
Introduction
Ischemia is a cerebrovascular disorder that occurs due to 
abnormal blood flow to the part of the brain. It is the third 
leading cause of death, after cancer and cardiovascular 
diseases, in industrialized countries. Most studies have 
aimed at the prevention and treatment of ischemic stroke. 
One of the events following ischemia is the reperfusion 
of the ischemic region, which not only cannot restore 
the condition but also can worsen the condition (1,2). 
According to previous studies, large-artery atherosclerosis 
was the most common cause of ischemia in middle-aged 
patients (3,4). Investigations have shown that a high-fat 

diet (HFD) was accompanied by increased cerebrovascular 
changes which increased infarct size in the animal model 
of ischemia (5,6). In addition, based on the report of Hoane 
et al in the animal model of a cortical contusion injury, 
HFD caused significantly more excessive loss of cortical 
tissue (7). Eid et al also showed that an HFD is associated 
with oxidative stress (OS) and mitochondria-mediated cell 
death (8). Changes made after ischemia-reperfusion (I/R) 
include the production of free radicals (9), cell membrane 
lipid peroxidation, activation of cyclooxygenase 2 (COX-
2) and nitric oxide synthase -2 enzymes, expression of 
inflammatory factors, blood-brain barrier (BBB) failure, 
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Abstract
Background: Metabolic disturbances, including hyperlipidaemia, are risk factors for brain ischemia. 
Despite all research, no definitive treatment has yet been found for brain ischemia. Thus, this study 
investigated the effect of cinnamon on ischemic tolerance and the expression of matrix metalloproteinase 
(MMP) 2 and 9 genes, as well as levels of interleukin 6 (IL-6) and tumor necrosis factor α (TNF-α) proteins 
in rats receiving a high-fat diet (HFD). 
Methods: Rats were divided into control, sham, model, lovastatin, vehicle, and cinnamon 130 mg (Cin130) 
and 260 mg (Cin260). All groups, except for the control group, received a high-fat diet for 6 weeks. 
Then, the last four groups received the corresponding treatment for 6 weeks. The stroke was induced by 
middle cerebral artery occlusion (MCAO). Twelve hours later, the animals were evaluated for the extent 
of neurological defects, lipid profiles, tissue damage, and gene expression of MMP-2,9, as well as IL-6 and 
TNF-α protein level. 
Results: The results showed that Cin130 has been highly successful in improving neurological defects. 
Cin130 was effective in reducing serum cholesterol and triglyceride. Further, Cin260 effectively reduced 
serum LDL. Moreover, Cin130 and Cin260 could reduce tissue damage volume, blood-brain barrier (BBB) 
integrity, and down-regulation of IL-6, TNF-α proteins and MMP-2,9 levels.
Conclusion: Overall, cinnamon, in addition to its lipid-lowering effect, may also have a neuroprotective 
effect that may be related to the down-regulation of MMPs and cytokines. The two may be independent 
events or related to a third event; in any case, appropriate experiments should be performed in future 
studies to determine whether altering the MMPs reduces the effectiveness of cinnamon.
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infiltration of inflammatory factors into damaged tissue, 
activation of matrix metalloproteinases (MMPs) (10,11), 
DNA damage, and finally cell death (12).

Hyperlipidemia and associated atherosclerosis are 
among the main preventable risk factors for stroke. 
Approximately two-thirds of deaths from atherosclerosis 
are due to one or more coronary artery thrombosis, and 
one-third remain due to thrombosis or bleeding of the 
veins in the other organs of the body, especially the brain, 
which causes hemorrhagic and ischemic stroke (13,14).

