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Anti-inflammatory Activity of Propolis
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Propolis (bee-glue), known as a folk medicine, is a lipophilic material found in honeybee
hives. In the present study on the anti-inflammatory effect of Korean propolis, it was extracted
with ethanol, and used as a test material. The LD, value with the oral administration of
ethanolic extract of Korean propolis (EEKP) was higher than 2 gkg in mice. The oral ad-
ministration of the propolis extract (100 mg/kg) significantly inhibited the development of hind
paw edema induced by carrageenin in rats. The oral pretreatment of the propolis extract mark-
edly inhibited the increase in vascular permeability and the number of writhing induced by a-
cetic acid in mice. Propolis extract, 50 and 100 mg/kg p.o. per day for 7 days, produced a sig-
nificant inhibitory effect on granuloma and exudate formation in rats. This inhibitory effect
was enhanced with the concomitant use of prednisolone (2.5 mg/kg). These results suggest
that Korean propolis apparently has a strong anti-inflammatory activity.
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INTRODUCTION

Propolis (bee-glue) is a natural resinous substance
produced by’ honey bees and used by them to
strengthen their nests. Its chemical composition was
found to be a very complex mixture of compounds in-
cluding benzoic acid and its esters, substituted
phenolic acid and its esters, terpenoids, and fla-
vonoid aglycones (Nagy ef al, 1985). Propolis has
been widely used as 'folk medicine' for centries and
was shown to have beneficial effects in many patho-
logical processes (Kravchuk, 1982). In recent years,
propolis extract is thought to exhibit a broad spec-
trum of activities including antibacterial, antifungal,
cytostatic, and antioxidative properties (Hladon er al.
1980; Koshihara et al. 1984; Krol et al/. 1990; Grange
and Davey, 1990; Amoros et al, 1992). Recent stu-
dies by Scheller et a/. (1989) indicated that ethanol
extract of propolis possessed higher survival of mice
with Ehrlich ascites carcinoma.

Ethanol extract of propolis has been shown to pos-
sess immunological properties in animals and in pa-
tients (Scheller et a/. 1988; Frankiewicz and Scheller,
1984). However, the experimental studies on the anti-
inflammatory activity of propolis have not been per-
formed extensively. In this paper, we describe an in-
vestigation of Korean propolis on the anti-inflamma-
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tory activity, utilizing carrageenin-induced edema in
the rat hind paw, rat granuloma pouch, and adjuvant
arthritis in rats. The effects on vascular permeability
and acetic acid-induced writhing in mice were also
examined.

MATERIALS AND METHODS

Materials

Propolis was obtained from a farm in the area of
Chungju city, and was extracted with 10-fold volume
of absolute ethanol for 1 week. The ethanolic extract
of Korean propolis (EEKP) was then filtered through
Whatman #4 paper, and evaporated to dryness under
vacuum. Its yield was 40%, which was calculated
from the weight of propolis used. The dried residual
powder was kept in -20°C to minimize bacterial con-
tamination, and was dispersed in 10% Tween 80 solu-
tion immediately prior to use.

Prednisolone, phenylbutazone, sesami oil and light
minimal oil were obtained from Sigma Chemical Co.
Mycobacterium butyricum was obtained from Difco
Co. Carrageenin, croton oil and acetic acid were pur-
chased from Yakuri Pure Chemicals Co. Evans-blue
was obtained from Tokyo Kasei Chemical Co.

Animals

Male ICR mice and female Sprague-Dawley rats
were housed in an animal room under conditions of
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24+ 1°C and 12-h light-dark cycle with humidity (55+
5%), fed a commercial diet and allowed tap water ad
libitum.

Acute toxicity in mice

Male ICR mice, weighing 252 g, were used and
the oral LD,, were determined. Mortality was re-
corded 72 hours after administration.

Carrageenin-induced edema in the rat hind paw

Edema on the right hind paw of the animals were
induced by subcutaneous injection of carrageenin (0.1
ml/rat) prepared as 1% suspension in saline(Winter et
al, 1962 ; Han et al, 1994). After the treatment with
carrageenin, the volume of the foot was determined
every 1 hr for 5 hours, and the increase in the foot
volume was taken as the volume of edema. The
volume of the hind paw was measured by immersing
the limb in a Plethysmometer (UGQ Basile). The
agents tested were orally administered 60 minutes be-
fore the carrageenin treatment. The percent inhibition
of edema induced by each agent was calculated for
each animal group with respect to its vehicle-treated
control group.

Granuloma pouch in rats

The granuloma pouch was induced in rats weigh-
ing 110 to 150 g according to the method described
by Takagi et a/ (1980). The injection of 20 ml of air
under the dorsal skin of the rat, followed by the in-
jection of 0.5 ml of 1% solution of croton oil in
sesami oil, was carried out under ether anesthesia.
The agents tested were orally administered once a
day for 7 days after the treatment. The animals were
killed on the 8th day and the pouch was dissected.
The exudate was collected in a graduated test tube
and its volume was measured. The granulomatous tis-
sues were then isolated and weighed.

