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Quercetin Inhibits Chronic Stress—Induced
Myocardial Infarction in Rats

La Quercetina Inhibe el Infarto al Miocardio Inducido por Estrés Crénico en Ratas
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SUMMARY: We recently reported that chronic unpredictable stress (CUS) induced left ventricular dysfunction (LVD) in rats,
which was inhibited by the cardioprotective agent quercetin. Based on these findings and because majority of patientasditd myoc
infarction (MI) can develop LVD and heart failure, we sought to produce an animal model of Ml and LVD in rats and use tthis mode
test the hypothesis that quercetin is able to prevent the potential Ml induction by CUS. Rats were exposed to CUS usirgf a varie
stressors in the presence and absence of quercetin (50 mg/kg body weight/day) for 21 days. Blood pressure and electi@&a@iogram
were recorded in all rat groups together with the examination of left ventricle (LV) tissue homogenates and sections theonfirm
production of the animal model. We further extend on our recent findings on the role of apoptosis in the pathology of idiiaily e
MI. Blood pressure measurements and ECG recording confirmed the development of systemic hypertension and Ml in the model group
of rats exposed to CUS. In addition, histological staining confirmed that LV damages occurred in the same group. Furtigermore, t
proapoptotic gene Bax and the inflammatory biomarkers, @MiRd IL-6 were augmented in LV homogenates by CUS. Simultaneous
guercetin treatment lowered blood pressure and substantially prevented Ml since it blocked the elevation of ST segmé@ andhe E
maintained a normal ECG reading. Quercetin suppressed the expression of Bax RNA messages, and significantly (p<0.05) blocked
CUS-induced TNFx and IL-6 upregulation. Thus, CUS induced MI in rats associated with augmentation of tissue injury biomarkers
were prevented by quercetin, which further endorses our recent findings of a potential therapeutic role for quercetindinc€S in
cardiac dysfunction.
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INTRODUCTION

Chronic stress occurs in both humans and experimen- serotonin receptor knockout mice exposing to chronic
tal animal models after a prolonged exposure to stressetgess (Carnevadit al, 2012) supported the human data.
that could lead to biochemical, physiological and behavioural
changes, which affect many systems including the Quercetin is a flavonoid antioxidant found in fruits,
cardiovascular system, immune, endocrine and centratgetables and grains, and is the most abundant flavonol
nervous systems (Rozangi al, 1999). Indeed, a meta- in the human diet (Burda & Oleszek, 2001). Quercetin has
analysis study on the effect of work stress on the increaseden widely known to have a potent cardiovascular
risk of coronary heart disease (CHD) among Scandinaviapsotective and therapeutic effect via scavenging reactive
reported a 50 % increase risk of CHD among employeesygen species (Burda & Oleszek; Partkal, 2003),
with work stress (Kivimaket al, 2006). CHD also increased antihypertensive effects (Duartd al., 2001), anti-
in people who experienced stressful childhood (Detray,  inflammatory (Rogeriet al, 2007), preventing apoptosis
2004), and the risk of myocardial infarction (MI) hasand promoting cell survival (Chet al, 2005), and caused
increased in hopelessness middle-age men, depression, iahébition of platelet aggregation and thrombus formation
in parents who lost a child (Everseral, 1996; Pratetal, (Hubbardet al, 2004).

