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Abstract

Background and purpose: Research on new drugs with a natural source and low side effects is
a priority in pharmacology studies. The present study was conducted to investigate the anti-inflammatory
and anti-angiogenesis effects of bee pollen extract in the air pouch model of inflammation.

Experimental approach: To achieve this goal, male rats were moderately anesthetized and then 20
and 10 mL of sterile air were subcutaneously injected into the intrascapular area of the back of the rat on first
and third days, respectively. On day 6, inflammation was induced by intrapouch injection of carrageenan.
Normal saline in the control group and bee pollen methanolic extract (50, 100, and 200 mg/pouch)
were administered at day 6, simultaneously with carrageenan, and then for 2 consecutive days only normal
saline and the extracts were injected. Following sacrificing the rats the pouch was opened and the exudate
volume, leukocyte accumulation, granulation tissue weight, vascular endothelial growth factor (VEGF),
interleukin 1beta, and tumor necrosis factor alpha (TNF-a) concentrations were determined 3 days
after induction of inflammation. In order to investigate the angiogenesis, the granulation tissue was removed,
homogenized in the Drabkin's reagent, and then centrifuged. The supernatant was filtered and the
hemoglobin concentration was determined using a spectrophotometer.

Results: Bee pollen extract significantly decreased the exudate volume, leukocyte accumulation,
granulation tissue weight, angiogenesis, VEGF, and TNF-a concentration.

Conclusion and implications. The findings of the current study revealed that bee pollen methanolic
extract has an anti-inflammatory and anti-angiogenesis effect, which could be attributed to the inhibition of
VEGF and TNF-a production in the inflammatory exudates.
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INTRODUCTION side effects but desirable and effective
anti-inflammatory effects (2).

Rheumatoid arthritis (RA) is an inflammatory Apitherapy ~or treatment based on
and autoimmune disease affecting approximately bee products has been used since ancient times
1% of the world's population. The disease to treat burns, ulcers, gastrointestinal
is characterized by chronic  synovial disorders, and cancers in recent years (3,4).
inflammation and joint damage, which leads to In addition to honey, bee products, bee pollen:
pain, fatigue, and low quality of life (1). royal jelly, propolis, and wax are not only
The use of corticosteroids and nonsteroidal edible but also have therapeutic activities (5).
anti_inﬂammatory drugs (NSAIDs)’ Bee pollen, a mixture of pollen from
which have been main intervention for plant flowers and bee salivary secretions,
RA treatment, are restricted due to their side is consumed by humans as a food
effects. Today, attempts are being made to supplement (6).

develop drugs with lower cost and minimal
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Previous studies indicated that bee pollen
contains proteins, carbohydrates, fatty acids,
ascorbic acid, carotenoids, antioxidants
such as phenolic acids, flavonoids, various
types of vitamins such as B1, B2, E (5,6).

The present study was carried out to
investigate  the  anti-inflammatory  and
anti-angiogenesis effects of bee pollen in
the air pouch model of inflammation in rat.
The disease is usually induced by
subcutaneous injection of sterile air at the back
of the rats. Following injection, a lining of
primary macrophages and fibroblasts is
formed in the pouch. The induced
inflammation in this model is similar to joint
inflammation in humans. This animal model of
RA could be used to overcome the difficulties
in sampling of the knee joint synovial
environment. Injection of carrageenan into the

pouch as a phlogistic agent causes
inflammatory reaction characterized by
accumulation of immune cells, increased

exudates, and the production of inflammatory
mediators such as prostaglandins, leukotrienes,
and cytokines, as well as the formation of
granulation tissue and angiogenesis (7).
Progression of RA disease depends on the
angiogenesis; therefore, angiogenesis
inhibitors are considered as one of the
therapeutic strategies for treatment of RA (8).
There are some evidences suggesting that
angiogenesis and chronic inflammation are
interdependent. Chronic inflammation is
caused by the prolonged migration of
inflammatory cells, and hypoxia occurring in
the site of inflammation due to excessive cell
proliferation and the production of
inflammatory mediators. Then, hypoxia leads
to an increased vascular endothelial growth
factor (VEGF) expression, which is an
important angiogenesis factor (9). The
formation of new blood vessels results in high
migration of inflammatory cells to the site of
inflammation. Thus, in addition to the
provision of food and oxygen needed for
further proliferation of inflammatory cells, it
seems that angiogenesis provides necessary
conditions for the incidence of inflammation in
the damaged area. Since tumor necrosis factor
alpha (TNF-a) and interleukin 1 beta (IL-1P)
have a direct and indirect effect on RA and
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angiogenesis (1,10), the levels of VEGF,
TNF-a, and IL-1 were also measured.