Adjuvant-induced arthritis

Using the method described by Person et al. (1961),
adjuvant arthritis was induced in rats weighing 160 to
200 g at the start of the experiment. The subplantar
injection of 1% suspension (0.05 ml) of heat-killed
Mycobacterium butyricum in liquid paraffin into the
right hind paw of the rats was carried out. The
volume of the injected hind paw was measured as
mentioned above, prior to the injection and 1, 3,5, 7,
14 and 21 days after the injection. The contralateral
paw volume and nodules appeared on tails were also
checked. The agents tested were orally administered

* to the rats once a day for 21 days.
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Vascular permeability and acetic acid-induced writh-
ing :

Using the method described by Whittle (1964), the
effect on capillary permeability was determined by in-
jecting 0.1 ml per 10 g body weight i.v. of 4% pon-
tamine sky blue solution into mice which had been
administered with the agent 20 minutes previously.
For the measurement of analgesic activity, each an-
imal was placed in an individual cage and the numb-
er of writhings of each animal was recorded for 20
min.. The animals were then killed by dislocation of
the neck. The viscera were exposed and washed with
distilled water. The washing fluid was filtered through
glass wool, made up to 10 ml in a graduated test
tube and the light absorption was read at 630 nm
with a spectrophotometer. Then amount of the dye in
the fluid was determined from the calibration curve.

Statistical analysis

Student t-test was used throughout the experiments
for evaluating the statistical analysis and considered
as statistically significant when P values were less
than 0.05.

RESULTS AND DISCUSSION

In this work, the anti-inflammatory effect of ethanol-
ic extract made from Korean propolis were examined
using various experimental animal models.

Acute toxicity in mice

LDy, value was determined by the oral ad-
ministration of the extract into mice. The measured
LD, value was estimated to be higher than 2 g/kg.
Weak tremor and recduced spontaneous movement
were observed at the higer doses. The Korean prop-
olis extract was not toxic to mice in the range of
dosages tested. This is similar to the result obtained
for propolis from other area (Arvouet et a/., 1993).

Carrageenin-induced edema in the rat hind paw

Studies on rat paw edema in response to car-
rageenin suggest that acute vascular responses, vaso-
dilation and increased vascular permeability result
from the sequential release of low molecular weight
mediators-histamine, serotonin, bradykinin and pros-
taglandins (Vane and Botting, 1987).

In carrageenin-induced rat paw edema, an acute in-
flammatory model, EEKP 50, 100 and 200 mg/kg
showed a significant inhibition of rat paw edema
when orally administered (Table I). Phenylbutazone
100 mgksg, also produced significant inhibition of
edema. The inhibitory effect of phenylbutazone could
be enhanced by concomitant administration of EEKP
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Table 1. Effects of orally administered ethanol extract of
Korean propolis (EEKP) on carrageenin-induced hind paw
edema in rats
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Table IlI. Effects of ethanol extract of Korean propolis (EEKP)
on granuloma and exudate formation induced by croton oil
in rats’ :

Group Dose Edema Inhibition
(mg/kg, p.o.) index’ (Yo)
Contorl - 60.8%5.9 -
EEKP 50 46.3+7.4 28.8
100 34.54+7.7* 43.2
200 21.4+8.8* 64.8
Phenylbutazone 100 25.1+4.9* 58.8
Phenylbutazone/EEKP 100/50 141x£8.1** 763

*The volume of edema was measured at 4 hours after the
treatment of carrageenin. Edema index indicates the per-
centage of the increase of swelling. Each value represents
mean=S.E. The number of animals in each group was 6.
*P<0.05, **P<0.01

(Table 1). The inhibitory effect of EEKP were stronger
at the higher dose, indicating the dose-response re-
lationship. Considering that EEKP is a mixture of vari-
ous unknown compouds, the inhibitory effect of its
active principle in the carrageenin-induced edema
seems to be potent.

Granuloma pouch in rats

The inhibitory effects of EEKP, 50 and 100 mg/kg,
on the granuloma and exudate formations in rats
were examined. The results are shown in Table II. In
the subacute inflammatory model used, EEKP were
orally administered for 7 days. EEKP 100 mg/kg pro-
duced siginificant inhibitory effects of 28.8 and 31.8%
on the weight of granuloma and the volume of ex-
udate, respectively. Prednisolone (2.5 mgkg p.o.)
also significantly inhibited the granuloma and ex-
udate formations. Simultaneous administration of
EEKP (50 mg/kg) and prednisolone (2.5 mg/kg) in-
hibited the granuloma and exudate formation by 56%
and 91%, respectively. These results show that EEKP
contains anti-inflammatory effect in the subacute in-
flammation model.

