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In vivo antioxidative activity of propolis was evaluated on the basis of ameliorative effects on the
oxidative stress induced by vitamin E deficiency in rats. The control group was fed vitamin E-deficient
diet, and the propolis group was fed vitamin E-deficient diet supplemented with 1% of propolis for
4 and 8 weeks. Comparisons were made in tissue concentrations of vitamin C, vitamin E, and lipid
hydroperoxides between these groups. No significant difference was observed in tissue vitamin E
concentration between these groups after both 4 and 8 weeks. After 4 weeks, the plasma vitamin
C concentration of the propolis group was significantly higher than that of the control group. After
8 weeks, the tissue concentrations of vitamin C in the kidney, stomach, small intestine, and large
intestine of the propolis group were significantly higher than those of the control group. These results
suggest that some components of propolis are absorbed to circulate in the blood and behave as a
hydrophilic antioxidant that saves vitamin C. The concentration of lipid hydroperoxides in the large
intestine of the propolis group was significantly lower than that of the control group after 8 weeks.
These results suggest that propolis exerts its antioxidative effect where it is assumed to accumulate,
such as on the kidney, where it is excreted, and on the gastrointestinal tract, where propolis
influences these tissues even from the outside of the cell.
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INTRODUCTION

The propolis of honeybee hives has long been used in
folk medicine. Recent studies show that propolis exhibits
a broad spectrum of activities such as antibiotic, anti-
inflammatory, antifungal, and antitumorigenic proper-
ties (Burdock, 1998). Along with these activities, anti-
oxidative effects of propolis and its components have
also been studied in vitro (Krol et al., 1990; Pascual et
al., 1994; Scheller et al., 1990; Sud’ina et al., 1993;
Volpert and Elstner, 1993). Concerning the in vivo
antioxidative activity of propolis, protective effects of
intraperitoneally administered propolis extract against
doxorubicin-induced myocardiopathy (Chopra et al.,
1995), carbon tetrachloride-induced liver damage
(Merino et al., 1996), galactosamine-induced hepatitis
(Rodriguez et al., 1997), and γ-irradiation (Scheller
et al., 1989) have been reported.

Although there is considerable interest in the role of
propolis as a dietary antioxidant, only limited studies
are available on the antioxidative effect of orally ad-
ministered propolis as well as the bioavailability of
propolis (Bourne and Rice-Evans, 1998). El-Ghazaly and
Khayyal (1995) reported that orally administered aque-
ous propolis reduced the damage caused by γ-irradia-
tion, and Basnet et al. (1996) reported that orally given
propolis extract ameliorated liver damage induced by

carbon tetrachloride, D-galactosamine, and lipopolysac-
charide. Although these reports suggest that propolis
functions as an antioxidant, no effective method is yet
available to evaluate directly the antioxidative activity
of dietary propolis in vivo. In the present study, we
report the first attempt to evaluate the antioxidant
activity of dietary propolis on the basis of ameliorative
effects on the oxidative stress induced by vitamin E
deficiency in rats.

MATERIALS AND METHODS

Materials. Commercially available propolis (imported from
Brazil and processed by Yamada Yohojo Bee Farm Inc.,
Tomata, Okayama, Japan) was used in this study.

Animals. Guidelines from the Prime Minister’s office of
Japan (No. 6 of March 27, 1980) for the care and use of
laboratory animals were followed. Four-week-old male rats
(SLC: Wistar strain) were obtained from Japan SLC Co.
(Hamamatsu, Shizuoka, Japan). The rats were housed in a
room with a temperature of 24 ( 2 °C and a 12-h light/dark
cycle. Rats were permitted free access to food and water.