MATERIALSAND METHODS

Extraction using maceration method

Powdered bee pollen (350 g) was extracted
with 2 L of methanol using maceration
method. To prevent the chemical changes the
extracted process was carried out in a dark
place. The extraction was continued for 5 days
at room temperature and then the resultant
extract was filtered twice to obtain a clear
liquid. The extract was concentrated using a
rotary evaporator at 45 °C (11).

Determination of antioxidant activity

Free radical scavenging ability of
the extracts was measured by a colorimetric
assay, which is based on the reduction of 2,
2-Diphenyl-1-picrylhydrazyl (DPPH) solution.
A solution of DPPH (0.08 mg/mL) and the bee
pollen extract (1 mg/ml) were prepared in
methanol. Serial dilutions were made to obtain
five different concentrations of 1.56 x 1072,
3.13 x 102, 6.25 x 102, 12.50 x1 072, and
25.00 x 102 mg/mL). Five mL of each diluted
solutions were mixed with 5 mL DPPH and
kept for 30 min at room temperature until
completion of the chemical interactions.
Then, the absorbance of the samples was
determined using a Shimadzu UV/Visible
spectrophotometer at 517 nm. The experiment
was performed in triplicate and the percentage
of reduction was plotted against the extract
concentrations for calculation RCso
The RCso value expresses the extract
concentration providing 50% loss of DPPH
activity. Quercetin was used as a positive
standard (12).

Determination of total phenolic content

Total phenolic content of bee pollen
methanolic extract was measured using Folin-
Ciocalteu test using gallic acid as a positive
control. Samples containing higher amounts of
phenolic compounds were reduced by Folin-
Ciocalteu reagent, which produced a blue
color. One mL of the extract (5 mg in acetone:
water (60:40) v/v) was added to 0.2 Folin-
Ciocalteu reagent (1:2 diluted with water) and
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2% sodium carbonate mixture (1 mL), and
after incubation of the samples at
room temperature for 30 min, they were
centrifuged (Eppendorf 5810R; Germany) at
10,000 rpm for 5 min. The supernatant
absorbance was recorded at 750 nm. For the
calibration curve, 10 mg of gallic acid was
dissolved in 10 mL of acetone: water
(60:40 v/v) as a stock solution. Different
concentrations of gallic acid were prepared by
serial dilution and determined by Folin-
Ciocalteu method. Finally, a calibration curve
was constructed and total phenolic values were
expressed as mg of gallic acid equivalent to
100 g of powdered bee pollen. All tests were
performed in triplicate (13).

Total flavonoid content measurement

Total flavonoid content of bee pollen
methanolic extract was measured using a
colorimetric assay (aluminum chloride assay)
and rutin was used as a standard. The stock
extract solution was prepared by dissolving 10
mg of bee pollen methanolic extract in 10 mL
of methanol. Then, 0.5 mL of the stock
solution was mixed with 2 mL of distilled
water and 150 pL of sodium nitrate 5% into a
5-mL volumetric flask. After 6 min, 150 pL of
aluminum chloride (10%) and 2 mL of sodium
hydroxide (4%) were added to the mixture and
the volume of samples brought to 5 mL using
distilled water. After incubation of samples at
room temperature for 15 min, the absorbance
were determined at 510 nm. For calibration
curve, different concentrations of rutin were
prepared by serial dilution and measured by
aluminum chloride assay. Finally, a calibration
curve was sketched total flavonoid contents
were expressed in 1 g of bee pollen (13).

