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Abstract

Background: Nonsteroidal anti-inflammatory drugs (NSAIDs) are usually used to alleviate pain and Inflammation. The widespread
use of NSAIDs has caused the risk and side effects of these drugs commonly increase.
Objectives: This study aimed to examine the anti-inflammatory and antinociceptive activities of ethanolic extract of propolis (EEP)
in male mice and rats.
Methods: In this experimental study, EEP was prepared and administered in doses of 100, 200, and 400 mg/kg of body weight. The
anti-inflammatory potential was assessed by inflammatory models of xylene-induced ear edema and cotton pellet granuloma tests,
whereas the antinociceptive potential was assessed by formalin and acetic acid-induced writhing methods.
Results: The EEP at doses of 100 (P < 0.05), 200 (P < 0.001) and 400 mg/kg (P < 0.001) significantly diminished the foundation of
edema caused by xylene. A significant decrease was seen in granuloma weight in EEP at doses of 200 (P < 0.001) and 400 mg/kg (P <
0.001). The extract caused a significant decrease in licking time at first phase in EEP at 100 (P < 0.01), 200 (P < 0.001), and 400 mg/kg
(P < 0.001). A significant decrease was observed (P < 0.001) in licking time at the second phase in EEP at doses of 100, 200, and 400
mg/kg. In the writhing model, a significant decrease was observed in the number of writhes in EEP at doses of 100 (P < 0.05), 200 (P
< 0.001), and 400 mg/kg (P < 0.001).
Conclusions: The findings of this research showed that the ethanolic extract of propolis has considerable anti-inflammatory and
antinociceptive activities.
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1. Background

The inflammation usually occurs in response to injuri-
ous stimuli, including physical injury, trauma, infectious
microorganisms, toxic chemical substances, ischemia, or
tumor growth (1, 2). Some characteristics of inflammatory
responses are comprised of pain, swelling, heat, redness,
edema, and loss of function (3). The inflammation con-
sists of different phases, including the release of chemotac-
tic factors, increased blood circulation, and increased cap-
illary permeability, allowing for cellular infiltration, fol-
lowed by either an acute resolution of tissue damage or
persistence of the response that might contribute to fibro-
sis or dysfunction of the tissues and organs (4). Although
inflammation is a defense mechanism, it could be disad-
vantageous if the stimulus insists for long-term courses
as it may cause painful inflammatory problems, Including
gastritis, arthritis, etc. (5). The inflammation is generally
related to pain as a secondary mechanism, caused by secre-
tion of analgesic mediators (6). Pain as an unsightly feel-

ing can be either acute or chronic and it is an outcome of
involved neurochemical mechanisms in the nervous sys-
tem (7). In addition, pain is the most common reason for
seeking medical and pharmaceutical care and it is the most
prevalent sign of various pathologies and imposes a high
expenditure of pharmaceutical and health burden on the
society (8).

Although the inflammation and pain are commonly
remedied by nonsteroidal anti-inflammatory drugs
(NSAIDs), their long-term use is closely associated with
serious toxic effects, including gastrointestinal ulcers,
renal disorders, hepatic abnormalities, and metabolic dis-
turbances (9-11). In addition, opioids (narcotics), including
natural (derived from the opium poppy plant) and syn-
thetic narcotics are potent drugs in reducing the swelling
and pain. Opioid drugs have diverse psychological and
physical side effects such as gastrointestinal bleeding,
nausea and vomiting, cognitive impairment, respiratory
depression, hyperalgesia, endocrine-hypogonadism, tol-
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erance, withdrawal, and addiction (12-17). Therefore, there
are efforts to find safe and new anti-inflammatory and
analgesic medications with the least side effects. Tradi-
tional medicine and medicinal plants are extensively used
in reducing the swelling and pain symptoms (18, 19).

