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Iranian brown propolis possesses neuroprotective effect
against ischemic neuronal damage in mice
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ABSTRACT

Introduction: Stroke is one of the leading causes of death and disability worldwide. Propolis,
a polyphenol-rich resinous product processed by honeybees from a variety of plant sources,
has a set of biological activities. We investigated the neuroprotective effect of Iranian brown
propolis (IBP) in a mouse model of permanent middle cerebral artery occlusion (MCAO).
Methods: Experimentally, water extracts of propolis (WEPs) were obtained from Kerman
(KeWEP) and Khorasan Razavi (KhWEP) provinces, Iran. The chemical characterization and
total polyphenol content of WEPs were determined using the Folin-Ciocalteu assay and gas
chromatography-mass spectrometry (GC-MS). Animals were divided into eight experimental
groups including: sham, control, and three groups each of which KeWEP- and KhWEP-treated
mice. The drugs were administered at doses of 30, 100 and 200 mg/kg, intraperitoneally (IP),
during four different time points. Infarct volume and brain edema were measured at 48 h.
Behavioral tests were evaluated at 4, 24 and 48-hour post stroke.

Results: The total polyphenol content was 1100 and 1400 mg/L in KhWEP and KeWEP
respectively. Compared to the control group, the doses of 100 and 200 mg/kg in both samples
decreased infarct volume. Brain edema was also reduced in all treatment groups. The dose
of 200 mg/kg in both samples and 100 mg/kg in the KeWEP-treated group significantly
increased grasping ability. Sensory-motor function was improved in all groups, too.
Conclusion: These results suggest that IBP may reduce ischemic brain injury by its
neuroprotective effect on focal cerebral ischemia.

Implication for health policy/practice/research/medical education:

This paper provides pharmacological evidence for neuroprotective effect of Iranian brown propolis in a mouse model of
permanent middle cerebral artery occlusion.

Please cite this paper as: Bazmandegan G, Shamsizadeh A, FathiNajafi M, Assadollahi Z, Allahtavakoli M, Vakilian A, et al.
Iranian brown propolis possesses neuroprotective effect against ischemic neuronal damage in mice. ] Herbmed Pharmacol.
2020;9(2):121-129. doi: 10.34172/jhp.2020.16.

Introduction is accompanied by several signs and symptoms such as
Stroke is the second leading cause of mortality and infarction, brain edema, neuroinflammation, oxidative
the most frequent cause of morbidity worldwide (1,2). stress and neurological disorders (3). During stroke,
Ischemic brain injury, caused by a restricted perfusion, damage to the ischemic core causes cell death and
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growth of the infarction in the ‘penumbra’ (4). Though
the core of the ischemic damage is not recoverable, the
penumbra remains a target for the progress of therapeutic
approaches (5).

A complex of pathophysiological mechanisms such as
oxidative stress, inflammation, peri-infarct depolarization,
excitotoxicity, and apoptosis precipitate neuronal
progressive cell death in the penumbra (4). Currently,
bating thrombolytic therapy, neuroprotective agents are
under development for therapeutic purposes (6).

Propolis, a natural hive product, is a polyphenol-
rich resinous compound. Honeybees process it through
blending the resinous sap acquired from the bark and
sprouts of varied plants with own secretion (7,8). It has
been shown that the compounds and properties of propolis
may depend on the vegetation, time and the region of
gathering (9). More than 150 chemical compounds in
propolis have been reported, mainly polyphenol category,
some of which are as follows: fatty and phenolic acids and
esters, flavonoids, pinocembrin, caffeic acid phenethyl
ester, aromatic aldehydes and alcohols (10). Propolis has
been known as a traditional medicine employed by human
since the ancient period for its pharmaceutical properties
(11). Indeed, various studies have demonstrated a wide
range of biological properties such as antimicrobial
(12), anti-apoptotic (13), antineuroinflammation (14),
antioxidant (15) and neuroprotective effects (16). It has
been demonstrated that Brazilian and Turkish propolis
decreases neuroinflammation and neuronal damage
following ischemic stroke (17-19). Phenolic compounds
may act as the major components of the complicated
composition and molecular diversity of propolis (12).
These compounds are responsible for many biological
properties and provide a protective effect in many
pathological conditions (12,20). Some compounds and
pharmacological properties of Iranian brown propolis
(IBP) have been revealed such as in-vitro antimicrobial
and antioxidant activities (21-23). However, there is no
report presenting evidence for the neuroprotective in-vivo
activity of IBP. This study was conducted to assess the total
polyphenol content of IBP and neuroprotective effect of
its water extracts (WEPs) in a mouse model of permanent
middle cerebral artery occlusion (MCAO).

