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Previous studies have shown that psychosocial
factors play an important role in the pathogenesis of
coronary artery disease (CAD) and may increase
mortality and morbidity in patients with CAD (1-3).
Acute psychological stress has been shown to induce
myocardial ischemia in different stress models in lab-
oratories (4). In animals, the acute compulsory immo-
bilization method (movement restriction) was used to
generate the stress-induced myocardial injury model
(5). The stress conditions faced by humans and ani-
mals lead to biochemical, structural and functional
deterioration (6). Oxidant/antioxidant parameters
were generally used in the determination of biochem-
ical toxic effect (7). The restriction of movement
evaluated by biochemical parameters was shown to
cause oxidative stress in animals (8). Thus, assessing
oxidant/antioxidant balance may reveal whether tis-

sue damage occurred (9). The oxidant/antioxidant
balance is maintained by continuously producing free
oxygen radicals (ROS) and antioxidants in living tis-
sues under strict control (10). If antioxidants fail to
neutralize ROSs subsequently over-accumulated
ROSs oxidize cell membrane lipids, resulting in the
formation of cytotoxic products such as malondialde-
hyde (MDA) (9). Overproduction of ROSs enables to
reveal excessive amounts of myeloperoxidase from a
damaged cell and leads to the activation of polymor-
phic leukocytes (PNL) which act as an oxidant
enzyme source, therefore further increases the pro-
duction of ROSs (11). Furthermore increased oxi-
dants have been shown to induce secretion of inter-
leukin, TNF-α and other proinflammatory cytokines
(12). Biochemical analyses have shown the role of
proinflammatory cytokines such as tumor necrosis
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factor-alpha (TNF-α) and interleukin 1 beta (IL-1β)
in myocardial injury (13). The previous experimental
study demonstrated the relevance of acute stress dam-
age ranging from endothelial dysfunction to tissue
necrosis (14). Recently, in the study of Koptev MM
and et. al. has been reported that acute stress caused
by immobilization method contributes to the occur-
rence of more than one lesion morphologically (5). In
a study examining the tissue damage, the severity of
biochemical toxic effect was found to be directly pro-
portional to histopathologic damage severity (6). All
these data showed that oxidant and proinflammatory
factors play a significant role in the pathogenesis of
stress-related cardiac damage. It has been suggested
in the literature that drugs inhibiting oxidative and
proinflammatory cytokine productions may be useful
in the treatment and prophylaxis of stress-related car-
diac damage (12). In our study, we will examine the
protective effect of rutin (3,3í,4í,5,7-pentahydrox-
yflavone-3-rhamnoglucoside) against stress-induced
oxidative cardiac damage, which is a flavonoid P1
vitamin (15). Rutin has been shown to inhibit proin-
flammatory cytokine production and to produce an
antioxidant effect. In addition, it maintains vascular
barrier integrity and reduces hyperpermeability (16,
17). All the data obtained have suggested that the
rutin may be useful in preventing the development of
stress-related oxidative cardiac damage. In light of
the current literature, no studies were found examin-
ing the effect of rutin on oxidative cardiac damage
induced by immobilization stress method on rats. The
aim of our study is to biochemically and histopatho-
logically analyze the effect of rutin on immobilization
induced acute stress-related oxidative cardiac damage
in rats.

MATERIAL AND METHODS

Animals

A total of 18 albino Wistar male rats approxi-
mately 5-month-old and weighing 245-255 grams
was obtained from Atat¸rk University Medical
Experimental Application and Research Center. The
rats housed at normal room temperature (22OC). The
animals had access to feeding and water without
restriction all day and night prior to the experiment.
The protocols and procedures approved by the local
Animal Experimentation Ethics Committee. (Date:
26.10.2017, meeting no: 11).

Chemicals

Thiopental sodium used in the experiment was
obtained from IE Ulagay (Turkey) and rutin was
obtained from Solgar (USA).

Experiment groups

The rats used in our study were divided into
healthy (HG), stress applied to control (SAG) and
rutin + stress applied (RSG) groups.