Design of the Work. To evaluate the in vivo antioxidant
activity of propolis, saving effect of propolis on vitamins C
and E was determined during the oxidative stress induced
by vitamin E deficiency. Rats were divided into two groups.
One group, designated the control group, was fed vitamin
E-deficient diet and the other group, defined as the propolis
group, received vitamin E-deficient diet supplemented with
1% of propolis. After 4 and 8 weeks, tissue concentrations of
vitamins C and E were compared between these two groups.
At the same time, tissue concentrations of lipid hydroperoxides
as an indicator of oxidative stress (Tokumaru et al., 1995) were
also compared. The number of rats used for each treatment
was three or four.
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The diet of the control (vitamin E-deficient) group was
prepared by Funahashi Farm according to AIN 76 (American
Institute of Nutrition, 1977) using stripped corn oil (5 g/100 g
of diet) as the fat and mixed with dextrin (1 g/100 g of diet).
The propolis group received the vitamin E-free diet (as
described above) containing a 1:1 mixture of propolis and
dextrin by 2 g/100 g of diet. The 1:1 mixture of propolis and
dextrin was supplied by Yamada Yohojo Bee Farm Inc.
(Tomata, Okayama, Japan). Diets were divided into small
portions and stored at -80 °C until use. Body weights were
recorded daily.

Analytical Methods. Rats were anesthetized with diethyl
ether and killed by collecting the blood from the inferior vena
cava using a syringe containing sodium heparin as an anti-
coagulant. After perfusion of ice-cooled saline through the
portal vein, organs were removed. The excised tissue was
homogenized in 5 volumes of 10 mmol/L phosphate-buffered
saline (pH 7.4) under cooling in an ice bath. All determinations
were made in duplicate. Lipid hydroperoxide was measured
as described (Tokumaru et al., 1995). The determination of
vitamin C was made according to a specific and sensitive
method (Kishida et al., 1992; Tokumaru et al., 1996a) involving
chemical derivatization and HPLC. The concentration of
vitamin E was determined by using a method of Buttriss and
Diplock (1984). The conditions of HPLC and fluorescence
detection (type RF-535 manufactured by Shimadzu, Kyoto,
Japan) were reported previously (Kishida et al., 1993a,b).
Blood was centrifuged at 7000g for 5 min at 4 °C to separate
plasma.

Protein concentrations were determined according to the
method of Lowry et al. (1951) using BSA as the standard.

Data were expressed as means ( standard deviations (SD)
and analyzed by ANOVA using StatView software (Abacus
Concepts, Berkeley, CA). Differences between group means
were considered significant at P < 0.05 using the Bonferroni
/Dunn procedure generated by this program.

RESULTS AND DISCUSSION

Change in Body Weight. There were no significant
differences in body weights between the control and
propolis groups (data not shown).

Change in Tissue Concentration of Vitamin E.
Vitamin E concentrations in plasma, liver, heart, kid-

ney, stomach, small intestine, and large intestine of the
control and propolis groups are shown in Table 1. In
the present study, only R-tocopherol was determined
and other tocopherols (â, γ, and δ) were not detected.
No significant difference was observed between these
groups after both 4 and 8 weeks (Table 1). Although
propolis contains R-tocopherol [∼400 µg/kg diet, <1%
of 50 mg/kg of AIN 76 formula (American Institute of
Nutrition, 1977)], this amount of vitamin E did not
affect its tissue concentration as compared with the
control group fed completely vitamin E-free diet. This
result indicates that propolis does not save vitamin E,
a hydrophobic antioxidant, during vitamin E deficiency.

Change in Tissue Concentration of Vitamin C.
Tissue vitamin C concentrations of the control and
propolis groups are shown in Table 2. After 4 weeks,
the plasma vitamin C concentration of the propolis
group was significantly higher than that of the control
group. This result suggests that propolis has a saving
effect on vitamin C in plasma, probably by antioxidative
mechanism. It is conceivable that some hydrophilic
component(s) of propolis save(s) vitamin C, a water-
soluble vitamin, different from the case of hydrophobic
vitamin E as described above. No significant difference
was observed in the liver, heart, kidney, stomach, small
intestine, or large intestine after 4 weeks (Table 2).

After 8 weeks, the tissue concentrations of vitamin C
in the kidney, stomach, small intestine, and large
intestine of the propolis group were significantly higher
than those of the control group (Table 2). These differ-
ences seem to be caused by the fact that the tissue
vitamin C concentration of the propolis group after
8 weeks was maintained at the level of 4 weeks after
the vitamin E deficiency. Recently we have reported
(Tanaka et al., 1997) that the oxidative stress induced
by prolonged vitamin E deficiency causes a decrease in
tissue vitamin C concentration using inherently scor-
butic rats. Although the present study was done utiliz-
ing rats of the Wistar strain, similar results seemed to
be observed.