Materials and Methods

Drugs and chemicals

Drugs and sources were as follows: 2,3,5-triphenyltetrazolium
chloride (TTC) was purchased from Merck KGOA
(Darmstadt, Germany). Ketamine hydrochloride, xylazine,
diethyl ether and formaldehyde were purchased from
Sigma-Aldrich.

Preparation of water extracts of propolis
Propolis was collected from beehives at the village Lalehzar
in Kerman province and from another region (Hezar

Masjed) in Khorasan Razavi, Iran, and then was sent to
Soren Tech Toos, Inc. Ltd. (Mashhad, Iran). Extraction
of samples and assessing their total polyphenol content,
using the Folin-Ciocalteu colorimetric assay with minor
modifications, was performed by a company-specific
protocol that was previously reported (21). The propolis
was extracted with most water-soluble compounds.
The quantity of total phenolic content was expressed as
milligrams per liter (gallic acid standard) (21,24).

Gas chromatography-mass spectrometry (GC-MS)

The GC-MS analysis was executed with an Agilent
Gas Chromatograph 6890 plus Agilent 5973N mass
spectrometer instrument equipped with a 30 m long, 0.25
mm id, 0.25 mm film thickness BPX5 capillary column.
The temperature was set from 50 to 300°C at a rate of 3
C/min. Helium was used as a carrier gas, flow rate 1 mL/
min. The injection was performed in split mode at 220°C,
ionization voltage 70 eV. The reconnaissance was done
using chemstation software.

Animals and treatments

Seventy-two adult male Balb/C mice (30-35 g) were
used in this study. Animals were housed in a pathogen-
free facility on a 12-hour light/dark schedule and with ad
libitum access to food and water. After acclimatization,
animals were randomly divided into eight groups (n=9)
as follows: sham (craniotomy without MCAQO), control
(ischemia, treated with vehicle), and six therapeutic
groups in each of which the effect of water extracts of
Iranian brown propolis (WEPs) was evaluated. The WEPs
were obtained from Kerman (KeWEP), and Khorasan
Razavi (KhWEP), provinces of Iran. The KhWEP,
with the doses of 30, 100, and 200 mg/kg (KhWEP30,
KhWEP100, KhWEP200), as well as the KeWEP, with the
same doses (KeWEP30, KeWEP100, KeWEP200), were
intraperitoneally administered at 48, 24, 1 hours before,
and 4 hours after the induction of focal brain ischemia.
The dose of extracts was selected based on a previous
study (17) and our preliminary results. Each mouse was
weighed at the start of the study and before being killed.
All groups were evaluated for the four indices of stroke
injury (weight loss, infarct volume, brain edema and
behavioral tests).

Permanent middle cerebral artery occlusion

Animals were anesthetized by intraperitoneally injection of
ketamine (80 mg/kg) and xylazine (8 mg/kg) combination.
The core body temperature was monitored and kept at
37°C during the anesthesia using a rectal probe. Induction
of MCAO was performed by permanent occluding
the right middle cerebral artery (MCA) as previously
reported (8,25). In brief, a small skin incision between the
lateral part of the orbit and the external auditory meatus
was made. Then, the connective tissue and muscles
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were slowly pulled aside. A small hole, about 1 mm in
diameter, was drilled directly over the proximal part of
the MCA, the Dura mater was removed, and the MCA
was permanently cauterized using a thermal coagulator.
The temporal muscle and connective tissue replaced, and
skin was sutured. Animals were recovered in a heated cage
and returned to their individual cages. Sham-operated
animals (surgical sham group) were subjected to the same
procedure except for the cauterization of MCA.

