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Abstract

Anthocyanins ofCatharanthus roseupetals were found to be composed of pairs (3-tdates
and 3-rhamnosylgalactosides) mainly of 7-methylateshthocyanidins of “dephinidin  series”
(7-methyldelphinidin, 7-methylpetunidin and hirgliti); though the same derivatives of “cyanidin egtiare
present in low concentrations. FlowersQafesalpinia pulcherrimaontain two 3-glucosides: of cyanidin and
5-methylcyanidin. The migration of GHadical from 3'-OH group to 7-OH position resuitsincrease of
retention, while for the migration to 5-OH grouplecrease of retention was observed. Different jposaf
ring A OH-groups methylation can be predicted &g@ontroversial shift o, Of the solutes.

Keywords: Reversed-phase HPLC, uncommon anthocyanins, 7-OHhytagon; 5-OH
methylation; regularities of retention alteratietgctronic spectra

VCTaHOBJIEHO, YTO AHTOLHMAHBI JEMecTKoB mBeTkoB Catharanthus roseus6paszoBansl mapamu
(3-ranmakro3umamu u 3-paMHO3MITaNaKTa3uAaMHU) B-OCHOBHOM aHTOLMAHUIMHAMHE NETb(GHHUANHOBOTO psiaa
¢ metwiupoBanrneM OH-rpynmbl B monoskeHuH 7. 7-METHIACIbOUHUIAHOM, {-METHINCTYHHIUHOM U /-
METHIMAIBBHANHOM (XHPCYTHAMHOM); BIPOYEM, AaHAJOTHIHBIC POU3BOAHBIC aHTOLMAHOB LHAHUIANHOBOIO
psioa Takke IPUCYTCTBYIOT, HO B HEOONBIIMX KOHLEHTPALMAX. AHTOLMAHBI BBICYIICHHBIX LBETKOB
Caesalpiniapulcherrimacoaepxar nsa 3-rimoko3uzaa: UHAaHHAWHA W S-MeTWILWaHUOuHA. [lepemerieHue
CHs-panukana n3 3'-OH rpynmsl k 7-OH rpynne cka3piBaeTcsi B 3aMETHOM YBEIMUYCHUH yJIEPKUBAHHUS, HO
Ipu aHalorudyHoM neperoce Ha OH-rpynmy B mnosjoxeHue 5 HaOmomaeTcs yMEHBIICHHE YIEpP)KUBAHUS.
Paznuunelii Tun Metunuposanust OH-rpynn koiblia A NPUBOAUT K MPOTHBOIOJIOKHBIM CMELIEHHAM Amax
AQHTOLIMAHOB.

KiarwueBbie caoBa: O® BOIXX, HeoObunsie antouumanel, /-OH wmerwmuposanme; 5-OH
METHJIMPOBaHHE; 3aKOHOMEPHOCTH B U3MEHEHNUH YICP)KUBAHHS, ICKTPOHHBIE CIIEKTPBI

Introduction

Anthocyanins are prominent natural colorants withoaverful antioxidant activity
among all main water-soluble antioxidants. Anthatga are found in the cell vacuole,
mostly in flowers and fruits but also in leavesnss, and roots. In these parts, they are
found predominantly in outer cell layers such as ¢pidermis and peripheral mesophyll
cells. These compounds are synthesized almost @xely in the form of glycosides,
where sugar moiety of a different complexity isaaklted to a base structure —
anthocyanidin. Anthocyanins may be utilised as dsystematics markers, but the
diversity of compounds exceeding 500 different tices is confined mainly to the
abundance of sugar moiety (or moieties) compositidnly six anthocyanidin structures
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are responsible for the majority of anthocyanin ptaxes of common plant sources. These
are delphinidin (Dp), petunidin (Pt) and malvidM\) - the “delphinidin series” of solutes
with increasing degree of circle B OH-groups mathigh; cyanidin (Cy) and peonidin
(Pn) - the “cyanidin series” of solutes with alsereasing degree of circle B OH-groups
methylation; pelargonidin (Pg) — without OH in Brale to be methylated. It should be
mentioned that methylation of 4’-OH group does ootur because of easy transformation
of flavilium form to quinoidal one [1], Fig.1.

The scheme below explains also the reason of @mer@nce of anthocyanins with
substitution of 7-OH group as well as instabildf bonding of any moieties to 5-OH
group. Meanwhile some other anthocyanidins are knde be the base for rare
anthocyanins of some plants [2], Table 1.
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Fig. 1. Flavilium ion — quinoidal bases routs @frtsformation

