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Abstract

Apple procyanidins were fractionated by high-speed counter-current chromatography in a one-step operation from apple
condensed tannins using a type-J multilayer coil planet centrifuge. The separation of procyanidins was performed with a
two-phase solvent system composed of methyl acetate—water (1:1) by eluting the upper phase at a flow-rate of 1.0 ml/min.
Each fraction was examined by time-of-flight mass spectrometry. Procyanidins were separated according to their degrees of
polymerization. [0 2001 Elsevier Science BV. All rights reserved.
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1. Introduction

Counter-current chromatography (CCC) is a lig-
uid—liquid partition technique that eliminates various
complications arising from the use of solid supports
[1-4]. Among all existing CCC systems, high-speed
CCC is the most advanced form in terms of partition
efficiency and separation time [5,6]. This technique
has been used for separation and purification of a
wide variety of natural products.

Unripe apple contains polyphenols including
dihydrocalcons, phenolic acids, and others up to 50%
of the total mass of solids while the rest consists of
monomers, dimers, trimers and oligomers of catechin
and/or epicatechin  which are caled apple

*Corresponding author.

procyanidins. Procyanidins have attracted attention
in the fields of pharmacology and food chemistry
because of their beneficial pharmacological effects
such as promoting hair-growth [7], anti-alergy [8],
antibiotic [9] and inhibitory activity against enzymes
and receptors [10-13]. In order to describe these
pharmaceutical activities according to the different
degrees of polymerization, it is necessary to establish
an efficient, reliable separation method. Separations
of procyanidins have been reported using normal-
phase [14,15], reversed-phase [16] and size-exclu-
sion [17] modes of liquid chromatography. However,
procyanidins showing polymerization beyond hexa-
mers have not been reported.

In the present study, the high-speed CCC was
applied to the separation of monomers, dimers,
trimers and oligomers of catechin and/or epicatechin
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from apple condensed tannins (ACTS) using hydro-
philic two-phase solvent systems. The degree of
polymerization of the procyanidin oligomers in the
eluted fractions was confirmed by matrix-assisted
laser desorption/ionization time-of-flight mass spec-
trometry (MALDI-TOF-MS) anaysis [18].

2. Experimental
2.1. Apparatus

The CCC separation of procyanidin oligomers
from ACTs was performed using a type-J coil planet
centrifuge (Fig. 1). The apparatus holds a multilayer
coiled separation column and a counter-mass
symmetrically at a distance of 10 cm from the central
axis of the centrifuge. The separation column was
fabricated by winding 21 mX2.0 mm |.D. PTFE
(polytetrafluoroethylene) tubing (Tokyo Rikakikai,
Tokyo, Japan) making four coiled layers (8=0.5—
0.62). The total capacity of the column is 72 ml. The
speed of the apparatus was regulated at 1000 rpm
with a speed controller. The coiled column rotates
around its axis as it simultaneously revolves around a
central axis, producing an efficient mixing of the two
phases while retaining a sufficient amount of the
stationary phase.

2.2. Reagents

Methyl acetate, methanol, acetonitrile, methyl
tert.-butyl ether (MTBE), and trifluoroacetic acid

counterweight

1.0 mmID
PTFE tubing

il Outlet

Fig. 1. Schematic drawing of the type-J coil planet centrifuge.

(TFA) were glass-digtilled chromatographic grade
(Kanto, Tokyo, Japan). Catechin, epicatechin were
obtained from Sigma (St. Louis, MO, USA). ACTs
were prepared from unripe apple as described in
detail elsewhere [17,18]. Purified ACTs are a mix-
ture of monomeric catechins and/or epicatechin and
procyanidin.

2.3 Procedures

The following four hydrophilic solvent systems
were selected based on the partition coefficient
values (K,) of catechin, epicatechin and ACTSs:
(1) MTBE—acetonitrile—0.1% aqueous TFA (4:1:5);
(2) MTBE—acetonitrile—0.1% aqueous TFA (6:3:8);
(3) MTBE—acetonitrile—0.1% agueous TFA (2:2:3)
and (4) methyl acetate—water (1:1). Each solvent
mixture was thoroughly equilibrated in a separatory
funnel at room temperature and the two phases were
separated shortly before use.

The K, values of catechin, epicatechin and ACTs
were determined (n>3) spectrophotometrically by
the following procedure using the above two-phase
solvent systems. About 1.5 ml of each phase was
delivered into a test tube to which 1 mg of the each
catechin, epicatechin and ACTs was added. The
contents were thoroughly mixed and allowed to settle
at room temperature. After two clear layers were
formed, an aliquot (usually 0.15 ml) of each phase
was removed and diluted with 1.35 ml of methanol
to determine the absorbance at 280 nm using a
Shimadzu UV-1200 spectrophotometer (Shimadzu,
Kyoto, Japan). The K, values were calculated by
dividing the absorbance value in the upper phase
with that of the lower phase.

