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Pacrenus poma mBa OoraTbl HaJIMYHUEM
paznuuHbIX (maBoHOWI0B. PaGoramu B.A.
KommnanueBa B 60-e rogsl XX Beka IokKasa-
HO, YTO B JIUCTHSX WMBBI TPEXTHIYMHKOBOM,
npouspacTtatomied Ha CeBepHom KaBkase,
conepxkutcs 10 5% pyrtuna. IIpu 3TOoM Hc-
MIOJIL30BAJICSI METOJI, TPEOYIOITHI JITUTEIh-
HOM TPOOOMOATOTOBKM (M3BJICUCHUE U3
ceipbsi, TCX, u3BiIEUEHHE U3 XpoMaTorpa-
(brYeCcKoro CI0s METaHOJIOM, YJIaJICHHE pac-
TBOPUTEJISI, PACTBOPEHUE B 3TAHOJIE, U3MEpE-
HUE ONTUYECKON IIIOTHOCTH). B HacTosIee
BpEMsI OMMCAHBI JOCTYMHBIE U MPOCTHIC Me-
TOJIbI OTIPEJICTICHUSI PYTUHA B PACTUTEIIHLHOM
CBIpbE. YUUTHIBAS, YTO JIUCThSI UBBI TPEXTHI-
YUHKOBOM COJIep)KaT 3HAUYUTEIbHbIE KOJInYe-
CTBa PyTHHA U MOTYT CIIYy>KUTbh MOTEHILIAATIb-
HBIM CBIPbEM JIJIsl CO3/1aHUSI JIEKAPCTBEHHBIX
CPEICTB Ha UX OCHOBE, aKTyaJIbHbIM SIBIISICT-
csl ompeiesieHue CyMMBI (DTAaBOHOHIOB B JIH-
CTBSIX UBBI TPEXTHIUMHKOBOM U €€ moderax.

Heabio ncciieoBaHus SIBISIETCS OTIpe-
JIeJICHHE CyMMBbI (DIaBOHOUIOB B MBE TPEX-
TBHIYMHKOBOM, mpou3pacTaroiieit na Cepep-
HoM KaBkasze B 3aBUCHMMOCTH OT MeCTa U
BpEMEHH cOopa.

MeToawl. /{11 Kccae0BaHus HCITOIb30-
BaJIUCh XUMHUUECKUEe peakiuu, metoq TCX
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Plants of willow genus are rich in
various flavonoids. In 60-e years of the XX
century the works of V. A. Kompantsev
showed that leaves of willow triandra,
growing in the North Caucasus, contain up
to 5% of rutin. The method, which required
long sample preparation (extraction of the
raw material with TLC, chromatographic
layer extraction with methanol, removal of
the solvent, dissolution in ethanol, optical
density measurements) was used. Currently
available and simple methods for the
determination of rutin in plant material are
described. Given that leaves of Salix triandra
contain significant amounts of rutin and can
be a potential raw material for the creation
of medicines on their basis, it is essential to
determine the amount of flavonoids in the
leaves of Salix triandra and its branches.

The purpose of this
determination of the amount of flavonoids

study is

in the willow triandra, growing in the North
Caucasus, depending on the place and time
of collection.

Methods. TLC and the method of
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u Mmeto nuddepeHnnansHoil cnexkTpodo-
TOMETPHH.

Pesyabrarel. [IpucyrctBue drnaBoHOU-
JIOB B Pa3iIMYHBIX BEreTaTHBHBIX OpraHax
pacTteHusi ObLJIO YCTAHOBJIEHO C MOMOIILBIO
KaueCTBEHHBIX peakiuil (IMaHuIuHOBAs
npoba, OOPHO-TMMOHHAs PEAKIMs, pPeak-
Ul CO CBHUHIA alleTaTOM, C PacTBOPOM
ammuaka). Meronom TCX B npucyrcTBuH
CTaHAAPTHBIX 00pa3OB MIECHTU(UIIUPOBA-
HbI ()JIABOHOUJIBI: PYTUH U KBepueTuH. Jis
KOJTMYECTBEHHOTO  OTPENEICHUs  COIEp-
XKaHUSA CyMMBbI (DI1aBOHOMJOB B OOBEKTax
UCCIIeIOBaHUsl ObUIa HCIIOJIb30BAHA CIIEK-
TpooToMeTprUIECcKass METOJUKAa Ha OCHO-
BE peakuuu oOpa3oBaHUS KOMILIEKCOB C
anmroMuHus xyopuaom. [lokazano, 4to Hau-
Oomplliee KOJUYECTBO CYMMbI (DI1aBOHOU-
JIOB HAKaIIMBAETCS B JIUCTHsIX (110 3,76%),
B 1oOerax- 3To0 3HaY€HUE HEMHOTO MEHbIIIE
(mo 3,26%). B moberax 6e3 TUCThEB comep-
*aHue GraBoHOUI0B oyt B 10 pa3 MeHb-
me. DKCIepUMEHTAIBHO YCTaHOBIIEHO, YTO
Ha HaKoIJIeHUe (IaBOHOUIOB B ChIPHE UBBI
TPEXTHIYMHKOBON OKa3bIBAET BIIMSHUE Me-
CTO MIPOU3PACTaHUS U BpeMs cOOpa ChIphsi.

3akuouenue. [TomydeHnHbie pe3ynbsTaThl
MOJTBEP/INIIH MOJIyYCHHbIE paHee CBEICHUS
0 TOM, YTO MBA TPEXTHIYMHKOBAS CONEPIKUT
B OCHOBHOM pyTuH. Meton auddepeHiu-
aIbHON  CIEeKTPO(OTOMETPUHN  TTO3BOJISET
onpeAeniaTb cyMMmy (UIaBOHOMIOB C OTHO-
CUTEIFHOW TMOTPEIIHOCThIO, HE TMPEBbIIIA-
romei 2,5%.

