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Abstract

Myocardial ischemia—reperfusion represents a clinically relevant problem
associated with thrombolysis, angioplasty and coronary bypass surgery. Injury of
myocardium due to ischemia—reperfusion includes cardiac contractile dysfunction,
arrhythmias as well as irreversible myocytes damage.

A total of 24 Swiss albino adult male mice were randomized into 4 equal groups.
Group (1) sham group; Group (2) control group; Group (3) control vehicle (DMSO)
group; Group (4) Ferulic acid treated group.

Results of this study showed that levels of myocardial IL-6, were increased (p<0.001)
in the control group. Histologically, all mice in control group showed significant
cardiac injury (p<0.001). Ferulic acid  significantly counteract the increase in
myocardium level of IL-6 (P < 0.001). Histological analysis revealed that ferulic acid
markedly reduced (P < 0.001) the severity of cardiac injury in the mice underwent
LAD ligation procedure.

Keywords: Ischemia-reperfusion (I/R) ,systemic inflammatory response syndrome

(SIRS), multiple organ dysfunction syndrome (MODS) , Ferulic acid (FA), left
anterior descending (LAD), Dimethylsulfoxide (DMSO).
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Introduction:

Myocardial ischemia is a condition
in which blood flow and oxygen to the
cardiac muscle is decreased by partial
or complete blockage of an artery
carrying blood to the myocardium
leading to death of an affected cardiac
muscle , while the restorations of blood
flow to an ischemic heart refer to
myocardial reperfusion (1).
Reperfusion injury is the tissue damage
caused when blood supply returns to
the tissue after a period of ischemia or
lack of oxygen (2). The absence
of oxygen and nutrients from blood
during the ischemic period creates a
condition in which the restoration
of circulation results
in inflammation and oxidative damage
through the induction of oxidative
stress rather than restoration of normal
function (3).

Ischemia and reperfusion injuries
(/IR) are a primary cause of
cardiac  failure, morbidity, and
mortality after cardiac operations
(4) and heart infarctions (5).

I/R injury represents a fundamental
common pathway of tissue damage
in a wide variety of disease and
surgical processes such as major
trauma, acute mesenteric ischemia,
septic and  hypovolemic  shock,
abdominal aortic aneurism surgery,
and cardiopulmonary bypass (6).

283

Interruption of blood supply results

in ischemic injury to all body
systems and especially to high
metabolically active tissues

(7). Paradoxically,  restoration  of
blood flow to the ischemic tissue
augments cell injury by delivering
toxic mediators induced in the
ischemic tissue into the circulation
thus affecting distant organs. This
might lead to the development of

systemic  inflammatory  response
syndrome  (SIRS), which can
progress to multiple organ
dysfunction ~ syndrome  (MODS)
(6).

I/R injury promotes a release of

oxygen free radicals, cytokines and
other  proinflammatory = mediators
that activate both the neutrophils
and the coronary vascular
endothelium.  Activation of these
cell types promotes the expression
of adhesion molecules on both the
neutrophils and endothelium,
which recruits neutrophils to the
surface of the endothelium and
initiates a specific cascade of cell-
cell interactions, leading first to
adherence of neutrophils to the
vascular endothelium, followed
later by trans endothelial migration
and direct interaction with
myocytes (8).


http://en.wikipedia.org/wiki/Tissue_(biology)
http://en.wikipedia.org/wiki/Blood
http://en.wikipedia.org/wiki/Ischemia
http://en.wikipedia.org/wiki/Reperfusion_injury
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Nutrient
http://en.wikipedia.org/wiki/Circulatory_system
http://en.wikipedia.org/wiki/Inflammation
http://en.wikipedia.org/wiki/Oxidation
http://en.wikipedia.org/wiki/Oxidative_stress
http://en.wikipedia.org/wiki/Oxidative_stress

Kufa Journal For Veterinary Medical Sciences

Vol. (5) No. (2) 2014

I-R injury may occur in a variety of
clinical settings, including reperfusion
after thrombolytic therapy, coronary
angioplasty, organ transplantation,
aortic cross-clamping or
cardiopulmonary bypass (9). Ferulic
acid a 4-hydroxy-3-methoxycinnamic
acid isolated from the root of
S.buergeriana, is a kind of phenolic
acid that is abundant in many of herbal
medicines (10).

FA is a ubiquitous phenol in seeds and
leaves of various plants and an
antioxidant found in many staple
foods, such as fruits, vegetables,
cereals, coffee and in plant constituent
exhibiting a wide range of therapeutic
effects such as anticancer, antidiabetic,
cardio protective and neuroprotective,
anti-inflammatory activity (11).

Chen et al.(2009) found that salt of FA
can inhibit myocardial cell death after
anoxia/reoxygenation by  reducing
Ca2+ overload. = However, the
molecular target of FA in cell death
signaling during I/R has not been fully
identified (12).