1996; Liet al, 2002). However, treating psychological

factors such as depression and chronic life stress reduced  MI, commonly known as a heart attack is caused by
coronary artery disease (Rozaredkal, 2005). Interestingly, the death of cardiac muscle (cardiomyocytes) due to ischemic
animal study that reported a 27 % death from cardiac arrgstronary artery disease (Nabel & Braunwald, 2012). Men-
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tal stress, depression and anxiety are recognized among m@hyonic unpredictable stress (CUS) protocolAccording
risk factors that trigger MI, which include the traditionalo the method established previously (Harro, 1999), a set of
risk factors such as hypertension, hyperlipidemia, diabetefironic unpredictable mild stressors were used to induced
smoking, and sedentary lifestyle (Valeessal, 2011; Mehta depression in rats that lasted for 3 weeks.
et al, 2015). The ECG is the most important tool in the
initial evaluation of patients suspect having acute coronaBardiac hemodynamic measurementsEight hours after
syndrome, such as MI, and ST segment elevation isttee last dose on day 21, cardiac hemodynamic measurements
confirmed diagnosis of MI ( Task Force on the managemenkre assessed in each group. In brief, rats were anaesthetized
of ST-segment elevation acute myocardial infarction of theith 1 % solution of sodium pentobarbital (50 mg/kg; i.p.)
European Society of Cardiologst al, 2012). Severe and placed on a heating pad to maintain body temperature.
emotional and / or physical stress in humans caused damadter performing tracheal intubation and ventilation, the right
to the left ventricle and account for about 2 % of MI casesarotid artery was cannulated using a polyethylene pressure
mostly in women (Roshanzamir & Showkathali, 2013). Icatheter (SPR-320 pressure catheter, AD Instruments,
addition, majority of patients with MI developed LVD Sydney, Australia) prefilled with heparin (50 U/mL) and
(Mateuset al., 2005). However, very little is known aboutconnected to a pre-calibrated bridge amplifier. Subsequently,
the effect of chronic stress on the incidence of Ml in animalfter stabilization of the cardiovascular parameters, the
models, and the beneficial effect of quercetin on Ml inducesi/stolic blood pressure (SBP), diastolic blood pressure
in rats was not investigated before. Therefore, we genera{@BP), and mean arterial blood pressure (MAP) were
a rat model of CUS-induced both MI and LVD and testedheasured. Also, ECG was recorded using 3 touch electrodes
the hypothesis that quercetin can block MI development @aonnected to an animal bio-amplifier (FE136 Animal Bio
this model. Amp, AD Instruments, Australia) attached to the skin of the
animals in the standard 3 positions and heart rate (HR) was
recorded. All data was recorded and analyzed with a
MATERIAL AND METHOD PowerLab data acquisition system (ML780 PowerLab/
8channels, AD Instruments Ltd., Australia).

Animals. Experiments were performed with the approvaCollection of LV homogenates Anesthetized rats were
of the Research Ethics Committee at the College of Mediacrificed by cervical dislocation. Parts of the LV obtained
cine, King Khalid University, Abha, Saudi Arabia, and alfrom rats were homogenized in cold phosphate buffer,
procedures were performed according to the Guide for thentaining ethylenediaminetetraacetic acid (EDTA). The
Care and Use of Laboratory Animals published by the Ustipernatant obtained was stored at°@Gor biochemical
National Institutes of Health (NIH publication No. 85-23assays. Other parts of these LVs were frozen atC&énd
revised 1996). Male Wistar rats of 8 weeks of age anmsed for RNA extraction. Also, some LV samples were fixed
weighing 23@&10 g were used for the experiments anh 10 % formalin for histopathological evaluation.
obtained and maintained at the animal house of the College
of Medicine, where they fed standard rat pellets arBiochemical analysis in LV homogenatesl-6 levels were
allowed free access to water. The housing conditions weneasured using an ELISA Kit (Cat No. ELR-1L6-001)
a controlled ambient temperature of23 °C and 5810 purchased from RayBio, MO, USA. Levels of TNRwere
% relative humidity, with 12-h light/12-h dark cycles. measured using an ELISA kit (Cat no. ab46070) purchased
from Abcam, Cambridge, MA, USA. Glutathione peroxidase
Experimental design.After a one week adaptation period,(GPx) activities were measured using a commercial assay
rats were randomly assigned to 4 groups (n = 6 each)las(Cat. No. 703102, Cayman Chemical, Ann Arbor, MI,
follows: 1. Control group: received normal saline. 2USA).
Quercetin treated group (Control+Qur): received Qur (50
mg/kg). 3. Chronic unpredictable stress (CUS) group: @etection of Bax mRNAs by reverse transcriptase-
model group and were exposed to CUS protocol, as detailgalymerase chain reaction ( RT-PCR)Total RNAs were
below and received normal saline. 4. CUS + Qur treatésblated from freshly dissected left ventricles of the rats, using
group: were exposed to CUS with a concomitant daily dosiee RNeasy Mini Kit (Qiagen Pty, Victoria, Australia). The
of Qur (50 mg/kg). All treatments were administered as RNA was reverse-transcribed for a single strand cDNA
ml, i.p. for three consecutive weeks on daily basis. QU&ynthesis (Invitrogen) and amplified by PCR using primer
was always prepared fresh, daily, by dissolving in normahirs for Bax and b-actin derived from the published cDNA
saline to the final concentration used in the experiments¢quence as previously described (Eleewed, 2014). The
procedure. PCR products were separated by 2 % agarose gel
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electrophoresis and visualized by ethidium bromide, and d&} the ECG data analysis and basic histological staining (Fig.