Laboratory animal

Male Wistar rats (200-250 g, Pasture
Institute, Tehran, I.R. Iran) were housed in
standard polypropylene cages under a 12/12-h
light/dark cycles with free access to food and
water. The rats were kept at the animal house
of the Faculty of Pharmacy affiliated with
Tabriz University of Medical Sciences, Tabriz,
Iran and acclimatized to the laboratory
environment for at least 1 h before the
experiments and used only once throughout
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the study. They were randomly assigned into
four groups of 6 animals each as follows: a
control group and 3 experimental groups
receiving bee pollen methanolic extract (50,
100, and 200 mg/mL/pouch, respectively). The
animal care and handling procedures were
conducted in accordance with the Animal
Ethics Guidelines at Tabriz University of
Medical Sciences and Principles of laboratory
animal care (NIH publication No. 86-23,
revised 1985). Ethical approval was obtained
from the Ethics Committee of the Tabriz
University of Medical Sciences (Ethical No.
657552).

Air pouch animal model of inflamation

Rats were moderately anesthetized through
inhalation of an anesthetic agent, and the
injection site on the back of the animals were
shaved and disinfected by ethanol 70%. Then,
20 mL of sterile air was injected
subcutaneously into the back of the animals.
Three days later, again 10 mL of the air was
injected into the same region after
anesthetizing the animals. On the day 6
following the first injection, 2 mL of 2%
carrageenan suspension (Sigma; Germany),
which was autoclaved at 121°C for 15 min to
prevent the probable infection, was injected
into the previously formed pouch (7).

The control group was treated with normal
saline. One mL of bee pollen extract (50, 100,
and 200 mg) was injected into the pouch in the
experimental groups immediately before
injection of carrageenan, 24 and 48 h later.

Investigation of inflammatory parameters
Carrageenan resulted in exudate
accumulation, leukocyte infiltration, and
granulation tissue formation by inducing
inflammatory reaction inside the pouch. To
measure the volume of inflammatory exudate,
3 days after induction of inflammation, the
animals were killed using high doses of
anesthetic agent and the pouch region was
disinfected with ethanol 70%. Then,
phosphate-buffered saline (PBS) was injected
into the pouch cavity and the area was gently
massaged for 30 sec. Finally, the pouch fluid
was drained by a syringe and its volume was
measured. The derived inflammatory exudate
was diluted using PBS and the number of



leukocytes was counted by a neobar lam
(Boec, Germany) under a light microscope
(Olympus, Japan). The tissue formed around
the pouch was carefully separated, the outer
skin removed, the pouch isolated from the
surrounding tissue, and the isolated tissue was
weighed out (7).

Measurement of VEGF, IL-1f, and TNF-a in
the inflammatory exudate

The drained exudate was transferred into
test tubes and centrifuged at 1000 rpm and 4
°C for 10 min. The levels of VEGF, IL-1p, and
TNF-o were determined with a special
enzyme-linked immunosorbent assay (ELISA)
kit (Eastbiopharm, China) using an ELISA
plate reader in the supernatant-free
inflammatory exudate cells (7).

Angiogenesis measurement

To evaluate the angiogenesis, the isolated
granulation tissue was gently rinsed in PBS
solution. It was then cleaned and dried with a
filter paper and cut into small pieces. It was
then homogenized in Drabkin's solution
(Zistchemist, Iran) by a homogenizer
(Heidolph D-91126, Germany) at 15,000 rpm
in an ice substrate (4 °C) for 4 min. Following
this, the homogenate was centrifuged at 10,000
RCF and 4 °C for 30 min. Then, the
supernatant was filtered using a 0.22-pm filter
(Millipore, Germany), and hemoglobin
concentration as an angiogenesis index was
determined spectrophotometrically at 540 nm
by a hemoglobin assay kit (ZiestChem
Diagnostics, Iran). Finally, the amount of
hemoglobin in the granulation tissue was
expressed as mg hemoglobin/100 g of wet
tissue (14).

Statistical analysis

The results were presented as mean + SEM.
Inter-group comparison was carried out using
one-way ANOVA followed by LSD post hoc
test using SPSS software Ver.16. P-value
< 0.05 was considered statistically significant.

RESULTS

Bee pollen extraction efficiency

A total of 248.9 g of methanolic extract was
obtained from 350 g of bee pollen which
corresponds to 71.1% production yield.
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Amount of antioxidant in bee pollen extract

The results of the antioxidant test are
expressed as RCso. RCso is an extract
concentration neutralizing 50% of the free
radicals’ activity (DPPH). The RCso value of
the bee pollen methanolic extract was 0.064 +
0.0028 mg/mL.

