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Abstract

Reactive oxygen molecules have been implicated as important pathological mediators in
many clinical disorders and periodontal disease. To provide possible alternative treatment
of periodontal disease, six tannins isolated from Vaccinium vitis-idaea L. were evaluated
for anti-lipid peroxidation, anti-superoxide formation and free radical scavenging activity.

The results showed that cinnamtannin B1 displayed the strongest anti-lipid peroxidation
activity, proanthocyanidin A-1 displayed the strongest superoxide scavenging activity, and
epicatechin-(4bÿ!6)-epicatechin-(4bÿ!8, 2bÿ!Oÿ!7)-catechin had the strongest anti-
superoxide formation effect.

We conclude that tannins isolated from V. vitis-idaea L. exhibited multiple antioxidant
activity, and could be used for the treatment of periodontal disease.

Reactive oxygen species such as the superoxide
anion (O2

ÿ), hydrogen peroxide (H2O2) and the
hydroxyl radical (OHÿ) are constantly formed in
the human body. The radicals react with cell
membranes, induce lipid peroxidation, and have
been implicated as important pathologic mediators
in many clinical disorders (Slater & Cheeseman
1987). Ischaemia±reperfusion injury, diabetes
mellitus (Sugawara et al 1992), coronary arterio-
sclerosis (Kok et al 1991), ageing and carcinogen-
esis (Oberley & Oberley 1986; Yagi 1987), and
more recently periodontal disease (Whyte et al
1989; Shapira et al 1991; Kimura et al 1993) have
been linked with radical oxidative damage.

In¯ammatory periodontal disease is generally
recognized as a bacterial plaque-associated disease.
Slots (1977) described a predominance of Gram-
negative anaerobic rods from advanced perio-
dontitis. The pathogenesis of periodontal disease is
a result of complex interactions between patho-
genic bacteria and the host's immune response.
Shapira et al (1991) demonstrated that superoxide
formation of peripheral polymorphonuclear leuco-

cytes was increased in rapidly progressive period-
ontitis.

Tannins are polyphenols widely present in plants.
Since polyphenols are known to demonstrate bio-
logical activity, especially antioxidant properties,
they are considered to be important active compo-
nents of medicinal plants. Vaccinium vitis-idaea L.
is an ericaceous plant used as a remedy for
gonorrhoea, dysuria and diarrhoea (Mitsuhashi
1988). The leaf and berries of this plant have been
shown to have antiviral and anti-in¯ammatory
effects (Fokina et al 1993; Tunon et al 1995), some
of the reported constituents being arbutin, hyperin,
hydroquinone, isoquarcetin, and tannins (Perry
1980). To provide a possible alternative treatment
of periodontal disease, six tannins isolated from V.
vitis-idaea L. were evaluated for their anti-lipid
peroxidation, anti-superoxide formation, and free
radical scavenging activities.

Materials and Methods

Materials
Tannins from Vaccinium vitis-idaea L. were iso-
lated according to the method of Morimoto et al
(1988). The most abundant compounds were
selected for study: procyanidin B-1, procyanidin
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B-3, proanthocyanidin A-1, cinnamtannin B1, epi-
catechin-(4bÿ!8)-epicatechin-(4bÿ!8, 2bÿ!O
ÿ!7)-catechin, and epicatechin-(4bÿ!6)-epica-
techin-(4bÿ!8, 2bÿ!Oÿ!7)-catechin. The struc-
tures of these compounds are shown in Figure 1.

Anti-lipid peroxidation activity: thiobarbituric acid
test
The effect of test components on lipid peroxidation
was determined by the method described by
Yoshiyuki et al (1981). The reaction mixture con-
tained liver homogenate, Tris±HCl buffer (pH 7�2),
ascorbic acid, FeCl2 and various concentrations of
test components. After incubation, distilled water
and thiobarbituric acid were added and then shaken
vigorously. n-Butanol was added to extract the
products of malondialdehyde and samples were
measured at 532 nm (Wong et al 1987) using a
Hitachi U-2000 spectrophotometer.

Anti-superoxide formation: xanthine oxidase
inhibition test
Xanthine oxidase activity was evaluated by the
spectrophotometric measurement of the formation
of uric acid from xanthine (Chang et al 1994).
Samples were dissolved in dimethylsulphoxide to
10ÿ2

M, and diluted with 50 mM KH2PO4 buffer
(pH 7�8) to obtain each concentration. Superoxide
formation was calculated by measuring uric acid
production by spectrophotometry at 295 nm. The
IC50 value of each compound was calculated.

