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ABSTRACT

Introduction: Despite all the research, no definitive treatment for stroke has been found Keywords:
yet. Cinnamon is a plant that has been shown to have health benefits effects. In this study, Stroke

the effect of pretreatment of cinnamon on ischemia tolerance and the expression of Zonula Cinnamon
occludens 1(ZO-1) gene in the brains of rats receiving a high-fat diet was investigated. MCAO
Methods: In this study, 72 rats were divided into six groups: control, sham, model (stroke), Brain edema
vehicle, lovastatin, and cinnamon. All groups except the control group received a high-fat Z0-1

diet for 8 weeks. Then the last three groups received Carboxymethyl cellulose, lovastatin,
and cinnamon 130 mg accordingly for 6 weeks. Stroke was induced by middle cerebral
artery occlusion (MCAO). Twelve hours later, the animals were examined for the extent of
serum lipids, brain edema, anti-oxidant capacity and gene expression of ZO-1.

Results: Cinnamon was effective in reducing serum cholesterol and triglyceride. Cinnamon
treatment significantly diminished brain edema. It also restored anti-oxidant capacity. ZO-1
gene expression was increased in the ischemic brains after cinnamon treatment (P< 0.05).
Conclusion: Pretreatment with Cin130 had beneficial effects on the serum lipid profile,
edema volume in ischemic brain and anti-oxidant capacity. It increased ZO-1 gene expression
and so maintained cellular integrity and prevented the subsequent edema.

Introduction

Stroke is a cerebrovascular disorder that occurs due to
abnormal blood flow to the part of the brain (Campbell
et al., 2019). Stroke is the third leading cause of death
after cancer and cardiovascular disease in industrialized
countries. Eighty percent of brain strokes are ischemic
and only 20% are hemorrhagic. Most studies are aimed
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at the prevention and treatment of ischemic stroke. One
of the events following a stroke is the reperfusion of
the ischemic region, which not only cannot restore the
condition but also worsen the condition (Farhoudi et al.,
2017; Hosseini et al., 2010).

Changes made after ischemia-reperfusion (I/R) in-
clude the production of free radicals due to cell mem-
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brane lipid peroxidation, activation of COX-2/NOS-2
enzymes (COX for Cyclooxygenases and NOS for Ni-
tric oxide synthases), and expression of inflammatory
factors (Adibhatla and Hatchera, 2008; Sun et al., 2018).
Increased generation of reactive oxygen species (ROS)
has been contributed as a major mechanism of I/R inju-
ry pathogenesis (Sun et al., 2018). Blood-brain barrier
(BBB) failure due to infiltration of inflammatory factors
into damaged tissue and activation of matrix metallo-
proteinases is another consequence of I/R (Rempe R. G
et al., 2016). Finally, DNA damage and cell death are
predictable in I/R (Kalogeris et al., 2016). BBB which
is formed by endothelial cells of cerebral blood vessels
restricts the blood-to-brain diffusion of particles so con-
serving neuronal physiologic function. Tight junctions
and their related proteins including Zonula occludens
play a prominent role in the barrier property (Luissint
et al., 2012). Although key mediators of oxidative stress
induced-injury in I/R are characterized to date, antioxi-
dant therapeutics of I/R in stroke have not led to an ef-
fective outcome (Andreadou et al., 2009; Kalogeris et
al., 2014).

Hyperlipidemia and consequent atherosclerosis are
among the main preventable risk factors for stroke while
approximately two-thirds of deaths from atherosclerosis
are due to one or more coronary artery thrombosis (Lew-
is and Segal 2010; Nelson, 2013). Therefore, factors that
improve the abnormal levels of lipids in the plasma can
limit atherosclerosis and its consequences.

Considering the side effects of chemical drugs, today
herbal compounds with different properties are widely
used as alternative therapies (Sedighi et al., 2017). Cin-
namon, as a medicinal plant, is one of the well-charac-
terized herbs which has lipid-lowering properties (Rao
and Gan, 2014; Vafa et al., 2012). Several studies have
shown its beneficial effects on inflammation, neuropro-
tection, and restoring glucose and lipid profile (Ghosh
et al., 2015; Stavinoha and Vattem 2015; Tuzcu et al.,
2017; Verspohl et al., 2005).

Since most of the studies regarding the effect of cinna-
mon on I/R-induced brain injury have been performed
in healthy conditions, this study aimed to investigate the
effect of the cinnamon hydroalcoholic extract on oxida-
tive stress, ZO-1 expression, and infarct volume of rats
undergoing I/R and receiving high-fat diet. Taking into
account that previous studies have shown the lipid-low-
ering and neuroprotective effects of lovastatin (Moradi

etal., 2019), in the present study this drug has been used
as a positive control to compare the effects of cinnamon.

