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ABSTRACT

© 2018 The Authors. This is an open access . . . L. . L. . .
article under the CC-By-NC license. : Background: Inflammation plays a major part in brain ischemia. Propolis is a polyphenol-rich hive product

with a set of pharmaceutical properties.

Objectives: This research aims to investigate the impact of water extracts of brown propolis (WEPs) on stroke
outcomes and inflammatory responses in a rat model of permanent middle cerebral artery occlusion (MCAO).

Materials & Methods: This experimental study was conducted in Rafsanjan, Iran, in 2017. WEPs were
experimentally prepared from two regions in Iran. Gas chromatography—mass spectrometry and Folin—Ciocalteu
assays were used to determine chemical portrayal and the total polyphenol content, respectively. A total of 66
male adult mice were divided randomly into the surgical sham, control (vehicle-treated), and four WEPs-treated
animal groups. WEPs-treated groups received doses of 100 and 200 (mg/kg, IP) four times, and their behavioral
tests, brain edema, infarct volume, and tumor necrosis factor-alpha (TNF-a) level were evaluated.

L : Results: The samples were not significantly different in terms of the concentration of the total polyphenol
Article info: : content. Compared to the control, WEPs led to a substantial decrease in the TNF-a level (P<0.05) as well as
Received: 21 May 2022 : a subsequent reduction in the brain edema and infarct volume (P<0.001) in all treatment groups. Furthermore,

there was a significant improvement in neurological deficits and sensory-motor impairments level (P<0.05).
First Revision: 22 Jul 2022 : Conclusion: According to the study findings, WEPs reduce brain ischemia damage, perhaps by exerting a
Accepted: 06 Aug 2022 neuroprotective effect on stroke-induced neuroinflammatory responses.
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e Administration of water extracts of brown propolis (WEPs) is neuroprotective by reducing the level of pro-

inflammatory factor, i.e. TNF-a.

e WEDPs led to a reduction in infarct volume and brain edema compared to the control.

Introduction

troke is one of the most common causes of

death and morbidity worldwide [1, 2]. Brain

ischemia injury, resulting from a type of re-

stricted perfusion, has some complications,

including brain edema, infarction, neuroin-
flammation, as well as neurological damage [3]. Cell
death is accelerated in the penumbra due to several
pathophysiological mechanisms, including inflamma-
tion, apoptosis, peri-infarct excitotoxicity, depolariza-
tion, and oxidative stress [2, 3]. Now, neuroprotective
agents are considered in treating stroke, in addition to
thrombolytic therapy [4].

In ischemic brain injury pathogenesis, called neuroin-
flammation, the inflammatory response has played an
important role [5]. According to clinical and experimen-
tal animal studies, the detrimental implications of stroke
result from neuroinflammation [2, 5]. Within the first
hours after stroke, levels of pro-inflammatory interven-
ers, including tumor necrosis factor-alpha (TNF-a), in-
terleukin-6 (IL-6), and interleukin-1 (IL-1) rise, resulting
in the exacerbation of ischemic complications [6]. In de-
veloping inflammatory reactions in brain tissue, TNF-o
has been very effective [6, 7]. Both experimental and
clinical studies indicate a positive association between
the TNF-a level and the extent of ischemic injury [7].
Thus, TNF-o-targeted therapies could be a novel neu-
roprotective approach to treating cerebral ischemia [7].

Propolis is a resinous compound rich in polyphenols,
provided when secretions of honeybees are mixed with
resinous sap obtained from different plant sprouts and
bark [8-10]. Since old times, propolis has been used as
a traditional and alternative treatment by humans for
its biological features [8, 10, 11], including antimicro-
bial effects [12], anti-apoptotic [13] anti-inflammatory
[14], antioxidant [15, 16] and neuroprotective [17, 18].
According to the reports, the propolis compounds and
characteristics depend on the vegetation, area, and time
of collection [11, 16]. It has been reported that propolis
produced in Brazil and Turkey reduces post-ischemic

neuroinflammation and neuronal damage [15, 18, 19].
In addition, many biological impacts of propolis have
been ascribed to its phenolic compounds [12, 20]. These
compartments have shown anti-inflammatory and anti-
oxidative properties [12, 21]. The useful role of phenolic
compounds has been reported in preventing and treating
some neurodegenerative diseases [22]. Accordingly, the
current research aims to evaluate the phenolic content
and chemical features of water extract of brown propolis
(WEPs) in two locations in Iran, in addition to assess-
ing its impact on stroke consequences and inflammatory
response in a rat model of permanent middle cerebral
artery occlusion (MCAO).