Table 1. List of known antocyanidins

. Substitution pattern
Anthocyanidin 3] 5 | 6 | 7 ] 3 ] &4 ] 5
Common structures
Pelargonidin, Pg OH OH H OH H OH H
Cyanidin, Cy OH OH H OH OH OH H
Peonidin, Pn OH OH H OH OCH| OH H
Delphinidin, Dp OH OH H OH OH OH OH
Petunidin, Pt OH OH H OH OCH| OH OH
Malvidin, Mv OH OH H OH OCH | OH | OCH
Rarer structures
Aurantinidin OH OH OH OH H OH H
6-Hydroxycyanidin OH OH OH OH OH OH H
Rosinidin OH OH H OCH | OCH; | OH H
Pulchellidin OH| OCH H OH OH OH OH
Europinidin OH| OCH H OH OCH | OH OH
Hirsutidin OH OH H OCH | OCH; | OH | OCH
Capensinidin OH| OCH| H OH OCH | OH | OCH
Apigenidin H OH H OH H OH H
Luteolinidin H OH H OH OH OH H
Tricetinidin H OH H OH OH OH OH

A lot of published investigations of anthocyaninmbexes of different origin
included the separation of individual compoundschyomatographic methods. But the
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particularities of solute retention in the mostpaipers are out of attention. It has led to
mistakes in peaks assignment [3]. Meanwhile théaoyanins retention is surprisingly
sensitive to glycosylation type [4] depending uploa type of sugar moiety as well as upon
the position of attachment. Thus, the consideradifoanthocyanins retention regularities is
a powerful alternative method for a solute struetefinition.

The aim of a present investigation was to verifyjneoanthocyanins complexes
based upon uncommon anthocyanidins and to findagtes of relative retention [5].

Experimental

Catharanthus roseuszas grown up in laboratory from seeds; fruits @ngo were
acquired in the nearest shop, whitaesalpinia pulcherrimdried flowers (of orange and
pink colours) were taken from Vietman. For extractof anthocyanins the plant material
was macerated in 0.1M water HCI solution for 3-6udsp after filtering extract was
separated from co-extractable substances by sbhdep extraction on DIAPAC C18
(BioCheMac ST, Moscow) cartridges.

HPLC investigation was performed of Agilent 1206ty series equipped by two
detectors: DAD and MS. Two chromatographic columese explored - 250x4.6 mm
Symmetry®C18 (5 mcm) for retention investigationdd 50x2.1 mm Kromasil 100-5C18
— for MS spectra registration. Mobile phases wenamosed of distilled deionized water
(UPVA 5, Belgorod, RF), formic acid (China), acdtdte (HPLC gradient grade). Mobile
phase flow velocity — 1 ml/min for the first columand 0.15 ml/min for MS spectra
registration. All chromatographic runs were perfedrat column thermostat temperature
40°C.

Results and discussion

According to the two published opposite resultsGatharanthus roseugpetals
anthocyanins investigation the main compounds neay b

1) 3-O-glucosides and 8-(6-O-p-coumaroyl) glucosides of hirsutidin, malvidin
and petunidin [6];

2) rosinidin-30-[6-O-(a-rhamnopyranosylp-galactopyranoside], and also 7-O-
methylcyanidin 30-[6-O-(a-rhamnopyranosylp-galactopyranoside] [7].

Separation o€C. roseugetals anthocyanins in present investigation esg@nted on
Fig.2. According to combination of MS spectra, teva retention and electronic spectra
the compounds are rhamnosylhexosides of uncomntho@ranidins, Table 2.

Table 2. Parameters Gfatharanthus roseusetals anthocyanins

N Reten:;cgn time, Peak assignment Amax NM MS rsnp/;ctré,

1 6.72 7MeDp3Gala 521.0 -

2 7.36 7MeDp3RhamnGala 522.5 317.1; 625.2
3 14.12 7MePt3Gala 522.5 -

4 16.23 7MePt3 RhamnGala 524.2 331.1; 639.2
5 30.04 7MeMv3Gala 524.0 345.1; 507.2
6 36.11 7MeMv3RhamnGala 526.0 345.1; 653.2

9.087 5MeCy3Glt 517.5 301.0; 463.1

2_ number of peak on Fig.1: for mobile phase 8 vol.% of formic acid and 10.% of acetonitrile in water,
1 ml/min? - fragmentor voltage 200V - from Caesalpiniapulcherrima petals
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Column 250%4.6 mm Symmetry C18, 5 mcm; mobile piéiseol.% of HCOOH and 8 vol.%
of CH;CN, 1 ml/min; detection at 515 nm

Fig. 2. Separation dfatharantus roseugetal anthocyanins

The consecutive bathochromic shift)gf.x for peak series N2, N4 and N6 (Fig.2A,
Table 2) is characteristic for “delphinidin seriesf’anthocyanins. Accordingly, the most
probable structures of the anthocyanin aglyconemuldhbe the same derivatives of
delphinidin, petunidin and malvidin with unusual tmgdation type. The type of
methylation could not be determined by availableu® methods, but our results are in a
full agreement with conclusions of paper [7], wh&renethylation of the anthocyanidins
was confirmed by NMR. Thus, the anthocyanins umalegstigation may be derivatives of
7-methyldelphinidin  (7MeDp), 7-methylpetunidin (7P and 7-methylmalvidin
(7MeMv). The series of anthocyanins for the samanippetals proposed in paper [6]
seems to be scarily possible as well as a propésedumaroyl acylation of 3-glucoside
moiety. Indeed, MS spectra of 3-rhamnosylgalaa@siths well as 3-rhamnosylglucosides)
and 3(6”-coumaroylglucosides) of the anthocyanidame not distinguishable, but the
characteristic fop-coumaric acid band (at 290-310 nm) was abserietrenic spectra of
substances N2, N4 and NG6.