Propolis or bee glue is a gummy resinous material that
honey bees amass it from plant exudates to make seal holes
in the beehive (20, 21). Because of waxy and supple quiddity
of propolis, honey bees exploit it in the making and ren-
ovation of their beehive (22, 23). In addition, many stud-
ies have shown that there are about 300 compounds in
propolis, including resin (50%), wax (30%), essential oils
(10%), pollen (5%), and other organic compounds (5%) (24,
25). Propolis has useful effects on body health and it has
been extensively used in folk medicine to treat many ill-
nesses for many years. The Greek and the Roman physi-
cians also acknowledged the potential of propolis by em-
ploying it in wound treatment, as an antiseptic and ci-
catrizing agent, and as mouth disinfectant. The Persians
used propolis in eczemas, myalgia, and rheumatism rem-
edy. The Incas also described propolis as an antipyretic
drug (26, 27). In the past few years, numerous literatures
have been attributed to propolis activities such as anti-
inflammatory, anti-tumoral, antiviral, antibacterial, anti-
fungal, and antinociceptive (24-28). Propolis activates im-
mune cells that produce cytokines (28). It is also used to
treat muscle and articulation inflammations, infections,
rheumatisms, and torsions (29).

2. Objectives

This research aimed to test the effects of propolis on in-
flammatory and nociceptive models in male mice and rats.

3. Methods

This experimental study was performed in 2018 at
Payame Noor University, Kermanshah, Iran. This study was
approved by the Research Ethics Committee of Payame
Noor University (code: IR.PNU.REC.1397.080) and carried
out according to the ethical guidelines for experimental in-
vestigation in animals.

Preparation of ethanolic extract of propolis: Approx-
imately 100 g propolis was obtained from bees’ hives in
Ardebil province, Iran and stored at 4°C. After dehydra-
tion, the dried samples were ground to make a fine powder.
Ethanolic extract of propolis (EEP) was prepared by adding
2 g of powder to 25 mL of 10% - 95% ethanol in tubes and
shaking at 70°C for 30 minutes. In the next step, the extract
was centrifuged to acquire the supernatant (30).

3.1. Animals

Animals used in this study were comprised of 90 male
BALB/c mice (25 - 30 g) and 30 male Wister rats (250 - 300 g).
They were maintained at a humidity of 50± 5%, a tempera-
ture of 22 ± 1°C, with a 12 hours light/dark cycle, and given
ad libitum access to food and water.

3.2. Anti-Inflammatory Study

3.2.1. Xylene-Induced Ear Edema

For acute inflammation assessment, 30 mice were ran-
domly assigned to five groups of 6 animals, including
EEP (100, 200, and 400 mg/kg), positive control (dexam-
ethasone, 15 mg/kg) or normal saline (the control group).
Dexamethasone, commonly used as positive control anti-
inflammatory agent, showed potent anti-inflammatory ef-
fects on xylene-induced ear edema. Sixty minutes after
the intraperitoneal injections, 0.03 mL xylene was injected
into the anterior surface of the right ear, while the left ear
defined as the control. Two hours after the xylene injection,
mice were deeply anesthetized and ears were removed. Cir-
cular sections were taken with a diameter of 7 mm and
carefully weighed. An increase in the weight of the right
ear punch compared with the left ear punch was indicated
the edema (31).

3.2.2. Cotton Pellet Granuloma

The chronic anti-inflammatory test carried out using
cotton pellet granuloma model. Rats were randomly as-
signed to five groups (n = 6), including distilled water (con-
trol), indomethacin (10 mg/kg, the positive control), and
100, 200, and 400 mg/kg of EEP. Indomethacin, the posi-
tive control used in the study, which is known as an anti-
inflammatory agent in cotton pellet granuloma model (32,
33). The animals were anesthetized with ketamine (100
mg/kg). In brief, after back skin disinfection with 70%
ethanol and shave, a longitudinal incision of the skin was
made in the lumbar region. Subcutaneous tunnels were
created by blunted forceps and a sterilized, pre-weighed
cotton pellet (15 ± 1 mg) was placed on both sides in the
scapular region. Thirty minutes before the test, the ani-
mals were treated with distilled water, indomethacin, or
extracts were orally-administered daily for 7 days. Then the
animals were sacrificed in the 8th day, the pellets were dis-
sected out, and dried in an oven at 60°C until the weight
stabilized. Then the net dry weights and the percent inhi-
bition increase in the weight of the cotton pellets were de-
termined (32, 33).

