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B pabome uccnedosano uzmenenue ceneKmugHOCmu pa3oeneHus Xaopo2eHoevix (MOHO- U
OUKOheounxunnwvix) Kuciom 6 yciosuax oopauwienno-gazosoit B3KX npu oobasnenuu f-yuxino-
Odexcmpuna 6 noosuxchyro gpazy. Kak uzeecmno, ooéaenenue f-uyuxino0eKcmpuHna 6 noO8UMNCHYIO
dhazy morrcem npusooums kK MooupuKkayuu cMayuoHApPHOIl ROOBUICHOI (ha3zvl. /Ina uckioueHus
e1uAnuA in Situ mooudurkayuu cmayuonapuoul azvt yurkiooexkcmpunom ooviunasa C18 asza
ovia 3amenena na C4 ghazy. Ycmanoeneno, umo no mepe yeeauuenus KoHyenmpayuu f-yuxio-
O0eKCmpUHa 6 noOBUICHOIL haze yoeprcusanue 6cex MOHO- U OUKOPEOUTIXUHHBIX KUCTIOM YMEHb-
uwaemcs ecneocmeue 00paA306anHus 8 NOOBUNCHOU (hasze Komnaexkcos exnwuenus. Ilpu smom
YyMeHbUIeHUe 8DeMEH YOEPHCUBAHUA HE 0OUHAKOB0 0J1A 8CeX UCCNE00B8AHHBIX U30MEPO8, YMO YKAa-
3bl6aem Ha PaziuyHble 3HAYeHUA KOHCIMAHM KOMRaeKcooopazoeanusa “2ocmov-xo3aun”. Ilpeono-
JceHHan 6 padome yYHPOWEHHAA CXemd pacuema KOHCHMAHM KOMRIEKCO00PA306aAHUsL C YUEHOM
603MOMHCHO20 00PA30GAHUA KOMNIEKCO8 cocmasa 1:2 no3eonuna paccuumams KOHCHAHMbL 013
MOHOKOEOUIXUHHBIX KUCTIOM U CYMMY KOHCHIAHML 603MOMCHBIX U3OMEPHBLIX KOMNIEKCO8 CO-
cmaga 1:1 015 OuKopheounxunHHbIX KUCIOM U ROKA3ANA, YO 00PA306AHUE KOMNIEKCO8 COCABA
1:2 manosepoamno. Ilokazano, umo KauecmeeHHO CymMma KOHCMAHM 011 OUKODeoUuIxXunnvlx
KUCIOM Koppeaupyem ¢ KOHCMAHMamu 0115 COOMEEHCMEYIOUUX MOHOKOeOUTIXUHHBIX KUCO0M,
HO C yuemom cmepu4ecKux 3ampyoHeHull o0pazoeanus Komniekcoe exkutovenus 1:1 ona ouko-
Qeounxunnvix Kuciom. /[na KauecmeenHou OUEHKU CMepuiecKux RPensamcmeuii UCnoab306anu
AHAU3 HEKOMOPBLIX ORMUMUUPOBAHHBIX Memooom AM1 ¢ nakeme HyperChem 8.0.8 xonghopma-
UUIL OUKOPEOUTXUHHBIX KUCTIOM U KOMRJIEKCA 8KI0UeHUs 4-Kogheounxunnoii kuciomsl 6 f-uyux-
J100eKCmpuH.
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The paper investigates the change in the separation selectivity of the chlorogenic (mono- and
dicaffeoylquinic) acids under conditions of reverse-phase HPLC with the addition of f-cyclodextrin
into the mobile phase. To exclude the effect of in situ modification of the stationary phase by cy-
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clodextrin, the usual C18 phase was replaced by the C4 phase. It was found that as the concentra-
tion of g-cyclodextrin in the mobile phase increases, the retention of all mono- and dicaffeoylquinic
acids decreases due to the formation of inclusion complexes in the mobile phase. At the same time,
the decrease in retention times is not the same for all the studied isomers, which indicates different
values of the constants of the “host-guest’ complex formation. The simplified scheme proposed in
the paper for calculating the constants of complexation, taking into account the possible formation
of complexes of composition 1:2, allowed us to calculate the constants for monocaffeoylquinic acids
and the sum of the constants of possible isomeric compounds of composition 1:1 for
dicaffeoylquinic acids and showed that the formation of complexes of composition 1:2 is unlikely.
It is shown that qualitatively the sum of the constants for dicaffeoylquinic acids correlates with the
constants for the corresponding monocaffeoylquinic acids, but taking into account the steric re-
strictions in the formation of 1:1 inclusion complexes for dicaffeoylquinic acids. For a qualitative
assessment of steric restrictions, the analysis of some conformations of dicaffeiolquinic acids optimized
by the AM1 method in the HyperChem 8.0.8 package and the complex of inclusion of 4-caffeoylquinic