KiroueBble cjioBa: (QprnaBOHOWIBI, MBa
TpexThranHKoBas (Salix triandra L.), moGe-
TH, JJUCTHS, CIIEKTPOPOTOMETPHUS

Beenenune. ®naBoHOuAb — PEHOIBHbBIC
COEIMHEHUSI, MPEICTaBIIAIONINE Yalle BCe-
rO pa3IN4HbIC TPOU3BOAHBIC (hEHUIIXpPOMA-
Ha WM (HEHUITXPOMOHA, HAlICHBI TTOYTH BO
BCEX YaCTsIX BBICIIUX PACTCHUM B BUC IVIU-
KO3UJIOB W/WIIM arMTuKOoHOB. KadecTBeHHBII
HX COCTaB U KOJIMUYECTBEHHOE COJIEpKAHUE
3aBUCHUT OT CEMENCTBA U Bua pacteHus [1].
PaGoramu B.A. KommaniieBa moka3zaso, 4To
pacTeHus poja uBa OOraThl HATUYHEM pa3-

differential spectrophotometry were used to
study chemical reactions.

Results. The presence of flavonoids
in various vegetative plant organs was
established using qualitative reactions
(cyanidin test; boric-citric reaction; the
reaction with solution of lead acetate and
solution of ammonia). Rutin and quercetin
flavonoids in the presence of standard
samples were identified using TLC. the
method of differential spectrophotometry,
based on the reaction of flavonoids with
aluminum chloride was wused for the
quantitative determination of the amount
of flavonoids. It is shown that the greatest
quantity of flavonoids amount accumulated
in the leaves (up to 3.76%), its value in
branches is slightly smaller (up to 3.26%).
The branches without leaves have almost
10 times less flavonoids. It was established
experimentally that the accumulation of
flavonoids in raw material of Salix triandra
1s dependent on the place and time of raw
materials gathering.

Conclusion. The results
the previously obtained
about the fact that Salix triandra mainly
contains rutin. The method of differential

confirmed
information

spectrophotometry allows determining the
amount of flavonoids with a relative error
not exceeding 2.5%.

Keywords: flavonoids, willow triandra
(Salix triandra L.),
spectrophotometry

Introduction. Flavonoids are phenolic
compounds, which often consist of phenyl-
chromon or phenylchroman found in all
parts of higher plants as glycosides and/or
aglycones. Their qualitative composition
and quantitative content depends on the
family and the species [1]. The works of
V. A. Kompantsev shown that plants of the
Salix genus are rich in various flavonoids.
They found that leaves of Salix triandra

branches, leaves,
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JTUYHBIX (prraBoHOUIOB. VIM HaiIeHO, UTO B
JIUCTBAX UBBI TPEXTHIUMHKOBOW COMECPIKUT-
cs 10 5% pyTuHA, B KOPE - CAIUITyPHO3UL]
u HapuHreHuH (okojo 1,5%), B colBeTusX-
pyTHH ¥ KBepueTuH (okoino 1,5%) [2,3].

KonnyectBeHHoe onpenenenue pyTHHaA B
JIMCTBSIX UBBI TPEXTHIYMHKOBOH (Salix triandra
L.) mpoBoaumnock B 60-e rogpl XX Beka CIeK-
TPO(POTOMETPUIECKUM METOIOM, KOTOPBINA B
TO BpeMsi TpeOOBaJl AU TEILHON IPOOOIOATrO-
TOBKH (M3BJeueHue U3 colpbsi, TCX, n3pneue-
HHUE U3 XpOoMarorpauuecKoro ciiosi METaHo-
JIOM, YJIaJIEHHE PAacTBOPUTENS, PACTBOPEHHUE
B ATaHOJIEe, U3MEPEHUE ONTHYECKOM IJIOTHO-
ctn). [TapanienbHo B 3THX e YCIOBHSX IIPO-
BOAMJIOCH OMpe/ieNieHHe ONTUYECKON IIIOTHO-
ctu pytuHa [3]. B HacTosiee BpeMst ONMCaHbl
JOCTYITHBIE U ITPOCTHIE METO/IbI ONPEICIICHHS
PYTHHA B PacTUTEIBHOM ChbIpbe. Tak B Kope
UBBI TPEXTHIUMHKOBOM MeTonoM auddepeH-
UAJBHOW  CHEKTPO(POTOMETPHN  HAMIECHO
0,41% cymmbl (1aBOHOUIOB B IIEpecyeTe Ha
pytuH [4]. OnHAKO B TUCTHSIX U MOOETaxX UBBI
TPEXTHIYMHKOBOW /IO HACTOAIIETO BPEMEHU
TaKUE OIPEIETICHUSI HE MPOBOAWINCH. Y4H-
ThIBasl, YTO JIMCThSl MBBI TPEXTHIYMHKOBOU
COJIepyKar 3HAYUTENIbHBIE KOJIMYECTBA PYTUHA
U MOTYT CIYKUTh MOTEHIUAILHBIM ChIPhEM
JUISL CO3/1aHMsI JIEKAPCTBEHHBIX CPEJICTB HA UX
OCHOBE, aKTyaJIbHBIM SIBIISICTCS ONpEIeieHUEe
CYMMBI (DJTABOHOWIOB B JIUCTBSIX MBBI TPEX-
THIYMHKOBOM U ee mmoderax [5].

Ieab0 HACTOSIIETO MCCIEAOBAHUS SIB-
JSIeTCs OnpeielieHre CyMMBI (PIaBOHOUIOB,
B MBE€ TPEXTHIYMHKOBOM, MPOU3PACTAIOIICH
Ha CeBepHom KaBkasze B 3aBUCHMOCTH OT
MecTa U BpeMeHH coopa.