In each CCC separation, a 72-ml capacity multi-
layer coiled column of the type-J high-speed CCC
centrifuge was first entirely filled with the stationary
lower phase and a sample solution containing 100
mg of ACTs was injected into the column using an
EYELA type SV-6000 sample injector (Tokyo
Rikakikai). Then the apparatus was rotated at 1000
rpm while the upper mobile phase was pumped into
the column by an EYELA LP 1100 pump a a
flow-rate of 1.0 ml/min. The effluent from the
column was continuously monitored at 280 nm (the
| Of the absorption spectra of ACTs) with an
EYELA UV 9000 absorbance monitor (Tokyo
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Rikakikai) and fractionated using an LKB 2112
Redirac fraction collector (LKB Instruments, Brom-
ma/ Stockholm, Sweden). An aliquot of each fraction
was diluted with methanol and the absorbance was
measured at 280 nm with a Shimadzu UV-1200
spectrophotometer. The CCC fractions eluted with
the upper organic phase were analyzed by reversed-
phase high-performance liquid chromatography
(HPLC) described elsewhere [19]. The masses of the
fractionated procyanidins showing polymerization
beyond hexamers were determined by MALDI-TOF-
MS analysis. MALDI-TOF-MS was performed using
a Voyager DE RP system (PerSeptive Biosystems,
CA, USA) in the linear positive-ion mode.
Procyanidin oligomers eluted with the lower phase
were ionized by a nitrogen laser (337 nm; 3 ns pulse)
and accelerated under 20 kV [18]. 2'4'6’-Trihydrox-
yacetophenone monohydrate (THAP) was used as
matrix compound.

3. Results and discussion

The partition coefficient values (Ky) of catechin,
epicatechin and ACTs are listed in Table 1 together
with separation factor («) between catechin and/or
epicatechin and ACTs. The K, value is the most
important parameter to determine the peak resolution
in CCC. In the four hydrophilic solvent systems
tested in this studies, the K, values of ACTs are
much smaller than those of catechin and epicatechin
suggesting that monomers are more hydrophobic
than their oligomers present in ACTSs. In the MTBE—
acetonitrile—0.1% aqueous TFA (2:2:3) solvent sys-
tem, the o value of epicatechin/ACTs is 1.35
indicating that the separation of monomers from their
oligomers is not feasible. An « value over 2.0 is

usualy needed to separate the two solutes each
other. Among other three systems, we selected a
simple binary system of methyl acetate—water for the
separation of procyanidin oligomers from ACTSs by
CCC.

The capability of the type-J CPC was demon-
strated on the separation of apple procyanidins by
eluting the 100 mg of the ACTs with the upper phase
at a flow-rate of 1.0 ml/min. As shown in Fig. 2, the
monomer, dimer and trimer of procyanidins were
eluted from the column in increasing order of their
degree of polymerization. The CCC fractions eluted
with the upper organic phase were assigned by
HPLC analysis. After the elution of trimers, the
lower aqueous phase was eluted through the column
to facilitate a rapid elution of the procyanidins still
remaining in the column. The tetramers and penta-
mers fraction, the pentamers, hexamers and hepta-
mers fraction and higher polymerized oligomer over
hexamers fraction were subsequently eluted from the
column in this order. The MALDI-TOF-MS spectra
of the fractions 46, 52 and 55 are shown in Fig. 3.
Interestingly, the elution order is also coincident with
the degree of polymerization of catechin and/or
epicatechin. The last large peak will contain higher
polymerized procyanidin oligomers (over hexamers)
and was not assigned by MALDI-TOF-MS under
these experimental conditions. The assignment of the
oligomers will be investigated further and will be
reported in a subsequent paper. The lower stationary
phase retained in the column was estimated as 82%
of the total column capacity (72 ml) prior to the
application of the elution with lower phase. The
separation was completed within 3 h.

These results indicate that the present method is
capable of fractionating the apple procyanidins from
ACTs according to the degree of the polymerization

Table 1
Partition coefficient values of catechin, epicatechin and ACTs
Solvent system Catechin (c) Epicatechin (e) ACTs (A) Separation factor («)
MTBE-acetonitrile—0.1% agqueous TFA
4:1:5 1.56 1.59 0.31 4.97 (c/A
6:3:8 194 155 0.33 4.70 (e/A)
2:2:3 1.88 132 0.98 1.35 (e/A)
Methyl acetate—water
11 1.65 2.00 0.53 3.11 (c/A)
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Fig. 2. Separation of procyanidins in the order of their polymerization by the type-J CPC. Experimental conditions: column isa2.0 mm I.D.
PTFE multilayer coil, 72 ml capacity; sample is the solution of 100 mg ACTs in 1 ml each upper and lower phase; solvent system is methyl
acetate—water (1:1); stationary phase is the lower agueous phase; mobile phase is the upper organic phase; flow-rate=1.0 ml/min;
revolution=1000 rpm; SF=solvent front; LP=lower phase eluted in the column.
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Fig. 3. MALDI-TOF mass spectra of CCC fractions eluted by
lower agueous mobile phase.

of catechin and/or epicatechin. The higher polymer-
ized procyanidins will be separated using modified
solvent systems. The experiment is now underway in
our laboratory.
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