Some studies have demonstrated that following 
neurological disorders, including cerebral ischemia 
(15) and Parkinson’s disease (16), the expression level 
of inflammatory factors, including interleukin 6 (IL-6), 
tumor necrosis factor α (TNF-α), and MMP-2,9 increases, 
leading to increased BBB permeability by damaging tight 
junction proteins, thus exacerbating the complications of 
cerebral ischemia, including tissue damage, edema, and 
neurological defects. It was also found that damage to 
BBB is more severe in rats receiving an HFD compared 
to rats receiving a normal diet. Hyperlipidemia 
results in increased inflammatory responses during 
cerebral ischemia, including the accelerated release of 
proinflammatory cytokines such as IL-6, TNF-α, and 
an increase in the expression level of MMP-2,9. These 
findings suggest that there is a close association between 
hyperlipidemia and exacerbation of inflammation and 
MMP-2,9 activity, ultimately resulting in more severe 
damage to BBB and exacerbation of ischemic injuries 
(17). Therefore, the use of interventions that are effective 
in controlling lipid profile while simultaneously reducing 
inflammation and the expression level of MMPs and thus 
strengthening BBB integrity, has a significant effect in 
reducing the complications of ischemia and the extent of 
tissue damage.

Taking into account the concerns of people about 
the side effects of chemical drugs, today, the use of 
herbal compounds with different properties is widely 
considered in the medical sciences (18). Medicinal plants 
are among the most important sources of blood lipid-
lowering agents. Cinnamomum zeylanicum, with the 
general name of cinnamon, has a long history of use as 
spice, flavoring agent, and preservative. Several studies 
have confirmed its beneficial effects in the treatment of 
many diseases, including hyperlipidemia (19,20). So 
far, several properties of cinnamon have been reported, 
including hypolipidemic effects (21), anti-inflammatory, 
antioxidant (22), neuroprotective (23), anti-diabetic (24), 
and thrombolytic properties (25) . 

Considering that most of the studies focused on the effect 
of cinnamon on I/R in healthy and non-hyperlipidemic 
rats, this study aimed to investigate the effect of the 
cinnamon hydroalcoholic extract on ischemic tolerance 
by the modification of lipid profile and expression of 
MMP-2,9 genes and IL-6 and TNF-α protein levels in 
rats receiving an HFD. Given that previous studies have 
represented the lipid-lowering and neuroprotective 

properties of lovastatin (25,26), the present study has used 
this drug as a positive control to compare the effects of 
cinnamon.

Materials and Methods
Preparation of an HFD
The HFD was prepared according to previous articles with 
some modifications (27,28). Briefly, the usual meal was 
molded, and 200 g of the sheep’s fat was added for every 
800 g of the powdered food. Distilled water was added 
to the powdered food for dough, and it was completely 
mixed by kneading. This dough mixture was converted 
into a pellet form and then laid on racks for drying. The 
total drying time was 36 hours. The dried strands of the 
pellet were broken into short lengths and stored in the 
refrigerator. This meal was prepared weekly.

Preparation of the Extract of Cinnamon
The hydroalcoholic cinnamon extract and lovastatin 
powder were obtained from Golestan Company (Tehran, 
Iran) and Osveh Pharmaceutical Company (Tehran, Iran), 
respectively. According to the recommended dosage in 
the articles, 10 mg of the powder per kg body weight of the 
animal was used (29), and carboxymethylcellulose (CMC) 
0.5% was employed as a solvent for lovastatin powder (30). 

Animals
Overall, 84 adult male Wistar rats weighing 180-220 g with 
an age range of approximately 6-8 weeks (obtained from 
the Animal Laboratory of Zanjan University of Medical 
Sciences) were included in this research. Rats were kept in 
appropriate bioclimatic conditions, including 12 hours of 
light, 12 hours of darkness, 22-24 °C, and 60% humidity. 
To adapt to the environment, the animals were transferred 
to the laboratory for one week before the study. During 
this time, the animals had free access to water and food. 
All experiments were performed at 2 PM and according 
to the Laboratory Animal Health Care and Use Guidelines 
of Zanjan University of Medical Sciences. This study 
was conducted in compliance with the ethical guidelines 
of Zanjan University of Medical Sciences (Ethical No: 
ZUMS.REC.1396.75).

The animals were randomly divided into seven groups of 
12, including the control, sham, stroke model, lovastatin, 
vehicle, low-dose cinnamon, and high-dose cinnamon 
groups.