Materials and Methods

In this study, 2,3,5-triphenyl tetrazolium chloride
(TTC) was provided from Merck KGOA (Darmstadt,
Germany). Moreover, the TNF-a ELISA kit was ob-
tained from Crystal Day Biotech Co., Ltd. (Shanghai,
China). The researchers also provided diethyl ether, ket-
amine hydrochloride, formaldehyde, and xylazine from
Sigma-Aldrich.

Gas chromatography-mass spectrometry

To perform gas chromatography-mass spectrometry
(GC-MY) analysis, Agilent Gas Chromatograph 6890
and Agilent 5973N mass spectrometer, with 0.25 mm id,
30 m long, and WEPs X5 capillary column film thick-
ness of 0.25 mm, were both used. A temperature range
of 50°C-300°C was set at a rate of 3°C/min. Helium with
a 1 mL/min flow rate was defined as the carrier gas. In
the split/splitless mode, the injection was conducted at
220°C, with an ionization voltage of 70 eV. Reconnais-
sance was performed using ChemStation software. The
Kovats retention index and ChemStation software were
employed to determine the chemical characterization in
the following manner:

Kovats retention index (I), total carbon atoms in the
smaller n-alkane, total carbon atoms in the larger n-al-
kane, and the adjusted retention time.
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Preparing water extracts of brown propolis (WEPs)

Brown propolis samples were obtained from Hezar
Masjed mountains, Khorasan Razavi Province, Iran, and
beehives in the Lalehzar area, Kerman Province, Iran. Af-
terward, they were transferred to Soren Tech Toos, Inc.
Ltd. (Mashhad City, Iran). Under a company-specific
protocol, the samples were extracted, and total polyphe-
nol content was measured using the modified Folin—Cio-
calteu colorimetric test. The propolis was extracted with
WEPs. The total phenolic content is shown in mg/g [23].

Study animals

In the current research, 66 male adult Balb/C mice
(30-35 g) were employed and were kept on a light/dark
12-h cycle, and food and water were provided for them.
Six groups were provided, and the mice were randomly
divided into groups (11 in each group, 6 for the neurologi-
cal test, brain edema, and the infarct volume, as well as 5
for the TNF-a level) after being acclimatized. According-
ly, group 1 was the sham (craniotomy with no MCAO),
group 2 was the control (ischemia-exposed and vehicle-
treated), as well as WEPs-treated groups (4 groups). All
animal measures were confirmed by the Ethics Commit-
tee of Rafsanjan University of Medical Sciences Research
(IR.RUMS.REC.1399.203). They were also consistent
with the National Institute of Health guidelines and na-
tional laws on using and caring for laboratory animals.

Experimental protocol

The WEPs were obtained from diverse regions of Iran
(Khorasan Razavi: KhWEP, and Kerman: KeWEP).
At 48, 24, and 1 h before as well as 4 h after induc-
ing focal brain ischemia, the KhWEP was administered
intraperitoneally with the doses of 100 and 200 mg/kg
(group 3: KhWEP100; group 4: KhWEP200) and the
KeWEP with similar doses (group 5: KeWEP100; group
6: KeWEP200). The extract doses were suggested ac-
cording to the researchers’ early findings and the study
conducted before [16, 17].