Metoabl. OOBEKTHI HCCIEAOBAHUS — OJI-
HOJIETHHE OOJIMCTBEHHBIE, HEOJIPEBECHEBILINE
utuHOM 110 30 cM OGETH UBBI TPEXTHIYUHKO-
BOM, pouspacratomieil Ha CeBepHom KaBka-
3e, coOpanHble 1o Oeperam pek [loakymok (T.
[Tsturopek, CraBpononbekuid kpait), Masnka
(Kabapmuno-bankapckas Pecrybnuka), Ky-
6anb (KouyOeeBckuii paitoH CTaBpOMOJILCKO-
ro kpasi). Cblpbe COOUpAIN B pa3HbIE CTaIUH
Bereraumu B 2013 - 2015 romax B mepuon ¢
20 mo30 4mcio kaxxmoro mecsma. B manb-

58

contain up to 5% of rutin, in the cortex -
salipurpozid and naringenin (about 1.5%)
in the inflorescence of rutin and quercetin
(about 1.5%) [2, 3].

Quantitative determination of rutin in the
leaves of willow triandra (Salix triandra L.)
was conducted in 1960s using spectropho-
tometry, which at that time required a long
sample preparation (extraction of the raw
material using TLC, the chromatographic
layer extraction with methanol, removal of
the solvent, dissolution in ethanol, optical
density measurements). In parallel, in the
same conditions, was used to determine op-
tical density of the reference standard (RS)
rutin [3]. Currently describes the available
and simple methods for the determination
of rutin in plant material. So in the cortex of
the willow triandra by differential spectro-
photometry found 0.41% of total flavonoids
based on the rutin [4]. However, in the leaves
and branches of willow triandra to date, such
definitions have not been conducted. Given
that leaves of willow triandra contain signif-
icant amounts of rutin and can be a potential
raw material for the creation of medicines
on their basis, it is essential to determine the
amount of flavonoids in the leaves of willow
triandra and its branches [5].

The purpose of this study is the deter-
mination of the amount of flavonoids in the
Salix triandra, which grows in the North
Caucasus, depending on the place and time
of'its collection.

Methods. Leafy annual, not lignified
up to 30 cm branches of willow triandra,
growing in the North Caucasus, collected
on the banks of the Podkumok river (Pyat-
igorsk, Stavropol Krai), Malka river (Ka-
bardino-Balkarian Republic), Kuban river
(Kochubeevsky region, Stavropol Krai)
were the objects of the research. The raw
materials were collected in different stages
of the growing season in 2013, 2014 and
2015 from 20 o 30 of each month. Further,
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HEHIlIeM MTPOBOUIIA CPABHEHUE COACPIKAHUS
(hmaBOHOMIOB B TIOOETaX, & TAKXKE B JTUCTHAX
1 noberax 0€e3 JIUCTHEB MO OTAEILHOCTH.

[Tonydyenune wu3BICUEHUS ISl UACHTHU-
¢dukarun GraBoHOUI0B: K 1,0 T CBIpbs J10-
Oapisn 20 M criupta atunoBoro 70% u
HarpeBajld Ha KHUIALICH BOISHOU OaHe ¢
0OpaTHBIM XOJIONWJIBHUKOM B TedeHue 30
MUHYT. M3BNeuenre oxiaxjaaau 10 KOMHaT-
HOM TeMmrieparypsbl, (GUIBTPOBAIA U MPOBO-
JIA CIIEYIOLIUE PEeAKIUU: [TUaHUIUHOBAs
npo0da; 6opHO-TUMOHHAS PEAKIUS; peaKyuu
C pacmeopom ayemama ceUHya N pacmeo-
pom ammuaxa [6]. KauecTBeHHBI aHAIN3
¢maBoHon0B mpoBoaHaN MerogoM TCX B
TPaJUIIMOHHO TPUMEHSIEMOI cHucTeMe pac-
TBOpUTEJICH H-OyTaHON: KUCJIOTa YKCyCHas
KOHIIEHTpupoBaHHasi: Bona (4: 1: 2) [1]. Ha
racTuaky «CopO¢wmm» Hanocwim mo 15
MKJI CIIUPTOBBIX M3BJICUEHUN MOOEroB, JIH-
CThEB M MOOETOB 0€3 JHUCThEB U MO S5 MK
0,05% crnmpToBBIX pacTBOpoB 00pazioB CO.
[InacTHKM IOMEIaNK B KaMepy, HAaChIIIECH-
HYIO CUCTEMOI pacTBopuTeliel B TeueHue |
qaca. Korna ppoHT pactBoputens mocTuran
12 cM, XpomMarorpaMMsbl JOCTaBajIl U3 Kame-
PBI, BBICYIIMBAJIH, TPOCMATPUBAIA B BH]IU-
MOM U Y®D-cBeTe npu JJIMHE BOJIHBI 365 HM.
Nnentndukanuio BemIECTB TPOBOAMIN C
MOMOIIIBI0 00pa0OTKH MapaMy aMMHaKa WK
2% pacTBOPOM aJFOMUHUS XJIOpHUA.

JIis  KONIMYECTBEHHOTO  OMpPEeSICHUS
CyMMBI (DTaBOHOHIOB ObLIa MCIOJIB30BAaHA
MeToarKa AuQdepeHIaTbHON crieKTpodo-
TOMETPUW, OCHOBaHHAas Ha peakiuu ¢ria-
BOHOMJIOB C alfoMUHUsA xyopuaoMm [7]:1,0 r
CBIpbs (TOYHASI HABECKA) MOMEIIAIA B KOHU-
YEeCKyI0 KOOy cO IITU(POM BMECTUMOCTHIO
100 mu1, mpubassm 30 M1 criupTa STHIIO-
Boro 70% ¥ MpOBOAMIIN KCTPAKIUIO HA BO-
JITHOM OaHe ¢ 0OpaTHBIM XOJIOIUIBHUKOM B
TedeHrue 30 MUHYT C MOMEHTa 3aKUTIAHUS
cmecH. [opsiunii pactBop (uiIbTpOBaIM ye-
pe3 BaTHBIN TaMIIOH B MEPHYIO K00y BMe-
ctuMocThio 100 M1, momerast 3aTeM BaTHBIN
TaMIIOH B KOJIOY C CBIphEM. DKCTparupona-
HUE MTPOBOIMIIM eI1le ABaK bl PacTBOp oxIta-
/1AM TIPU KOMHATHOW Temreparype, Qpuib-

we compared the content of flavonoids in
the branches and in leaves and branches
without leaves separately.