Measurement of infarct volume and brain edema

Infarct volume and brain edema were calculated as
previously described (26). In brief, 48 hours after right
MCAO, animals were decapitated under deep anesthesia
induced by diethyl ether. Brains were then removed
and sliced into five coronal sections of 1 mm thickness.
The prepared sections were stained with 2% TTC for
30 minutes at 37°C followed by overnight immersion in
10% phosphate-buffered formalin solution. The infarcted
tissue remained unstained (white) while normal tissue
was stained (red). The infarct volume was demarcated
and analyzed using a color flatbed scanner (Scan jet
5370C, Hewlett-Packard, Palo Alto, CA, USA) and
image] software (NIH Image, version 1.61 Bethesda,
Maryland, USA). Infarct areas of all sections were added
to determine the total infarct area, which was multiplied
by the thickness of the brain sections (1 mm) to obtain the
infarct volume. In order to compensate for the effect of
brain edema, the corrected infarct volume was determined
as follows: corrected infarct volume = measured infarct
area x {1-[(ipsilateral hemisphere area - contralateral
hemisphere area)/contra lateral hemisphere]}. Brain
edema was determined using the following formula:
edema = (volume of the left hemisphere - the volume of
the right hemisphere) / volume of the right hemisphere.
The infarct volume and brain edema were expressed as
percentages.

Behavioral tests

Latency to touch the label on the contralateral forepaw
(sticky test score) was performed to assess sensory
deficits. All animals in these groups were trained 24 and
48h before MCAO and baseline score of their sensorial
functions recorded immediately before surgery and then
re-evaluated 4, 24 and 48 hours after the stroke induction.
To perform this test, a 6x6 mm sticky label was attached
to the contralateral forepaw and the mean duration of
touching of the label was determined (27). The hanging
wire test was used to evaluate the grasping ability and
forelimb strength. In this experiment, animals were
hanging from hands on a horizontal thin steel wire (1 mm)
which was stretched between two points to a height of 50
cm of the pad for a maximum duration of 1 minute. The
time(s) until the mice fell was recorded as a test score. This
test was performed for each animal four times (before and
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at 4, 24 and 48 hours after induction of ischemia) (28).

Statistical analysis

Statistical analysis of the data was presented as mean
+ SEM. Behavioral tests were compared by two-way
ANOVA and individual differences determined by LSD
test. Infarct volume and brain edema were compared by
one-way ANOVA followed by Tukey’s test. A value of P <
0.05 was considered significant.

Results

Total polyphenol content and GC-MS analysis of IBP

The total polyphenol content was 1100 and 1400 mg/L
for KhWEP and KeWEP, respectively (Table 1). The
KeWEP presented a substantially higher concentration
of polyphenol when compared to KhWEP. The variety of
polyphenol types differed somewhat from one sample to
another. Figure 1 shows the GC-MS chromatograms for
KhWEP and KeWEDP, respectively. As shown in Table 1,
the great flavonoids found in the extract from the KhWEP
include sterubin and pinobanksin. In contrast, the major
flavonoids in the KeWEP were quercetin and naringenin.
Although the derivatives of cinnamic acid and phenolic
acid esters were similar in both samples.

Table 1. Total polyphenol content and major components of WEPs

Polyphenol
Samples canZntez‘r:g/L) Major components
3,7 dihydroxy 5 methoxy flavanone,
KhWEP 1100 plnob.anksm 3 .acetates,'cmnamlc acid,
benzoic acid, pinobanksin 3 butanoate,
butanedioic
KeWEP 1400 Quercetin, benzoic acid, cinnamic acid,

butanedioic, naringenin, propanoic acid

WEPs: Water extract of propolis; KhWEP: Propolis water extract of Khorasan
Razavi province; KeWEP: propolis water extract of Kerman province.
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Figure 1. Gas chromatography-mass spectrometry of water extract of
propolis from A: Khorasan Razavi province and B: Kerman province,
Iran.
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Table 2. Initial and the final body weights in 8 experimental groups