Model of MCAO Establishment

Xylazine (8 mg/kg) and ketamine (80 mg/kg) were
injected intraperitoneally to anesthetize the mice. By
employing a rectal probe, the body’s core temperature
was checked and reserved at 37°C throughout anesthe-
sia. The right middle cerebral artery (MCA) was perma-
nently occluded to induce MCAO, as described in pre-
vious research [16, 24]. In short, a minor skin incision
was created between the external auditory meatus and
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the lateral part of the orbit. Later on, the connective tis-
sue and muscles were pulled fully aside. Next, the dura
mater was removed by drilling a minor hole (approxi-
mately 1 mm in diameter) over the MCA proximal part;
besides, a thermal coagulator was used to permanently
cauterize the MCA. Finally, the researchers substituted
the connective tissue and the temporal muscle and su-
tured the skin. The mice were returned to their cages
after recovering in a heated cage. Except for the cauter-
ization MCA, a similar method was performed for the
surgical sham group.

The brain edema and infarct volume measurement

As earlier reported, brain edema and infarct volume
were measured [3, 16]. Diethyl ether was used to anes-
thetize the animals, and 48 h after MCAO, they were
decapitated. Next, the brains were separated and divided
into 5 coronal slices with a thickness of 1 mm using the
brain matrix. At 37°C for 30 min, 2% TTC was used
to stain the slices. They were then immersed in a so-
lution of 10% phosphate-buffered formalin overnight.
The infarcted tissue was not stained (white), but the nor-
mal one was stained (red). Next, ImageJ software (NIH
Image, Version 1.61 Bethesda, Maryland, USA) and a
color flatbed scanner (Scan jet 5370C, Hewlett-Packard,
Palo Alto, CA, USA) were used to determine and ana-
lyze the volume of the infarct. To calculate the overall
infarct size, all slices of the infarct zones were added
and multiplied by the brain slice thickness (1 mm) to
achieve the infarct volume. The researchers computed
the volume of the corrected infarct to compensate for
the brain edema effect with the volume of the modified
infarct=the measured infarct arecax[1-(ipsilateral hemi-
sphere area—the contralateral hemisphere area)/the con-
tralateral hemisphere)].

Next, the formula of edema=(the left hemisphere
volume —the right hemisphere volume)/the right hemi-
sphere volume was used to determine brain edema. In
addition, brain edema and infarct volume were reported
in percentages.

TNF-a level quantification

The animals were beheaded about 48 h after MCAO.
Their brains were quickly separated, and the slices were cut
in half. The right halves were weighed and homogenized
in the buffer (PBS, pH 7.4) on an ice-cold pad and then
centrifuged at 4°C for 20 min at 6000 RPM. Next, each
sample supernatant was collected and preserved at -80°C
up to the analysis. The commercially available kit (crystal
day biotech, Shanghai, China) was utilized to measure the
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Table 1. Effects of WEPs on neurological deficits measured by the Bederson scoring system following the MCAO at4 and 48 h

Time
Groups
After4 h After 48 h
Sham 0(0-1) 0(0-0)
Control 2(1.75-3.5)" 2(1-3)"
KhWEP100 1(0.75-1)** 0(0-1.25)*
KeWEP100 1(0-1)* 0.5(0-1)*
KhWEP200 1(0-1.25)* 0.5(0-1)*
KeWEP200 1(0-1.25)* 1(0-1.25)*
Data are presented as the median, 25th, and 75th percentiles (percentiles in parentheses). CINS

P<0.01 vs the sham group, **P<0.01, and *P<0.05 vs the control group.

Abbreviations: WEPs: Water extract of brown propolis; KhWEP: WEP of Khorasan Razavi Province; KeWEP: WEP of Kerman

Province.

TNF-a level immune-enzymatically (ELISA), according
to the manufacturer’s guidelines. In brief, a particular an-
tibody was coated in wells against every antigen (TNF-a),
and the antigen coverage was performed between primary
and secondary HRP(horseradish peroxidase)-coated anti-
bodies. Next, an ELISA reader at 450 nm with a correction
wavelength of 630 nm was used to evaluate color progress
within 10 minutes. In addition, tissue TNF-a concentra-
tions were expressed as a nanogram (ng) of the antigen per
milligram (mg) of the protein.