images were scanned and quantified by densitometryusibg An elevation of ST segment on the ECG compared to

the NIH image software. control group (Figs. 1A and 1B) was observed. LV tissue
sections were examined by light microscopy after staining

Histopathological studies.Parts of the LV were rapidly with hematoxylin and eosin (H&E). Rats exposed to CUS

fixed in 10 % neutral buffered formalin, dehydrated ifmodel group) showed a profound damage to LV tissues

ascending concentrations of ethyl alcohol (70-100 %) amdmpared to normal tissue histology in the control group

then prepared using standard procedures for Hematoxy{ifigs. 1C and 1D) as demonstrated by cardiac muscle

and Eosin (H&E) staining. degeneration with loss of myofibrils, wide areas of
intramyofiber edema and haemorrhage.

Statistical analysis.Statistical analyses were performed by

using Graphpad prism statistical software package (versiQuercetin inhibits CUS-induced changes in the ECG

6). Data were presented as means with their standaedding. We confirmed the production of a rat model of

Deviation (mearrSD). Normality and homogeneity of the CUS-induced MI and LVD (Fig. 1). We then investigated

data were confirmed before ANOVA, differences among thehether treatment with quercetin for 21 days, started at the

experimental groups were assessed by one-way ANOWame time rats were exposed to CUS, can block the

followed by Tukey’s t test. occurrence of a heart attack. Compared to control groups
that showed normal ECG reading (Figs. 2A and 2B) and the
model group (Fig. 2C) that showed abnormal ECG, an

RESULTS elevation in the ST segment on the ECG, rats treated with
guercetin maintained a normal ECG reading including a
normal ST segment (Fig. 2D).

Induction of a combined MI and LVD animal model by

CUS. We induced the disease in the model group of Wist&uercetin inhibits CUS-induced hypertensionTo test the

rats by daily exposure to CUS for 21 days that was showgpothesis that chronic stress in this animal model can in-
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Fig. 1. Induction of Ml and LVD in rats by CUS. Samples of ECG reading obtained from the control group of rats (A) contipared to
model group of rats (B) exposed to CUS for 21 days. H&E stained images (x400) of harvested tissues obtained from theve®ladter 3
from control (C) and CUS (D) are visualized using light microscopy. Abbreviations: N, nucleous; m, myofibrils; H, haemgaoteage.
that arrows point to the intramyofiber edema.
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Fig. 2. Quercetin protects against CUS-induced MI. Samples of ECG trace recording obtained from all groups of rats; Control (A)
Control + QUR (B), CUS (C), and CUS + QUR (D) groups after 21 days using PowerLab acquisition system and software (AD
Instruments, Sydney, Australia).

Table | Blood pressure measurements for all the animal groups. Values are expressedtas Mean
SD for 6 rats in each group. Analysis by one way ANOVA and Tukeys t-test. Values were considered
significantly different at P < 0.05. a : Significant in comparison to Control group, b : Significant in
comparison to Control + quercetin group, ¢ :Significant in comparison to Chronic stress group.