Animals in the control group received the usual diet. 
Those in the sham group received an HFD for eight weeks 
and underwent surgical stress in the 12th week. Further, 
the animals of the stroke model group received an HFD 
for eight weeks and underwent middle cerebral artery 
occlusion (MCAO) surgery at week 12. Furthermore, 
the lovastatin group received an HFD for eight weeks; 
then, it received 10 mg/kg lovastatin (29) for 4 weeks by 
the intraperitoneal (IP) injection and underwent MCAO 
surgery at week 12. Moreover, animals in the vehicle 
group received an HFD for eight weeks. Next, they 
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received 0.5% carboxymethyl cellulase for 4 weeks by the 
IP injection and underwent MCAO surgery at week 12. 
Additionally, the low-dose cinnamon group received an 
HFD for eight weeks. Then, each animal received 130 mg 
of the hydroalcoholic extract of cinnamon (31) by the IP 
injection for four weeks and underwent MCAO surgery at 
week 12. Finally, the animals of the high-dose cinnamon 
group received an HFD for eight weeks; then, they received 
260 mg of the hydroalcoholic extract of cinnamon by the 
IP injection for four weeks and underwent MCAO surgery 
at week 12. The related data are depicted in Figure 1.

Induction of Stroke With MCAO
The MCAO was inducted according to the intraluminal 
filament model (32). Briefly, rats were anesthetized using 
ketamine (60 mg/kg) and xylazine (10 mg/kg) through IP 
injection. The right common carotid artery was isolated, 
and silicone-coated nylon was inserted, along the right 
common carotid arteries, into the internal carotid artery 
until it blocked the origin of the middle cerebral artery. 
The depth of penetration was approximately 20 mm from 
the carotid bifurcation to effectively block the middle 
cerebral artery. Rats were subjected to focal ischemia for 
60 minutes; blood flow was restored by withdrawing the 
nylon filament. The surgery was performed at 37 ± 0.3°C. 
After recovery from anesthesia, the animals were returned 
to their cages.

Neurological Examination
A neurological score was used to evaluate the achievement 
of the model. Neurological function was investigated 
using a 0-5 point scale neurological score (33) after 12 
hours of reperfusion. The scores on the scale ranged from 
0 = No neurological dysfunction, 1 = Failure to extend 
opposite forepaw, 2 = Circling to the contralateral side 
when held by the tail with feet on the floor, 3 = Falling 
to the left, unable to bear weight on the affected side, 
4 = No spontaneous walking and a depressed level of 
consciousness to 5 = Death. 

Blood Sampling
According to the report of Liu and McCullough, the entire 
territory supplied by the MCA is damaged 12 hours after 

MCAO (34). Therefore, 12 hours after the induction of 
ischemia, the animals were anesthetized with chloral 
hydrate, and then the blood was taken from the heart. 
The blood samples were centrifuged at 7000 × g for 10 
minutes at room temperature to obtain the serum. The 
serum samples were stored at -20°C until biochemical 
analysis. The serum levels of cholesterol, triglyceride, 
and high-density lipoprotein (HDL) were measured by 
spectrophotometry (enzymatic colorimetry) and using 
special measuring kits (Pars Azmon). Low-density 
lipoprotein (LDL) levels were obtained by the following 
formula: 
LDL (mg/dL) = Total cholesterol - (HDL + TG/5)

2, 3, 5-Triphenyl-2-tetrazolium Chloride (TTC) Staining
TTC staining was performed for measuring the infarct 
volume. The brains of the rats were rapidly removed after 
the decapitation of the animals under a high dose of chloral 
hydrate anesthesia (800 mg/kg). The brains were cooled in 
ice-cold saline for 10 minutes and then sliced into 2-mm-
thick coronal sections starting from the forebrain area 
using a brain matrix slicer. Brain slices were incubated 
for 20 minutes in a 2% solution of TTC (Merk, Germany) 
and kept at 37°C in a water bath for 15 minutes. Next, 
healthy tissues became red in color due to the presence 
of succinate dehydrogenase, and the lesioned tissue that 
did not have this enzyme remained white. Then, the image 
was taken from the sections. After transferring the images 
to the computer, the volume of the stroke was calculated 
using the ImageJ software. The corrected infarct volume 
was obtained based on the following formula (15):
Corrected infarct volume = Left hemisphere volume-(right 
hemisphere volume - infarct volume).