3.3. Antinociception Study

3.3.1. Formalin Test

Thirty mice were randomly assigned to five groups of
6 animals. In this test, 45 minutes prior to formalin test,

2 Zahedan J Res Med Sci. In Press(In Press):e84150.

http://zjrms.com


Uncorrected Proof

Parandin R and Daroogari S

normal saline as the control, morphine (10 mg/kg) as the
positive control or 100, 200 or 400 mg/kg of EEP were ad-
ministered intraperitoneally. Morphine, commonly used
as the positive control antinociceptive agent, showed po-
tent analgesic effects on formalin test (34, 35). In this test,
mice placed in a transparent enclosure, then 20 µL of 2.5%
formalin was injected into the right posterior paw. The
formalin-induced paw licking response was designed as
representative of the nociceptive behavior. After formalin
injection, 0 - 5 and 20 - 30 minutes were recorded as the to-
tal time spent in licking and biting the injected paw (34,
35).

3.3.2. Acetic Acid-Induced Writhing

Thirty mice were randomly assigned to five groups of
6 animals. Forty-five minutes before the peritoneal irrita-
tion, mice were treated with EEP, 0.9% normal saline (con-
trol) and indomethacin (10 mg/kg) by oral administration.
Then the animals were injected intraperitoneally with 1%
acetic acid (0.1 mL/10g body weight). The writhing results
were recorded after 10 minutes of acetic acid injection and
counted for 10 minutes (34-37). Antinociceptive activity
was distinguished by a decrease in the average of writhing
numbers in the treatment groups compared with the con-
trol group, and it was calculated as %inhibition of abdom-
inal constrictions using the following formula (37): [mean
of (control - test group)/control group × 100%].

3.4. Data Analysis

The results were described as mean ± SEM and differ-
ences among groups were statistically excavated by one-
way analysis of variance (ANOVA) followed by the Tukey
method as a post hoc test. The significance level was set at
P < 0.05.

4. Results

4.1. Xylene-Induced Ear Edema

The mean weight of ear edema in the control, dexam-
ethasone, 100, 200 and 400 mg/kg of EEP groups was de-
termined as 18.5 ± 0.92, 6.50 ± 0.62, 14.17 ± 0.75, 12.83 ±
1.17 and 9.50 ± 0.76 mg, respectively. As shown in Figure 1,
a significant decrease was observed in weight of ear edema
in the dexamethasone (P < 0.001), and EEP at 100 (P < 0.05),
200 (P < 0.001), and 400 mg/kg (P < 0.001) in comparison
to the control group.

4.2. Cotton Pellet Granuloma

As shown in Table 1, a significant decrease was observed
in granuloma weight in the Indomethacin (P < 0.001) and
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Figure 1. Effects of EEP on xylene-induced ear edema in mice. N = 6, the values are
shown as the mean ± SEM, *P < 0.05 and ***P < 0.001 vs. control.

Table 1. Effects of EEP on Cotton Pellet-Induced Granuloma in Ratsa , b

Treatments N Granuloma wt., mg Inhibition, %

Control 6 51.33 ± 1.74 -

Indomethacin 6 28.67 ± 1.78*** 44.15

EEP100 6 46.17 ± 0.79 10.05

EEP200 6 41.50 ± 0.99*** 19.15

EEP400 6 42.33 ± 0.80*** 17.53

Abbreviation: EEP, ethanolic extract of propolis.
aThe values are shown as the mean ± SEM.
b***P < 0.001 vs. control.

EEP (200 and 400 mg/kg, P < 0.001), while EEP insignifi-
cantly decreased the granuloma weight at 100 mg/kg. At
100, 200, and 400 mg/kg of EEP, the percent reduction of
granuloma weight was 10.05%, 19.15%, and 17.53%, respec-
tively, as compared to the control group, whereas the stan-
dard drug indomethacin (10 mg/kg) showed a reduction of
44.15%.

