX — OT 3,3 110 7,1%, B co-
usetusix —ot 0,8 10 1,2%). Haubomnwiiee conep-
»kaHue /IB B TUCThSIX OTMEUEHO B IEPUO/T HAYA-
Ja pOCTa JIMCTOBBIX IJIACTUHOK WJIM B IIEPUOI,
KOTJ]a OHM JTOCTUTAIOT CBOETO MAaKCHMAJIbHOTO
pasmepa [27]. A.A. IleTpyk npoBeAEHO TaKxke
UCCIICIOBAaHUE CE30HHOW JMHAMUKU H3MEHe-
HUS colepkaHus (IaBOHOUIOB M AYOMIIbHBIX
BEIIECTB B JIUCThIX U couBerusx S. alba. Ono
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pyrogallic and pyrocatechin groups. Salix spe-
cies with tannins of only pyrogallic group were
determined: S.triandra, S.caprea, S.viminalis.
Species like S.alba, S. purpurea, S.pentandra, S.
fragilis contatin tannins of pyrocatechin group
[14]. The content of tannins in some Salix spe-
cies may reach 20%, and bark of S.aurita L. had
the highest quantity of tannins [29]. Some phar-
macological properties of tannins are known.
Astringent action is conditioned by the capabil-
ity of tannins to connect with proteins, creat-
ing complexes, which conduces the wound and
burn healing processes, diarrhea treatment. An-
tioxidant action is conditioned by the inhibition
of active forms of oxygen. Anti-inflammation
action of tannins was implemented with several
mechanisms (inhibition of the production and
accumulation of prostaglandins, inflammation
markers, nitrogen oxide in microphages [30].
A.A. Petruk in her papers, published in
2009, studied tannins of some Salix species
(Salicaceae), which grow in Asian Russia. The
study for tannins content using permanganato-
metric method showed that leaves of S. phylici-
folia have the bigger amount of tannins (7.1%),
three Salix species had more than 5% of tan-
nins: S. gracilistyla, S. pentandra, S.pyrolifolia
[31]. The same author determined a seasonal
dynamics of tannins accumulation on the ex-
ample of Salix species, introduced in Central
Siberian Botanic Garden. The leaves samples
of all studied species the amount of tannins
were higher than in inflorescences (in leaves
from 3.3 to 7.1%, and from 0.8 to 1.2% in in-
florescences). The higher amount of tannins in
leaves was observed in the period of growth of
laminas, or in period of their maximum size
[27]. A.A. Petruk also carried out the study for
a seasonal dynamics of flavonoid and tannin
content in leaves and inflorescences of S. alba.
It showed that leaves of the studied plants had

the biggest amount of flavonoids and tannins,
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M0Ka3ayio, 4To HauboJjblee KOJIMYECTBO (a-
BOHOH/IOB U 1yOMJIbHBIX BEIIECTB HAXOAUTCS B
JHMCTBSAX M3YYEHHBIX PACTCHUH, Cpelu HUX MO
cymMme (rnaBoHOMAOB BhIAEsieTcs S. albavar.
vitellina — 4.60%, mo comepkaHUIO TyOWIIb-
HbIX BemecTB — S. alba x S. blanda — 4.57%.
MaxkcuMyMmsbl cojiepkaHus (pIaBOHOUIOB U J1y-
OUJIBHBIX BEIIECTB B COLBETHUAX MNPHUXOAATCS
Ha TepUOJ MOJIHOTO LBETCHUS, B JUCThAX — B
NEPUOJ UX aKTMBHOTO POCTa, a TAKXKE B KOH-
1I€ BEreTalMOHHOIO MEepHoJia, Mepea HadaaioM
aucronazna. Ot1o BpeMs A.A. Ilerpyk cuuraer
ONTUMAJIBHBIM JUIsI cOopa cbipbi. Hanbonb-
1iee KOJIM4ecTBO (DIIaBOHOUAOB M AyOUIIBHBIX
BEIIECTB COAEPIKUTCS B OOOEIOJIBIX COLBETH-
X MO0 CPaBHEHHUIO C JKCHCKUMH M MY>KCKHMHU.
[Tonmy4yeHnHble pe3yabTaThl NPUBOIAT aBTOPA K
BBIBOAY O HEBO3MOXKHOCTU IPHUMEHEHHs Ta-
KOTO TIOKa3aTelsl, Kak KOJMYEeCTBEHHOE COfIep-
KaHHUE yKa3aHHbBIX (DEHOJBHBIX COCIMHEHUN B
KaueCTBE XeMOTAaKCOHOMUYECKOTO MapKepa JJist
poxa Salix BciencTBUE IIUPOKOTO TUara3oHa
ux u3meHunBoctu [20].