acid in g-cyclodextrin was used.

Key words: “host-guest” inclusion complexes, chlorogenic acids, 3-cyclodextrin, reversed-phase HPLC,
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INTRODUCTION

There may arise a problem in separation of
the three common isomers of caffeoylquinic acids:
3-caffeoylquinic  (neochlorogenic, 3CQA), 5-
caffeoylquinic (chlorogenic, 5CQA) and 4-caffeoylquinic
(cryptochlorogenic, 4CQA) acids in reversed-phase
HPLC [1] because of close structures of the substances.
The problem may be solved by utilization of cyclodex-
trins added to mobile phase due to inclusion “host-
guest” complex formation in the case of different con-
stants of complexation for compounds to be separated
[2, 3]. Meanwhile the dependence of solute retention
on concentration of cyclodextrin in a mobile phase al-
lows to calculate values of complex formation constant
[2-5]. Formation of “quest-host” complexes with cy-
clodextrins as host molecules can induce modification
of physicochemical properties of guest molecules by
enhancing water solubility as well as stability in solu-
tion [6-8] and bioavailability [9].

In spite of great value of chlorogenic acids iso-
mers as secondary plant metabolites and as high po-
tency antioxidants “quest-host” complexes of cy-
clodextrins except for the paper [2] were intensively
studied only for 5CQA (2, 10-14]) and the only one
publication related with 3CQA was found [15]. More-
over, for dicaffeoylquinic acids (diCQAS) no papers
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about “quest-host” complexes with cyclodextrins are
available for us. There is a lot of publications about de-
termination of diCQAs in different plant sources, but
we were unable to find papers devoted to investigation
of chromatographic behavior of diCQAs in reversed-
phase HPLC as well as in the case of mobile phase
modification with cyclodextrins.

Thus the objective of this study was to deter-
mine the regularities of diCQAs chromatographic be-
havior in reversed-phase HPLC with addition of B-cy-
clodextrin into a mobile phase as a consequence of dif-
ferent values of “host-guest” complexes constants.

EXPERIMENTAL TECHNIQUES

Chlorogenic acids were extracted by macera-
tion of mate tea (dried leaves of llex paraquariensis) in
boiling water. After cooling the infusion chlorogenic
acids were cleaned-up by solid phase extraction on sy-
ringe cartridges Diapack C18 (BioChemMack ST, RF).
The re-extract in 30 vol. % of acetonitrile and 0.75 vol. %
of ortho-phosphoric acid in water was dilutes by the
water (1:2 by volume), filtered through syringe filter
(0.45 pum) before direct injection into chromato-
graphic system.

Separations were performed on an Agilent
1200 Infinity chromatograph with a diode array detec-
tor. A chromatographic column 150x4.6 mm Kromasil
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300-5C4 was used, column thermostat temperature
was 30 °C. Chromatograms were recorded and pro-
cessed using the ChemStation software. Solutes were
identified by electronic absorption spectra (with Amax
near 235 nmand characteristic shoulder at ~295 nm) and
chromatographic behavior compared to literature data
[16-19]. 5-caffoylquinic acid hemihydrate (SIGMA-
ALDRICH, India) was used as standard solute.

The mobile phases were prepared using ace-
tonitrile of HPLC Gradient grade (Fisher Chemical,
Germany), ortho-phosphoric acid (85%, RUSHIM),
distilled water and B-cyclodextrin (KLEPTOSE®).