Groups Initial BW Final BW BW loss
Sham 33.44+1.59 33.00+1.44 0.44 + .17
Control 34.78 £+1.01 30.78 £1.07 4.00+1.01*
KhWEP 30 32.89+1.14 29.89+1.16 3.00+0.76
KeWEP 30 32.22+0.84 29.13+0.71 338+1.1
KhWEP 100 33.56 +1.08 30.00 +1.34 3.56+0.68
KeWEP 100 34.33+1.00 32.56+1.33 1.78 £0.43
KhWEP 200 34.44 +0.89 31.67 +1.40 2.78 +0.87
KeWEP 200 33.78 +0.98 32.33+0.88 1.44 £0.53

WEP: Water extract of propolis; KhWEP: Propolis water extract of
Khorasan Razavi province; KeWEP: Propolis water extract of Kerman
province.

Data are presented as the mean + SEM (n=9). * P < 0.05 vs. sham group.
Data were tested using the one-way ANOVA, Tukey post hoc test. P <
0.05 was considered as statistically significant.

Effect of IBP on body weight

Table 2 presents results of initial and the final body weight
also body weight loss. There was no significant difference
between the weight of animals at the beginning or at the
end of the experiments. Body weight loss, reduced in all
treated groups compared to the control group. There was
a significant weight loss in the control group compared to
the sham group, but not a significant difference between
the WEPs-treated groups with the sham group.

Effect of IBP on infarct volume

TTC staining of coronal brain sections and effect of WEPs
on infarct volume are shown in Figure 2. No infarction
was observed in the sham group. At the dose of 30 mg/kg,
no significant difference was observed between KeWEP
(14.56 + 1.6%) and KhWEP (18.94 + 3.33%) compared to
the control group (17.75 £ 1.32%), (P>0.05). There was
a significant difference between the control group with
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Figure 2. Effect of water extracts of IBP on infarct volume (%).

Data are presented as the mean + SEM (n=9). **P<0.001 and * P<0.01
vs. control group, #P<0.01 vs. dose 30. Data were analyzed using
the one-way ANOVA, Tukey post hoc test. P<0.05 was considered as
statistically significant. IBP: Iranian brown propolis; KhWEP: Propolis
water extract of Khorasan Razavi province; KeWEP: Propolis water
extract of Kerman province.

KhWEP100 (7.57 + 1.16%), KeWEP200 (8.63 + 1.17%)
(P<0.001), also with KhWEP200 (8.68 + 1.93%) and
KeWEP100 (7.85 + 1.95%) (P<0.01). Regardless of the
area from which the substance was collected, there was
a significant difference in infarct volume between both
doses of 100 and 200, each compared to the dose of 30
mg/kg (P<0.01). The difference between the effects of
same doses from different regions was not statistically
significant.

Effect of IBP on brain edema

Data analysis showed a significant difference between
control (10.18 + 2.02%) and surgical sham groups (2.36
+ 0.61%, P<0.01), which indicated considerable stroke-
induced brain edema. All WEP-treated groups showed a
significant difference compared to the control group. It
was statistically significant for KhWEP30 (3.7 £ 0.82%),
KeWEP30 (3.67 £ 0.93%), KhWEP100 (3.13 + 0.66%) and
KhWEP200 (3.45 + 0.99%) at P<0.01 and for KeWEP100
(4.18 £ 0.71%) and KeWEP200 (4.36 + 0.99%) at P<0.05
versus control group (10.18 * 2.02%). Regardless of the
drug dose, there was no significant difference between
the samples of two regions in reducing brain swelling
(P>0.05). Similarly, regardless of WEPs preparation area,
there was no significant difference between therapeutic
doses of WEPs (P> 0.05). Similar doses of the two regions
were not statistically significant (P>0.05) (Figure 3).