Unfortunately, the methods explored in present papéso do not let
tounambiguously differentiate between 3-rhamnosgigasides (proposed as a sugar
moieties in [7]) and 3-rhamnosylglucosides. Meanevhwe may take into account that
mango fruit red coloration is due to a biosynthesfiswo anthocyanins — cyanidin-3-
glucoside and 7-methylcyanidin-3-galactoside [3].

Comparison of the two chromatograms (Fig.3) makpsessible to find small peaks
of 7-methylcyanidin-3-rhamnosilgalactoside, coelgti with  7-methylcyanidin-3-
galactoside in the conditions explored; the pedk8 {rom mango fruit and N8 of
catharanthus petals) identity is confirmed by asialyof electronic spectrum, shifted
hypsochromically to 515 nm.

Thus, the anthocyanins complex has component ngtadn«delphinidine series»
but also of «cyanidin series», though in reduceantjties. Hence, 7MeCy3Gala must be
accomplished by 7-methylpeonidin derivatives. Tladtel is readily found on the
chromatogram (peaks N9 — 7MePn3Gala and peak NIMePn3RhamnGala) with
electronic spectrum of the same shift. The absaricany shift in series of the same
derivatives Cy— Pn is according to our data a property of solofegyanidin series».
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Column 250%4.6 mm Symmetry C18, 5 mcm; mobile pi&seol.% of HCOOH and 10 vol.%
of CH;,CN, 1 ml/min; detection at 515 nm

Fig. 3. Separation of anthocyanins of mango freiamthocyanins of. roseus

Comparison of retention of 7MeCy3Gala with thatRii3Gala (from cranberry
fruits anthocyanins [8]) is presented on chromatowy of Fig. 4 while relative retention
plot is given in Fig. 5.
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Column 250%4.6 mm Symmetry C18, 5 mcm; mobile pi&seol.% of HCOOH and 9 vol.% of
CH3CN, 1 ml/min; detection at 515 nm; Solutes: 1 —@38; 2 — 7MeCy3Gala; 3 — Pn3Gala.

Fig. 4. Separation of anthocyanins of mango frad af cranberry fruits

According to presented data migration of &iloup from 3’-OH-group towards
7-OH-group results in pronounced increase of sofatention, the finding can be fully
translated upon all anthocyanidins. Meanwhile, streimsformation leads to a small
(~=3.5 nm) hypsochromic shift ok, In electronic spectra. Another uncommon
anthocyanin was found in theanthocyanin complepaibls ofCaesalpinia pulcherrima
Fig.6.

One peak of the two anthocyanins is easily detegthas cyanidin-3-glucoside (by
retention time, electronic and MS spectra), while second one according to MS spectra
should be formed by methylation of cyanidin-3-glsicke, but not a peonidin-3-glucoside.
This compound has markedly lower retention in camspa to peonidin-3-glucoside
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(Fig.5)and has absorption maxima in electronic spewith small (1.5 nm) bathochromic
shift.

Igk() | -

0.2 * 0 Igk(Cy3Glu)
Column 250x4.6 mm Symmetry C18, 5 mcm; mobile piéseol.% of HCOOH and 8 +10 vol.%
of CH;CN. Solutes: 1 — Pn3Gala; 2 — Pn3Glu; 3 — 5MeCy3@lu 7MeCy3Gala.

Fig. 5. Relative retention plot for four anthocyasvs Cy3Glu
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Column 250%4.6 mm Symmetry C18, 5 mcm; mobile piéiseol.% of HCOOH and 9 vol.%
of CH;CN. Solutes: 1 — Cy3Glu; 2 — 5MeCy3Glu; 3 — Pn3Glu.

Fig. 6. Separation afaesalpinia pulcherrimaetals andahonia aquifoliafruits
anthocyanins

An evident decrease of absorption in region 400-4®0(Fig.5A) is indicative for
5-substitution. Thus, a second substance can b@edefas 5-methylcyanidin-3-
glucoside.The flowers of two types of coloratiomafoge and pink) have the same types of

anthocyanins, but in the latter case concentrabioBMeCy3Glu was greater than in a
former case.
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Conclusion

Anthocyanins ofCatharanthus roseugetals are composed of pairs (3-galactosides
and 3-rhamnosylgalactosides) of 7-methylated aytnudins of dephinidin series; that for
anthocyanidins of a cyaniding series also can bectkrl in much lower concentrations.

Flowers of Caesalpinia pulcherrima contain mainly two anthocyanins:
3-glucosides: of cyanidin and 5-methylcyanidin.

Migration of CH-radical from 3’-OH group to 7-OH position resuitsincrease of
retention, while for the migration to 5-OH groupdks to decrease of retention.
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