Behavioral tests

For 2 days before the stroke, the sensorimotor function
of the mice was tested on sticky tape (adhesive). Next, the
animals were tested 4 and 48 h after the stroke and before
MCAO. The touching duration was confirmed and aver-
aged in 3 trials until removing the adhesive labels from
the stroke-impacted contralateral forepaw [25]. Through
the modified Bederson 6-point scoring system, neurologi-
cal deficiencies were verified and defined at 4 and 48 h
following MCA occlusion [26]. In this regard, a non-ob-
servable deficit was defined by score 0, forelimb flexion
by score 1, forelimb flexion and reduced resistance to lat-
eral push by score 2, unidirectional circling by score 3,
unidirectional circling and decreasing levels of conscious-
ness by score 4, and score 5 implied death. In addition, a
blinded experiment was performed for behavioral tests.

Statistical analysis

SPSS software version 20 was used for Statistical
analysis. Data were presented as Mean+SEM. The two-

way ANOVA was used to compare behavioral tests,
the infarct volume, brain edema, and TNF-a level by
SPSS software, version 20. Furthermore, to determine
individual differences, the Tukey test was applied. The
Kruskal-Wallis test was used for comparing neurologi-
cal deficits due to the non-normality of the data. P<0.05
were regarded as significant.

Results

The total polyphenols content, as well as the GC-MS
analysis of WEPs for KhWEP and KeWEP, showed that
the overall polyphenols content was 40 and 45 mg/g, re-
spectively. The polyphenols types also varied slightly from
one sample to the other. For KhWEP and KeWEP, GC-MS
chromatograms are shown in Figure 1. The main observed
flavonoids in the KhWEP extract were derivatives of pi-
nobanksin and 3,7- dihydroxy-5-methoxyflavanone. The
main flavonoids in the KeWEP, in contrast, were narin-
genin and quercetin. However, the two samples had the
same phenolic acid ester and cinnamic acid derivatives.

WEDPs effect on the TNF-a level

Forty-eight hours after the stroke, the anti-neuroinflam-
matory activity of the WEPs was evaluated by quanti-
fying TNF-a in the brain tissue. Compared to the sham
group, a significant increase was observed in the level
of TNF in the control group (P<0.01). Compared to the
control group, although KeWEP reduced the TNF level
in KeWEP-treated groups (P<0.05), its reduction was
greater in the KhWEP-treated groups (P<0.01) (Figure 2).

Allahtavakoli M, et al. Brown Propolis in Brain Ischemia Damage. Caspian J Neurol Sci. 2023; 9(2):61-70
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Figure 1. Water extract gas chromatography-mass spectrometry (GC-MS) of brown propolis

April 2023, Volume 9, Issue 2, Number 33

@CINS

A: Khorasan Razavi Province (KhWEP) and B: Kerman Province (KeWEP), Iran

Effect on the Infarct volume and brain edema

TTC-stained brain sections quantified infarct volumes.
There was no infarction in the group of the sham. As
against the control group, doses of 100 and 200 mg/kg
from both regions reduced the volume of infarct signifi-
cantly (P<0.001) (Figure 3). According to Figure 4, com-
pared to the sham group, although the control group’s brain
edema sharply increased (P<0.001), it decreased by WEPs
treatment significantly as against the control (P<0.001).

WEDPs’ effect on behavioral function

Compared to the sham, the ischemia induction signifi-
cantly increased the duration of touching until removing
the labels off the control group stroke-impacted contralat-
eral forepaws (P<0.01) (Figure 5). A 100-200 mg/kg-dose
treatment of KhWEP at 4 and 48 h (P<0.05), as well as 100
mg/kg of KeWEP at 48 h (P<0.01) significantly decreased
the average time taken for the duration of touching until
removing the adhesive tape from forepaws after MCAO
(Figure 5). Table 1 shows that based on Bederson scor-
ing system, in contrast to the control, at 4 and 48 h after
the stroke, 100-200 mg/kg-dose WEPs samples reduced

neurological deficits substantially (P<0.05 for the entire
treated groups excluding KhWEP100 at 4 h P<0.01).