Ferulic acid can resist platelet
aggregation, inhibit  platelet  5-
hydroxytryptamine release, and inhibit
platelet thromboxane A2 (TXA2)
generation. It can reduce myocardial
ischemia and oxygen consumption (13)
and is used in clinical practice to treat
coronary heart disease and angina
pectoris mainly through inhibiting lipid
oxidation, lowering cholesterol content
in serum and antithrombotic effects. It
can prevent atherosclerosis so as to
treat coronary heart disease (14).

2-Materials and Methods

2.1. Animals
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A twenty-four adult males Swiss
Albino mice weighing 28-33 g were
purchased from Animal Resource
Center, the Institute of embryo
research and treatment of infertility,
Al-Nahrain  University, Irag. The
animals were apparently healthy and
they were housed in the animal house
of College of Medicine/University of
Kufa in a temperature-controlled (25+
2°C) room with alternating 12-h
light/12-h dark cycles and were
allowed free access to water and chow
diet until the start of the experiments.
The study was approved by the ethical
commitments of institution.

2.2.In vivo myocardial I/R model

The in vivo myocardial I/R model was
modified from a previous study (15).
Briefly, mice were anesthetized with
with 100mg/kg ketamine and 10mg/kg
xylazine (16). The mice were intubated
and Mechanical ventilation is then
achieved by connecting the
endotracheal tube to scientific
ventilator (Harvard Model) at a
respiratory rate of 138 breath/minute
with a tidal volume of 20 mL/kg body
weight. A left thoracotomy was
carried out to expose the heart. The
LAD is then transiently ligated (or can
be tied with a slipknot) using a 6-0
polyprolene suture for a 30-minute
ischemic period (17). After a 30-min
ischemia, by Microsurgical scissors are
used to cut the knot in the ligature (or
by releasing the slipknot) the heart was
reperfused for 2 h. Immediately after
finishing the reperfusion time the
mouse was sacrificed ,starting by
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injection of high dose from ketamine mg/kg i.p. at 1 hr. before
and xylazine, after giving good time ischemia.

for the animal to go into deep

anesthesia, the mouse is positioned 5 4 Tissue Preparation for

and the chest is opened in flap like
manner revealing the heart then a
needle of the syringe is introduced
into right ventricle to aspirate around 2
ml of blood for later plasma analysis.
After that hearts were rapidly removed
for quantification of myocardial injury
by biochemical studies.

2.3.Experimental and

protocols

groups

After the two week of acclimatization the
mice were randomized into 4 groups, 6 mice

in each group as follow:

1. Sham group: mice underwent the
and
but

anaesthetic surgical
left

(LAD)

procedures without

anterior  descending
coronary artery occlusion.
2. Control

group: (induced

untreated group) mice underwent
LAD coronary artery occlusion
(for 30 min.), then reperfusion for

2 hours.
3. Control vehicle (DMSOQO) treated
roup: mice pretreated with

Dimethylsulfoxide (DMSO) 1%
v/v in normal saline i.p. at lhr.
before ischemia .
4. FEerulic acid treated group (FA):
FA 50

mice pretreated with
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measurement of (IL-6)

Cardiac tissues collected 120 minutes
after reperfusion were homogenized in
a solution containing  1:10(w/v)
phosphate buffered saline that contain
1% triton X-100 and protease inhibitor

cocktail ~ (18). by using  high
intensity liquid processor. After
homogenization, samples were

centrifuged at 14,000 rpm for 20 min at

4°C (19) the supernatant was
collected and used in IL-6
measurement  using  commercially

available ELISA kits (Bioscience)
according to the manufacturer's
instructions.

2.5.Histopathological Analysis and
Damage Scoring

Tissues  were  fixed in 4%
paraformaldehyde and embedded in
paraffin. Sections were stained with
hematoxylin and eosin for histological
evaluation of tissue damage. In order
to have a quantitative estimation of
cardiac damage, sections (n=6 for each
animal) were scored by 2 independent
observers blinded to the experimental
protocol. The following morphological
criteria were considered: score 0, no
damage; score 1 (mild), interstitial
edema and focal necrosis; score 2
(moderate), diffuse myocardial cell
swelling and necrosis; score 3 (severe),
necrosis with the presence of
contraction bands and neutrophil
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infiltrate; and score 4 (highly severe), 3. RESULTS

widespread necrosis with the presence

of contraction bands, neutrophil 3.1. Ferulic acid reduced

infiltrate, and hemorrhage. myocardial 1L-6 following MI/R
injury

2.6. Statistical Analysis
Myocardium levels of inflammatory

Statistical analyses were performed using cytokines following MI/R  were
SPSS 20.0 for windows.Inc. Data were analyzed by ELISA. Figure(1l) shows
expressed as mean = SEM. Analysis of that MI/R injury increased significantly
Variance (ANOVA) was used for the (p<0.001) the levels of myocardium
multiple comparisons among all groups IL-6 compared with the sham group
followed by post-hoc tests using LSD (P<0.001). In the ferulic acid
method. treatment group, myocardium levels of
IL-6, were reduced significantly
compared with the control group (P <
0.001).