4.3. Formalin Test

Results of the antinociceptive effects of EEP on pain
induced by formalin in mice are shown in Table 2. Both
phases of formalin-induced nociception were significantly
inhibited in mice pretreated intraperitoneally with mor-
phine and EEP. In the first phase (0 - 5 minutes), the inhibi-
tions were 88.97% (P < 0.001), 14.11% (P < 0.01), 26.66% (P <
0.001), and 62.31% (P < 0.001) in morphine and EEP at 100,
200, and 400 mg/kg, respectively. In the second phase (20 -
30 minutes), the inhibitions were 89.85% (P < 0.001), 25.73%
(P < 0.001), 46.40% (P < 0.001), and 56.32% (P < 0.001) in
morphine and EEP at 100, 200, and 400 mg/kg, respectively.
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Table 2. Effects of EEP on Formalin-Induced Paw Edemaa , b

Treatments N First Phase (0 - 5 min) Inhibition, % Second Phase (20 - 30 min) Inhibition, %

Control 6 65.00 ± 1.93 - 113.33 ± 2.32 -

Morphine 6 7.17 ± 0.31*** 88.97 11.50 ± 1.02*** 89.85

EEP100 6 55.83 ± 0.94** 14.11 84.17 ± 2.34*** 25.73

EEP200 6 47.67 ± 1.47*** 26.66 59.67 ± 4.54*** 46.40

EEP400 6 24.50 ± 2.08*** 62.31 49.50 ± 5.91*** 56.32

Abbreviation: EEP, ethanolic extract of propolis.
aThe values are shown as the mean ± SEM.
b**P < 0.01 and ***P < 0.001 vs. control.

4.4. Acetic Acid-Induced Writhing
As shown in Table 3, a significant decrease was observed

in the number of writhes in the indomethacin (P < 0.001)
and EEP at 100 (P < 0.05), 200 (P < 0.001), and 400 (P <
0.001) mg/kg. The inhibition percentage of the number of
writhes with indomethacin and EEP at 100, 200, and 400
mg/kg are 78.96%, 21.73%, 38.96%, and 40.68%, respectively.

Table 3. Preventive Effect of EEP on Acetic Acid-Induced Writhing in Micea , b

Treatments N Number of Writhes Inhibition, %

Control 6 48.33 ± 1.14 -

Indomethacin 6 10.17 ± 1.30*** 78.96

EEP100 6 37.83 ± 2.77* 21.73

EEP200 6 29.50 ± 2.32*** 38.96

EEP400 6 28.67 ± 2.60*** 40.68

Abbreviation: EEP, ethanolic extract of propolis.
aThe values are shown as the mean ± SEM.
b**P < 0.01 and ***P < 0.001 vs. control.

5. Discussion

In the present investigation, the administration of EEP
showed potent anti-inflammatory effects in 2 models of in-
flammation, including xylene-induced ear edema and cot-
ton pellet granuloma tests. In addition, administration
of EEP showed potent antinociceptive effects in 2 models
of pain, including formalin test and acetic acid-induced
writhing test.

This is the first study conducted on anti-inflammatory
and antinociceptive properties of Iranian propolis ex-
tracts. The present finding is supported by a previous
study about antinociceptive and anti-inflammatory prop-
erties of hydroalcoholic extract of Brazilian red propo-
lis (24). Xylene-induced ear edema is a simple and re-
liable model of acute inflammation for evaluating po-
tential anti-inflammatory agents (38). This model of in-
flammation presumably is initiated by the release of his-
tamine, kinin, fibrinolysin, and phospholipase A2. These

inflammatory intermediaries induce edema by vasodila-
tion and increased vascular permeability (38-40). In this
model, EEP was able to reduce acute inflammation in a
dose-dependent manner. These results suggest that EEP
may interfere with the actions of inflammatory mediators
and produce anti-inflammatory effects. The cotton pellet
granuloma is a convenient model for evaluating chronic
inflammation. This type of inflammation is character-
ized by the proliferation of macrophages and fibroblasts
as well as granulocyte infiltration (33, 41). The inhibitory
effects of EEP may be due to the decrease of mentioned
agents. The decrease in granuloma weight indicates that
the anti-inflammatory activity of EEP was not in a dose-
dependent manner. The inhibition percentage of gran-
uloma weight produced by 200 mg/kg dose of EEP was
significantly higher than that produced by the other two
doses (100 and 400 mg/kg).