Table 1. Levels of Tissue Vitamin E (Nanomoles per Gram of Tissue) in the Control (Vitamin E-Deficient) and Propolis
(Vitamin E-Deficient and Propolis-Supplemented) Groupsa

plasma liver heart kidney stomach small intestine large intestine

After 4 Weeks
control (3) 2.43 ( 0.41 4.67 ( 0.32 6.75 ( 1.88 3.28 ( 1.44 5.19 ( 0.82 4.38 ( 0.92 5.16 ( 1.00
propolis (3) 2.67 ( 0.23 4.77 ( 0.91 7.87 ( 1.71 4.31 ( 1.14 5.29 ( 0.37 4.00 ( 0.30 6.03 ( 0.74

After 8 Weeks
control (4) 1.53 ( 0.22 2.01 ( 0.26 3.19 ( 2.33 1.30 ( 0.07 1.60 ( 0.24 2.02 ( 1.98 1.97 ( 0.31
propolis (4) 1.13 ( 0.72 1.59 ( 1.01 2.38 ( 0.85 1.16 ( 0.80 1.86 ( 0.66 1.85 ( 0.60 2.50 ( 0.88

a Rats were fed with the vitamin E-deficient diet or the vitamin E-deficient diet supplemented with 1% of propolis. After 4 and 8
weeks, concentrations of vitamin E in tissues were determined as described in the text. Value is mean ( SD (the number of rats used for
each treatment is shown in parentheses), and asterisks shown at the propolis group indicate significant difference from control group
(ANOVA Bonferroni/Dunn procedure: *, P < 0.05; **, P < 0.01).

Table 2. Levels of Tissue Vitamin C (Nanomoles per Gram of Tissue) in the Control (Vitamin E-Deficient) and Propolis
(Vitamin E-Deficient and Propolis-Supplemented) Groupsa

plasma liver heart kidney stomach small intestine large intestine

After 4 Weeks
control (3) 26.9 ( 1.4 1600 ( 310 431 ( 46 705 ( 105 809 ( 79 2229 ( 300 1062 ( 51
propolis (3) 41.5 ( 5.5* 1534 ( 111 431 ( 24 780 ( 67 871 ( 12 2192 ( 180 1180 ( 147

After 8 Weeks
control (4) 23.8 ( 3.4 1461 ( 167 402 ( 45 627 ( 13 638 ( 144 1766 ( 42 911 ( 77
propolis (4) 33.9 ( 13.3 1586 ( 242 458 ( 84 840 ( 102** 1018 ( 127** 2306 ( 307* 1162 ( 142*

a Rats were fed with the vitamin E-deficient diet or the vitamin E-deficient diet supplemented with 1% of propolis. After 4 and 8
weeks, concentrations of vitamin C in tissues were determined as described in the text. Value is mean ( SD (the number of rats used for
each treatment is shown in parentheses), and asterisks shown at the propolis group indicate significant difference from control group
(ANOVA Bonferroni/Dunn procedure: *, P < 0.05; **, P < 0.01).
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These in vivo results indicate that some component-
(s) of propolis is (are) absorbed and circulate(s) in the
blood to affect the concentration of vitamin C in the
kidney and plasma. These results also support the view
that propolis saves vitamin C in enhanced oxidative
stress caused by prolonged vitamin E deficiency. It is
conceivable that propolis exerts its antioxidative effect
on tissues where it is assumed to accumulate as on the
kidney, where it is excreted, and in the gastrointestinal
tract, where propolis affects these tissues even from the
outside of the cell.

However, no significant difference was observed in the
vitamin C concentration of plasma, liver, and heart
between these two groups after 8 weeks (Table 2).