Measurement of BBB Permeability
The BBB integrity was evaluated by measuring Evans Blue 
(EB) extravasations. After 60 minutes of ischemia, 4 mL/
kg of 2% EB solution was injected through the animal’s tail 
vein. The rats were anesthetized 12 hours after reperfusion 
and the use of the transcardial technique, 250 mL of the 
saline was infused through the left ventricle to remove EB 
from the vessel. Subsequently, the brain was removed, and 
the hemispheres were separated as well. The brain tissue 

Figure 1. Schematic Diagram of the Experimental Design. Note. CMC: Carboxymethylcellulose, NDS: Neurologic deficit scores

https://scholar.google.com/citations?user=JGhWTaYAAAAJ&hl=fa&oi=sra
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was homogenized in 2.5 mL phosphate buffer saline, and 
then 2.5 mL of trichloroacetic acid 60% (Merck, Germany) 
was added to precipitate the protein content. The mixture 
was then vortexed for 3 minutes, cooled for 30 minutes, and 
centrifuged for 30 minutes at 1000 × g. The supernatants 
were measured at 610 nm for the absorbance of EB using 
a spectrophotometer (UV-Visible, USA). The results were 
expressed as micrograms per gram of the brain tissue 
calculated according to a standard curve (15).

Real-Time Polymerase Chain Reaction
Total RNA was isolated from the infarcted areas of rats 
following MCAO and the corresponding regions of 
the brain of control rats by TRIzol Reagent Invitrogen 
(Sinacolon RN7713C). The cDNA was synthesized 
using the Takara Company’s PrimeScript™ RT Reagent 
Kit (Perfect Real Time). Specific primers for rat MMP-
2, MMP-9, and β-actin (housekeeping gene) were 
considered for this experiment (Table 1) by applying 
Takara SYBR Premix Ex Taq Master (Takara Bio, Inc., 
Shiga, Japan). Gene expression levels were quantified 
by Applied Biosystems™ RT-PCR Instruments. The 
relative expression ratios of MMP-2, MMP-9, and β-actin 
were calculated as described by Pfaffl using the relative 
expression software tool (15). The cycling parameters for 
qPCR included 10 minutes at 95°C for initial denaturation, 
followed by 40 cycles of 30 seconds at 95°C, 30 seconds 
at optimum temperature for each gene, and 30 seconds at 
72°C. 

ELISA Method for the Evaluation of IL-6 and TNF-α
First, the standard curve with certain concentrations 
was made according to the kit instructions, and their 
absorption rate was measured by the ELISA reader at the 
wavelength of 450-630 nm. Then, tissue samples from the 
brain were prepared according to the kit instructions, and 
their absorption was examined by the device.

Statistical Analysis
Data were analyzed using SPSS software. All data are 
presented as the mean ± standard error of the mean 
(SEM). The results of RT-PCR, ELISA test, lipid profiles, 
the volume of stroke, and BBB permeability were assessed 
by analysis of variance (ANOVA) and Duncan post 
hoc test, and BBB permeability in two hemispheres was 
compared by independent t test. In addition, the results of 
neurological defects were analyzed by Kruskal-Wallis and 

Mann-Whitney U tests, and a P value of less than 0.05 was 
considered statistically significant.

Results
Effects of the Cinnamon Extract on the Serum Lipid 
Profile 
The serum levels of cholesterol, triglyceride, and LDL in 
three treatment groups, including lovastatin, low-dose 
cinnamon extract (Cin130), and high-dose of cinnamon 
extract (Cin260), were significantly less than the three 
groups of hyperlipidemia that received an HFD without 
any intervention. Reductions in the level of cholesterol, 
triglyceride, and LDL in the positive control group 
(lovastatin) were similar to the control group. The serum 
levels of cholesterol and triglyceride in the treatment group 
with the Cin130 were significantly lower than those of the 
Cin260, and the mean serum LDL level in the treatment 
group with Cin260 was significantly lower than that of 
the treatment group with Cin130. Based on the results, 
the mean serum concentration of HDL in the lovastatin 
group was significantly higher than in the control group 
(Table 2).