Animal groups SP (mmHg) DP (mmHg) MAP (mmHg)
Control 110.0+6.8 75.6 £7.4 88.3+5.6
Control + Quercetin 112.2+7.8 74.3+6.9 86.6+6.2
Chronic stress 176.8411.32 118.849.7% 138.4+8.6
Chronic stress + Quercetin 121.6+7.4 ¢ 78.54£5.6 ¢ 91.64£5.7¢

Abbreviations: SP, systolic pressure; DP, diastolic pressure; MAP, mean arterial pressure.

duce hypertension and whether quercetin is able to bloblomarkers in LV tissue, we measured the levels of the pro-
these changes, we measured systolic (SP), diastolic (DiRflammatory cytokines TNfe-and IL-6 in LV homogenates.
and mean arterial (MAP) blood pressures in all the group&s shown in Fig. 3, CUS increased IL-6 levels by a three-
Table 1 shows data on SP, DP, and MAP. Compared to cdold (Fig. 3A) and TNFa by a five-fold (Fig. 3B) in the

trol unstressed rat groups, CUS group showed a significanbdel group compared to control. Quercetin significantly
(p<0.05) increase in all blood pressure parameters. Compafpd0.05) inhibited TNFet and IL-6 levels in the CUS+QUR

to the stressed rat group, simultaneous quercetin treatmgrdup compared to CUS group. The reduction level was com-
(CUS+QUR group) significantly (p<0.05) inhibited the riseparable to control but not comparable to Control+QUR
in blood pressure to levels comparable to control groupsgroup.

Quercetin inhibits CUS-induced augmentation of Quercetin inhibits CUS-induced upregulation of Bax
biomarkers of inflammation. Tissue inflammation is gene and downregulation of GPx proteinWe recently
known to be involved in the pathology of heart diseaseported that CUS modulated both the survival and apoptotic
including Ml and LVD (Krishnamurthegt al, 2009). To test proteins, Bcl-2 and caspase-3, and quercetin blocked the
the hypothesis that quercetin can inhibit inflammatorgffect of CUS on these proteins (Bin-Jaliah, 2017). Here,
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we investigated the expression of the proapoptotic gene Basotein, GPx in the same tissue homogenates. CUS
in LV homogenates and assessed RNA messages using &Ilgmented Bax (Fig. 4A) and ameliorated GPx (Fig. 4B),
PCR. In addition, we assessed the level of the antioxidaarid quercetin blocked CUS effects.
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Fig. 3. Quercetin inhibits CUS-induced augmentation of inflammatory biomarkers. LV tissue levels of IL-6 (A) and(BNWwere
measured 21 days after the start of CUS and quercetin treatments in 4 groups of rats; Control, Control + QUR, CUS, andRCUS + QU
groups. Results represent the mea8Y); n=6 for each group. Experiments were performed in triplicate. All shown p values are
significant (P < 0.05). a:Significantly different to control group. b:Significantly different to Control+QUR. c:Significéfdyett to

CUS.
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Fig. 4. Quercetin inhibits CUS-induced modulation of Bax gene and GPx enzyme. LV tissue levels of Bax (A) and GPx (B) were
measured, using RT-PCR analysis for (A) and ELISA for (B ), 21 days after the start of CUS and quercetin treatments of dagsoups
Control, Control + QUR, CUS, and CUS + QUR groups. cDNA samples (lane 1, control; lane 2, control+QUR; lane 3, CUS; lane 4,
CUS+QUR; and lane 5 negative control) derived from LV tissue were amplified using primer pairs for Bax gene (produced.d®and of
bp in size) and the housekeeping gdhactin (110 bp). Results for CPx represent the me&8D); n=6 for each group. Experiments

were performed in triplicate. All shown p values are significant (P < C:@gnificantly different to control group:Significantly

different to Control+QUR. c:Significantly dif-ferent to CUS.
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DISCUSSION induction of Bax messages by CUS further proof that the type
of apoptosis we have in this animal model is the classical one,
a caspase-induced apoptosis (Eldeeira).). It is in agreement