Experiment procedure

Cardiac damage was performed using forced
immobilization in rats. The rutin was administered to
RSG (n = 6) group animals with a catheter directly to
gastrum at a dose of 50 mg/kg for application of this
experiment (12). For the HG (n = 6) and SAG (n = 6)
groups, distilled water as a solvent was applied at the
same volume (0.5 mL) and with the same method.
One hour after rutin and distilled water application,
the rats (except for HG) were brought into the supine
position and their legs and arms were tied and they
were kept in the same position for 24 h. At the end of
this period, blood samples were taken from the tail
veins of all of the animals then were sacrificed by a
high dose of anesthesia (50 mg/kg thiopental sodi-
um) and their hearts were removed. Malondial-
dehyde (MDA), myeloperoxidase (MPO), total glu-
tathione (tGSH), IL-1β and TNF-α levels were
measured in blood samples and heart tissues of the
animals. Biochemical and histopathologic results
obtained from HG and RSG groups were compared
with SAG.

Biochemical analyzes

Preparation of the samples

Blood samples were obtained from all rats and
were collected into separation gel vacutainer serum
tubes. All blood samples were incubated for 15 min.
at room temperature and then serum layers were
separated by centrifugation at 1500 xg for 15 min.
All serum samples were stored at -80OC until the
biochemical analysis was performed. Prior to dis-
section, heart tissue was rinsed with phosphate-
buffered saline solution. The heart tissue was
homogenized in ice-cold phosphate buffers (50 mM,
pH 7,4) being appropriate for the variables to be
measured. The tissue homogenates were centrifuged
at 5,000 rpm for 20 min. at 4OC, and the supernatants
were extracted in order to analyze MDA, tGSH,
MPO, IL-1β, TNFα, and protein concentration. The
protein concentration of the supernatant was meas-
ured using the method described by Bradford MM.
All tissue results were expressed by dividing them
into g protein (18).

MDA levels in serum and tissue 

MDA measurements based on the method used
by Ohkawa et al., involving spectrophotometrical
measurement of absorbance of the pink-colored
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complex formed by thiobarbituric acid (TBA) and
MDA The serum/tissue-homogenate sample (0.1
mL) added to a solution containing 0.2 mL of 80 g/L
sodium dodecyl sulfate, 1.5 mL of 200 g/L acetic
acid, 1.5 mL of 8 g/L 2-thiobarbiturate, and 0.3 mL
distilled water. The mixture incubated at 95OC for 
1 h. Upon cooling, 5 mL of n-butanol: pyridine 
(15 : 1) added. The mixture vortexed for 1min and
centrifuged for 30 min at 4000 rpm. The absorbance
of the supernatant measured at 532 nm. The
Standard curve obtained by using 1,1,3,3-
tetramethoxypropane (19).

MPO activity in serum and tissue

According to the method defined by Bradly et
al. To determine MPO activity in serum/tissue-
homogenates, H2O2 involving in phosphate buffer
(50 mM, pH 6) used as a substrate. Assay buffer pre-
pared (7.5 mg o-dianisidine-HCl, 5 mL 0.0005%
H2O2 in 40 mL phosphate buffer). 20 µL serum/tis-
sue-homogenate added 280 µL assay buffer. The
MPO activity was kinetically measurement at 460
nm for 5 min (20). 

tGSH analysis in serum and tissue 

According to the method defined by Sedlak J
and Sedlak J, Lindsay RH. DTNB (5, 5í-dithiobis
[2-nitrobenzoic acid]) disulfate is chromogenic in
the medium, and DTNB is reduced easily by
sulfhydryl groups. The yellow color produced dur-
ing the reduction is measured by spectrophotometry
at 412 nm. For measurement, a cocktail solution
(5.85 mL 100 mM Na-phosphate buffer, 2.8 mL 
1 mM DTNB 3.75 mL 1 mM NADPH, and 80 µL
625 U/L Glutathione reductase was prepared.
Before measurement, 0.1 mL meta-phosphoric acid
added to 0.1 mL serum/tissue-homogenate and cen-
trifuged for 2 min at 2000 rpm for deproteinization.
The 0.15 mL cocktail solution added to 50 µL of the
supernatant. The Standard curve obtained by using
GSSG (21). 