Discussion

One major clinical purpose of neuroscience study is to use
neuroprotective agents to reduce brain ischemia injury [4].
Propolis is a natural compound rich in polyphenols broadly
used in traditional and alternative medicine [9, 12]. The re-
sults revealed that after permanent MCAO in the samples,
WEDPs treatment from two locations in Iran (KeWEP and
KhWEP) provided neuroprotection. Administrating WEPs
was neuroprotective, proven by the reduction in the level of
pro-inflammatory factor, TNF-a, and this beneficial effect
was associated with a decrease in brain edema, volume of
infarct, and an improvement in neurological experiments.

It has become known that inflammatory response is a vi-
tal pathological stroke process throughout the acute phase,
in particular [27, 28]. Thus, during the first stroke phase,
the inhibition of inflammation could lead to a striking
neuroprotective tactic [28, 29]. Variations in the propo-
lis chemical properties in various regions indicate its di-
verse biological activities. However, several studies have
reported that the polyphenol content is responsible for its

Allahtavakoli M, et al. Brown Propolis in Brain Ischemia Damage. Caspian J Neurol Sci. 2023; 9(2):61-70
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Figure 2. Effects of WEPs on the TNF-a level (ng/mg protein) in brain tissue at 48 h following stroke
Data are presented as Mean+SEM. #P<0.01 vs the sham group, **P<0.01 and *P<0.05 vs the control group.

Abbreviations: WEPs: Water extracts of brown propolis; KhWEP: WEP of Khorasan Razavi Province; KeWEP: WEP of Kerman
Province.

Figure 3. WEPs effects on the infarct volume (%) @ICINS

The infarct volume was defined by calculating TTC-stained brain sections (the upper panel) gained at 48 h following stroke
(the lower panel). Data are presented as Mean+SEM. *P<0.001 vs the control group.

Abbreviations: WEPs: Water extracts of brown propolis; KhWEP: WEP of Khorasan Razavi Province; KeWEP: WEP of Kerman
Province.
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Figure 4. Effects of WEPs on brain edema (%) at 48 h following stroke
Data are presented as Mean+SEM.

#P<0.001 vs the sham group, *P<0.001 vs the control group.

Abbreviations: WEPs: Water extracts of brown propolis; KhWEP: WEP of Khorasan Razavi Province; KeWEP: WEP of Kerman
Province.
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Figure 5. Effects of WEPs on sensorimotor performance, assessed by the sticky tape test at 4 and 48 h following stroke data are
presented as Mean+SEM.

#P<0.01 vs the sham group at the same time, **P<0.01 and *P<0.05 vs the control group at the same time.

Abbreviations: WEPs: Water extracts of brown propolis; KhWEP: WEP of Khorasan Razavi Province; KeWEP: WEP of

Kerman Province.
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physical activities: synergistic interactions among propolis
alignments are required as the necessary factor in these ac-
tivities [8, 23, 30]. Owing to its compound diversity, par-
ticularly flavonoids, this substance has a high anti-inflam-
matory capacity [14, 22]. This substance is non-toxic, and
research studies have indicated that 1400 mg/kg of body
weight per day could not exert toxic impacts on rats [31].
Because of its anti-inflammatory and protective features,
propolis seems to be a potential defensive agent with natu-
ral therapeutic effects in ischemic brain injury [19, 31].