Tak>ke U3BECTHO, UTO B HEKOTOPBIX M3y4EH-
HBIX BHJIaX MBBI cojepkarcs (peHomkapOoHO-
BbI€ KHCIIOTBI, TAKME KaK CAJMLUIOBAs, XJIO-
pOreHOBast, M-TUIPOKCUKOpUYHAs, KogeiHas
u QepynoBas kuciotsl [4, 14, 32]. Canuuio-
Basi KMCJIOTa B CBOOOTHOM BHJIE COACPIKUTCS B
S.laponum, S.purpurea, S.planifolia u S. alba
[33]. CanunuiaoBasi KUCJIOTA U €€ MPOU3BOAHBIC
M3BECTHBI KaK MPOTHBOBOCIHAIMTENbHBIC, XKa-
POIIOHIKAIOIIUE U 0OJECYTONSIONINE CPECTBA
[3, 6].MHuorue ¢eHoIKapOOHOBBIE KUCIOTHI
3G PEKTUBHO HEHUTPATU3YIOT CBOOOIHbBIC PAIH-
KaJjbl, OKa3bIBass aHTHOKCHJIAHTHOE JEUCTBHE.
[Ipou3BogHbIE THUAPOKCUKOPUYHBIX  KHCIIOT
MIPOSIBIISIFOT YKE€TUYETOHHBIM U TPOTHUBOBOCTIAIIH-
TEJIbHBINA 3P PEKT, a TaKKe PYHIUCTATUIECKYIO
aKTUBHOCTh. XJIOPOT'€HOBAsI KMCIOTa 00JIaAaeT
SAPKO BBIPAKEHHOH (PU3MONIOTHYECKO aKTHB-
HOCTBIO U SIBIISICTCSI MPHUPOAHBIM AHTHOKCH-
nantoM. ConepKHUTCs XJIOPOTEHOBAsi KUCIIOTA
B IUCTHAX S. purpurea, S. elbursensis, S. trian-
dra u S. alba [4, 14, 32]. ®epynoBas kuciaora
OKa3bIBaeT MPOTHUBOBOCHAIUTEIBHOE, aHTUAI-
JeprudecKoe, MPOTHBOOITYXOJIEBOE, AHTHTOK-
CHUYECKOEe, TIeNaToNpOTEeKTOPHOE, aHTHOaKTe-
pHUasbHOE, MPOTUBOBUPYCHOE U JIPYTUE BHJIBI
¢dapmakonornyeckoro aercteus [34]. Ee 006-

among them S. albavar. vitellina stood out by
the amount of flavonoids — 4.60%, and S. alba
x S. blanda by the content of tannins — 4.57%.
Maximums of flavonoids and tannins content in
inflorescences is observed in full bloom peri-
od, and in leaves it is observed in a period of
their active growth, and at the end of vegeta-
tion period, before the leaf shedding. This time
is considered by A.A. Petruk to be an optimal
period for raw materials gathering. Digeneous
inflorescences have the biggest amount of fla-
vonoids and tannins comparing with male and
female inflorescences. The results obtained
made an author to prove the impossibility of an
index of quantitative content of phenolic com-
pounds mentioned, as chemotaxonomic marker
for Salix genus, because of the broad spectrum
of their changeability [20].