IL-1ββ and TNF-αα analysis in serum and tissue

Serum and tissue-homogenate IL-1β and
TNF-α concentrations were measured using rat-
specific sandwich enzyme-linked immunosorbent
assay Rat IL-1β ELISA Kit (Cat no: YHB0616Ra,
Shanghai LZ) and Rat Tumor Necrosis Factor α
ELISA kits (Cat no: YHB1098Ra, Shanghai LZ).
Analyses performed according to the manufactur-
ersí instructions. Briefly, a monoclonal antibody
specific for rat IL-1β and TNF-α coated onto the
wells of the microplates. The serum samples, stan-
dards and a biotinylated monoclonal antibody spe-

cific and streptavidin-HRP were pipetted into these
wells and then incubated at 37OC for 60 min. After
washing, chromogen reagent A and chromogen
reagent B were added, which is acted upon by the
bound enzyme to produce a color. It incubated at
37OC for 10 min. Then stop solution was added. The
intensity of this colored product is directly propor-
tional to the concentration of rat IL-1β and TNF-α
present in the original specimen. At the end of the
course, the well plates read at 450 nm via a
microplate reader (Bio-Tek, USA). The absorbance
of the samples estimated with formulas that used
standard graphics.

Troponin I (TP I) assay

Troponin I levels in the plasma obtained from
animals were measured using the ELFA (Enzyme-
Linked Fluorescent Assay) technique in the VIDAS
Troponin I Ultra kit. All the steps of the test using
the ready-made test reagents were performed auto-
matically on the VIDAS. The sample transferred to
a well containing anti-cardiac troponin I antibodies
labeled with alkaline phosphatase. The sample-con-
jugate mixture was withdrawn and released into the
solid phase supplier to allow conjugation of troponin
I and conjugate bound to the inner wall of the solid
phase binder of the antigen. Unbound content
removed by washing. The conjugate enzyme cat-
alyzes the hydrolysis of 4-methylumbelliferone, a
product measured at 450 nm, of the substrate, 4-
methylumbelliferyl phosphate. The intensity of flu-
orescence is proportional to the concentration of
antigen present in the sample.

Histopathological examination

Heart tissues obtained from the rats were fixed
in 10% formalin solution for 24 h. After routine tis-
sue processing, 4 micron thick sections were
obtained from the paraffin blocks and were stained
with Hematoxylin & Eosin. All sections were exam-
ined under the light microscope (Olympus BX 52,
Tokyo, Japan) by two pathologists who do not know
which treatment protocol is used.

Statistical analysis

Descriptive statistics generated for each group.
The results obtained from the experiments expressed
as ìmean value ± standard deviationî (x ± SD).
Outlier analysis was performed using the Tukey test.
Differences between groups compared by one-way
analysis of variance (ANOVA). All statistical analy-
ses performed with ìSPSS Statistics Version 18î
statistical software and p values < 0.05 were consid-
ered significant.
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RESULTS

MDA, MPO and tGSH quantitation results in

blood serum and heart tissue

As can be seen in Figure 1, MDA and MPO
levels in blood serum of SAG animals were found to

be significantly higher (p < 0.0001) and tGSH level
was found to be lower (p < 0.0001) than RSG and
HG. MDA and MPO levels significantly increased
(p < 0.0001) in the heart tissue of SAG compared to
the RSG and HG, while tGSH decreased (Fig. 2).
The difference between MDA, MPO and tGSH lev-

Figure 1. MDA, MPO and tGSH quantitation results in blood serum. RSG (Rutin + Stress Applied Group, n = 6), SAG (Stress Applied
Group, n = 6) and HG (Healthy Group, n = 6). *=p < 0.0001 according to SAG group.

Figure 2. MDA, MPO and tGSH quantitation results in Heart tissue. RSG (Rutin + Stress Applied Group, n = 6), SAG (Stress Applied
Group, n = 6) and HG (Healthy Group, n = 6), *=p < 0.0001 according to SAG group.
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els in the blood serum and heart tissue of the RSG
and the MDA, MPO and tGSH levels in the HG
were found to be statistically insignificant.

Results of IL-1ββ and TNF-αα quantification in

blood serum and heart tissue

Acute stress-induced immobilization method
significantly increased IL-1β and TNF-α levels in

animal blood serum (p < 0.0001) compared to RSG
and HG (Fig. 3). In addition, this stress model
caused to increase in IL-1β and TNF-α levels in
the heart tissue (Figure 4). The difference between
the amounts of IL-1β and TNF-α in the blood
serum and heart tissues of the RSG and HG was
found to be statistically insignificant (p > 0.05)
(Fig. 3).