Materials and Methods

Preparation of a high-fat diet was performed accord-
ing to the articles with some modifications (Marques et
al., 2015; Buettner et al., 2006). Briefly, the usual meal
was molded, and for every 800 grams of grilled food,
20 grams of sheep’s fat was added. Distilled water was
added to the grilled food for dough, and it was mixed
completely by kneading. This dough mixture was con-
verted into pellet form and then laid on racks for drying.

Hydroalcoholic extract of cinnamon was prepared
from Adonis Gol Darou Company, Tehran, Iran. The lo-
vastatin powder was prepared by Osveh Pharmaceutical
Company, Tehran, Iran. According to the recommend-
ed dosage in the articles, 10 mg of powder per kg body
weight of the animal was used. Carboxymethylcellulose
(CMC) 0.5% was used as a solvent for lovastatin pow-
der (Mirhadi, 2011).

In this research, 72 adult male Wistar rats weighing
180-220 g with an age range of approximately 6 to 8
weeks (prepared from the Animal Laboratory of Zanjan
University of Medical Sciences) were included. We used
6 animals for each experiment (Gene expression, brain
edema, and BBB permeability evaluation). 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, water and food were freely
provided to the animals. All experiments were carried
out at 2 pm and according to the Zanjan University of
Medical Sciences Laboratory Animal Health Care and
Use Guidelines (Ethical No: ZUMS.REC.1395.38).

Animals were randomly divided into six groups; the
control group (animals that received the usual diet), the
sham group (animals receiving a high-fat diet for eight
weeks and undergoing surgical stress in the 14th week),
the stroke model group (animals receiving high-fat diet
for eight weeks and undergoing MCAO surgery at week
14), the lovastatin group (animals receiving a high-fat
diet for eight weeks, then receivingl0 mg/kg lovasta-
tin for six weeks by the intraperitoneal (IP) injection
and then undergoing MCAO surgery at week 14), the
vehicle group (animals receiving high-fat diet for eight
weeks and then receiving 0.5% Carboxymethyl cellu-
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FIGURE 1. Schematic diagram of experimental design.

lose for six weeks by the IP injection and then under-
going MCAO surgery at week 14), The Cin 130 group
(animals receiving high-fat diet for eight weeks and
then receiving 130 mg hydroalcoholic extract of cinna-
mon (Ranasinghe et al., 2012) by the IP injection for six
weeks and then undergoing MCAO surgery at week 14)

(Figure 1).

Induction of stroke with a middle-cerebral artery oc-
clusion model (MCAQ)

The induction of middle cerebral artery occlusion
(MCAO) was performed according to the intraluminal
filament model (Longa et al., 1989). Briefly, rats were
anesthetized using 400 mg/kg body weight chloral hy-
drate (Merck/Germany Cat: 102425) through intraperi-
toneal injection. The right common carotid artery was
isolated, and a silicone-coated nylon was inserted along
the right common carotid arteries into the internal carot-
id 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 min; blood flow was restored by with-
drawing the nylon filament. The surgery was performed
at 37+0.3°C. After recovery from anesthesia, rats were
returned to their cages.

Blood sampling

12 hours after induction of ischemia, the animals were
anesthetized with chloral hydrate, and then the blood
was taken from the heart. The blood samples were cen-

permeability, Z0-1)

Week
14

trifuged at 7000 x g for 10 min at room temperature to
obtain plasma. The serum samples were stored at -20 °C
until biochemical analysis. Serum levels of cholesterol,
triglyceride, and HDL were measured by spectropho-
tometry (enzymatic colorimetry) and using special mea-
suring kits (Pars Azemon). LDL levels were obtained by
the formula LDL (mg /dl) = Total cholesterol - (HDL +
TG/YS).

Measurement of blood-brain barrier (BBB) permea-
bility

The BBB integrity was evaluated by measuring the
Evans Blue (EB) extravasations. After 60 minutes of
ischemia, 4 mL/Kg of 2% Evans blue solution was in-
jected through the animal’s tail vein. Twelve hours after
reperfusion, the rats were anesthetized, and using tran-
scardial technique, 250 ml of saline was infused through
the left ventricle to remove EB from the vessel. Then
the brain was removed and hemispheres were separated.
The brain tissue was homogenized in 2.5 ml phosphate
buffer saline and then 2.5 ml of trichloroacetic acid 60%
(Merck, Germany) was added to precipitate protein con-
tent. The mixture was then vortexed for 3 min, cooled
for 30 min, and centrifuged for 30 min at 1000 xg. The
supernatants were measured at 610 nm for absorbance
of EB using a spectrophotometer (UV-visible, USA).
The results were expressed as microgram per gram of
brain tissue calculated according to a standard curve (G
Y Yang and A L Betz 1994).