Some studied Salix species are also known
to have phenolcarbonic acids, such as salicyl-
ic, chlorogenic, p-hydroxycinnamic, caffe-
ic, and ferulic acids [4, 14, 32]. Free salicylic
acid is encountered in S.laponum, S.purpurea,
S.planifolia u S. alba [33]. Salicylic acid and
its derivatives are known as anti-inflammatory,
febrifuge, and anesthetic agents [3,6]. Many
phenolcarbonic acids are efficiently neutralize
free radicals implementing antioxidant action.
The derivatives of hydroxycinnamic acids im-
plement biligenic and anti-inflammatory effect,
as well as fungistatic activity. Chlorogenic acid
possesses a signified physiological activity and
is a natural antioxidant. Chlorogenic acid is
found in leaves of S. purpurea, S. elbursensis,
S. triandra u S.alba [4, 14, 32]. Ferulic acid im-
plements anti-inflammatory, anti-allergic, anti-
tumor, antitoxic, hepatoprotectory, antibacteri-
al, anti-virus and other pharmacological effects
[34]. It was discovered in S.alba, which grows
in the North Caucasus [2, 14]. Caffeic and fe-
rulic acids were revealed to have anti-hypoxic

action, implement protective action for cardiac
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Hapyxxwiu B S.alba, npouspacraromeii Ha Ce-
BepHoM KaBkasze [2, 14]. Takxe BBISIBICHO, YTO
koelinas u QepynoBas KuCIOTH 0OIATAIOT
AQHTUTHIIOKCHYECKUM JICHCTBUEM, OKa3bIBAIOT
3alIUTHOE JCUCTBUE Ha CEPACYHYIO MBIIIILY
IpPU MOJEIMPOBAHUM JIETAJIBHBIX TaXUAPUT-
MUM, YBETUUUBAIOT MPOIOJKUTEIBHOCTD KH3-
HU SKCIIEPUMEHTAJIBHBIX JKUBOTHBIX, a TaKXKe
JIOCTOBEPHO YBEIUYMBAIOT YPOBEHb MO3TOBOTO
KpPOBOTOKa IpPHU KypCOBOM NPUMEHEHUH, NpU
3TOM CYLIECTBEHHO HE BIMSIOT Ha MOKa3aTesu
cucreMHol remomuHaMmuku. Kodeiinas u de-
PYJIOBast KUCJIOTHI OKa3bIBAIOT KapIUOIPOTEK-
tuBHOe neiictBue [34, 35]. Kodeitnas kucmo-
Ta oOHapyxeHa B kope S. alba, S. elbursensis
u S.purpurea, npouspacraronmx Ha CeBepHOM
Kagkaze [14]. M3BecTHO, YTO B JUCThHAX HEKO-
TOPBIX W3yYEHHBIX BHUJOB HUB, IPOHU3PACTAIO-
mmx B OUHISHINYU, NPUCYTCTBYIOT XJIOpOTeE-
HOBasl U MI-FMIPOKCUKOPUYHAs KUCIIOTHI [4, 32].

HexoTopble BUIbI MBBI, HATIpUMeEp, S.caprea,
coziepkaT acKopOMHOBYIO KUCIOTY. JlaHHOE CO-
€IMHEHHE SBIJIETCS MOILHBIM AHTUOKCHUIAH-
TOM, a TaK)Ke HEOOXOAMMO /17151 BOCCTAHOBJICHHUS
JPYTUX aHTHOKCHIAHTOB, TaKUX KaK TOKOde-
POJIBI U KAPOTHHOMIBI. ACKOPOMHOBASI KUCIOTA
CIOCOOCTBYET (OPMHUPOBAHUIO COCTUHUTEIIb-
HOW TKaHHW B OpraHU3ME YeJIOBEKa, MPOSBISIET
(epMEeHTaTUBHYIO AKTUBHOCTb, CIIOCOOCTBYET
BCAChIBAaHUIO Kejie3a B OpraHu3Me, oOnagaer
AQHTUCKIIEPOTUYECKUM JeiicTBUEM [3].