Change in Level of Tissue Lipid Hydroperox-
ides. Although radical reactions receive much attention
in relation to pathogenic disorders such as cancer
(Halliwell and Gutteridge, 1990), diabetes mellitus
(Baynes, 1991), atherosclerosis, and aging (Halliwell
and Gutteridge, 1989), the search for a reliable indicator
of oxidative stress in animal tissues is still an important
activity. Conventional indicators of radical reactions are
classified into three main categories, which are products
of lipid peroxidation such as malondialdehyde (Kishida
et al., 1990), thiobarbituric acid reactive substances
(TBARS; Buege and Aust, 1978), modified proteins
(Stadtman, 1992), and DNA (Shigenaga et al., 1990);
decreased antioxidants such as vitamin C (Kishida
et al., 1992), vitamin E (Kishida et al., 1993a), and
glutathione (Meister and Anderson, 1983); and activity
change of antioxidant enzymes including superoxide
dismutase (Stralin and Marklund, 1994) and glu-
tathione peroxidase (Cowan et al., 1993). As another
kind of index, the oxidative mediator, rather than the
products of peroxidation, may be determined. Lipid
hydroperoxide is a probable candidate for such an
oxidative mediator because it is formed by radical
reactions, has sufficient lifetime to migrate, and finally
modifies protein and DNA.

Recently we developed a specific and sensitive method
(Tokumaru et al., 1995) to determine the concentration
of lipid hydroperoxides in animal tissues. The efficiency
of lipid hydroperoxides as an index of oxidative stress
has been confirmed by their increase in some typical
cases of enhanced oxidative stress such as aged (Toku-
maru et al., 1996b), vitamin C-deficient (Tokumaru et
al., 1996a), vitamin E-deficient (Tokumaru et al., 1997),
iron-overloaded (Ikeda et al., 1998), and streptozotocin-
induced diabetic (Sun et al., 1999) animal tissues.

It is reported (Rao et al., 1993, 1995) that dietary
propolis inhibits chemical carcinogenesis of rat colon.
To investigate whether the antioxidative property of

propolis contributes to the inhibition, the lipid hydro-
peroxide concentrations in the gastrointestinal tract of
the control and propolis groups were compared. As
shown in Table 3, a significant difference was observed
after 8 weeks in the large intestine, where a significant
difference in the vitamin C concentration was observed
(Table 2). In the stomach and small intestine, the lipid
hydroperoxide concentrations of the propolis group were
lower than those of the control group, but a statistical
significance was not observed (Table 3). These observa-
tions indicate that the oxidative stress in the large
intestine is attenuated by propolis, although it is not
clear whether the antioxidative effect is brought about
intracelluarly and/or from outside the cell.

LITERATURE CITED

American Institute of Nutrition. Report of the American
Institute of Nutrition ad hoc committee on standards for
nutritional studies. J. Nutr. 1977, 107, 1340-1348.

Basnet, P.; Matsushige, K.; Hase, K.; Kadota, S.; Namba, T.
Four di-O-caffeoyl quinic acid derivatives from propolis.
Potent hepatoprotective activity in experimental liver injury
models. Biol. Pharm. Bull. 1996, 19, 1479-1484.

Baynes, J. W. Role of oxidative stress in development of
complications in diabetes. Diabetes 1991, 40, 405-412.

Bourne, L. C.; Rice-Evans, C. Bioavailability of ferulic acid.
Biochem. Biophys. Res. Commun. 1998, 253, 222-227.

Buege, J. A.; Aust, S. D. Microsomal lipid peroxidation.
Methods Enzymol. 1978, 52, 302-310.

Burdock, G. A. Review of the biological properties and toxicity
of bee propolis (propolis). Food Chem. Toxicol. 1998, 36,
347-363.

Buttriss, J. L.; Diplock, A. T. High-performance liquid chro-
matography methods for vitamin E in tissues. Methods
Enzymol. 1984, 105, 131-138.

Chopra, S.; Pillai, K. K.; Husain, S. Z.; Giri, D. K. Propolis
protects against doxorubicin-induced myocardiopathy in
rats. Exp. Mol. Pathol. 1995, 62, 190-198.

Cowan, D. B.; Weisel, R. D.; Williams, W. G.; Mickle, D. A. G.
Identification of oxygen responsive elements in the 5′-
flanking region of the human glutathione peroxidase gene.
J. Biol. Chem. 1993, 268, 26904-26910.

El-Ghazaly, M. A.; Khayyal, M. T. The use of aqueous propolis
extract against radiation-induced damage. Drugs Exp. Clin.
Res. 1995, 21, 229-236.

Halliwell, B.; Gutteridge, J. M. C. Aging. In Free Radicals in
Biology and Medicine, 2nd ed.; Halliwell, B., Gutteridge, J.
M. C., Eds.; Clarendon Press: Oxford, U.K., 1989; pp 450-
462.