Determination of flavonoids. Obtaining
extraction for identification of flavonoids:
The raw material (equals 1.0 g) was placed
in a conical flask, then added 20 ml of eth-
anol (70%). Than the flask was connected
with reflux condenser, placed in a boiling
water bath and since that moment heated for
30 min. The obtained extract was cooled,
filtered through a paper filter and then we
carried out the following reactions: cyanidin
test; boric-citric reaction; the reaction with
solution of lead acetate and solution of am-
monia [6]. We used thin-layer chromatogra-
phy for identification. For the mobile phase
we used n-butanol-glacial acetic acid-water
system (4:1:2). [1]. On the plate “Sorbfil”
we put on the start line (on the side 15 cm
width) samples of alcoholic Salix extract
from branches, leaves and branches with-
out leaves on 15 pl and samples of alco-
holic reference standards on 5 pl (0.05%).
The plates were placed in chromatography
chamber. When the solvent front reaches
the 12 cm the plate was removed, dried in a
laboratory fume hood at r.t., viewed in vis-
ible and ultraviolet light at a wavelength of
365 nm. The substances detection was per-
formed with ammonia vapors or 2% solu-
tion of aluminum chloride.

For the quantitative determination the
amount of flavonoids we used the method
of differential spectrophotometry, based
on the reaction of flavonoids with alumi-
num chloride [7]: the raw material (equals
1.0 g) was placed in a 100 ml conical flask,
then added 30 ml of ethanol (70%) than the
flask was connected with reflux condens-
er, placed in a boiling water bath and since
that moment heated for 30 minutes. The hot
extract obtained was filtered through a cot-
ton swab into volumetric 100 ml flask, then
placing the cotton swab into the jar with the
raw material. Extraction was carried out

59



DOI: 10.19163/2307-9266-2016-4-3-56-67

@apmayus u papmaronoeus Ne 3, 2016

TpoBaIK 4epe3 OyMakKHbIN (DUIBTP «CHHSS
JICHTa» B Ty 7K€ KOJIOYy W JTOBOAMIIN 10 METKH
cnuptoM STIIOBBIM 70%. Tlpu HEoOx0mu-
MOCTH HM3BJICUEHUE MOBTOPHO (PUIBTPOBATIH
(pacTtBOp A). 2 MJI pacTBOpa A moMeniaiy B
MEPHYIO KOJIOy BMECTUMOCTBIO 25 MII, IpH-
6apmsn 10 M1 criupra stuwiioBoro 95% u
2 MJ aJTIOMHHMS XJIOpUAA CIUPTOBOIO pac-
TBOpa 2%. Yepes 10 munyt npubdasisum 0,1
MJI YKCYCHOM KHCIIOTBI Pa3BEICHHON U JI0-
BOJIMJIM 10 METKH CIIUPTOM 3TUIIOBBIM 95%.
[To ucreuennn 40 MUHYT M3MEPSIIM OITH-
YEeCKYI0 IUIOTHOCTh Ha CIEKTPO(hOTOMETpE
C®-2000 pu gymmHe BosiHbI 410 HM B KroBe-
Te ¢ ToNmuHoM cnos 10 mM. B kauectBe pac-
TBOpa CpaBHEHUS MCIIOJIb30BAIM PACTBOP,
COCTOSIIIMM U3 2 MJT COOTBETCTBYIOIIETO M3-
Biedenus, 0,1 MJ1 yKCyCHOM KHUCTIOTBI pa3Be-
JIEHHOM W JIOBEJICHHBINA CIIMPTOM 3THJIOBBIM
95% o0 MeTkH B MEpHOM KOJIO€ BMECTUMO-
cTbto 25 mi1. [lapannensHo U3MepsiIu ONTH-
YECKYI0 TUIOTHOCTh PACTBOpPA CTaHAAPTHOIO
oOpa3iia pyTuHa, JJIsi Yero B JBE MEpPHBIC
KOJIObI BMECTUMOCTBIO 25 MJT BHOCHIIH 110 |
mia 0,05% cnupToBOro pactBopa pyTuHa U
nasiee TOCTyMalM, Kak onucano Bhie. Co-
JepKaHUEe CyMMBI (DITAaBOHOUIOB BBIYUCIISITH
B TIepecyeTe Ha PyTHH.

BanuganuonHyio OLIEHKY METOJIMKH KO-
JMYECTBEHHOTO Orpe/ieneHus (praBoHOUI0B
MIPOBOJIUJIN B COOTBETCTBUU C TPEOOBAHUSIMU
ODC.1.1.0012.15 «Bannnmanusg aHajauTa4de-
ckux metoauk» [8]. s mocTpoenus: rpa-
nyupoBouHOro rpaduka otbupanu mo 0,5;
1,0; 1,5;2,0; 2,5; 3,0 u 3,5 mu1 u3 pactBOopa A
(cM. METOIIMKY) U TIOMEIAIA B MEPHBIE KOJI-
Obl BMECTUMOCTBIO 25 MJI, Jlajiee MOCTyIa-
JM, Kak omucaHo B Meroauke. ComepkaHue
CYMMBbI ()JIaBOHOMJIOB B TIEpPECUETE HA PYyTUH
OTIpeIeIsUTH B KOHKPETHON aJIMKBOTE B T/MJI.
[To mony4eHHBIM JIaHHBIM PaCCUYUTHIBAIIN
K03(ppuIeHT U CBOOOIHBIN YJieH ypaBHe-
HUSl PErpeccud B COOTBETCTBUE C TpeOOBa-
HusiMu O®C.1.1.0013.15 «Craructuueckas
00paboTKa pe3yabTaTOB XMMHUYECKOTO JKC-
nepuMeHTay» [9].