VYIneBonsl — 3TO MPUPOIHBIE COCAMHEHHS,
IIMPOKO PACHPOCTPAHCHHBIE B PACTUTEIHHOM
mupe. Ilonmucaxapunel obnagaror psgoMm dap-
MAaKOJIOTMYECKUX CBOMCTB: B TOM YHCIIC OKa3bl-
BAlOT BBIPAXKEHHOE IPOTUBOBOCHAIUTEIBHOE,
PaHO3KUBIAIONIEE, AHTHOKCHJAHTHOE BO3-
JICUCTBHUE, AKTUBUPYIOT (YHKIMHM WMMYHHOU
cuctemsl [36]. UccnenoBanusiMu noiucaxapu-
JIOB B KOpE MBBI O€Nol 3aHMMAINCh HEMEIKHE
yUYCHbIC, UMU BBIJICJICHB M3 TeMUIEIUIION03bI
KOpPBI MBBI O€JI0i KCHJIaH U TtokoMaHHaH. [1ek-
THHOBBIE BEILIECTBA KOPBI UBBI OEJION COCTOAT U3
raJakTypOHOBOW KHCIIOTHI, apaOUHO3bI 1 apalu-
HorasnakraHa. B UexocinoBakuu yuensle S. Ka-
racsonyi 1 M.Pasteka 3aHumanuchy u3yueHueM
CTPYKTYPHBIX (pOpMyJT HEHTpaJIbHBIX HOJIMCaXa-
PHIIOB, coaeprKaluxcs B uBe 6enoit. imu onpe-
JIeJIeHa CTPYKTypa IIIIOKOMAaHHAHA, COCTOSIIAs
u3 B-D-rimoko3bl U B-D-manno3b1 [37].

50

muscle while modelling lethal tachy-arrhyth-
mia, increase lifetime of experimental animals,
and significantly increase a level of cerebral
blood flow with course application, without sig-
nificant influence on the indexes of systematic
hemodynamics. Caffeic acid and ferulic acid
implement cardio-protective action [34, 35].
Caffeic acid is found in S. alba, S. elbursensis u
S.purpurea, which grow in the North Caucasus
[14]. The leaves of some Salix species growing
in Finland are known to have chlorogenic and
p-hydroxycinnamic acids [4, 32].

Some Salix species, for example S.caprea
contain ascorbic acid. This compounds is a
powerful antioxidant, and is also necessary for
restoration of other antioxidants like tocoph-
erols and carotinoids. Ascorbic acid conduces
the formation of connective tissue in human’s
organism, exhibits fermentative activity, con-
duces iron adsorption, and has an antisclerotic
action [3].

Carbohydrates
widespread in vegetable kingdom. Polysaccha-

are natural compounds,
rides possess a whole range of pharmacological
properties; including a signified anti-inflamma-
tory, wound healing, antioxidant action, activate
functions of immune system [36]. German sci-
entists were occupied with studies for polysac-
charides in cortex of Salix alba. They isolated
xylan and glucomannan from the hemicellulose
of Salix alba cortex. Pectin substances of the
Salix alba cortex consist of galacturonic acid,
arabinose, and arabinogalactan. In Czechoslo-
vakia scientists S. Karacsonyi and M.Pasteka
were occupied with investigations for structural
forms of neutral polysaccharides from the Salix
alba. They determined the structure of gluco-
mannan, which consisted of B-D-glycose and
B-D-mannose [37].

Biologically active substances like essential
oils, lipids, resinous substances, ferments were

revealed in Salix [3]. Amino acid composition
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B uBe BBISBICHBI U Takhe OMOIOTHYECKH
AKTUBHBIC BEIIECTBA, KaK d(pUpHBIC Macia, JIH-
MUJBl ¥ CMOJIUCTBIC BelecTBa, (hepMeHTHI [3].
N3ydyeH aMHHOKHMCIIOTHBIA COCTaB JIUCTHEB
S.acutifolia, S.caprea, S. alba [38].