Effects of the Cinnamon Extract on Neurological Deficits
The comparison of median neurologic deficit scores 
(NDS) in the five groups showed that NDS in the three 
treatment groups significantly decreased compared to the 
two groups of hyperlipidemia. The NDS in the treatment 
group with the Cin260 was significantly lower than the 
Cin130 (Figure 2).

Effects of the Cinnamon Extract on the Infarct Volume
The infarct volume in the core and penumbra areas 
underwent calculation. In the MCAO model group, 1 
h-ischemia/12 h-reperfusion caused severe infarction in 
the cerebral cortex and subcortex areas. The infarct volume 
in the core and penumbra areas was measured in this 
study. Cinnamon extract pretreatment at doses of 130 and 
260 mg/d for 4 weeks markedly reduced infarct volumes 
in the core and penumbra compared to the model group. 
The mean total volume of ischemia was significantly lower 
in the three treatment groups with lovastatin, Cin130, and 
Cin260 in comparison to model and vehicle groups. There 
was also a significant reduction in the amount of the core 
volume in the Cin260 group compared to the Cin130 
group (Figure 3A & 3B).

Effects of the Cinnamon Extract on BBB
The BBB permeability to EB in the ischemic hemisphere 
in the three treatment groups was significantly less 
than that of the two groups receiving an HFD without 
any treatment intervention. The results represented 
significant differences in the permeability of the BBB 
between Cin130- and Cin260-treated groups. Conversely, 
there were no significant differences in the permeability of 
the BBB between the left hemispheres of the study groups 
(Figure 4).

Table 1. Primer Sequence for RT-qPCR

Genes Primer Sequences

MMP-2
Forward: 5'-CGATGTCTCCCCCAAAACAG-3' 
Reverse: 5'-GCAGCCATAGAAAGTGTTCA-3'

MMP-9
Forward: 5'-GCAAACCCTGCGTATTTCCAT-3' 
Reverse: 5'-CCATCTTTGGACCGATTGCTG-3'

β-actin
Forward: 5'-GCTCTGGCTCCTAGCACCAT -3' 
Reverse: 5'-GCCACCGATCCACACAGAGT-3'

Note. RT-qPCR: Real-time quantitative polymerase chain reaction.
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related to stroke in hyperlipidemic rats. The results of 
this study revealed that the extract had neuropreventive 
effects. This extract had positive effects on the serum, 
tissue, and molecular variables, and it was found that part 
of the effects of cinnamon could be due to its effect on the 
MMPs and cytokines.

One of the main risk factors for stroke is hyperlipidemia 
(2). It has been shown that hyperlipidemia exacerbates the 
increase in MMP-2,9 expression levels in rats receiving an 
HFD and leads to further degradation of tight junction 
proteins, resulting in more severe BBB damages and 

Table 2. The Effect of the Hydro-alcoholic Extract of Cinnamon (130 and 260 mg/d, Cin) Pretreatment for 6 Weeks on Serum Lipid Levels

Lipids (mg/dL) Control (NG: 1) Sham (NG: 2) Model (NG: 3) Vehicle (NG: 4) Lovastatin (NG: 5) Cin130 (NG: 6) Cin260 (NG: 7) Statistical Results

Cholesterol 52 ± 7 71.3 ± 8 79 ± 13 71.8 ± 6 60.5 ± 7* 61 ± 5* 66.5 ± 11*
*P < 0.05 vs. Model and 
vehicle

Triglyceride 57.7 ± 12 97.8 ± 17 109 ± 20 99.7 ± 18 73.8 ± 12* 79.7 ± 11* 87.3 ± 22*
*P < 0.05 vs. Model and 
vehicle