RESULTS AND DISCUSSION

To escape stationary phase modification in situ
by cyclodextrin from the mobile phase [20] we used
C4 column instead of commonly used C18 column.
Among coffee [20] and mate [16-17] infusion accord-
ing to our data in the latter case mole fraction of
dicaffeoylquinic acids is greater. Moreover in this case
there is no feruloyl acid derivatives that complicates
chromatogram, thus namely mate was used for further
investigation.
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Fig. 1. Relative retention of mono- and dicaffeoyl acids vs reten-
tion of caffeic acid. Column 150x4.6 mm Kromasil 300-5C4, mobile
phases 0.25 vol.% of ortho-phosphoric acid and 12 — 14 vol. % of ace-
tonitrile in water; 30°C. Compounds 1—3CQA; 2—5CQA, 3—4CQA,
4 - 3,4diCQA; 5 - 3,5diCQA and 6 — 4,5diCQA,; dotted line — for
reference substance — caffeine acid (CA)

Puc. 1. OTHOCHTEIbHOE yAEpKaHAE MOHO- U TUKO()ECOMITOBBIX
KHCJIOT TI0 CPAaBHEHUIO C yAepKaHueM KodeiHoi kucaotsl. Ko-
nonka 150x4,6 mm Kromasil 300-5C4, noaewkebie passi 0,25 06.%
opTtodochopHoii kucnoTs U 12-14 06. % aneToHUTpHIIA B BOJE;
30 °C. Coemmunennst 1 —3CQA; 2—5CQA, 3—4CQA, 4—3,4diCQA;
5—3,5diCQA u 6 — 4,5diCQA; myHKTHpHAS JIMHUSI — JUISI STATOH-
HOTO BelecTBa — Ko(ennosas kuciora (CA)

In the plant leaves three of four monocaffeoyl-
quinic acids are synthesized — 3CQA, 4CQA and
5CQA as well as three possible corresponding combi-
nation of substitution in quinic acid resulted in dicaf-
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feoylquinic acids isomers: 3,5diCQA, 3,4diCQA and
4,5diCQA. All of monocaffeoylquinic acids are sepa-
rated in the mobile phases containing 0.25 vol. % of
ortho-phosphoric acid and from 12 to 14 vol. % of ac-
etonitrile in water though separation of 4CQA and
5CQA is highly desirable to be improved. Meanwhile
among dicaffeoylquinic acids 4,5DICQA has the great-
est retention while 3,4diCQA and 3,5diCQA are eluted
closely becoming a problem pair for the separation, Fig. 1.
The mobile phase composition taken for the in-
vestigation (0.25 vol. % of ortho-phosphoric acid and
12% of acetonitrile in water) permits even separation
of 3,4diCQA and 3,5diCQA, though large retention
time of 4,5diCQA (about 40 min) makes this condi-
tions not suitable for serial analysis. Meanwhie addi-
tion of B-cyclodextrine into a mobile phase markedly
alters the chromatograms and solutes resolution, Fig. 2.
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Fig. 2. Alteration of solute separation selectivity at a rise of f-cy-
clodextrin concentration in a mobile phase. Column 150x4.6 mm
Kromasil 300-5C4, mobile phases 0.25 vol.% of ortho-phosphoric
acid and 12. % of acetonitrile in water, p-cyclodextrin concentra-
tions are pointed on chromatograms; 30 °C. Compounds 1 — 3CQA;
2-5CQA, 3—4CQA, 4-3,4diCQA,; 5 - 3,5diCQA and
6—4,5diCQA
Puc. 2. VI3MeHeHHe CeNEeKTUBHOCTH Pa3eieHHs] pAaCTBOPEHHBIX
BELICCTB IIPU NOBBIMICHNYU KOHIEHTpaAuU B-HI/IK.HOIICKCTPI/IH& B
noaBmwxkHO# (ase.Komonka 150x4,6 mm Kromasil 300-5C4, mo-
nsrkabie (a3l 0,25 06.% opTodocdoproii kucnots! u 12% artte-
TOHUTPUJIA B BOJC, KOHIECHTPpAIIUN B-LH/IKJ'IO,ZLCKCTPI/IHS. YKa3aHbI
Ha xpomarorpammax; 30 °C. Coenunenus 1 - 3CQA; 2 — 5CQA,
3-4CQA, 4-3,4CQA; 5 - 3,5diCQA u 6 — 4,5diCQA