W3BecTHO, YTO XUMUYECKUE AIIEMEHTHI SIB-
JSIOTCS. BaXXHEUIIMMU KaTadu3aTopaMu pas-
JUYHBIX OMOXMMHYECKHX MPOIECCOB, 0OMEHa
BEIIECTB, UTPAIOT 3HAYUTEIHHYIO POJIb B aJarl-
TalMy OpraHu3Ma B HOPME U nartoioruu. [39].
bbl1 n3y4eH 21eMEHTHBIN COCTaB KOPBI UBBI I151-
TUTBIYUHKOBON. OOHApY)KEHBI TaKUE Ba)KHBIC
MHUKpPO- ¥ MAaKpOAJIEMEHTHI KaK a3oT, ¢ocdop,
KaJIbLIMM, Maruui, HaTpuil u kanuii [40].

[IpuBeneHHbIC BBINIE TaHHBIE OTHOCATCS
MIPEUMYIIECTBEHHO K KOpE Pa3lUYHBIX BHJIOB
UBBI, peXe K JHUCThIM. B TO ke BpeMs 3a mo-
CJIEZIHAE TONbl TPOBEACH DPSAJ HCCICAOBAHMIA,
MOJTBEPKIAIOINX TEPCIEKTUBHOCTh HCIIOJb-
30BaHUsl B KAa4E€CTBE JICKAPCTBEHHOTO PACTH-
TEJBHOTO CHIPbS TTOOETOB UBHI (OOIMCTBEHHBIX
BetBelt). Tak, O.0. Xuresoit (2012 r.) uzyuen
XAMHYECKHH COCTaB MOOETOB MBEI O€JIOH, II0-
Ka3aHo Hanmuume Ooraroro komruiekca BAB
(YCTaHOBIIEHO BBICOKOE CO/IEp)KAaHHUE J1yOuIIb-
HBIX BEIIECTB KOHJCHCHUPOBAHHOW TPYyIIIbI
(omUranmoKaTexwHa, KaTeXWHa, OSIHUKATEXU-
Ha, dMIMKAaTeXWHTaJlIaTa, KaTeXuHrajuiara) — B
cymMme ot 3,5 10 9,0% B pa3nuuHble EPUOIbI
3aroToBKH; (pIABOHOUOB (pPyTHHA, KBEPIIETH-
Ha ¥ 2 HEUJACHTU(HUIIMPOBAHHBIX BEIIECTB) B
cymme 0,5-1,5% B mepecuere Ha pyTuH; (e-
HOJIOKHUCTOT ((hepysoBOM, CaIUIMIOBOH, KO-
puuHoi) B konuuectBe 0,8% B mepecuere Ha
KHCIIOTY (DepylIOBYI0; TPHUTEPIEHOBBIX Camo-
uuHoB (0,53%); comepaHHe calUIMHA CO-
craswio 0,05-0,19%.). dapmakonoruyeckue
WCCIICIOBAHMS TIOKA3aM BBIPAKCHHYIO AHTH-
IKCCYIaTUBHYIO U aHTUIPOIU(EPATUBHYIO aK-
TUBHOCTB OTBapa M0OETOB UBBI OEOi, CpaBHU-
MYIO C KUCJIOTOM areTwicaiuuuioBoil [2]. B
JAJIbHEUIIIEM M3YyYaliCd XUMUYECKUI COCTaB U
(apmakonornyeckast akTUBHOCTb 110OETOB UBBI
nypnypHo#l [41] u UBBI TPEXTHIYMHKOBOU [42,
43, 44]. Pe3ynbraThl ’TUX UCCIEIOBAHUN TAKKE
MOJTBEPIMIIH TIEPCIIEKTUBHOCTh U3yUEHUS TI0-
0EroB MBBI KaK JIEKAPCTBEHHOTO PACTUTEIHHOTO
CBIPBS, 00TaAONIEr0 MPOTUBOBOCIAIUTEIb-
HOW aKTUBHOCTBIO.