Pe3yabrarsl. [lonoxuTenbHbie pe3yib-
TaThl BBILICTICPEYUCICHHBIX PEAKIUl CBU-
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twice. The solution was cooled at ambient
temperature, filtering through a paper filter
“blue tape” in the same flask, adjusted with
alcohol to the mark., The re-extraction was
filtered if necessary (solution A). 2 ml of
solution A was placed in a 25 ml volumetric
flask, add 10 ml of ethanol (95%) and 2 ml
of alcoholic solution aluminium chloride
(2%). After 10 minutes, was added 0.1 ml
of acetic acid diluted and adjusted with al-
cohol (95%) to the mark. After 40 minutes,
measured optical density in a cuvette with a
layer thickness of 10 mm at SF-2000 spec-
trophotometer at a wavelength of 410 nm.
The solution was used as a reference solu-
tion consisting of 2 ml of the appropriate
extraction, 0.1 ml of acetic acid diluted and
adjusted with alcohol (95%) to the mark in
25 ml volumetric flask. In parallel, mea-
sured optical density of the reference stan-
dard rutin. 1 ml (0.05%) alcoholic solution
of rutin was placed in a 2 volumetric flask
(25 ml), further we received as described
above. The content of flavonoids amount
was calculated as rutin.

Validation of assessment methods for
the quantitative determination of flavonoids
was carried out in accordance with the re-
quirements of the General Pharmacopoeia
article.1.1.0012.15 “Validation of analyti-
cal procedures”[8]. For construction of the
calibration curve were selected 0.5, 1.0,
1.5, 2.0, 2.5, 3.0 and 3.5 ml of solution A
(see methodology) and placed in a 25 ml
volumetric flask was imported as described
in the method. The content the amount of
flavonoids based on the rutin defined in a
specific aliquot in g/ml. According to the
data obtained, we calculated the coefficient
and free term of the regression equation in
accordance with the requirements of the
General Pharmacopoeia article.1.1.0013.15
“Statistical processing of results of chemi-
cal experiment” [9].

Results. The positive results of the fol-

lowing reactions indicate the presence of
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JIETeTIbCTBYIOT O MPHUCYTCTBUM (PIaBOHO-
unoB (tabn.l). C nomompto metoga TCX
HaMH TOATBEP)KJCHO, YTO B JHCTHAX, IO-
Oerax u noberax 0e3 JUCTHEB COAEPIKUTCS
pYTUH (Ha XpomaTtorpamme HpocMaTpuBa-
JIOCh SIPKO€ MATHO Ha ypoBHE nsaTHa CO py-
THUHA), KpOME pyTHHa HaOMI0aoCch ci1abo
OKpalleHHOE MATHO Ha ypoBHE msTHa CO
KBEPIIETHHA, OTHAKO B TIo0erax 0e3 JINCTHEB
MSATHO KBEPIETHHA HE HA0II0AAIOCh.

flavonoids (see table 1). Using thin-layer
chromatography, we confirmed that leaves,
branches and branches without leaves con-
tain (on the chromatogram looked through
the bright stain at the stain RS of rutin),
rutin was also observed weakly colored
stain at the stain RS of quercetin, but in the
branches without leaves the stain of querce-
tin was observed.

Taonuya 1 — Hoenmughuxkauus ¢hprasonouoos ¢ uee mpexmulyunko8ou /
Table 1 — Identification of flavonoids in the willow triandra

Merton oOHapykeHus/

[ToGeru 0e3 nmucTheB/

reaction yellow coloration

. [ToGeru/Branches Jluctosi/Leaves Branches without
Detection method

leaves
[{uanuauHoBas mpoba/ |KpacHoe KpacHoe 0JIeTHO-KpacHOe
Cyanidin test OKparBaHue/ OKpaImBaHue/ OKpaIrBaHue/

Red coloration Red coloration Pale red coloration

Bopno-numonnan SPKO-KEITOEe SPKO-KENTOE JKEIITOBATOE
peakyus/ Boric-citric okpammBanue/Bright |okpammBanue/ Bright | okpammBanue/

yellow coloration Yellowish coloration

JKEITOBATHIN 0CaJIOK/
Yellowish precipitate

Peaxyusi ¢ pacmeopom
ayemama ceunyal The
reaction with solution of
lead acetate

c1ab0-KeNToBaThIN
ocanox/Slightly
yellowish precipitate

JKEJITOBATHIN 0CaJIOK/
Yellowish precipitate

Peaxyus ¢ pacmeopom
ammuaxa/ The reaction
with ammonia solution

TEMHO-Oypas
okpacka/ Dark brown
colouration

TEMHO-Oypas
okpacka/ Dark brown
colouration

Oypast okpacka/
Brown colouration

TCX/TLC pytun Rf 0,64-0,66; |pyrun Rf 0,64-0,66; |pyrun Rf 0,64-0,66/ R,
kBepuetud Rf 0,81-  |kBeprernn Rf 0,81- |= 0.64-0.66 (rutin)
0,89/ R,=0.64-0.66 0,89/ R = 0.64-0.66
(rutin), R = 0,81-0,89 |(rutin), R .= 0.81-0.89
(quercetin) (quercetin)
Hanee, wucnonb3ys auddepeHnaib- Further, using a differential spectropho-

HYIO CITIEKTPO(GOTOMETPUUYECKYIO METOHKY,
npusATyro '@ 13 usmanus (2015 r)
OTIpe/ICNICHNsT CyMMBbI ()NIaBOHOHWJIOB B Jie-
KapCTBEHHOM PAaCTHTEIIBHOM CBIpbE, OIlpe-
NeNsid CyMMy  (PITaBOHOHIOB B JIUCTHSX,
noberax u nmoderax 6e3 JUCTHEB UBHI TPEX-
TBIYMHKOBOM. YUUTBIBAas, YTO BO BCEX HC-
cienyeMbIX o0pasiax cofepIKacs pyTHH U
MaKCUMYyM TIOTJIOIIEHUSI pacTBOPOB HCCIIe-
JyeMbIX 00pa3ll0oB HAXOIWJICA B 00JIacTH
MaKCHMYyMa TOTJIONIEHNS KOMIUIEKCa PyTH-
Ha ¢ amoMuHMs xyopuaoMm — 410412 M
coJiepKaHHuEe CYMMBI B TIepecyeTe Ha PyTHH.