Total phenol content of bee pollen extract

Gallic acid solution was prepared in
different concentrations and their absorbance
was determined at 750 nm. Then, a calibration
curve was constructed and its equation was
determined. Total phenolic content was
equivalent to 47.98 mg gallic acid/g of the
extract, which corresponds to 4.80% of phenol
relative to gallic acid.

Effect of bee pollen extract on inflammation

As shown in Fig. 1A, injection of 200 mg
bee pollen extract into the pouch the exudate
volume was reduced by 40% (P < 0.01)
compared to control carrageenan group.
However, no significant differences between
the experimental groups treated with 50 and
100 mg of the extract and the control group
was observed.

Number of leukocytes in exudate was
reduced respectively by 63% and 74% when
100 and 200 mg of the extract per pouch was
used. Moreover, a significant decrease in
leukocyte count between groups treated with
100 and 200 mg of extract in experimental
groups was observed (Fig. 1B). As shown in
Fig. 1C granulation tissue weight was reduced
by 34 and 30.2% following treatment with 100
and 200 mg of the pollen extract.

Effect of bee pollen extract on the
angiogenesis and VEGF
As illustrated in Fig. 2A, the tissue

hemoglobin levels, as an angiogenesis index,
were decreased to 46.2%, 61.5%, and 68.9%
by bee pollen extracts at 50, 100, and 200 mg
per pouch, respectively (compared to the
control group). Comparison of hemoglobin
values between 50 and 200 mg of the extract
per pouch was also significant.

A significant  reduction VEGF
concentrations was achieved following
administration of 200 mg of the pollen extract
per pouch as compared with control and 50 mg
pollen extract (Fig. 2B).

in
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Fig. 1. Effect of bee pollen methanolic extract on (A) exudate volume, (B) leukocyte accumulation, and (C) granulation
tissue weight three days after injection of carrageenan in the inflammatory air pouch model in male rats (n = 6). **
P <0.01 and ***P < 0.001 indicate significant difference compared to the control group (normal saline + carrageenan);
and ##P < 0.001 in comparison with extract at 50 mg/mL/pouch.
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Fig. 2. Effect of bee pollen methanolic extract on (A) hemoglobin level as angiogenesis marker and (B) VEGF level of
inflammatory exudates 72 h following carrageenan injection. Values represent mean + SEM. *P < 0.05 and ***P <
0.001 indicate significant difference compared to the control group (normal saline + carrageenan); and *P < 0.05 shows
significant differences between indicated groups. VEGF, vascular endothelial growth factor.
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Effect of bee pollen extract on IL-1§ and
TNF-a

To investigate the modulatory effect of bee
pollen extract on the overall effects of
inflammatory cytokines, the production of IL-
1 and TNF-a was determined in the
inflammatory exudate.

Intra-pouch injection of bee pollen extracts
at 100 and 200 mg per pouch decreased TNF-a
levels by 47.5 and 60%, respectively (Fig. 3).
IL-1 is an inflammatory mediator playing an
important role in maintaining the vascular
permeability, angiogenesis, and proliferation
of fibroblasts. IL-1 has two forms, IL-1a and
IL-1B, the former being biologically active
(15). The amount of IL-1B was 31.5 = 1.2 ng
in the control group, while injection of the bee
pollen methanolic extract at 50 and 200
mg/pouch lowered its levels to 25.3 + 7 and
176 =+ 0.8 ng, respectively, though
nonsignificant.

DISCUSSION

Increasing awareness about the efficacy of
herbal medicines on one hand, and the
multiple side effects of synthetic drugs on the
other hand, has led the researchers to pay more
attention to new drugs of a natural origin with
minor side effects (16). Bee pollen has
antimicrobial, antifungal, and antioxidant
properties, and has beneficial protective effects
against some pathologic conditions such as

TNFa level (ng)
(]

Control 100 200

Doses (mg/mL/pouch)
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atherosclerosis, respiratory, and prostate
diseases. In addition, bee pollen seems to
improve the function of the cardiovascular
system, gastrointestinal tract, and the immune
system (17).