Adjuvant arthritis in rats

To investigate the chronic anti-inflammatory ac-
tivity of EEKP, adjuvant induced arthritis in rats was
carried out. The inhibitory effects of 21-day ad-
ministrations of EEKP 50 mg p.o. on the edema for-
mation in rat hind paw were examined. EEKP 50 mg/
kg p.o. inhibited the development of edema (Fig. 1).
The inhibitory effect was also observed with phenyl-
butazone 50 mg/kg p.o. Simultaneous administration
of EEKP 50 mg/kg and phenylbutazone 50 mgkg in-
hibited the edema more strongly than phenyl-
butazone 50 mg/kg alone. These results indicate that
EEKP is also efffective in the animal model of chronic
inflammation.

Group Dose Wet weight  Volume of
(mg/kg, p.o.) of granuloma exudate
(g/100 g) (ml/100 g)
Control - 24+0.3 4.440.1
EEKP 50 2.1+0.2 3.5+0.1%
(12.5) (20.5)
100 1.8+0.1% 3.0x£0.2*
(25.0) (30.7)
Prednisolone 2.5 1.2+0.2* 1.20.5*
(50.0) (72.7)
Prednisolone/EEKP 2.5/50 1.140.2%* 0.410.1%*
(54.2) (90.9)

*Wet weght of granuloma and volume of exudate were
measured after 7-day administration of tested agents. Each
value represents mean=+S.E. (n=6). Figures in parentheses in-
dicate percent inhibition from control value.

*P<0.05, **P<0.01
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Fig. 1. Effects of 21-day administrations of ethanolic extract
of Korean propolis (EEKP) on the development of hind paw
edema associated with adjuvant arthritis in rats. *P<0.05, **P
<0.01, W: Control, &: EEP 50 mg/kg, PB 50 mg/kg, EEP 50+
PB 50 mg/kg

Vascular permeability and acetic acid-induced writh-
ing in mice

The effects of EEKP on capillary permeability and
writhing induced by acetic acid in mice were in-
vestigated. Oral administration of EEKP, 50 and 100
mg/kg, caused siginificant inhibitions (24.8 and 47.
5%) of the dye leakage into the abdominal cavity,
respectively (Table Ill). Phenylbutazone, a positive
control compound, also showed a strong effect. The
inhibitory effect of EEKP was found to be comparable
to that of phenylbutazone, EEKP 50, 100 and 200 mg/
kg caused siginificant inhibitory effects (25.6, 34.3,
and 44.1%) in the number of writhings induced by a-
cetic acid in mice, respectively (Table 1V). This effect
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Table 1. Effects of ethanol extract of Korean propolis (EEKP)
on leakage of dye into the peritoneal cavity induced by a-
cetic acid a in mice

Group Dose Leakage of dye Inhibition
(mg/kg, p.o) Lg/10 g’ (%)
Control - 731+ 5.0 -
EEKP 50 58.5+19.1 24.8
100 49.6+ 7.6% 47.5
Phenylbutazone 100 4334+ 3.1%* 68.6

*Acetic acid was intraperitoneally injected with a volume of
0.1 ml per 10 g body weight.

PEach value represents the mean+S.E. (n=7).

*P<0.05, **P<0.01

Table IV. Effects of ethanol extract of Korean propolis
(EEKP) on writhing induced by acetic acid in mice®

Group Dose Number of Inhibition
(mg/kg, p.0.) writhing (%)
{times/15 min)
Control - 42.4+69 -
EEKP 50 31.6x4.8 25.6
100 279154 34.3
200 23.7£3.3* 441
Pheylbutazone 100 16.353.4%* 61.6

*Acetic acid was intraperitoneally injected with a volume of
0.1 ml per 10 g body weight. Each value represents the
mean £ S.E. (n=7).
*P<0.05, **P<0.01

was based on the relationship of dose and response.

The present study demonstrated the strong anti-in-
flammatory effects of ethanol extract of Korean prop-
olis on carrageenin-induced edema, granuloma
pouch and adjuvant arthritis. This agent also showed
inhibitory activity on vascular permeability and anal-
gesic effect. However, further investigation should be
done to explain the mechanism and active principles
of Korean propolis, which is responsible for its anti-in-
flammatory and analgesic effect. Finally, it may be
concluded that 1) EEKP is not toxic, 2) The ethanol
extract of Korean propolis (EEKP; 100 and 200 mg/kg,
p.0.) shows significant inhibition on carrageenin ede-
ma, 3) EEKP (100 mg/kg, p.o. per day for 7 days) also
shows significant inhibitory effect on granuloma for-
mation and exudate formation induced by croton oil
in rats, 4) EEKP (100 mg/kg, p.o.) markedly inhibit vas-
cular permeability increase, and 5) EEKP (200 mg/kg,
p.o) shows analgesic effect on acetic acid-induced
writhing test.
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