Evaluating the Brain edema
In order to measure the absolute brain water contents
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TABLE 1: Specific primers were used for g-PCR amplification.

Primers

F: 5-CCATCTTTGGACCGATTGCTG-3’
R: 5’-TAATGCCCGAGCTCCGATG-3’

F: 5’-CATGTACGTTGCTATCCAGGC-3’
R: 5’-CTCCTTAATGTCACGCACGAT-3’

(ABWC), the wet/dry weight method was used. Briefly,
rats were killed under deep anesthesia and their brain was
removed and then placed in the brain matrix to separate
the cerebellum and the olfactory bulb. The brain was di-
vided into the right and the left hemispheres through a
midline sagittal incision. Each hemisphere was placed
in a separate pre-weighed container to measure its wet
weight. Then, the container and the tissues were placed
in a 110 °C oven for 24 hours to obtain the tissues’ dry
weight. ABWC of each hemisphere (%) was determined
using bellow equation (Panahpour et al., 2014):

ABWC (%) = [(wet weight — dry weight)/ wet weight] x 100

Real-time polymerase chain reaction

Total RNA isolated with Trizol Reagent Invitrogen
(Sinacolon RN7713C). The cDNA was synthesized us-
ing the Takara Company’s PrimeScript™ RT Reagent
Kit (Perfect Real Time). Specific primers for rat ZO-1
and B-actin were used for this experiment (Table 1) us-
ing Takara SYBR Premix Ex Taq Master (Takara Bio,
Inc., Shiga, Japan). Gene expression levels were quanti-
fied by Applied Biosystems TM Real-Time PCR Instru-
ments. The relative expression ratio of ZO-1 and B-actin
were calculated using the relative expression software
tool (REST). The cycling parameters for gPCR were as
follows: 10 min at 95 °C for initial denaturation, fol-
lowed by 40 cycles of 30 s at 95 °C, 30 s at optimum
temperature for each gene, and 30 s at 72 °C.

Superoxide Dismutase (SOD) and Catalase (CAT) Ac-
tivity Assay

Superoxide dismutase (SOD; EC.1.15.1.1) activ-
ity was measured with RANDOX kits (Cat.No. SD
125; Randox Labs Ltd., Crumlin, UK) (McCord and
Fridovich, 1969). In this method, xanthine and xanthine
oxidase is used to generate superoxide radicals, which
react with 2-(4-iodophenyl)-3-(4-nitro-phenol)-5-phen-
yltetrazoliumchloride(I.N.T.) to form a red formazan

Product Size(bp) Gene
123 Z0-1
250 B-actin

dye. The degree of inhibition of this reaction was the
index for superoxide dismutase activity measurement.
The activity was measured at 37 °C by a UV spectro-
photometer, and absorbance was measured at 30 S and
3 min at 505nm. The unit of activity is defined as the
amount of enzyme that inhibits the rate of the formazan
dye formation by 50%. The activity of SOD was ex-
pressed as units/g hemoglobin (U/gHb). Catalase (CAT;
EC.1.11.1.6) activity was measured in hemolysates
by UV spectrophotometer (Aebi 1984). According to
the method, decomposition of the substrate H,O, was
checked spectrophotometrically at 240 nm at 0 and 30 S.
Catalase activity was expressed as U/gHb.

Statistical analysis

Data were analyzed using SAS9.1 software. All data
are presented as the mean+ SEM. Analysis of the results
of lipid profiles, antioxidant enzyme activity, and BBB
permeability were assessed by ANOVA and Duncan
post hoc test. Comparison of BBB permeability in two
hemispheres was assessed by independent t-test. The
relative expression ratios of genes were calculated using
the relative expression software tool (REST). A p-value
of less than 0.05 was considered statistically significant.