Halliwell, B.; Gutteridge, J. M. C. Role of free radicals and
catalytic metal ions in human disease: An overview.
Methods Enzymol. 1990, 186, 1-85.

Ikeda, K.; Sun, F.; Tanaka, K.; Tokumaru, S.; Kojo, S. Increase
of lipid hydroperoxides in the rat liver and kidney after
administering ferric nitrilotriacetate. Biosci., Biotechnol.,
Biochem. 1998, 62, 1438-1439.

Kishida, E.; Oribe, M.; Mochizuki, K.; Kojo, S.; Iguchi, H.
Determination of malondialdehyde with chemical derivati-
zation into the pyrimidine compound and HPLC. Biochim.
Biophys. Acta 1990, 1045, 187-188.

Kishida, E.; Nishimoto, Y.; Kojo, S. Specific determination of
ascorbic acid with chemical derivatization and high-
performance liquid chromatography. Anal. Chem. 1992, 64,
1505-1507.

Kishida, E.; Kamura, A.; Tokumaru, S.; Oribe, M.; Iguchi, H.;
Kojo, S. Re-evaluation of malondialdehyde and thiobarbi-
turic acid-reactive substances as indices of autoxidation
based on the oxygen consumption. J. Agric. Food Chem.
1993a, 41, 1-4.

Kishida, E.; Tokumaru, S.; Ishitani, Y.; Yamamoto, M.; Oribe,
M.; Iguchi, H.; Kojo, S. Comparison of the formation of
malondialdehyde and thiobarbituric acid-reactive sub-

Table 3. Levels of Lipid Hydroperoxides (Picomoles per
Milligram of Protein) in the Control (Vitamin
E-Deficient) and Propolis (Vitamin E-Deficient and
Propolis-Supplemented) Groups after 8 Weeksa

stomach small intestine large intestine

control (4) 330.5 ( 90.6 274.4 ( 48.3 263.6 ( 32.2
propolis (4) 210.6 ( 72.1 202.7 ( 83.6 126.4 ( 35.8**

a Rats were fed with the vitamin E-deficient diet or the vitamin
E-deficient diet supplemented with 1% of propolis. After 8 weeks,
concentrations of lipid hydroperoxides in tissues were determined
as described in the text. Value is mean ( SD (the number of rats
used for each treatment is shown in parentheses), and asterisks
shown at the propolis group indicate significant difference from
the control group (ANOVA Bonferroni/Dunn procedure: *, P <
0.05; **, P < 0.01).

1464 J. Agric. Food Chem., Vol. 48, No. 5, 2000 Sun et al.



stances from autoxidized fatty acids based on oxygen
consumption. J. Agric. Food Chem. 1993b, 41, 1598-1600.

Krol, W.; Czuba, Z.; Scheller, S.; Gabrys, J.; Grabiec, S.; Shani,
J. Anti-oxidant property of ethanolic extract of propolis
(EEP) as evaluated by inhibiting the chemiluminescence
oxidation of luminol. Biochem. Int. 1990, 21, 593-597.

Lowry, O. H.; Rosebrough, N. J.; Farr, A. L.; Randall, R. J.
Protein measurement with Folin phenol reagent. J. Biol.
Chem. 1951, 193, 265-276.

Meister, A.; Anderson, M. E. Glutathione. Annu. Rev. Biochem.
1983, 52, 711-760.

Merino, N.; Gonzalez, R.; Gonzalez, A.; Remirez, D. Histo-
pathological evaluation on the effect of red propolis on liver
damage induced by CCl4 in rats. Arch. Med. Res. 1996, 27,
285-289.

Pascual, C.; Gonzalez, R.; Torricella, R. G. Scavenging action
of propolis extract against oxygen radicals. J. Ethnophar-
macol. 1994, 41, 9-13.

Rao, C. V.; Desai, D.; Simi, B.; Kulkarni, N.; Amin, S.; Reddy,
B. S. Inhibitory effect of caffeic acid esters on azoxymethane-
induced biochemical changes and aberrant crypt foci forma-
tion in rat colon. Cancer Res. 1993, 53, 4182-4188.