230,00

200.00+

1:50.009

Myocardial IL-6 (pg/mg)

100.007

50,00

0.00=
sham control contol vehicle Ferulic acid

Figure(1): The mean of myocardial IL-6 level (pg/mg) in the
four experimental groups at the end of the experiment
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3.2. Histopathological findings

Treatment of mice with Ferulic acid improved cardiac injury significantly (P < 0.001)
as compared with control vehicle group and the total severity scores mean of this
group showed that 83.3% had mild cardiac injury and 16.7% had moderate cardiac
injury. A cross section of sham mouse's heart showed a normal cardiac structure. All
mice in this group showed normal hearts 100% as shown in table(1). There was
statistically insignificant difference between control group and control vehicle group
(P>0.001) and the total severity scores of the control vehicle group showed 16.7% of
the group had moderate, 66.7% had severe and 16.7% had highly severe cardiac

injury.

Table (1): The differences in histopathological scoring of abnormal heart

Sham group Control group | Control Vehicle | Ferulic acid
group treated group
Normal
6 100% 0 0 0 0 0 0
Mild
0 0 0 0 0 0 5| 83.3%
Moderate 0 0 0 0 1 16.7% 1 16.7%
Sever 0 0 4 66.7% 4 66.7% 0 0
Very Sever 0 0 2 33.3% 1 16.7% 0 0
Total cardiac
injury 6 100% 6 100% 6 100% 6 100%

changes among the four experimental groups
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4.00

3.00

2.007

myocardial damage score

1.00

0.00 T
sham control control vehicle Ferulic acid

Figure (2): Error bar chart shows the difference in mean+ SEM values
of total severity scores in the four experimental groups.

v P .

Figure (3):Photomicrograph of heart section of normal mice shows the normal
architecture. The section stained with Haematoxylin and Eosin (X 10).
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Figure (4): Photomicrograph of cardiac section for the control vehicle group showed
interstitial edema, haemorrhage and PMN infilteration. The section stained with

Haematoxylin and Eosin (X 40).

Figure (5): Photomicrograph of cardiac section in ferulic acid treated group. The
section show almost normal cardiac tissue, the section stained with Haematoxylin

and Eosin (X 40)

4- Discussion

The major findings of the present study
are as follows. Firstly, that the
inflammatory cytokine (IL-6) play
important role in the pathology of
myocardial I/R Secondly, ferulic acid
pretreatment played a protective role
against myocardial I/R injury. The
protective effects of ferulic acid during
myocardial I/R injury were correlated
with the attenuation of inflammation
and Myocardial damage.

Cardiovascular disease(CVvD) with all
its appearances and complications is
responsible for approximately 50% of
all deaths in the world today (20). One
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of the major contributing factors to
CVD and heart failure is the loss of
function or indeed death of
cardiomyocytes due to coronary vessel
occlusion (ischemia) followed by
restricted blood flow (reperfusion) to
the heart and a corresponding oxygen
deprivation due to hypoxia (21). The
early reperfusion phase is characterised
by enhanced release of ROS from
endothelial cells and cardiomyocytes,
as well as enhanced expression of
cytokines and adhesion molecules, The
enhanced expression of chemokines
during the first hours of reperfusion
triggers  further  recruitment  of
neutrophils and monocytes into the
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infracted myocardium which lead to
increase the cardiac damage by further
releasing ROS, inflammatory
mediators and proteases (22).

Kim and Lee(2012) indicated that
ferulic acid attenuates
ischemia/reperfusion-induced
hepatocyte apoptosis via inhibition the
increases in the serum tumor necrosis
factor-a levels and TNF receptor type-
1-associated DEATH domain protein
and TNF receptor-associated factor-2
protein expressions(23).

Obayashi et al.(2005), Kosmadaki et
al.(2003) observed that IL-6 and TNF-
a are secreted by epidermic
keratinocytes and play an important
role in UV-mediated photobiology. IL-
6 could cause fever and promote the
synthesis of C- reactive protein (CRP).
There have been reports indicate that
immediate adding TNF- o antibody
after UV irradiation reduced cell debris
formation and apoptosis
remarkably(24,25).

Lin et al.(2010) confirmed that the
levels of IL-6 and TNF-a increased
after 30~90 mJ/cm2 of UVB
irradiation, which further implied the
significance of cytokines in UV-
induced skin injury. After Ferulic acid
treatment, IL-6 and TNF-a secretion
was  apparently  reduced (P<
0.001)(26).
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