According to presented data the retention of
4,5diCQA decreases the most highly when the concen-
tration of B-cyclodextrin rises from 0 to 0.01 M. The
decrease is also high for 3,5diCQA, while the retention
3,4diCQA changes slowly. This is the consequence of
decrease of “host-guest” complexes formation con-
stants (K) in series:

K(3,4diCQA) < K(3,5diCQA) < K(4,5diCQA).

For dicaffeoylqunic acids formation of “host-
guest” complexes with B-cyclodextrin in ratio 2:1 may
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be proposed if there are no sterically restriction for the
formation.
Let us take some of the diCQAs isomer, that
have caffeic acid substituents in quinic acid positions i
and j. If in a mobile phase appears -cyclodextrin two
types of complexes may be formed of a simple 1:1 ratio:
diCQA(i,j) + CD = CD/diCQA(i), Q)
diCQA(i,j) + CD = CD/diCQA()), 2)
as well as one complex of 2:1 ratio:
diCQA(i,j) + 2CD = 2CD/MICQA(,)) (3)
The spectrophotometric detector in this case is
sensitive for all four types of solutes including not in-
volved in complexation solute:
YdiCQA(i,j) = diCQA(i,j) + CD/ICQA(i) +
+ CD/diCQA(j) + 2CD/diCQA(i,j). 4)
In this case total retention will be a sum of re-
tentions of every type of solute that may be calculated
as the products of the fraction of these forms in solu-
tion, a(i), multiplied by their retention factors:
k[ZdiCQA(i,})] = ko a[diCQA(,j)] +
+ Kki-a[CD/diCQA(i)] + kj-a[CD/diCQA(j)] +
+ Kij-a[2CD/diCQA(i,})] (5)
For the equilibrium (1):
[CD/diCQA(i)]
' [diCQA(:, H][CD]
Concentration of the complex in a mobile
phase is expressed as:
[CD/dICQA(i)] = Ki[diCQA(E, ))][CD]
Similarly may be expressed the other concen-
trations:
[CD/dICQA()] = Ki[diCQA(I, j)][CD]
[2CD/diCQA(i,j)] = Ki;[diCQA(, j)][CDJ?
The obtained concentrations may be inserted
into equation (4):

[ZdiCQA(Ij)] = [dICQA(ij)] + Ki[dICQA(I j)][CD] +
+ Kj[diCQA(i,j)][CD] + Ki;[diCQA(i,j)][CDJ?
[ZdiCQA(,j)] = [dICQA(i,j)](1 + Ki[CD] +

+Ki[CD] + Kij[CDJ") (6)
Than molar fractions of all solute forms are:
o[ CD/diCQA(i)|=Ki[CD]/(1+Ki[CD]+K/[CD]+ Ki;[CD])
a[CD/ACQA())]=KI[CD)/(1+ Ki[CD] + K{[CD] + Ky[CD])
a[2CD/diCQA(,j)) = Ki[CD]¥(1 + Ki[CD] +
+ Kj[CD] + Ki;[CD]®)
Thus the equation (5) may be transformed:
k(ZdiCQA(, j))=(kotKiki[CD]+Kjk;[CD]+Ki;
kijJlCD]?)/(1+Ki[CD]+K;[CD]+Ki;[CD]®) (7)
The equation may be rearranged as follows:
k(ZdiCQA) B
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Quantitative calculation of six unknown con-
stants is complex but the constants may be readily es-
timated by simplifying the equation (8) by assump-
tion of a small influence of retention of all types of
complexes:

.. 0
FOD) = Gaicon
+ K;[CD] + K;[CD] + K;,[CD]?. 9)
The plot according to this equation for mobile
phase containing 12 vol.% of acetonitrile is presented
in the Fig. 3.
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Fig. 3. The dependence of solute retention function according to
eqg. (9) upon molar concentration of B-cyclodextrin in a mobile
phase containing 0.25 vol.% of ortho-phosphoric acid and 12. %
of acetonitrile in water. Substances numbering as in Fig. 1
Puc. 3. 3aBucuMOCTh QYHKIMU YACPIKAHHS PACTBOPEHHOTO Bellle-
CTBa B COOTBETCTBUH C YpaBHEHHEM. (9) IPH MOJIIPHON KOHIICH-
Tpauuu B-IUKI0ACKCTPUHA B TIOBIDKHOM (hase, comeprranieit
0,25 06.% optodochoproit kucaoTs u 12% aleTOHUTpHIA B
BOJEC. HyMepauI/m BCIICCTB, KaK MOKa3aHO Ha pUC. 1

A special calculations the take into account
formation of 1:1 complexes proved that proposed sim-
plification is reasonably enough. Meanwhile a slope
for 4,5diCQA is the greatest as a consequence of great-
est sum of Ki and Kj. The comparison of the constant
value for i,jdiCQA with sum of that for iICQA and
JCQA is quite informative and may indicate sterically
restriction for complex formation. Constant of inclu-
sion complex value for 4,5diCQA (135 mol™1) is only
slightly smaller than the sum of constant values for

4CQA (55 mol™1) and that for SCQA (104 mol™{) in-

dicating only small sterically restrictions for entrance
of caffeic acids into the cavity of cylodextrin. But for
3,4diCQA (19 mol™1) the restriction is much more
pronounced since this value is less than not only the

sum of constant values for 4CQA (55 mol™1) and that
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for 3CQA (33 mol™) but even less than each of the

values for monocaffeoylquinic acids.

The explanation of the results may be roved by
consideration of some conformations of 3,4diCQA and
4 5diCQA, that were obtained by geometry optimiza-
tion by AM1 method in HyperChem™ 8.0.8 program
as well as the optimized structure of the inclusion com-
plex of 4CQA in a cavity of B-cyclodextrin, Fig. 4.

4 58COA

.

Fig. 4. Geometry optimized conformations of 3,4diCQA,
4,5diCQA and of inclusion complex of 4CQA into B-cyclodex-
trine cavity
Puc. 4. OnTUMH3MPOBAHHEIE 110 TEOMETPHUH KOH(POPMaLUH
3,4diCQA, 4,5diCQA u xommekca BkimoueHnst 4CQA B
B-IIMKII0 IEKCTPHHOBYIO TIOJIOCTH

Comparing the conformation of 3,4diCQA and
the structure of CD/4CQA restrictions for insertion of
caffeoyl substituent in position 4 into f-cyclodextrin
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cavity is sterically hindered by the substituent in posi-
tion 3 and vice versa. Thus the complex formation con-
stant for the isomer is the lowest. Meanwhile there may
occur only some restrictions in the case of 4,5diCQA
with a greatest constant of complex 1:1 formations
while the sterically restriction is obvious for for-
mation of inclusion of the resulted complex into a
cavity of a second B-cyclodextrin molecule because
of large size of the first B-cyclodetxtrin molecule.
This explains the absence of inclusion complexes of
B-cyclodetxtrin with diCQAs in ratio 2:1, found by
analysis of plots in Fig. 3.

CONCLUSSION

The investigation of chromatographic behav-
ior of chlorogenic acids in reversed-phase HPLC with
addition of B-cyclodextrin into a mobile phase proved to
alter the separation selectivity of monocaffeoylquinic as
well as dicafeoylquinic acids. The alteration is the con-
sequence of the dependence of values of “host-quest”
complex formation for different isomers. Qualitatively
the set of 1:1 complex formations values of
dicaffeoylquinic acids depends the summs of the val-
ues of complex formation for monocaffeoylquinic ac-
ids with corresponding positions of caffeic acid sub-
stituents in quinic acid. Because of high sterically re-
strictions value of the complex constant for 3,4diCQA
becomes the lowest, while that for 4,5diCQA is the
greatest as well as the formation of 2:1 complexes is
sterically prohibited for all these diCQAs.

Aemopbl 3aaensaiom oo omcymcmeuu KOH-
@ruxma unmepecos, mpebyrouje2o packpulmusi @ OaH-
HOll cmambe.
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