Rao, C. V.; Desai, D.; Rivenson, A.; Simi, B.; Amin, S.; Reddy,
B. S. Chemoprevention of colon carcinogenesis by phenyl-
ethyl-3-methylcaffeate. Cancer Res. 1995, 55, 2310-2315.

Rodriguez, S.; Ancheta, O.; Ranos, M. E.; Remirez, D.; Rojas,
E.; Gonzalez, R. Effects of Cuban red propolis on galac-
tosamine-induced hepatitis in rats. Pharmacol. Res. 1997,
35, 1-4.

Scheller, S.; Gazda, G.; Krol, W.; Czuba, Z.; Zajusz, A.; Gabrys,
J.; Shani, J. The ability of ethanolic extract of propolis (EEP)
to protect mice against gamma irradiation. Z. Naturforsch.
1989, 44C, 1049-1052.

Scheller, S.; Wilczok, T.; Imielski, S.; Krol, W.; Gabrys, J.;
Shani, J. Free radical scavenging by ethanol extract of
propolis. Int. J. Radiat. Biol. 1990, 57, 461-465.

Shigenaga, M. K.; Park, J. W.; Cundy, K. C.; Gimeno, C. J.;
Ames, B. N. In vivo oxidative DNA damage: Measurement
of 8-hydroxy-2′-deoxyguanosine in DNA and urine by high-
performance liquid chromatography with electrochemical
detection. Methods Enzymol. 1990, 186, 521-530.

Stadtman, E. R. Protein oxidation and aging. Science 1992,
257, 1220-1224.

Stralin, P.; Marklund, S. L. Effects of oxidative stress on
expression of extracellular superoxide dismutase, CuZn-
superoxide dismutase and Mn-superoxide dismutase in
human dermal fibroblasts. Biochem. J. 1994, 298, 347-352.

Sud’ina, G. F.; Mirzoeva, O. K.; Pushkareva, M. A.; Kor-
shunova, G. A.; Sumbatyan, N. V.; Varfolomeev, S. D.
Caffeic acid phenethyl ester as a lipoxygenase inhibitor with
antioxidant properties. FEBS Lett. 1993, 329, 21-24.

Sun, F.; Iwaguchi, K.; Shudo, R.; Nagaki, Y.; Tanaka, K.;
Ikeda, K.; Tokumaru, S.; Kojo, S. Change in tissue concen-
trations of lipid hydroperoxides, vitamin C and vitamin E
in rats with streptozotocin-induced diabetes. Clin. Sci. 1999,
96, 185-190.

Tanaka, K.; Hashimoto, T.; Tokumaru, S.; Iguchi, H.; Kojo, S.
Interactions between vitamin C and vitamin E are observed
in tissues of inherently scorbutic rats. J. Nutr. 1997, 127,
2060-2064.

Tokumaru, S.; Tsukamoto, I.; Iguchi, H.; Kojo, S. Specific and
sensitive determination of lipid hydroperoxides with chemi-
cal derivatization into 1-naphthyldiphenylphosphine oxide
and high performance liquid chromatography. Anal. Chim.
Acta 1995, 307, 97-102.

Tokumaru, S.; Takeshita, S.; Nakata, R.; Tsukamoto, I.; Kojo,
S. Change in the level of vitamin C and lipid peroxidation
in tissues of the inherently scorbutic rat during ascorbate
deficiency. J. Agric. Food Chem. 1996a, 44, 2748-2753.

Tokumaru, S.; Iguchi, H.; Kojo, S. Change of the lipid hydro-
peroxide level in mouse organs on aging. Mech. Aging Dev.
1996b, 86, 67-74.

Tokumaru, S.; Ogino, R.; Shiromoto, A.; Iguchi, H.; Kojo, S.
Increase of lipid hydroperoxides in tissues of vitamin
E-deficient rats. Free Radical Res. 1997, 26, 169-174.

Volpert, R.; Elstner, E. F. Biochemical activities of propolis
extracts. I. Standarization and antioxidative properties of
ethanolic and aqueous derivatives. Z. Naturforsch. 1993,
48C, 851-857.

Received for review June 2, 1999. Revised manuscript received
January 20, 2000. Accepted February 17, 2000.

JF990594T

In Vivo Antioxidant Activity of Propolis J. Agric. Food Chem., Vol. 48, No. 5, 2000 1465