The results of this study showed that bee
pollen contains 71.1% of total methanolic
extract indicating its proper cost-effectiveness.
The extract had an antioxidant effect (0.064
mg/mL), which is a significant amount
compared to quercetin (0.0039 mg/mL) (13).
Moreover, our study revealed that bee pollen
extract contained more phenolic compound
and flavonoid exhibiting higher antioxidant
effect.

The present study investigated the effect of
bee pollen extract on the inflammation and
angiogenesis in the air pouch model of
inflammation, which is an acceptable animal
model for studying joint inflammation. This
model possess many advantages such as
evaluation of the inflammatory cells responses
to various substances causing inflammation at
different time intervals, the study of both acute
and chronic inflammations, ease of exudates
and granulation sampling, measurement of
inflammatory mediators and angiogenesis (7).

Carrageenan, as an inflammatory agent,
increases  leukocyte  accumulation and
inflammatory exudate volume in the pouch by
enhancing the vascular permeability and
stimulating neutrophil migration (18).
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Fig. 3. Effect of bee pollen methanolic extract on (A) TNF-a and (B) IL-1B, 72 h following carrageenan injection.
Values are the mean = SEM shown. **P < 0.01 and ***P < 0.001 indicate significant differences from control group
(normal saline + carrageenan). TNF-a, tumor necrosis factor alpha; IL-1p, interleukin 1 beta.
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The presence of flavonoids in the bee
pollen methanolic extract reduces nitric oxide
production and inhibits cyclooxygenases
activity (6). In the present study, bee pollen
extract reduced the volume of inflammatory
exudates and inhibited leukocyte accumulation
more likely through inhibition of nitric oxide
production due to the presence of high
amounts of flavonoids. Phenolic compounds
present in many medicinal plants seem to play
an important role in the treatment of disorders
related to oxidative stress and inflammation.
Therefore, antioxidant activity is likely one of
the possible mechanisms of anti-inflammatory
effect of bee pollen (17).

During  inflammation, regulation of
cyclooxygenases 2 and nitric oxide levels is
controlled by NF-xB proinflammatory

transcription factor (19). As described earlier,
oxidative stress affects the onset and
persistence of inflammatory conditions and
stimulates NF-xkB inflammatory pathways,
which play a fundamental role in regulation of
gene expression involved in the inflammatory
response, especially the expression of
monocyte chemoattractant protein-1. Since bee
pollen methanolic extract decreased the
inhibition of leukocyte migration, the reduced
expression of the monocyte chemoattractant
protein-1 is probably one of the involved
mechanisms as confirmed in a study by
Ahmed et al. (20).

Formation of granulation tissue is one of
the characteristics of chronic inflammation.
Accumulation of fibroblasts, macrophages,
neutrophils, monocytes, and eosinophils,
collagen synthesis, and angiogenesis are
among important features of granulation tissue
(21).

Synovial tissue is formed in response to
stretch and disorder in the connective tissue
due to the accumulation of macrophages,
fibroblasts, and blood vessels, and may be
found in any anatomical region exposed to an
appropriate mechanical stimulus. In the air
pouch model of inflammation, frequent
subcutaneous injection of air into the back of
animal leads to the mechanical disorder in the
connective tissue and formation of a cavity
with a cellular structure similar to that of the
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synovial tissue (22). In this study, bee pollen
extracts significantly decreased granulation
tissue weight compared to the control group.
Some studies have stated that macrophage-
derived cytokines and monokines consisting of
IL-1 and TNF-a are vitally important in the
formation of granulation tissue under in vitro
conditions such that these cytokines are called
granulomatogenic cytokines (21).

Previous studies have shown that nitric
oxide plays an important role in regulating the
thickness of granulation tissue and the function
of fibroblasts and inhibition of its synthesis
may cause a decrease in production of
collagen by fibroblasts. Studies have also
identified the role of VEGF as the main
regulator of granulation tissue formation, and
stated that its production in granulation tissue
is dependent on the active presence of nitric
oxide synthase and nitric oxide production
(23). On the other hand, TNF-a has been
reported to play a role in nitric oxide
production (24). The present study showed the
inhibitory effects of bee pollen extract on the
weight of granulation tissue, VEGF and
TNF-a levels. This effect may be related to the
simultaneous reduction of VEGF and TNF-a
concentration.