Effect of IBP on hangingwire test

Hanging-wire results are shown in Table 3. Prior to the
induction of ischemia, there was no significant difference
between groups (P>0.05). At different times after surgery
(4, 24 & 48 hours post-stroke), the animals showed
significantly better performance when examined at 24
and 48 hours rather than 4 hours after stroke regardless
of dosage and region (P<0.001). There was no difference

Brain Edema (%)

Figure 3. Effect of water extracts of IBP on brain edema (%).

Data are presented as the meant SEM (n=9). *P<0.01 & **P<0.05 vs.
control group. Data were analyzed using the one-way ANOVA, Tukey
post hoc test. P<0.05 was considered as statistically significant. IBP:
Iranian brown propolis; KhWEP: Propolis water extract of Khorasan
Razavi province; KeWEP: Propolis water extract of Kerman province.
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Table 3. Hang time remain (Sec) on the thin wire in 8 experimental groups before and at 4, 24, and 48 hours after operation

Groups Before After 4 h After 24 h After 48 h
Sham 41.56 +3.64 44.33+7.46 47 +6.49 46.67 £ 6.41
Control group 42.56 +£5.69 11.44 + 3.42%* 16.22 + 4** 17.44 + 6.52%*
KhWEP 30 41.11+5.63 13.78 +6.32 23.22 +5.28* 25.78 + 8.81"
KeWEP 30 42.11+4.27 11.56 +3.61 20.44+7.04" 20.22 + 6.65*
KhWEP 100 42.22£2.73 13.22+£3.2 25.89+6.9* 26.22 +5.78%
KeWEP 100 42.33£6.22 25.11 +8.75* 37.56 +7.92*# 43.89 +8.11*
KhWEP 200 41.56 £5.1 31.56 + 6.56* 1 44 £7.06* #t 50.11 + 5.28*#t
KeWEP 200 43.22+5091 25.78 £ 7.42*% 1t 38.11+ 7.82*#+ 45.33 + 6.35%#t

KhWEP: Propolis water extract of Khorasan Razavi province; KeWEP: Propolis water extract of Kerman province.
Data are presented as the meant SEM (n=9). Data were analyzed using the two-way ANOVA, LSD post hoc test. P < 0.05 was considered as statistically

significant.

#P<0.001vs. 4 h, **P <0.001 vs. sham group, *P < 0.01 vs. control group, TP < 0.05 vs. KhWEP30 & KhWEP100, 1P < 0.05 vs. KeWEP30.

between 24 and 48 hours (P>0.05). Irrespective of the
time of evaluation (considering different regions and
doses of drugs), hanging test results were statistically
significant. There was a significant difference between
control and surgical sham groups (P<0.001); indicating
deficits in endurance time following stroke induction.
KeWEP at two doses (100 & 200 mg/kg) and KhWEP with
a dose of 200 mg/kg significantly improved hanging scores
compared to control group (P<0.01). For the KhWEP,
there was a significant difference between the dose of 200
and both doses of 30 and 100 mg/kg (P<0.05). However,
in the case of KeWEP, such significant difference was only
observed between the dose of 200 and 30 mg/kg (P <0.05).
There was no significant difference between similar doses
of both regions (P>0.05).

Effect of IBP on the sticky test

Data analysis before the surgery displayed similar sensory
performance in all groups (P>0.05). At different times
after surgery (4, 24 or 48 hours post-stroke), sticky test
results were significantly different at 48 hours compared
to 4 and 24 hours (P<0.001), regardless of region and
dosage of WEPs. However, such significant difference was
not observed between 24 and 4 hours intervals (P> 0.05).

Regardless of time, there was a significant difference in
sticky test score concerning region and dosage of WEPs
(P<0.001). The difference between control and surgical
sham groups was significant (P<0.001), which indicates
the stroke-induced sensory deficits. KeWEP and KhWEP
atall doses demonstrated a significant difference compared
to the control group (P<0.05). The best therapeutic effects
were observed at KhWEP200, so that made a significant
difference not only compared to the control group but also
with other WEP-treated groups (P<0.05). There was no
significant difference between similar doses of 30 and 100
mg/kg in 2 regions (P>0.05) (Table 4).