Figure 3. IL-1β and TNF-α quantification in blood serum. RSG (Rutin + Stress Applied Group, n = 6), SAG (Stress Applied Group, n =
6) and HG (Healthy Group, n = 6). *=p < 0.0001 according to SAG group.

Figure 4. IL-1β and TNF-α quantification in Heart Tissue. RSG (Rutin + Stress Applied Group, n = 6), SAG (Stress Applied Group, n =
6) and HG (Healthy Group, n = 6). *=p < 0.0001 according to SAG group.
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Blood serum TP I assay results

The acute stress event induced by immobiliza-
tion increased the blood serum TP I level of the
SAG significantly (p < 0.0001) compared to the
RSG and HG (Fig. 5). The difference in TP I level
between the RSG and the HG was found to be sta-
tistically insignificant (p > 0.05).

Histopathological results

Normal histological structures of the epicardi-
um, blood vessel, myocardium, and endocardium
observed under microscopic examination of the heart
tissue of HG were shown in Figure 6A. dilated con-
gested blood vessel and cardiac muscle destruction
were observed in the heart tissue of SAG (Fig. 6B).

Figure 6. (A) Cardiac tissue of HG followed by normal healthy epicardium (straight arrow), blood vessel (striped arrow), myocardial (two-
sided arrow) and endocardial (round arrow) (HEX200). (B) In stress applied SAG heart tissue, dilated congested blood vessel (straight
arrow) and destruction at heart muscle (striped arrow) are shown (HEX200). (C) Hemorrhage (two-sided arrow), edema (striped arrow)
and polymorphic nuclear leucocyte infiltration (straight arrow) detected in the heart tissue of the SAG group applied with stress (HEX400).
(D) Rutin+ stressed RSG group animals observed dilated congested blood vessel (arrow) and near-normal appearance (HEX200).

Figure 5. TP I Quantification in Blood serum. RSG (Rutin + Stress Applied Group, n = 6), SAG (Stress Applied Group, n = 6) and HG
(Healthy Group, n = 6). *=p < 0.0001 according to SAG group.
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Moreover, marked hemorrhage, edema and PNL
infiltration in the heart tissue were found in this
group (Fig. 6C). It was found that there was no
histopathological evidence other than a slightly
dilated congested blood vessels in the heart tissue of
RSG animals (Fig. 6D).

DISCUSSION

The study was conducted to evaluate the effect
of rutin on acute oxidative cardiac damage associat-
ed with acute stress induced by immobilization in
rats biochemically and histopathologically. Bioche-
mical test results showed that the immobilization
method changed oxidant/antioxidant balance in the
blood serum and heart tissue of the acutely stressed
animals in favor of oxidants. As is known, the oxi-
dant/antioxidant balance is maintained at the
supremacy of antioxidants under physiological con-
ditions (22). The deterioration of this balance by
aggressive factors in favor of oxidants leads to tissue
damage called oxidative stress (9). As can be under-
stood from our experimental results, there was a sig-
nificant increase in MDA and MPO levels in the
blood serum and heart tissue of animals subjected to
acute stress. It has been stated in the literature that
MDA and MPO are oxidant determiners used to
evaluate oxidative tissue damage (9). Similarly, the
study results of Cakir OK and his colleagues are con-
sistent with our experimental results. It has shown
that psychological stress increases tissue MDA and
MPO levels (23). MDA, the end product of lipid per-
oxidation, and MPO, an inflammatory determiner
have been noted to increase in different psychologi-
cal stress models (24). ROSs cause oxidative stress
in cell membrane lipids, resulting in the formation of
cytotoxic products such as MDA (26). 

