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Abstract

Procyanidin B-1 and B-2 were converted into A-1 and A-2 by radical oxidation using 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radicals under neutral conditions, respectively. Transformation of procyanidin B-type into
A-type certainly shows abstraction of the hydrogen atom at the C-2 position during radical oxidation. © 2000
Elsevier Science Ltd. All rights reserved.
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Catechins and their oligomers are an important class of polyphenols ubiquitously found in plants (Fig.
1). They have versatile biological effects such as anticancer,1 antiallergy,2 and antioxidant activity.3

In general, polyphenols like catechins can scavenge free radicals by donating electrons located on
the phenolic OH and are changed into the corresponding quinone compounds. Therefore, it has been
considered that (�)-epicatechin (EC) with the catechol moiety can trap two radical molecules and be
transformed into the correspondingo-quinone. However, this cannot explain the fact that the antioxidant
effect of EC is greater than that of other flavonoids with the catechol moiety.

Recently, we have clarified the antioxidant effects of monomeric catechins and proposed their antioxi-
dant mechanisms which would be closely related to the potential of catechins in biological fluids.4,5 In our
studies, it has been shown that EC is very effective in suppressing the production of lipid peroxidation
and that EC can trap three molecules of peroxyl radicals in the liposomal system.4 The results from
LC/MS/MS analyses of the reaction products and calculation of bond dissociation enthalpies (BDEs)
for catechins showed that the third reaction site to trap peroxyl radicals was the benzylic C-2 position in
catechins as shown in Fig. 2, suggesting the importance of the presence of the C-2 hydrogen in catechins.6
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Fig. 1. Structures of procyanidin A- and B-types

Fig. 2. Proposed antioxidant mechanisms of EC in radical oxidation

That is, EC donates an electron to peroxyl radicals followed by the abstraction of the C-2 hydrogen.
This result supports the fact that the antioxidant activity of EC is the same or greater than quercetin,
which has the 2,3-double bond in conjunction with a 4-oxo function in the C-ring that is responsible for
electron delocalization and lower oxidation potential.7 However, direct evidence for the abstraction of
the C-2 hydrogen could not be obtained. Attempts to elucidate the abstraction, isolation of adducts at
the C-2 position of catechins during radical reaction, were unsuccessful. Transformation of procyanidin
B-type to A-type in the alkaline/H2O2 system has been reported previously.8

We were very interested in the generation of A-type procyanidins because the transformation is an
oxidative intramolecular reaction. In the present study, an effort to clarify the abstraction of the C-2
hydrogen was done by analyzing the reaction products formed from procyanidin B-1 or B-2 (catechin
dimers) with DPPH radicals under neutral conditions9 and by BDEs for PB-1 and PB-2.10 As shown in
Fig. 3,11 by the reaction of PB-1 with DPPH radicals under neutral conditions, PA-1 was immediately
produced (tR=11.87 min) together with two other peaks, and the peak (PA-1) and its spectrum were
identified by comparison with those of an authentic sample (PA-1).12 PA-1 was not produced by DPPH
radicals in ethanol, suggesting the reaction of product2 into 3 as seen in Fig. 2. The BDE at the C-
2 position of the upper catechin unit was low (68.7 kcal/mol), enough to be abstracted by radicals.
Furthermore, electrochemical analysis was carried out to elucidate the mechanisms described in Fig.
2 (Fig. 4), indicating that two electrons are easily abstracted from EC. The result from the molecular
mechanics calculation (MM2*) suggests that the distance between the C-2 carbon of the upper catechin
unit and the C-7 oxygen of the lower unit was close (4.6 Å) in the global minimum energy conformation
for PB-1 quinone intermediate (data not shown).

These results show that the C-2 hydrogen of the upper catechin unit in PB-1 (catechin dimer) is
certainly abstracted during the radical reaction and that PB-1 is probably converted to PA-1 by a quinone



487

Fig. 3. Total ion chromatogram of reaction products formed from PB-1 and DPPH radicals (left) and mass spectrum of PA-1
formed from PB-1 (right)

Fig. 4. Cyclic voltammograms for the oxidation of quercetin (A) and EC (B). Quercetin and EC (2 mM) were analyzed using
glassy carbon electrode in 50 mM sodium cacodylate buffer (pH 7.2),�=200 mV/s

intermediate mechanism. As a result, PB-1 as an antioxidant was converted into procyanidin A-1 (PA-
1) during the radical oxidation under neutral conditions as shown in Fig. 5. PA-1 can also act as an
antioxidant because of its catechol structure, indicating that procyanidins exert a strong scavenging
activity. It is reported that the antioxidant effect of PA-2 is less than that of PB-2.13 This also supports
the importance of the C-2 hydrogen in catechin unit. Similarly, PA-2 was immediately produced by the
reaction of PB-2 and DPPH radicals (data not shown). Procyanidin A-type naturally found in plants might
be produced from procyanidin B-type via a radical process.

In conclusion, the strong effect of catechins and their oligomers on radical scavenging is based upon
the presence of the C-2 hydrogen in addition to theo-dihydroxyl structure.
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Fig. 5.
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