Free radical scavenger activity: cytochrome C
test
Superoxide anions were assayed spectro-
photometrically by a cytochrome C reduction
method described by McCord & Fridovich (1969).
Xanthine oxidase converts xanthine to uric acid and
yields superoxide anions, and these radicals

Figure 1. Structures of six tannins isolated from Vaccinium vitis-idaea L.
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directly reduce ferri-cytochrome C to ferro-cyto-
chrome C, having an absorbance change at 550 nm.
When test compounds showed superoxide scaven-
ger activity, there was a decrease in the reduction
of ferri-cytochrome C.

Results

The antioxidant activity (IC50 value) of the six
tannin components isolated from V. vitis-idaea L. is
summarized in Table 1.

In the thiobarbituric acid test, the IC50 values
ranged from 2�25 to 15�27mM. All of the com-
pounds showed anti-lipid peroxidation activity,
with cinnamtanin B1 displaying the most potent
activity. In the xanthine oxidase inhibitor test,
the IC50 values ranged from 308 to 630mM,
with epicatechin-(4bÿ!6)-epicatechin-(4bÿ!8,
2bÿ!Oÿ!7)-catechin displaying strong activity,
while procyanidin B-3 did not show anti-super-
oxide formation activity. In the cytochrome C test,
the IC50 values ranged from 10�14 to 30�39mM.
Proanthocyanidin A-1 had the strongest superoxide
scavenger activity, followed by cinnamtannin B1.

Discussion

The tissue damage caused by reactive oxygen spe-
cies may include DNA damage, lipid peroxidation
(Halliwell & Gutteridge 1984), protein damage
(Bartold et al 1984), oxidation of important
enzymes (Varani et al 1985), and stimulation of
pro-in¯ammatory cytokine release by monocytes
and macrophages (Shirikawa et al 1989). The major
type of defence in live systems against oxidative
damage is the use of antioxidant enzymes to con-
vert reactive oxygen species into non-toxic com-
pounds. The use of antioxidants is an effective
procedure for preventing oxidative damage.

The biological activities of tannins include
marked anti-tumour, antiviral and anti-HIV activ-
ities, inhibition of lipid peroxidation and plasmin
activity, mediation of DNA nicking, amelioration
of renal failure, and several others (Yokozawa et al
1993). The anti-radical and antioxidant activities
vary greatly among different classes of compounds,
even in those of the same type.

The FeCl2±ascorbic acid stimulated lipid perox-
idation method is an indirect measure of lipid
peroxidation which is susceptible to interference by
endogenous and exogenous substances; it should be
regarded as an indication rather than as an absolute
measure of total tissue lipid peroxide levels (Draper
& Hadley 1990). Xanthine oxidase converts
hypoxanthine to xanthine and then xanthine to uric
acid in the presence of molecular oxygen to yield
superoxide anion and hydrogen peroxide. Xanthine
oxidase-derived superoxide anion has been linked
to post-ischaemic tissue injury and oedema as well
as changes in vascular permeability (McCord &
Fridovich 1968; Hearse et al 1986). Limitation of
superoxide anion regeneration by the enzymatic
pathway would be bene®cial in ischaemia and
oedema. Our results indicate that tannins have an
inhibitory effect on radical generation. The cyto-
chrome C reduction test is an indirect evaluation
for the formation of superoxide anions and may be
in¯uenced by xanthine oxidase inhibitors to give a
pseudo-positive reaction.

According to Morimoto et al (1988) procyanidin
B-1 (a ¯avan-3-ol tannin) and procyanidin B-3 are
singly-linked proanthocyanidins. Proanthocyanidin
A-1 and cinnamtannin B1 are doubly-linked
proanthocyanidins, epicatechin-(4bÿ!8)-epica-
techin-(4bÿ!8, 2bÿ!Oÿ!7)-catechin and epi-
catechin - (4bÿ!6)-epicatechin - (4bÿ!8, 2bÿ!
Oÿ!7)-catechin are condensed tannins possessing
a proanthocyanidin A-1 unit. Previous studies have
shown that procyanidins and proanthocyanidins
have anti-complementary activity (Shahat et al
1996) and anti-lipid peroxidation effects on rat

Table 1. Summary of the multiple antioxidant effects (IC50) of six tannins isolated from Vaccinium vitis-idaea L.