C 2013-2014 rr. B YKkpauHe TakKe Ha4aTbl

of leaves of S.acutifolia, S.caprea, S. alba was
studied as well [38].

Chemical elements are known to be the
most important catalyzers of various biochem-
ical processes, metabolism, play a significant
role in adaptation of organism in its normal and
pathological state [39]. Elemental composition
of Salix pentandra cortex was studied. As the
result, important micro- and macro-elements
like nitrogen, phosphorus, calcium, magne-
sium, sodium, potassium were discovered [40].

The date mentioned above concerns primar-
ily the Cortex of different Salix species, rarely
of leaves. At the same time, the whole range of
researches has been carried out lately to prove
the prospects of Salix sprouts use as medicinal
plant raw materials. So, O.0. Khiteva (2012)
studied chemical composition of Salix alba
sprouts, and showed a rich BAS complex (high
content of condensed tannins was established
(epigallocatechin, catechin, epicatechin, epi-
catechingallate, catechingallate) in total from
3.5 to 9.0% in different periods of gathering;
flavonoids (rutin, quercetin, and 2 unidentified
substances) in total 0.5-1.5% in terms of rutin;
phenolic acids (ferulic, salicylic, cinnamic)
amounted to 0.8% in terms of ferulic acid; tri-
terpene saponins (0.53%). The salicin content
amounted to 0.05-0.19%)). Pharmacological
investigations showed a signified antiexuda-
tive and antiproliferative activity of Salix alba
sprouts decoction, compared with acetylsali-
cylic acid [2]. Chemical composition and phar-
macological activity of Salix purpurea [41] and
Salix triandra sprouts were studied further [42,
43, 44]. The results of these studies also proved
the prospects of Salix sprouts as plant raw ma-
terials with anti-inflammatory activity.

Since 2013-2014 the investigations for Salix
sprouts have been carried out in Ukraine. The
comparative analysis of phenolic compounds of

sprouts of S. caprea, S. purpurea, S. viminalis
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uccienoBanus moderoB uBbl. llpoBeneH cpas-
HUTENbHBIA aHamu3 (DEHONBHBIX COCTUHEHUN
noberoB S. caprea, S. purpurea, S. viminalis
¢doper Ykpannbl. C nmoMomsio Metona BOXX
ObUT BBISBIEH JIOCTaTOYHO BBICOKUH YPOBEHb
HaKOIJICHUS! OMOJIOTMYECKH aKTHBHBIX BEILIECTB
¢denonpHON mpuponsl. B moberax wuccriemye-
MBIX BUJIOB OOHApYKEHO BBICOKOE COJCpPIKaHHE
KaTeXxuHa, SIHKATEeXMHA, XJIOPOTeHOBOH KHC-
JOTBI, HEKOTOPbIX (raaBoHOMIOB. OcoOeHHO
BBICOKOE cofiepykaHue (pIaBOHOUIOB CJEIyeT
OTMeTUTh B noderax S. Purpurea, oOHapyKeHbI
HECKOJIBKO ITPOM3BOIHBIX HAPUHICHUHA, JIFOTEO-
JIUH-6-C-IIIMKO3K], U30CaIMITypIIO3U, JIIOTEO-
JIMH-7-IJIMKO3U . DTO TO3BOJIMIIO aBTOpPaM Clie-
J1aTh BBIBOJBI O TIEPCIIEKTUBHOCTH JAJIbHEHILIETO
W3y4YeHHsI TOOETOB JAHHBIX BHJIOB UBHI [45].