LDL 15.3 ± 3 22 ± 2 24.3 ± 4 22.7 ± 5 16.8 ± 3** 20.8 ± 2*** 20.2 ± 4***
**P < 0.01 vs. Vehicle
***P < 0.001 vs. Model

HDL 25.3 ± 4 35.7 ± 6 35.3 ± 4 33.7 ± 5 38 ± 6 37.7 ± 5 34.1 ± 6

Note. LSD: Least significant difference; SEM: Standard error of the mean; ANOVA: Analysis of variance; LDL: Low-density lipoprotein; HDL: High-density 
lipoprotein. The data are expressed as the mean ± SEM. ANOVA and LSD post hoc test, NG: Number of group. Statistical results have shown according to the 
number of groups (n = 6).

Figure 2. The Distribution of Neurologic Deficit Score in Each Group. Note. 
Kruskal-Wallis and U-Mann Whitney tests. ## (P < 0.01) compared with the 
model and vehicle groups, $ (P < 0.05) compared with the Cin130 group (n = 6)

Figure 3. Photograph (A) Shows the TTC-stained Brain Coronal Sections After 
Ischemia for 60 Minutes that Followed by Reperfusion for 12 Hours; White 
and Red Areas Represent Damaged and Surviving Regions, respectively; 
(B) Graph Displaying Brain Infarct Volumes in the Total Hemisphere in the 
MCAO Group Rats Pretreated With Cinnamon at the Doses of 130 and 
260 mg/kg as Compared to the Corresponding Infarct Volume of Control 
MCAO Group Rats. Note. TTC: 2, 3, 5-Triphenyl-2-tetrazolium chloride; 
MCAO: Middle cerebral artery occlusion. The data are expressed as the 
mean ± SEM. (P < 0.01) compared with the control group, # (P < 0.05), ## 

(P < 0.01) and ### (P < 0.001) compared with the model and vehicle groups, $ 
(P < 0.01) compared with the Cin130 group (n = 6)

Effects of the Cinnamon Extract on the Relative 
Expression of MMP-2,9
The results demonstrated that the relative expression of 
MMP2 (Figure 5A) and MMP9 (Figure 5B) genes was 
significantly increased in the stroke groups (model and 
vehicle) compared to the intact (control) group. However, 
the expression of these genes was significantly reduced in 
the three treated groups in comparison to the model and 
vehicle groups. Decreased expression of MMP genes was 
higher in the Cin260-treated group than in the Cin130-
treated group.

Effect of Cinnamon on the Levels of IL-6 and TNF-α 
Based on the results of the present study, cerebral 
ischemia and an HFD led to a significant increase in IL-6 
(Figure 6A) and TNF-α (Figure 6B) levels. The use of both 
doses of the cinnamon extract significantly reduced the 
level of these factors in the rats of the treatment group 
compared to the model group, which was also observed 
in the group receiving lovastatin. The decrease in the level 
of these factors was greater in the group receiving the high 
dose of the extract in comparison to the groups receiving 
the low dose and lovastatin. The differences between the 
mentioned groups were significant.

Discussion
The present study investigated the effect of pre-treatment 
with the hydroalcoholic extract of cinnamon on variables 
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ischemic complications. Moreover, the use of lipid-
controlling agents leads to the down-regulation of MMP-
2,9, strengthens the tight junction proteins, and improves 
BBB integrity (35,36). There is a direct relationship 

between hyperlipidemia and the severity of inflammation 
during cerebral ischemia, exacerbating damage to BBB 
(17). According to previous evidence, the increase in 
MMP expression levels and inflammatory cytokines 
following MCAO leads to the spread of lesions due to 
cerebral ischemia in rats, and the use of pretreatments 
that prevent the up-regulation of these factors strengthens 
the BBB integrity and mitigates the cerebral ischemia 
complications, including edema and neurological defects 
(15).