Compound IC50 (mM) values for various
antioxidant assays

Thiobarbituric
acid test

Xanthine oxidase
inhibition test

Cytochrome
C test

Proanthocyanidin A-1 15�27 416�5 10�14
Procyanidin B-1 7�76 461�0 29�53
Procyanidin B-3 10�75 630�0 30�39
Cinnamtannin B1 2�25 450�5 16�62
Epicatechin-(4bÿ!8)-epicatechin-(4bÿ!8, 2bÿ!Oÿ!7)-catechin 7�90 428�5 27�78
Epicatechin-(4bÿ!6)-epicatechin-(4bÿ!8, 2bÿ!O7)-catechin 9�29 308�0 26�77
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heart mitochondria (Hong et al 1995). Cinnamtan-
nin B1 showed cytotoxicity against melanoma cells
(Kashiwada et al 1992). In our study, the multiple
antioxidant activities of these six tannins were
evaluated. Cinnamtannin B1 displayed the strongest
activity in anti-lipid peroxidation, proanthocyani-
din A-1 displayed the strongest superoxide
scavenging activity, and epicatechin-(4bÿ!6)-
epicatechin-(4bÿ!8, 2bÿ!Oÿ!7)-catechin had
the strongest anti-superoxide formation effect.

We conclude that the tannins extracted form V.
vitis-idaea L. exhibit anti-lipid peroxidation, anti-
superoxide formation, and superoxide scavenger
activities. This may be useful for the treatment of
oxidative damage of tissues caused by the genera-
tion of reactive oxygen species, including perio-
dontal disease.

References

Bartold, P. M., Wiebkin, O. W., Thonard, J. C. (1984) The effects
of oxygen-derived free radicals on gingival proteoglycans and
hyaluronic acid. J. Periodontol. Res. 19: 390±400

Chang, W. S., Chang, Y. H., Lu, F. J., Chiang, H. C. (1994)
Inhibitory effects of phenolics on xanthine oxidase. Anti-
cancer Res. 14: 501±506

Draper, H. H., Hadley, M. (1990) Malondialdehyde determina-
tion as index of lipid peroxidation. Methods Enzymol. 186:
421±431

Fokina, G. I., Roikhel', V. M., Frolova, M. P., Frolova, T. V.,
Pogodina, V. V. (1993) The antiviral action of medicinal
plant extracts in experimental tick-borne encephalitis.
Voprosy Virusologii 38: 170±173

Halliwell, B., Gutteridge, J. M. C. (1984) Lipid peroxidation,
oxygen radicals, cell damage, and antioxidant therapy.
Lancet 1: 1396±1397

Hearse, D. J., Manning, A. S., Downer, J. M., Yellon, D. M.
(1986) Xanthine oxidase: a critical mediator of myocardial
injury during ischemia and reperfusion. Acta Physiol. Scand.
(Suppl.) 548: 65±78

Hong, C. Y., Wang, C. P., Huang, S. S., Hsu, F. L. (1995) The
inhibitory effect of tannins on lipid peroxidation of rat heart
mitochondria. J. Pharm. Pharmacol. 47: 138±142

Kashiwada, Y., Nonaka, G., Nishioka, I., Chang, J. J., Lee, K.
H. (1992) Antitumor agents, 129. Tannins and related
compounds as selective cytotoxic agents. J. Nat. Prod. 55:
1033±1043

Kimura, S., Yonemura, T., Kaya, H. (1993) Increased oxida-
tive product formation by peripheral blood polymorpho-
nuclear leukocytes in human periodontal diseases. J.
Periodont. Res. 28: 197±203

Kok, F. J., Popple, G., Melse, J., Verheul, E., Schouten, E. G.,
Kruyssen, D. H. C. M., Hofman, A. (1991) Do antioxidants
and polyunsaturated fatty acids have a combined association
with coronary atherosclerosis? Atherosclerosis 86: 85±90

McCord, J. M., Fridovich, I. (1968) The reduction of cyto-
chrome c by milk xanthine oxidase. J. Biol. Chem. 243:
5753±5760

McCord, J. M., Fridovich, I. (1969) Superoxide dismutase. An
enzymic function for erythrocuprein (hemocuprein). J. Biol.
Chem. 244: 6049±6055