Kpome Toro uccnenoBaH aMUHOKHCIOTHBIN
cocraB noberos S. alba, S.triandra, S.viminalis,
S. purpurea. S. fragilis. B mo6erax oOHapyxeHO
6osiee 20 aMMHOKHCIIOT, U3 KOTOPBIX 9 He3ame-
HHUMBIE. Pe3ynbrarsl HCCIIEI0BAHUN aMUHOKHC-
JIOTHOTO COCTaBa CBUJIETEILCTBYIOT O MIEPCIEK-
TUBHOCTH HCIIOJIb30BaHUS TOOETOB N3yUYEHHBIX
BUIOB UBHI [46, 47].

Taxoke rpyInmoi yKpauHCKUX aBTOPOB OIly-
OJMKOBaHbI PE3YJAbTAaThl SJIEMEHTHOTO aHa-
nu3a moberoB S. caprea. [IpeoGnanarommmu
MakpodiemMeHTamu okazanuch (mr/100 r) ka-
it (1120), xanpuwmii (895) u kpemuuii (450).
Cpenu MukposnemenToB (Mr/100 r): docdop
(195), xene3o (56) u amomunuii (28) [48].

Hcnonb3oBanue 1o0OEroB HBHI MpUBIIE-
KaTeIbHO C JKOHOMHYECKOW TOYKM 3pEeHHUs,
MIOCKOJIBKY TO3BOJISIET B 3HAYMTEIBHOM Mepe
pacmpuTh chipbeByt0 0a3y. Kpome Ttoro
YMEHBIIIAETCS HAHOCUMBIM PAaCTEeHHUIO IpHU 3a-
TOTOBKE BpEJI [0 CPABHEHUIO C TPAJAULIMOHHBIM
ceIppeM (Kopoit) [49]. BaxxHo orMeTuTh 60JIb-
1I0€ KOJMYECTBO OTEUECTBEHHBIX BHUJIOB HBBHI,
KOTOpbIE TPUHAAIECKAT K JOMHHUPYIOIIUM
naHamadTHBIM BUAAM B MECTax MOBBILIICHHO-
ro yBIIQXXHEHUS, 0COOEHHO MO OeperaMm BOJIO-
€MOB M B PEUHBIX JIOJMHAX, & TAKXKE YCIEUIHO
KyJBTUBUPYIOTCS, B TOM YHUCIIC B IPOMBIIIICH-
HeIX MacmrTabax. Ilpu 3TOM OTIMUMTENBHON
0COOEHHOCTBIO pacTeHHi pona VBa siBisercs
CHOCOOHOCTh K OBICTPOMY POCTY, 3aCEJIECHHUIO
cyoctpara u pasmaoxenuto [50]. Bee 310 00-
YCIIaBJIMBACT TEOPETUUYECKYI0 BO3MOXKHOCTH
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of Ukrainian flora was done. Rather high level
of accumulation of fenolic nature biologically
active substances was revealed using HPLC
method. The sprouts of the species under study
showed a high level of catechin, epicatechin,
chlorogenic acid, some flavonoids. Sprouts of
S.purpurea had especially high content of flavo-
noids; also some derivatives of naringenin were
revealed, as well as luteolin-6-C-glycoside,
This
allowed authors to make conclusions about

isosalipurposide, luteolin-7-glycoside.
the prospects of further investigations of the
sprouts of these Salix species [45].

Apart from this, amino acid composition
of S.alba, S.triandra, S.viminalis, S.purpurea.
S.fragilis was investigated. The sprouts were
discovered to have more than 20 amino acids, 9
of which were essential. The results of the stud-
ies for amino acid composition give evidence
about the prospects of implementation of stud-
ied Salix species [46, 47].

A group of Ukrainian authors published
the results of elemental analysis of S.caprea
sprouts. Potassium (1120), calcium (895), and
silicium (450) were dominant macroelemens
(mg/100g). And phosphorus (195), iron (56)
and aluminum (28) were dominant microele-
ments (mg/100g) [48].