Discussion

Using the neuroprotective agents in reducing neuronal
damage and saving the penumbra cell is one of the main
clinical goals of neuroscience research (29). Propolis,
processed by the honey bees, is a natural polyphenol-rich
compound with the widespread use in traditional and
alternative medicine (20). Findings of the present study
demonstrated that treatment with WEPs of IBP from two
regions (KeWEP and KhWEP) provides neuroprotection
via a significant reduction in stroke complications after
permanent MCAO in mice. The IBP administration

Table 4. Touching time (s) on the sticky test in eight experimental groups before and at 4, 24, and 48 hours after operation

Groups Before After 4 h After 24 h After 48 h
Sham 13.78+3.57 21+4.62 16.11+4.27 13.89+5.38
Control group 11.44+1.22 118.89+1.11%** 112.44+6.1%* 81.67+7.46 **
KhWEP 30 14.44+2.46 84.67+12.15* 65.67+12.74* 54.11+12.36%#
KeWEP 30 15.11+5.16 58.22+15.24* 72.33+13.56* 47.67+12.83*#
KhWEP 100 15.11+3.74 88.44+13.03* 77.22+14.97* 64.67+12.92*%#
KeWEP 100 14.78+3.23 76.67+12.88* 71.22+11.78* 51+17.48*%#
KhWEP 200 12.78+3 46.67+14.38*t 46.33£13.62*t 27.44+4 87*#1
KeWEP 200 15.2243.9 91.89+11.64* 1t 62.44+14.75%1t 65.11+17.43*#1+

KhWEP: Propolis water extract of Khorasan Razavi province; KeWEP: Propolis water extract of Kerman province.
Data were analyzed using the two-way ANOVA, LSD post hoc test. P< 0.05 was considered as statistically significant. Data are presented as the mean
+ SEM (n=9). #P < 0.001 vs. after 4 & 24 h, **P <0.001 vs. sham group, *P < 0.05 vs. control group, TP <0.05 vs. other WEP-treated groups, TtP<0.01

vs. KhWEP200.
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showed to be neuroprotective as assessed by decreasing
the weight loss, infarct volume, brain edema and improved
the neurological tests.

According to previous studies, soon after the loss of
perfusion, contrary to cell death in the ischemic core, the
cell in the penumbra is alive, but functionally impaired
and highly at risk. If the conditions do not improve, the
tissue gradually is disrupted, and the infarct core expands
to the penumbra (30). A large section of morbidity and
mortality from stroke is due to development of infarct
core to the penumbra between the hours up to days
after the initial ischemia occur (31). Unlike the core cell
necrosis, apoptosis is the main event in the penumbra zone
(32). Stroke triggers a cascade of complex pathological
processes, resulting in spreading tissue damage and cell
death to the penumbra region (4). Oxidative stress, by
producing free radicals, is one of the most prominent
phenomena in the pathogenesis of ischemic brain injury
and can precipitate other pathological processes such
as neuroinflammation and apoptosis (33). A two-fold
rise in superoxide radical anion formation has been
reported in the penumbra zone after focal ischemia (34).
Furthermore, some studies have focused on the role
of inflammation as one of the important mechanisms
involved in stroke complication, particularly brain edema
(31). There are few treatments for stroke; therefore, the
development of novel therapeutics is necessary, notably
to protect the cell penumbra (35). The basic purpose of
this neuroprotective strategy is to interfere with the events
of the ischemic cascade by focusing on one or more of
described mechanisms and blocking the pathological
processes causing the death of vulnerable nerves (36).