Our findings revealed that the TNF-a. level, brain ede-
ma, and infarct volume increased after the induction of
permanent MCAO. Cytokines are key in increasing the
local inflammatory response and infarct extension |5,
32]. It has been demonstrated that TNF-a is expressed
in ischemic neurons after permanent MCAO, being con-
cerned with early stroke-induced inflammation mecha-
nisms [32]. Patients with brain ischemia have also ex-
hibited high TNF-a levels in cerebrospinal fluid and
the serum over the first 24 h [7]. The TNF-a level is an
indicator of the activation of macrophages, microglia,
and other inflammatory reactions, as well as a stroke
outcome predictor [6, 33, 34]. TNF-a is a powerful pro-
inflammatory cytokine produced immediately after the
stroke [6]. This cytokine participates in a wide range of
events during cerebral ischemia, such as the stimulation
of acute-phase protein synthesis, increased vascular per-
meability of the blood-brain barrier, expression of endo-
thelial adhesion molecules and other pro-inflammatory
cytokines, recruitment of inflammatory cells, as well as
generation of inducible NOS (iNOS) and cyclooxygen-
ase-2 [6, 32]. These events are vital in improving the
secondary inflammatory reaction (neuroinflammation),
resulting in stroke complications, particularly brain
edema [35]. According to Fukuda et al., in several brain
diseases, neuroinflammation is a prevalent pathological
incident typically followed by brain edema, consistent
with the present study findings [29]. In addition, a posi-
tive association has been established between the TNF-a
level and the infarct volume in human and animal studies
[7, 32]. It has been observed that the TNF-o-neutralizing
antibody diminishes brain edema and the infarct volume
after permanent or transient focal cerebral ischemia [32,
35]. In this research, we investigated whether the WEPs’
neuroprotective impacts were related to the neuroinflam-
matory response. The assessment of pro-inflammatory
mediator TNF-a demonstrated that the WEPs at 200 and
100 mg/kg in both regions could decrease the TNF-a
level, thereby reducing brain edema and the infarct vol-
ume. Swamy et al. showed the propolis neuroprotective
impact in Malaysia by reducing the number of cytokines,
including TNF-o concentrations involved in neuroin-

Caspian Journal of
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flammation [36]. Wu et al. showed that Brazilian green
propolis could inhibit in vitro hypoxia-induced neuroin-
flammatory reactions in microglia [19].

To the author’s knowledge, this is the first research that
evaluated the Iranian WEPs’ impact on detrimental com-
plications of stroke by inhibiting neuroinflammation in
the permanent model of MCAO. The neuroprotective ef-
fects in the WEPs-treated groups could have been due to
propolis phenolic compounds’ anti-inflammatory activity
[22]. Sala et al. (2003) reported that pinocembrin, i.e. a
phenolic compound in the KhWEP, displayed anti-inflam-
matory properties in the sheep’s red blood cell-induced
hypersensitivity reaction [37]. In addition, research shows
that naringenin and quercetin, i.e. phenolic compounds in
the KeWEP, block the production of inflammatory media-
tors to show the anti-inflammatory capability in vitro [38].

In the present research, the mice treated with both dos-
es and samples of WEPs showed significantly less brain
edema than the control group. WEPs treatment was also
neuroprotective as it reduced the infarct volume. In ad-
dition, administering KhWEP and KeWEP at doses of
200 and 100 mg/kg decreased the infarct volume con-
siderably by approximately 64%-73%. In the same vein,
Shimazawa et al. showed that green propolis from Brazil
could decrease the infarct volume statistically [17]. Our
previous studies also showed that Iranian brown propolis
significantly reduced the volume of ischemia and brain
edema in a rat model of permanent MCAO [9, 16].

Often, patients surviving a stroke suffer sequelae, includ-
ing neurological deficits [39]. The sticky tape test and the
Bederson scoring system are the most common methods for
evaluating behavioral deficits after stroke [40]. Thiyagarajan
et al. showed that tests of functional improvement, regardless
of the infarct size, could assess neuroprotective agent effects
[41]. This research showed that both indices were impaired
following the induction of stroke. In addition, treatment with
WEPs improved behavioral function. The neurological per-
formance improvement in functional tests once medications
are received could be because of the inhibition of WEPs’ neu-
roinflammatory and neuroprotective effects. However, fur-
ther research must be conducted to identify this compound’s
probable impact on functional recovery.

Conclusion

The current research showed the possible neuroprotec-
tive effects of Iranian brown propolis on stroke-induced
neuroinflammatory reactions. The protective effects could
include attenuating the TNF-o-dependent pathway in an
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animal model of MCAO. This property might be useful in
preventing and treating ischemia-induced function deficits.
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