Results

Lipid profile

Cinnamon 130 and lovastatin treatment decreased
serum cholesterol significantly compared with the an-
imals in model, sham and vehicle groups (Figure 2)
(P<0.05). Both cinnamon 130 and lovastatin-treated
animals showed decreased serum triglyceride compared
with the model group. Lovastatin treatment significantly
decreased serum triglyceride compared with the Sham
group (P<0.05). However, there was no serum triglycer-
ide considerable difference in cinnamon-treated and
sham animals (Figure 3).
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FIGURE 2. Serum Cholesterol plasma levels at the end of the study in the groups; Control, Sham, Model, Lovastatin, Vehicle, and cinnamon
130 (Cin130). "P< 0.05 compared with Sham, Model, and Vehicle groups. All the results have been reported as Mean = SEM. (n=6).
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FIGURE 3. Serum Triglyceride plasma levels at the end of the study in the groups; Control, Sham, Model, Lovastatin, Vehicle, and cinnamon
130 (Cin130). *P< 0.05 compared with Model, and Vehicle groups. # P<0.01 compared with control. $P< 0.05 compared with the Sham group.
$P<0.01 compared with the Model and Vehicle groups. All the results have been reported as Mean = SEM. (n=6).
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FIGURE 4. Serum total antioxidant capacity at the end of the study in the groups; Control, Sham, Model, Lovastatin, Vehicle, and cinnamon
130 (Cin130). *P< 0.05 compared with Control, Sham, Model, and Vehicle groups. All the results have been reported as Mean +SEM (n=6).
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FIGURE 5. Serum catalase levels at the end of the study in the groups; Control, Sham, Model, Lovastatin, Vehicle, and cinnamon 130
(Cin130). "P<0.05 compared with control and vehicle groups. “P<0.01 compared with sham and model groups. All the results have been
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FIGURE 6. Serum Superoxide dismutase levels at the end of the study in the groups; Control, Sham, Model, Lovastatin, Vehicle, and cinna-
mon 130 (Cin130). "P<0.05 compared with control and vehicle groups. *P<0.01 compared with sham and model groups. All the results have

been reported as Mean = SEM (n=6).

Anti-oxidants evaluation

The total serum antioxidant capacity (TAC) assay
showed that its value in the serum of treated rats was
significantly higher than the animals of the other groups
(Figure 4) (P<0.05). Catalase measurement showed that
the enzyme levels in the serum of cinnamon-treated an-
imals were significantly higher than the rats of the oth-
er groups. Unexpectedly, the rats of the vehicle group
which received lovastatin solvent had much more cata-
lase compared with sham and model animals (Figure 5).
As shown in figure 6 the same results were found in Su-
peroxide dismutase changes while cinnamon treatment
increased its serum levels significantly.

Effects of the cinnamon extract on BBB permeability
Distribution patterns of Evans blue dye leakage at 12
hours after 1-hour transient focal ischemia-reperfusion

are shown in figure 7A. In all groups, BBB permeability
to EB was significantly increased in ischemic compared
with intact hemispheres except those in control and
sham groups (P<0.05). The damage severity was more
significant in model and vehicle groups (P<0.01). On
the other hand, BBB permeability to EB in the ischemic
hemispheres in lovastatin and Cin 130 groups were sig-
nificantly less than that of the model and vehicle groups
receiving a high-fat diet without any treatment interven-
tion (P<0.05) (Figure 7B).

Evaluation of brain edema

As represented in figure 8, brain edema assessment
in both hemispheres of each group showed that in all
ischemic groups, the volume of edema in the right
hemisphere (ischemic) was significantly more than left
hemisphere (intact). In the ischemic hemispheres of the
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FIGURE 7. Peripheral and central regions of the ischemic cortex
undergoing Evans blue dye leakage at 12 hours after 1-hour tran-
sient focal ischemia-reperfusion are shown (A). Comparison of the
average permeability of the BBB to Evans blue in both hemispheres
(within groups) and the damaged hemispheres (between groups) in
control, sham, model, lovastatin, vehicle, and cinnamon (Cin130)
groups. The data are expressed as the mean +SEM. ANOVA and
LSD post hoc tests were used. "(P<0.05), “(P<0.01) compared with
intact hemispheres (within groups). “(P<0.05) compared with the
model and vehicle groups (between groups) (B). (n = 6).
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FIGURE 8. The volume of brain edema in ischemic and intact hemispheres at the end of the study in the groups; Control, Sham, Model, Lo-

vastatin, Vehicle, and cinnamon 130 (Cin130). Common letters indicate no statistical difference between groups. “P<0.01 and "*P<0.001. All
the results have been reported as Mean +SEM. (n=0).
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FIGURE 9. The volume of brain edema in ischemic hemispheres at the end of the study in the rats of groups Control, Sham, Model, Lovastatin,
Vehicle, and cinnamon 130 (Cin130). *(P <0.05), (P <0.01) compared with the model, vehicle and lovastatin groups. All the results have been

reported as Mean £SEM (n=0).
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and ""(P<0.001) compared with the model and vehicle groups. All the results have been reported as Mean =SEM (n=6).

animals that were treated with cinnamon 130, the vol-
ume of the edema was significantly lower than untreated
ischemic animals (Figure 9).