Angiogenesis is involved in various
pathological and physiological conditions such
as tumor growth, metastasis, RA, organ
development, wound healing, and
reproduction. The imbalances between the
angiogenesis inducing and inhibiting factors
lead to the occurrence of certain diseases (25).
VEGF acts as a mitogen for endothelial cells,
which is derived from vessels, and increases
the angiogenesis. Furthermore, VEGF has also
been reported to increase the vascular
permeability (26). Our study revealed that bee
pollen extract could reduce the angiogenesis in
all three doses used, while VEGF
concentration was reduced only when 200 mg
was used. The occurrence of a complete
mismatch between reduction of angiogenesis
and inhibition of VEGF at different extract
doses is most likely attributed to other factors
interfering with the angiogenesis pathway
besides VEGF. Consistent with the results of
present work, some previous in vitro studies



have also reported that bee pollen reduced
VEGF-induced angiogenesis (27). Recent
studies have declared that VEGF is not only an
angiogenic factor but also a proinflammatory
mediator in the inflammation process. Croll
et al., stated that VEGF increases the
leukocyte migration by increasing ICAM-1
(28). Therefore, reduction of VEGF in the
inflammatory fluid by bee pollen extract is
involved in its anti-inflammatory activity.

Numerous preclinical and clinical studies
have confirmed the vital role of TNF-a in the
pathophysiology of RA, where anti-TNF-a
drugs such as etanercept are used in
controlling multiple inflammatory diseases
including RA (1). On the other hand, TNF-a as
a potent inflammatory mediator plays an
important role in regulating the angiogenesis
process (29). The results of the current study
showed that administration of bee pollen
extract decreased TNF-a levels in the exudate,
which is consistent with the results of some
previous studies (30).

The results of our previous study revealed
that raw honey decreased the concentration of
VEGF protein and prostaglandins E,, and
consequently reduced angiogenesis in the air
pouch model of inflammation (31). Kaczmarek
et al., also showed that the prostaglandins Ez
strongly induced VEGF secretion and VEGF
mRNA expression (32). Another study
indicated that, bee pollen is a potent
cyclooxygenase enzyme inhibitor, which in
turn, can inhibit the production of
prostaglandins, especially prostaglandins Ez,
thereby inhibiting the expression of VEGF

mRNA (6).

Reactive oxygen species is another
angiogenesis-stimulating factor, which is
produced by active macrophages and

neutrophils. These oxidative agents enhance
angiogenesis by stimulating VEGF production
(33). Our study showed that bee pollen inhibits
the inflammation and angiogenesis by
preventing the leukocyte accumulation,
probably through reduction of oxidative stress
(34). Lee also indicated the antioxidant
properties of pollen obtained from Darae and
acorn flowers (30).

Despite the benefits of traditional medicine
such as easy accessibility, local cultural
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beliefs, and increased demand for natural
products, the safe use of these drugs must be
confirmed by rigorous scientific research from
the moral point of view. In the case of bee
pollen, due to its nutritional value, good
availability, low price, and absence of serious
side effects, it seems that the usage of bee
pollen is superior to the synthetic drugs such
as corticosteroids and NSAIDs. Therefore, bee
pollen can be used as an anti-inflammatory
and anti-angiogenesis agent. However, it is
difficult to draw a general conclusion
concerning its potential therapeutic application
without a detailed chemical analysis and
clinical studies. Other animal models of
inflammation and further detailed studies are
recommended to identify the mechanism(s) of
bee pollen in reducing the inflammation and
angiogenesis.

CONCLUSION

The findings of the present study revealed
that bee pollen methanolic extract exhibited
good anti-inflammatory and anti-angiogenesis
effects in the air pouch model of inflammation
in the male rats. The observed effects are
probably related to an inhibitory effect on the
VEGF and TNF-a concentration by the
extract. High quantity of flavonoids and
phenolic compounds present in bee pollen are
effective in reduction of the inflammatory
parameters such as leukocyte accumulation,
granulation tissue weight, inflammatory
exudates, and angiogenesis. Our results may
suggest that in addition to the nutritional
considerations, pharmacological effects of bee
pollen could have promising benefits in the
treatment of many immune-related diseases,
such as RA and cancer.
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