tometric methodology adopted in SP XIII
edition (2015) to determine the amount of
flavonoids in medicinal plant in the raw ma-
terials, we determined the amount of flavo-
noids in the leaves, branches and branches
without leaves of willow triandra. Given
that all the samples contained rutin while
the absorption maximum of the solutions
of the samples was located in the region of
maximum absorption of the complex of ru-
tin with aluminum chloride — 410 - 412 nm,
the content of the amount of flavonoids was
calculated in terms of rutin.
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BBuny Toro, 4To AaHHAas METOIUKA JJIs
OTIpeNieNIeHUsT CyMMBbI (DTaBOHOUOB HBBI
TPEXTHIYMHKOBON HCIIOJIB3YETCSI BIEPBBIE,
HaMH TIPEIBAPUTEILHO OblIa TpPOBEACHA
BAJIMJAIMS METOAUKH IO KPUTEPUSIM: CIIell-
U(UIHOCTBH, TPEIU3UOHHOCTD, INHEHHOCTh
U TpaBWIbHOCTH (Tabn. 2) Ha mpumepe
OTIpeNieIeHusT CyMMBI (pTaBOHOMIOB B TIO-
Oerax MBBI TPEXTHIUMHKOBOM, COOpaHHBIX B

Since this method to determine the
amount of flavonoids of Salix triandra is
used for the first time, we have previously
been carried out validation of methodology
according to the criteria: specificity, pre-
cision, linearity and accuracy (see table 2)
on the example of the amount of flavonoids
in branches of willow triandra, collected in

centsiope 2013 roxa.

September 2013.

Taonuya 2 — Pezynomamal 6a1udauyuOHHOU OYEHKU MEmMOOUKU KONUYECHBEHHO20
onpeoeyeHus Cymmul ()1a80HOUA08 8 noHe2ax uevl MPexXmublYUHKOBOU /
Table 2 — Results of validation assessment methods of quantitative determination
of the amount of flavonoids in branches of willow triandra

Cootgert-
IMoxazarens/Index Hopmarus/Standart Pesynprar/Result crBue/Ac-
cordance
CnennduaHOCTS/ CoBnagenue wmakcumyma|MakcUMyM TOIVIOIICHUST W3- +
Specificity MIOTJIONIEHUST M3BJICUCHHMS | BICUCHHUSI W3 CHIPhSl COBMAI
U3 CHIPbS C MaKCHMYMOM |C MaKCHMYMOM TIOTJIOIICHUS
MOTJIONICHUS pacTBopa |pacTBopa pyTHHA C allFOMH-
PYTHHA C alFOMHHUS XJIO- | HUsI XJ1opusioM (412 um) / The
punom / The coincidence [ maximum absorption of an
of maximum absorption of |extract from raw material co-
extraction from raw ma-|incided with the maximum ab-
terials with the maximum |sorption of a solution of rutin
absorption of a solution of |with aluminium chloride (412
rutin with aluminium chlo- [nm)
ride
JIuneiiHOCTH +
(ko3 duurent 0,99< 0,994
KOppESAIn |r| )/
Linearity (correlation
coefficient |r|)
[IpaBunbHOCTSH (110 3HaueHue kodduimenta|y=(374+10)x+(0,002+,014) +
Tpagyupo-BOUHOMY  |«b» IOIKHO CTPEMHTHCS K
rpa¢uxy)/ Accuracy |0/ The value of coefficient
(the calibration curve) |“b” should tend to 0
IToBTOpsieMOCTH +
X£SD (n=6) 2,016+0,051
(oTHOCHTEITBEHOE
CTaH/IapTHOE OTKJIO- 30, 2,48%
nenue RSD)/ Repeat-
ability X+SD (n=6)
(the relative standard
deviation RSD)
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Jlns maHHOW BBIOOPKH 3HAUCHHE KO-
dunmenta xoppemsiuu coctaBmio 0,994,
[TonyyenHoe ypaBHEeHUE TO3BOJISIET CAETATh
BBIBOJI O HAIMYMH JINHEMHOW 3aBUCHUMOCTH
ONTUYECKON MJIOTHOCTH OT KOHILIEHTPAIIMHU
¢1aBOHOMIOB B 001aCTH KOHIIEHTPAIUil OT
0,0005 r/mit 1o 0,0026 r/mi. [IpaBHIBHOCTH
METOAMKH pacCMaTpUBAIM KaK pe3yJabTar
W3Y4YEHUS IMHEMHOCTH BaJIUIUPYEMON Me-
TOJUKHU: €CJIM CBOOOJIHBIN 4JIEH B ypaBHe-
HUU CTATUCTUYECKHU JIOCTOBEPHO HE OTIIU-
4aeTcs OT HyJiA, TO WCIOIb30BaHUE TAKOU
METOJMKU JaeT pe3yJabTaTbl, CBOOOIHBIC
oT cuctemarnyeckoil ommuOku. CoracHo
CTaTHUCTUYECKON 00paboTKe MOIYyYEHHOTO
ypaBHEHUS KOA(PPUIIMEHT «a» HMEET J0-
BepUTeNbHbIN uHTepBan 374+10, a cBo6OA-
HBII 4ieH «b» 3HAYUMO HE OTJIMYAETCS OT
HYJs, T.K. €ro JOBEpPUTENIbHBIA HHTEpBal
HaMHOTO OOJIbIlIE ATOr0 3HAYEHHS] U PaBEH
0,014 (0,002+ 0,014). B Buay Toro, urto
cBOOOmHBIN uieH b =0, ypaBHeHUE TpH-
HumaeT Bua y=(375+3)x u mpennaraemas
METOJIMKA HE OTATOIIEHA CUCTEeMaTUYeCKOM
norpemrHocThbio [10].