Z0-1 gene expression

As shown in figure 10, ZO-1 gene expression in the
ischemic hemispheres of model and vehicle groups was
decreased compared with control animals (P<0.05).
Treatment with cinnamon 130 and lovastatin signifi-
cantly elevated the ZO-1 gene expression; however, this
elevation was more in the animals under cinnamon 130
treatments (P<0.001).

Discussion

Based on the results of this study, cinnamon extract
treatment restored lipid profile disturbances in rats
that received a high-fat diet. In 2017, Tuzcu et al. have
shown that cinnamon’s polyphenols diminish body
weight, serum glucose, and lipid profile (Tuzcu et al.,
2017). Similar findings have been reported previously
by other groups consistent with our results (Anderson et
al., 2016; Babu et al., 2007). It is clear that hyperlipid-
emia, as a risk factor, aggravates the survival prognosis
in stroke patients (Zeljkovic et al., 2010). So, cinnamon
intake in patients with dyslipidemia may reduce their
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vulnerability.

After the stroke neurological deficits are inevitable,
although the severity depends on the lesion extent and
this is important to plan for rehabilitation (Abdelnour
and El-Nagi, 2017). According to our result, MCAO in-
duces brain edema and this malfunction was worse in
hyperlipidemic rats. However, cinnamon treatment de-
creased the volume of edema in the suffering animals.
As shown by Chen, cinnamaldehyde, an essential ingre-
dient in cinnamon, diminished the infarction area and
neurological disorders. It also decreased oxidant agents
in I/R-induced injury brain tissue (Chen et al., 2016). A
couple of studies have reported some beneficiary effects
of cinnamon extract in neurodegenerative situations. As
reported by Frydman-Marom et al., oral administration
of cinnamon extract diminished B-Amyloid plaques
in the brain and improved cognitive loss in an animal
model of Alzheimer’s disease (Frydman-Marom et al.,
2011). Furthermore, in a study by Jana et al., cinnamon
up-regulated BDNF, a neurotrophic factor, through
PKA signaling pathway and they suggested a therapeu-
tic potential for cinnamon in neurodegenerative disor-
ders (Jana et al., 2013).

During stroke injury, ROS production by several
cellular oxidative metabolic processes contributes to
pathogenesis. However, when the equilibrium between
pro-oxidants and antioxidants is disturbed, consequent-
ly excessive production of ROS leads to a phenomenon
named oxidative stress (Adibhatla and Hatchera, 2008).
Oxidative stress has been correlated progressively more
to the onset and/or progression of numerous human dis-
eases (Giustarini et al., 2009). Superoxide dismutase
(SOD) and catalase (CAT) are among the first-line an-
tioxidants in the body and the effectiveness of any syn-
thetic or natural antioxidants is based on the activation
of these enzymes (Ighodaro and Akinloye, 2018). High-
fat diet is a common situation in which the oxidative
stress incidence is increased in tissues due to unusual
elevated lipid peroxidation (Tan and Norhaizan, 2019).
In the present study, we have shown that cinnamon ad-
ministration increased CAT and SOD activity in brain
tissue of animals undergone I/R and received a high-fat
diet. Beji et al. have reported the antioxidant property
of cinnamon extract in diabetic rats (Beji et al., 2018).
This antioxidant effect has been shown in a cold trauma
model in mice too. They contributed the neuroprotective
activity to the polyphenols present in cinnamon extract

(Yulug et al., 2018).

BBB stability essentially is dependent on a family of
proteins named Zonula occludens (ZO) (Luissint et al.,
2012). Jiao et al. have shown that ZO-1 is one of the
proteins in brain microvascular endothelial cells which
participates in the control of BBB permeability during
reperfusion injury (Jiao et al., 2011). Our results indicat-
ed that BBB integrity was disturbed in ischemic high-fat
diet animals, a phenomenon leading to edema in their
brain. In part, these findings can be related to ZO-1 gene
expression decrement in the brain tissue. On the other
hand, cinnamon extract treatment elevated ZO-1 gene
expression and eliminated brain edema to some ex-
tent. Some investigations have revealed the beneficiary
effects of polyphenols in brain edema during cerebral
ischemic injury (Panickar and Anderson, 2011; Xue et
al., 2013), however, we are going to introduce cinnamon
and probably its polyphenols acting through BBB tight
junction proteins as a mechanism.

Overall, cinnamon treatment led to beneficiary effects
on the serum lipid profile, brain edema, and antioxidant
capacity in ischemic animals. It also increased ZO-1
gene expression in brain tissue and it seems that through
this mechanism lowers the permeability of the BBB and
thus prevents subsequent edema due to ischemia-reper-
fusion.
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