In this study, the antinociceptive activity of EEP was
assessed using the acetic acid-induced writhing test and
formalin test in mice. The writhing method induced by
acetic acid is commonly described as a peripheral type
of antinociceptive assessment of medicines (38, 42). The
peripheral pain is initiated by the release of interme-
diaries such as bradykinin, lipoxygenases, substance P,
prostaglandins and cyclooxygenases, as well as some cy-
tokines such as interleukin-1 (IL-1), interleukin-8 (IL-8) and
tumor necrosis factor (TNF) (38, 43). Formalin test is a valid
model in analgesic studies that consists of 2 stages. The
first stage (0 - 5 minutes) is characterized by neurogenic
pain caused by direct stimulation of nociceptors. Sub-
stance P and bradykinin are thought to participate in this
phase. The second stage (20 - 30 minutes) is specified by in-
flammatory pain, an action in which some inflammatory
intermediaries are imagined to be involved, including his-
tamine, prostaglandins, serotonin, and bradykinin. In fact,
centrally acting medicines prevent both stages equally,
while peripherally acting medicines prevent the second
stage (38, 40, 44). In this study, EEP relieved the pain in 2
stages in a dose-dependent manner. The results obtained
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from the formalin test were in agreement with the results
from the writhing test, indicating that the extract had cen-
tral and peripheral antinociceptive activities. The results
obtained from inflammation and pain animal methods
confirm that EEP may have the ability to reduce the produc-
tion of inflammatory and pain response mediators.

It is known that phytochemicals such as flavonoids,
phenolics, terpenoids, etc. have antinociceptive, anti-
inflammatory, and antioxidant activities (45-48). Over
500 compounds such as flavonoids, phenolics, phenyl-
propanoids, terpenoids, stilbenes, lignans, coumarins,
and their prenylated derivatives have been identified in
propolis from many countries up to 2012 (49). Flavonoids
have been widely shown to prevent the production of
prostaglandins, arachidonic acid, histamine, bradykinins,
etc., which participate in the inflammation and pain (50,
51). The major constituents of propolis, flavonoids, gener-
ally participated in pharmacological processes of Propolis.
From 2000 to 2012, 112 flavonoids were identified in propo-
lis. According to the chemical structure, flavonoids
in propolis are arranged into flavones, flavonols, fla-
vanones, flavanonols, chalcones, dihydrochalcones,
isoflavones, isodihydroflavones, flavans, isoflavones,
and neoflavonoids. In addition, flavonoid glycosides
were identified that were very rare in propolis. They are
isorhamnetin-3-O-rutinoside and flavone C-glycoside (49).
Some studies previously described anti-inflammatory and
antinociceptive activities of flavonoids. For instance, Chal-
cones have been introduced as selective cyclooxygenase-2
inhibitors (52). Also, isoflavone isolated from Polygala
molluginifolia had an antinociceptive effect on mice (53).

Propolis is rich in phenolics, including cinnamic
acid, p-coumaric acid, caffeic acid, ferulic acid, and their
derivatives (52) that all of them were reported to pos-
sess anti-inflammatory and antinociceptive activities (54-
57). Terpenoids isolated from propolis consist of types of
monoterpenes and sesquiterpenes (49) that previous stud-
ies have shown the antinociceptive and anti-inflammatory
activities of such compounds (58). Altogether, it can be
concluded that ethanolic extract of propolis has poten-
tial anti-inflammatory activity against both acute (xylene-
induced ear edema) and chronic inflammation (cotton pel-
let induced granuloma). The extract also shows antinoci-
ceptive activity, mediated both centrally (formalin test)
and peripherally (acid-induced writing test and formalin
test). Therefore, it can be concluded that some chem-
ical compounds in propolis may be responsible for the
antinociceptive and anti-inflammatory activities.
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