Variability in the constituents of propolis in different
parts of the world has caused these agent to have
several biological properties such as the antioxidant,
anti-apoptotic, anti-inflammatory and neuroprotective
activities (7,13,16,17,37-39). Although propolis is a
complex mixture and synergistic interactions between
its compositions probably is an essential factor in its
biological activities, but many studies demonstrated that
polyphenol content is responsible for these feature (38-
41). Propolis was shown to have robust scavenging activity
in vitro towards nitric oxide and superoxide free radical
(42,43). Ahn and colleagues in a study on the antioxidant
activity of propolis in different regions of China showed
that there was a relatively strong relationship between
antioxidant activity and polyphenol content (44). This
substance, due to the variety of its polyphenol, especially
flavonoids has also shown anti-inflammatory activity (39,
45). Propolis is not toxic, and studies have shown that a
dose of 1400 mg/kg body weight per day fails to cause
toxic effects in mice (39). Hence, it seems that propolis
can reduce ischemic brain injury through suppressing
oxidative stress and inflammation.

Kakoolaki et al reported the protective effect of Turkish

propolis against neuronal cell death in fish brain through
the scavenging free radicals after cypermethrin-induced
neurotoxicity (19). In their research, Shimazawa and
colleagues showed that green propolis from Brazil
statistically decreased the infarct volume in ischemic
rats (17). Our results demonstrated similar properties
for IBP. According to these results, the infarct volume
in animals treated with WEPs at 100 and 200 mg/kg
(both regions) was significantly lower than the control
group. Meanwhile, neuroinflammation is a common
pathological incident reported in many different brain
diseases through involvement in excitotoxicity and is
usually followed by brain edema (46). Recently, Swamy
et al demonstrated the neuroprotective effect of propolis
in Malaysia against excitotoxicity via diminished NOS,
caspase-3 activities, nitric oxide (NO), and tumor necrosis
factor alpha (TNF-a) concentration involvement in
neuroinflammation and apoptosis (47). In 2013, Wu et
al reported that Brazilian propolis inhibited the hypoxia-
induced neuroinflammatory responses in microglia
(18). In this study, WEPs at doses of 30, 100 and 200
mg/kg from both regions significantly decreased brain
edema compared to control group. Reducing the infarct
volume and brain edema in the IBP-treated groups
could be due to the simultaneous antioxidant and anti-
inflammatory activity of propolis phenolic compounds
and thus inhibition of apoptosis in the penumbra, that
have been reported in the other areas for this substance.
In this respect, quercetin and naringenin, the phenolic
compounds in the KeWEP, potentially represent an
antioxidative and anti-inflammatory capacity in vitro by
blockade of NF-«B activation, inhibiting STAT-1, iNOS
mRNA, and NO production in stimulated macrophages
(48, 49). It was found that pinocembrin, a phenolic
compound in the KhWEP, could protect the brain ischemic
against in vitro free radicals and apoptosis. Oxidative
stress and inflammation were not directly studied in this
research (50).

Patients who survive from stroke, often suffer from
sequelae such as neurological deficits and weight loss (29,
51). Sensorimotor function tests such as sticky tape and
hanging wire are the most commonly employed tests in
assessing post-stroke behavioral deficits (28). Thiyagarajan
et al demonstrated that the effect of a neuroprotective
agent could be evaluated through functional improvement
tests regardless of considering the infarct volume (52).
Results of this study also indicated that both tests followed
by the induction of ischemia in mice were impaired
in the control group. WEPs of both regions improved
behavioral functions and decreased body weight loss.
Neurologic performance improvement in functional tests
and prevention of weight loss after receiving medication
may be due to attenuating the progression of the ischemic
lesion to the penumbra zone and reducing the infarct
volume. However, more research should be conducted
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on the potential of this compound to enhance recovery
of function.

The difference between similar doses of WEPs (from two
regions) on the ischemic brain injury indices, measured in
this study, was not statistically significant. However, better
effect relative of KeWEP than KhWEP on some indices
like some behavioral tests, and the dose 30 on infarct
volume may be related to the higher polyphenol content
as well as the difference in composition of propolis from
this region that needs to be investigated, further.

Conclusion

According to our results, IBP has neuroprotective
properties and reduces ischemic brain injury. These
findings, together with earlier studies on propolis in other
areas, would project a good hope in the endeavor to find
novel stroke treatment. There are many open questions
about propolis that need to be answered, and we have to
do more work to increase knowledge about propolis.
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