Mitsuhashi, H. (1988) Illustrated medicinal plants of the world
in colour. In: Okada, M., Nunome, S., Terabayashi, S., Miki,
E., Fujita, T., Yamauchi, T., Itokawa, H. (eds) Hokuryukan
Co., Ltd, Japan, p. 383

Morimoto, S., Nonaka, G. I., Nishioka, I. (1988) Tannins
and related compounds. LX. Isolation and characteri-
zation of proanthocyanidins with a doubly-linked unit
from Vaccinium vitis-idaea L. Chem. Pharm. Bull. 36:
33±38

Oberley, L. W., Oberley, T. D. (1986) Free radicals, cancer and
aging. In: Johnson, J. E., Walford, R., Harmon, D., Miguel,
J. (eds) Free Radicals, Aging, and Degenerative Disease. 1st
edn Liss, New York, pp 325±371

Perry, L. M. (1980) Medicinal Plants of East and Southeast
Asia: Attributed Properties and Uses. In: Perry, L. M.,
Metzger, J. (eds) The MIT Press, Cambridge, Massachu-
setts, and London, UK, p. 134

Shahat, A. A., Hammouda, F., Ismail, S. I., Azzam, S. A., De
Bruyne, T., Lasure, A., Van Poel, B., Pieters, L., Vlietinck,
A. J. (1996) Anti-complementary activity of Crataegus
sinaica. Planta Med. 62: 10±13

Shapira, L., Borinski, R., Sela, M. N., Soskoline, A. (1991)
Superoxide formation and chemiluminescence of peripheral
polymorphonuclear leukocytes in rapidly progressive perio-
dontitis patients. J. Clin. Periodontol. 18: 44±48

Shirikawa, F., Chedid, M., Suttles, J., Plooak, P. A., Mizel, S.
B. (1989) Interleukin 1 and cyclic AMP induce k immuno-
globulin light-chain expression via NF-k-like DNA-binding
protein. Mol. Cell Biol. 9: 959±964

Slater, T. F., Cheeseman, K. H. (1987) Free radical mechan-
isms in relation to tissue injury. Proc. Nutr. Soc. 46: 1±12

Slots, J. (1977) The predominant cultivable micro¯ora of
advanced periodontitis. Scand. J. Dent. Res. 85: 114±121

Sugawara, H., Tobise, K., Minami, H., Uekita, K., Yoshie, H.,
Onodera, S. (1992) Diabetes mellitus and reperfusion injury
increase the level of active oxygen-induced lipid peroxida-
tion in rat cardiac membranes. J. Clin. Exp. Med. 163: 237±
238

Tunon, H., Olavsdotter, C., Bohlin, L. (1995) Evaluation of
anti-in¯ammatory activity of some Swedish medicinal
plants. Inhibition of prostaglandin biosynthesis and PAF-
induced exocytosis. J. Ethnopharmacol. 48: 61±76

Varani, J., Fligiel, S. E. G., Till, G. O., Kunkel, R. G., Ryan, U.
S., Ward, P. A. (1985) Pulmonary endothelial cell killing by
human neutrophils: possible involvement of hydroxyl radi-
cal. Lab. Invest. 53: 656±663

Whyte, G. J., Seymour, G. J., Cheng, K., Robinson, M. F.
(1989) Chemiluminescence of peripheral polymorpho-
nuclear leukocytes from adult periodontal patients. J. Clin.
Periodontol. 16: 69±74

Wong, S. H., Knight, J. A., Hopfer, S. M., Zaharia, O., Leach,
C. N., Sunderman, F. W. (1987) Lipoperoxide in plasma
as measured by lipid-chromatographic separation of mal-
ondialdehyde-thiobarbituric acid adduct. Clin. Chem. 33:
214±220

Yagi, K. (1987) Lipid peroxides and human disease. Chem.
Phys. Lipids 45: 337±341

Yokozawa, T., Oura, H., Hattori, M., Iwano, M., Dohi, K.,
Sakanaka, S., Kim, M. (1993) Inhibitory effect of tannin in
green tea on the proliferation of mesangial cells. Nephron
65: 596±600

Yoshiyuki, K., Michinori, K., Tadato, T., Shigeru, A., Hiro-
michi, O. (1981) Studies on Scutellariae radix. IV. Effects
on lipid peroxidation in rat liver. Chem. Pharm. Bull. 29:
2610±2617

1078 K. Y. HO ET AL