Takum o00pa3om, Ha OCHOBAaHHUU IIO-
JTYYeHHBIX pe3yabTaToB (Taba. 2), MOXKHO
clenarb BBIBOJ O TOM, YTO IpUMEHseMasi
METOJIMKA SIBJISIETCS] BAJIUTHOM IO CIIEAYIO-
UM XapaKTEPUCTHKAM: CIEeIU(PUIHOCTD,
JUHEWHOCTh, MPaBUIBHOCTh W TOBTOpSsiC-
MOCTb.

BanunupoBanHas metoauka ObUia HC-
MOJIb30BaHa JIJIsl OIpeNesIieHUs] copepxka-
HUS CyMMBI (pIaBOHOUJOB B moOerax, Ju-
CThSIX U MoOerax 0e3 JINCThEB, COOPAHHBIX B
2013, 2014 u 2015 rr., B pa3iau4HOE BpeMs
n pasnnuHblx parioHax CesepHoro Kaska-
3a. AHaJIU3 MPOBOAWIICS B IO/ cOOpa ChIPhS
(Tabm. 3).

The value of the correlation coefficient
for this sample amounted to 0.994. The
equation obtained allows making a conclu-
sion about existence of linear dependence
of optical density on the concentration of
flavonoids in the concentration range from
0.0005 g/ml to 0.0026 g/ml. Accuracy of
methodology viewed as a result of the
study of linear validation of methodology:
if a free term in the equation are statisti-
cally not significantly different from zero,
then the use of such a method gives results
free from systematic errors. According to
the statistical processing of the obtained
equation the coefficient of “a” has con-
fidence interval 374410, and free term of
“b” not significantly different from zero,
because its confidence interval is much
longer, and this value is equal to 0.014
(0.002=+ 0.014). Since the free term b = 0,
the equation becomes y = (375 + 3)x and
the proposed method is not burdened with
systematic error [10].

Thus, based on the obtained results (see
table. 2), we can conclude that the procedure
used is one of the common characteristics
in the following: specificity, linearity,
accuracy, and repeatability.

The validated method was used to
determine the amount of flavonoids in the
branches, leaves and branches without
leaves, collected in 2013, 2014 and 2015,
in different times and different parts of
the North Caucasus. The analysis was
conducted in the year of collection of raw
materials (see table 3).
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Taonuua 3 — Konuuecmeennoe cooepicanue cymmol ¢p1aeonoudos (%)

8 CbIpbe UGLL MPEXMbIYUHKOGOI (N=3)/
Table 3 — The quantitative content of the amount of flavonoids (%)
in the raw material of willow triandra (n=3)

Bpewms coopa [ToGeru
coipbst/ The time [ToGeru/ JIuctes/ 0e3 nucTheB/
of collecting raw Branches Leaves Branches with-

materials out leaves
Peka ITogkymox
(r. IIsturopcek)/ The riv- | 2013 . Cents0ps/
+ +
er Podkumok (Pyatig- | September, 2013 2,14320,085 3,188+0,043
orsk, Stavropol region)
Peka Ilogxymox 2014 1. Maii/
+ + +
(r. Tsmmropex)/ The riv- May, 2014 1,730+0,089 3,071+0,207 | 0,106+0,003
er Podkumok (Pyatig- | 2014 & home/ 15 250.6 075 | 2922:0,027 | 0,196£0,009
orsk, Stavropol region) July, 2014
2014 1. Cents16pB/
+ + +
September, 2014 2,801+0,033 3,231+0,200 | 0,320+0,052
Pexa Masnka (KBP)/ The
river Malka 2014 r. Urons/
+ + +
(Kabardino-Balkarian June, 2014 1,9020,100 3,3410,176 1 0,278+0,059
Republic)
Pexa KyGanb
(CraBpomnonbckuii
kpaif)/ The river Kuban | 20 4T ABYCT | 300640062 | 367620211 | 0,24940,027
August, 2014
(Kochubeevsky area,
Stavropol region).
Peka [Tomkymok 2015 r. Mait/
+ +
(r. [Taturopck)/ May, 2015 2,128+0,152 3,052+0,174
The river Podkumok 2015 r. Uronn/
+ +
(Pyatigorsk, June, 2015 2,334+0,112 2,660+0,125
Stavropol region) 2015 r. Urons/ 2.354+0,104 3.10040,138
July, 2015
2015 . ABrycr/
+ +
August, 2015 2,275+0,0142 | 2,791+0,124
2015 . Centa0ps/
+ +
September, 2015 2,616+0,048 3,494+0,034