The use of Salix sprouts is economically at-
tractive, because it allows a significant broaden-
ing of raw material base. Besides, the harmful
effect for a plant while raw materials gathering
is getting less, in comparison with traditional
raw materials (cortex) [49]. Big amount of Rus-
sian Salix species are worth noting, because of
their belonging to dominating landscape types
in high humidity areas, especially along the res-
ervoirs banks and river valleys, and also their
successful cultivation in industry. One of the
distinguishing features of Salix genus is their
capability to fast growth, substrate coloniza-

tion, and reproduction [50]. All this conditions
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MacIITaOHBIX 3arOTOBOK CBHIPbSl MBI B HAIIeH
CTpaHe AJIs IPOU3BO/ICTBA OTEUYECTBEHHBIX JIE-
KapCTBEHHBIX MTPETapaToB.

BriBoabI

B macTosmmii MOMEHT H3BECTHO, UYTO OC-
HOBHBIMU JIEHCTBYIOLIMMHU BELIECTBAMHU H3Y-
YEHHBIX BUJIOB UBBI SIBISIOTCS (DEHOIOTIHKO-
3ubl, (HIIAaBOHOU/BI, TyOWJIbHBIE BELIECTBA U
¢denonokucnorsl. Kaxnas u3 3Tux rpynm coe-
JTMHEHUH MPOSIBIISIET ONpPEIEICHHBINA (apMaKo-
noruyeckuit 3 dekr.

borareiii XuMHUUYECKHII COCTaB XapaKTepeH
HE TOJIBKO JJISi KOPbI UBBI (TPAJUIIMOHHO MPH-
MEHSIEMOE CBhIPbE), HO U UISl JIUCTHEB, COLIBE-
THH, TOOETOB.

B nocnennue roasl akTUBHO BEAYTCS UCCIIE-
JIOBaHUS TIOOETOB UBBI HE TOJIBKO 32 PYOEIKOM,
HO U B Poccun u B Ykpaune. Mcnons3zoBanue
JAHHOTO CBIpbsl MPUBJIEKATEIbHO C HKOHOMHU-
YECKOW TOUKM 3PEHMsI, MOCKOJIbKY I103BOJISIET
B 3HAYUTEJIBHOM Mepe PACLIMPUTH ChIPHEBYIO
6a3y. Kpome TOro ymeHnspIaeTcsi HaHOCHUMBIN
PacTEHMIO IIPU 3arOTOBKE BPEJ 110 CPABHEHUIO
C TPaJIUIIMOHHBIM CBIPbEM (KOPOii).

Bonb1ioe pasHooOpasue BUIOB UBBI, TPOU3-
pacTarolmx Ha TeppuTopun Poccuu, 1 BO3MOX-
HOCTb UX KYJIBTUBHPOBAHUS B IPOMBIIIICHHBIX
MacmTabax o0yciIaBIUBalOT HEOOXOIUMOCTh
JAJIBHEHUIIIETO BCECTOPOHHEIO MCCIIEA0BaHUS
XMMHUYECKOTO COCTaBa M (papMaKoIOTrHUeCKOn
AKTUBHOCTH KaK XOpOILLIO, TaK U MaJI0 U3y4EH-
HBIX BUJIOB MB, IPOU3PACTAIONIUX B PA3IINYHBIX
pEruoHax Haleu CTPaHBbl.
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Conclusions

Currently we know that phenolic glyco-
sides, flavonoids, tannins, and phenolic acids
are principal active substances of the studied
Salix species. Each of these compound groups
exhibits its certain pharmacological effect.

Rich chemical composition is characteristic
not only for a cortex of Salix (traditionally used
raw materials) but also for leaves, inflorescenc-
es, and sprouts.

Recent years, active investigations for Salix
sprouts have been carried out not only abroad,
but in Russia and Ukraine as well. The use of
these raw materials is economically attractive,
because it allows significant broadening of
raw materials base. And the harmful effect for
a plant while gathering is less comparing with
traditional raw materials (cortex).

A great diversity of Salix species, which
grow in Russia, and possibility of their indus-
trial scale cultivation conduces the necessity for
further comprehensive investigations for chem-
ical composition and pharmacological activity
of well-studied and understudied Salix species,

which grow in different regions of Russia.
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