 According to previous research, cinnamon plays a role 
in improving lipid profiles by the up-regulation of LDL 
receptor gene expression (36), inhibiting the 3-hydroxy-
3-methyl-glutaryl coenzyme A reductase, decreasing lipid 
peroxidation by inhibiting 5-lipoxygenase, and increasing 
the amount of antioxidant enzymes (37,38). Studies on 
animal models have reported that cinnamon can prevent 
obesity caused by consuming an HFD and its associated 
complications such as hyperlipidemia and OS (39,40). 
In fact, cinnamon is effective in fat reduction through 
modulating a variety of transcription factors and enzymes, 
lipid metabolism, and the body’s antioxidant status (21). 
The pathophysiology of I/R leads to the production of 
inflammatory factors such as IL-6, IL-1β, and TNF-α, 

Figure 4. Comparison of the Average Permeability of the BBB in the 
Damaged Hemisphere in Control, Sham, Model, Lovastatin, Vehicle, Low-
dose Cinnamon (Cin 130) and High-dose Cinnamon (Cin 260) Groups. 
Note. Cin: Cinnamon; BBB: Blood-brain barrier; SEM: Standard error of the 
mean. The data are expressed as the mean ± SEM. *** (P < 0.001) compared 
with the control group, ## (P < 0.01) compared with the model and vehicle 
groups, $ (P < 0.01) compared with the Cin130 group, ≠ (P < 0.05) compared 
with the same left hemisphere (n = 6)

Figure 5. Comparison of the Mean Relative Expression of MMP-2 (A) and 
MMP-9 (B) Gene in Control, Model, Lovastatin, Vehicle, and Low Dose 
Cinnamon (Cin130) and High-dose Cinnamon (Cin260) Groups. Note. 
MMP: Matrix metalloproteinase; Cin: Cinnamon. The data are expressed as 
the mean ± SEM * (P < 0.05), ** (P < 0.01) and *** (P < 0.001) compared with the 
control group, # (P < 0.05), ## (P < 0.01), and ### (P < 0.001) compared with the 
model and vehicle groups, $ (P < 0.05) and $$ (P < 0.01) compared with the 
Cin130 group. Beta-actin was employed as the housekeeping gene (n = 6)

Figure 6. Comparison of IL-6 (A) and TNF-α (B) Levels in Different Study 
Groups. Note. IL-6: Interleukin 6; TNF-α: Tumor necrosis factor α; SEM: 
Standard error of the mean; Cin: Cinnamon. The data are expressed as 
the mean ± S.E.M. *(P < 0.05) compared with the control group, #(P < 0.05), 
## (P < 0.01) compared with the model and vehicle groups, $ (P < 0.01) 
compared with the Cin130 group. Beta-actin was used as the housekeeping 
gene (n = 6)
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which can worsen the condition (12,15). On the other 
hand, many studies have focused on the anti-inflammatory 
properties of cinnamon as a medicinal plant (41). The 
findings of the present study demonstrated that cinnamon 
significantly reduces cholesterol, triglyceride, and LDL 
levels and thus leads to lipid profile control. Additionally, 
using different doses of this extract significantly reduces 
the level of IL-6 and TNF-α proteins, as well as MMP-2,9 
expression levels. It also considerably decreases the amount 
of Evans blue in the affected hemisphere. Furthermore, 
neurological defects in rats receiving the extract were 
significantly reduced compared to the control group. 
Therefore, it seems that the cinnamon extract strengthens 
BBB and mitigates neurological defects by modulating the 
lipid profile and reducing the expression of inflammatory 
factors and metalloproteinases.

 There were significant differences between Cin130 and 
Cin260 on BBB permeability. Further, MMP expression 
was lower in Cin260 compared with Cin130. According to 
previous studies, the disruption of the BBB in the course 
of ischemia/reperfusion injury occurs in two stages. The 
first stage is due to the redistribution of tight junction (TJ) 
and adherens junction (AJ) proteins from the membrane 
to the cytoplasm. The second stage is because of the 
degradation of TJ and basal lamina proteins by MMPs 
(42). The permeability of the BBB in this study was 
assessed 12 hours after ischemia induction, probably not 
providing the time required for the MMPs to function. It 
seems that the effects of MMPs could be observed if the 
time interval between the evaluation of BBB permeability 
and ischemia induction was longer.