Oocyxnenue. Takum 006pazom, pe3yib-
TaThl TAONHIBI 3 CBUACTEIBCTBYIOT, YTO
HanOoJIbIlIee KOJIMYECTBO CYMMBI (pJ1aBOHO-
UJI0B HAKAIUIMBAETCS B JTUCTHAX (0T 2,661%
10 3,676%), B moberax — 3To 3HaYCHUE He-
MHoro menbie (ot 1,73% no 3,26%). B mo-
Oerax 0e3 MUCTHEB coziepkaHue (praBoOHOU-
noB moutu B 10 pa3 mensire (ot 0,117% no
3,266%). B cBsI3u ¢ HU3KUM COJEpKaHUEM
(JIaBOHOWJIOB, B CBHIPhE, 3aTOTOBJICHHOM B
2015 ., onpenenenne cyMmbl (p1aBOHOUIOB
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Discussion. Thus, the results of the
table 3 suggest that the greatest amount
of flavonoids accumulated in leaves (from
2.661% to 3.676%) in branches this value is
slightly smaller (from 1.73% to 3.26%). The
branches without leaves flavonoid content is
almost 10 times lower (0.117% to 3.266%).
Due to the low content of flavonoids in raw
materials, of harvested in 2015, the amount
of flavonoids in the branches without leaves
was conducted. The analysis on the example
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B moOerax 0e3 JINCThEB HE IPOBOJIUIOCH.
[IpoBeneHHbIM aHAU3 HA NIPUMEPE ChIPHS,
3aroTOBJIEHHOTO B noiiMme pexu [logxymox
B TeueHue Tpex Jyet (ceHtsiops 2013, 2014
u 2015 rr), mo3BONSIET CAeNaTh BBIBO/I,
9TO COJEp’)KaHWe CyMMbI (DITABOHOHUIOB B
CBIPbE HBBI TPEXTHIYMHKOBOM, COOpaHHO-
TO B OJTHOM MECTE, HO B Pa3HbIC TOJIbI MO/~
BEpPraeTcsi HE3HAUYUTEIbHBIM H3MEHECHUSIM
(2,14; 2,80 1 2,61% B moGerax u 3,19; 3,23
u 3,49% coOTBETCTBEHHO B JIUCTHsX). OJi-
HAKO HaKOIUIeHUE (pJIABOHOUJIOB B TCUCHHE
BECHBI, JIETa U OCEHHU B PA3IMYHBIC TOJIBI
cOopa TPOUCXOAUT HE OJHO3HAYHO. Tak,
B 2014 romy naumbosnbiias cymMma (iaBo-
HOMJIOB HAKarlIMBaJlach JIETOM, TOT/A, Kak
B 2015 romy oHa oxazanach HamOOJbIIEH
oceHbro. OKazanoch Takxke, 4TO CoaepxkKa-
HUe (PTaBOHOUIOB 3aBUCUT OT MecTa cbopa
CBIPBS, YTO TAKXKE CIEAYET YUUTHIBATh TIPH
3aroTOBKE B MIPOMBIIIJIEHHBIX MacIITa0ax.

3akunrwyenue. [Ipu uccienoBanum Ha-
anaust (pIaBOHOMOB B JIMCTHSX M MOOETrax
UBbl TPEXTHIYMHKOBOMW, IMPOU3PACTAIONICH
Ha CeBepHoM KaBkase, HaiiieHO, 4TO U JIU-
CTbsl, ¥ TIOOETH cofiepkKar (pIaBOHOUIBL: PY-
TUH ¥ KBEPICTHH.

Banunanmonnas oreHka crekTpodo-
TOMETPUYECKOW METOIUKH OTPEICIICHUS
CYMMBI (DJITaBOHOU/IOB B CHIPHE UBBI TPEXTHI-
YUHKOBOU TIOATBEPIMIIA €€ TPUMEHUMOCTb.
[TorpemHOCTh OMpeEEIeHNUs] HAXOAUTCS B
npenenax 2,5%. HaitneHo, uto HanbomIb-
mee KOJIMYECTBO CyMMBI (MIaBOHOUIOB Ha-
KaruimBaeTcs B TUCThsX (0T 2,6% 10 3,7%),
B [100erax- 3T0 3HaY€HNUE HEMHOTO MEHbIIIE
(ot 1,7% no 3,3%). B moGerax 6e3 aTucThEB
conepkanue ¢ruaBoHOH10B noutu B 10 pa3
Menblie (ot 0,1% mo 0,3%). Ilokazano, uto
conepkanre (IaBOHOWIOB 3aBUCHUT OT Me-
CTa ¥ BpeMEHHU cO0pa ChIPHS.

bubanorpadpuyeckuii cnucok
1. Kmemmes JI.K., bangrokoBa B.A., Amio-
kuHa JI.C. ®naBoHOUIbI pacTeHUN. AJl-
Mma-Ara: Hayka, 1978. 220 c.
2. KommnanneB B.A. ®eHonbHBIC COeOUHE-

of raw materials harvested of alluvial
lands have Podkumok over three years
(September 2013, 2014 and 2015), suggests
that the content of amount of flavonoids in
raw materials of willow triandra, assembled
in one place, but in different years exposed
minor changes (2.14%, 2.80% and 2.61% in
the branches and 3.19%, 3.23% and 3.49%,
respectively, in the leaves). However, the
flavonoid accumulation during the spring,
summer and autumn in different years
of collection is ambiguous. So, in 2014,
the highest amount of flavonoids was
accumulated in summer, while in 2015 it
was the highest in autumn. It was also, found
that the content of flavonoids depends on
the place of collection of raw materials that
should also, be considered when harvesting
on an industrial scale.

Conclusion. While studying the
presence of flavonoids in the leaves and
branches of Salix triandra, growing in the
North Caucasus, we have found that the
leaves and branches contain flavonoids:
rutin and quercetin.

Validation assessment of
spectrophotometric methods for deter-
mining the amount of flavonoids in raw
materials of Salix triandra has confirmed
the applicability. The error determination is
within the range 2.5%. We found that the
greatest quantity the amount of flavonoids
accumulated in the leaves (from 2.6%
to 3.7%), in the branches of this value is
slightly smaller (from 1.7% to 3.3%). The
branches without leaves the content of
flavonoids is almost 10 times less (from
0.106% to 0.323%). It is shown, that the
content of flavonoids is dependent on the
place and time collecting of raw materials.
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Bonel MY Munszopasa Poccuu. Obaacmo
HAYYHbIX UHMeEpPecos: usyyeHue ouonrouye-
CKU QKMUBHBIX COCOUHEHULL JIeKAPCMBEHHO-
20 pacmMumenbHO20 Cblpbsi.

Aupanemosa Acsa FOpvesna — KanOu-
oam ¢apmayesmuueckux HayK, OOYeHM,
doyenm Kageopwvl Gapmayesmuyeckou u
moxcuxonoeudeckol xumuu Ilamueopckozo
MeOUuKo-ghapmayesmuueckoeo UHCmumyma
— ¢uauana Borel MY Munzopasa Poccuu.
E-mail: asyapgfa@mail.ru. Obracmo Ha-
VUHBIX UHMePecos8: uzyuenue OUoIoudecKu
AKMUBHBIX  COCOUHEHULL  JIeKAPCMBEHHO20
PACmMumenbHo2o Coipbs.
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