Another parameter showing the oxidant/anti-
oxidant balance changed in favor of oxidants was
tGSH. tGSH is an endogenous antioxidant molecule
protecting biological membranes against lipid per-
oxidation in cells (28). Excessive production of free
radicals surpasses the detoxifying capacity of tGSH
and leads to a decrease in tGSH levels causing dam-
age in the heart tissue (20). In SAG rats, tGSH lev-
els were significantly lower compared to the level in
RSG. Zaidi SK et al. also reported that the blood
tGSH level of animals subjected to oxidative stress
induced by the immobilization method decreased
(29). Samarghandian S et al. have shown that the
immobilization method causes oxidative stress in
non-cardiac tissues (30). These supportive data from
the literature and our experimental results have sug-
gested that the immobilization method causes oxida-

tive stress in the heart and blood serum animals. Our
study also showed a significant increase in IL-1β
and TNF-α levels in blood and heart tissue of immo-
bilized animals. In the literature, several pro-inflam-
matory cytokines were found to be responsible for
cardiac damage; particularly IL-1β and TNF-α have
been reported to be secreted in response to ischemic
myocardium. On the other hand, it was not observed
in normal myocardium (13). No studies associating
fully immobilization stress-related oxidative heart
damage with proinflammatory cytokines such as IL-
1β and TNF-α have been found. However, studies
have shown that IL-1β and TNF-α levels are
increased in oxidative cardiac damage due to the use
of toxic drugs (31). The data obtained from the liter-
ature confirms that the production of proinflamma-
tory cytokines in the blood and heart tissue of immo-
bilized animals may be increased due to oxidative
stress. In addition to the high levels of oxidants and
cytokines, increased levels of TP I in blood serum
were suggestive for the presence of cardiac damage.
TP I being a very sensitive parameter in myocardial
injury is used in the diagnosis of myocardial infarc-
tion (32). It has been noted that as well as cytokine
and oxidant parameters TP I increase in experimen-
tal oxidative cardiac damage (31, 33). Previous stud-
ies have suggested that the elevation of TP I might
be due to damage in the myocardial membrane
caused by reactive oxygen products (34). Scientific
researches have shown that cardiac TP I correlates
with oxidative stress, inflammation, and histopatho-
logic severity (29).

According to the data in the literature, the rutin
has an antioxidant effect, inhibits pro-inflammatory
cytokine productions and maintains vascular barrier
integrity (16, 17). The literature data were in consis-
tency with the results of the study. MDA and MPO
levels of the RSG were almost the same as the HG
and showing the marked protective effect of rutin
against oxidative stress. The rutin may reduce
oxidative stress caused by ROS, such as hydrogen
peroxide (H2O2) (27). A possible preventive mecha-
nism of rutin may be a scavenging effect on reactive
oxygen radicals (ROS) (25). Rutin may protect car-
diac tissue from oxidative damage due to the anti-
inflammatory effect associated with the inhibition of
IL-1β and TNF-α (35). In another study, it has been
noted that rutin prevents diabetic cardiac damage
due to antioxidant and anti-inflammatory activity
(36). Consistent with previous studies the inhibitory
effect of rutin on antioxidant and cytokine is
achieved at doses of 50 mg/kg (12). 

In the present study, rutin significantly reduced
the amount of cardiac TP I associated with immobi-
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lization stress damage. Stanely MPP and et. al
showed the protective effect of rutin reducing both
oxidative cardiac damage and the amount of TP I
level induced by isoproterenol (37). In the RSG, we
have found cardiac TP I level close to normal, as
well as histopathologic changes such as myocardial
damage, hemorrhage, edema, and PNL infiltration.
Vasocongestion was significantly prevented. These
structural changes are the morphological disorders
seen in acute immobilization stress (5). These
results are consistent with the previous study which
has demonstrated the preventive effect of rutin on
oxidative myocardial injury both biochemically and
histopathologically (38).

As a conclusion, the immobilization method
has been shown to lead oxidative stress and inflam-
matory reaction in the heart tissues and blood serum
of rats. Furthermore, rutin demonstrated a preven-
tive effect on acute stress-related oxidative cardiac
damage induced by immobilization in rats both bio-
chemically and histopathologically. These cardio-
protective effects of the rutin are thought to be due
to the antioxidant and anti-inflammatory activities.
Our results have suggested that rutin might be use-
ful for the protection against stress-related cardiac
damage. In order to clarify the protective effect of
the rutin against stress-related heart damage, the
antistress and anxiolytic effects of the rutin should
be investigated. Furthermore, functional studies
might be carried out to confirm whether biochemi-
cal and histopathological changes correlate with car-
diac function.
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