Consuming an HFD can lead to obesity and its associated 
complications, including hyperlipidemia and OS (39,40). 
Hyperlipidemia exacerbates ischemic complications due to 
endothelial cell damage, OS, inflammation, and neuronal 
death. OS leads to increased production of free radicals 
and decreased antioxidant capacity, thereby intensifying 
damage to DNA and cell proteins. Additionally, it induces 
apoptosis through the activation of caspase 3 and 9 (43).

The findings of a study demonstrated that the expression 
of MMP9 genes in the animal model of ischemia (MCAO) 
and patients with stroke increases, leading to neuronal 
damage, apoptosis, and destruction of the BBB. It was 
further reported that inhibiting MMP9 gene expression is 
a possible solution and treatment to improve the condition 
in patients with stroke (44). It has also been shown that 
increased MMP9 production is one of the factors involved 
in neuronal death, and the suppression of this increased 
expression is one of the factors that can be associated 
with the functional recovery of neurons (45). Evidence 
also represents that TNF-α and increased production 
of free radicals can stimulate the release of MMP9, and 
increased MMP9 expression is closely related to increased 
P53 expression, which is involved in cell death (46). 
Therefore, it seems that increasing the body’s antioxidant 
capacity can be effective in controlling the consequences 
of hyperlipidemia during cerebral ischemia, including 

tissue damage due to neuronal death.
In recent years, the revelation of the antioxidative and 

neuroprotective characteristics of natural herbal products 
has drawn serious attention. It is noteworthy that several 
natural herbal products have been confirmed to keep 
neuronal cells from death in several studies (47,48). 
On the other hand, Jana et al stated that cinnamon and 
sodium benzoate present in it increased the level of 
neurotrophic factors such as BDNF (49). Moreover, 
phenolic compounds present in cinnamon, which can 
prevent the effects of free radicals, are likely to affect 
the results of this study because phenolic compounds 
have redox properties, which have an antioxidant effect 
(21,50). It seems that parts of the results in this study can 
be attributed to the flavonoid compounds of cinnamon. 
These compounds have potency in reducing inflammatory 
factors and damage caused by these factors. Lee et al found 
that the cinnamon extract inhibits TNF and COX-2, 
thereby inhibiting the production of prostaglandin E, and 
reducing inflammatory effects (51). Due to the presence 
of compounds such as cinnamaldehyde and flavonoids, 
cinnamon seems to be effective in reducing or suppressing 
inflammatory pathways and factors, thereby reducing the 
amount of damage caused by I/R (15,19). Regarding the 
effect of cinnamon on reducing the volume of stroke, 
it can be mentioned that by reducing or inhibiting the 
production of free radicals and its antioxidant properties, 
cinnamon can act to prevent lipid peroxidation and 
subsequently reduce the size of the ischemic region of the 
affected area (21,31).

Based on the above-mentioned observations, which 
confirm the antioxidant effects of cinnamon, this extract 
can be effective in reducing OS and tissue damage. There 
are also other mechanisms involved in reducing tissue 
damage, including the effect of this extract on reducing 
the level of MMP-2,9 and inflammatory cytokines, 
thus reducing neuronal damage. Thus, it seems that 
through several mechanisms, this extract can exert its 
protective effects during cerebral ischemia and reduce its 
complications in hyperlipidemic conditions.

In conclusion, the findings of this study suggest that 
cinnamon is effective as a preventive factor in reducing the 
volume of stroke, neurological defects, the permeability 
of the BBB, and the damaging effects of the MMPs in the 
acute phase of stroke. The mechanisms of these effects may 
be due, at least in part, to reduce the expression of these 
genes. Briefly, cinnamon, in addition to its lipid-lowering 
effect, may have a neuroprotective effect that may be 
related to the down-regulation of MMPs and cytokines. 
The two may be independent events or related to a third 
event, in any case, appropriate experiments should be 
performed in future studies to determine whether altering 
the MMPs reduces the effectiveness of cinnamon.
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