The main objectives of our study were to develop anith previous reports where mild type of CUS in rats induced

animal model of Ml and LVD induced by CUS that mimicghe proapoptotic Bax protein in the myocardium(Dengl,

these heart diseases in humans caused by chronic stress20l&), caused myocardial injury and increased cardiomyocyte

then used this model to investigate whether thapoptosisin cultured cells. Also, it is in agreement with the

cardioprotective agent, quercetin can prevent MI. We alseport that showed stress-induced overproduction of oxidative

sought to further extend on our recent findings about thstress biomarkers caused apoptosis and enhanced levels of lipid

role of apoptosis in LVD to assess the activity of thperoxidation and peroxynitrite that damages DNA in heart

proapoptotic gene, Bax in this model. Therefore, rats wetissues (Wangt al, 2013).

exposed to CUS daily for 21 days in the presence and absence

of quercetin. The principal findings in our study were that We believe our data demonstrates, by physiological,

(i) CUS caused hypertension and showed abnormalitiespathological, pharmacological, and molecular approaches,

both, the ECG reading and LV tissue histology; (i) CU%n animal model of CUS-induced MI and LVD, possibly

augmented tissue inflammatory biomarkers and proapoptoti@ a caspase-induced cardiac cell death that was inhibited

gene activity; and (iii) quercetin substantially inhibited alby quercetin.

the pathophysiological abnormalities mentioned above.

These conclusions are supported by the data indicating that

CUS markedly increased SP, DP, MAP, IL-6, TNF-a level ACKNOWLEDGMENTS
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diseases such as cardiovascular disease including stress-

induced cardiac dysfunction (Black & Garbutt, 2002). In

addition, previous reports also mentioned a protective rdiN-JALIAH, . La quercetina inhibe el infarto al miocardio induci-

for quercetin in inflammation, oxidative stress, ando por estrés cronico en ratas. J. Morphol., 35(4)1363-1369, 2017.

_(I:_?]rdlivascularddlseﬁse %Duaree aflf’ Rogt_er:jo et.al.). f RESUMEN: Reportamos recientemente que el estrés croni-
erefore, our data that show an effective induction o tfb% subito (ECS) induce disfuncion ventricular izquierda (DVI) en ra-

inflammatory biomarkers TN-and IL-6 (Fig. 3) and tas, la que fue inhibida por la quercetina un agente cardioprotector. En
suppression of the antioxidant enzyme GPx (Figure 4Bhse de estos hallazgos y debido a que la mayoria de los pacientes con

caused by CUS, which were blocked by quercetin are iitfarto de miocardio (IM) pueden desarrollar DVI e insuficiencia car-
agreement with these studies. diaca, se busco producir un modelo animal de IM y DVI en ratas, uti-

lizando este modelo para probar la hipotesis de que la quercetina pue-

. . . de prevenir la induccion potencial de IM por ECS. Las ratas fueron
_ We recently reported (Bin-Jaliah) that apoptosis igyyestas a ECS usando una variedad de factores de estrés de quercetina
involved i the pathologyf CUS-induced LVD because CUS (50 mg / kg de peso corporal / dia) durante 21 dias. Se registré la

augmented the apoptotic enzyme, caspase-3 and inhibited ghesion sanguinea y el electrocardiograma (ECG) en todos los grupos
survival protein, Bcl-2 in LV homogenates. Since théle ratas junto con el examen de homogeneizados de tejido del ventriculo
proapoptotic Bax protein is located upstream of caspase-3 é{ﬂyierdo (V1) y secciones para confirmar la produccion del modelo

. . . S nimal. Asociamos los recientes hallazgos sobre el papel de la apoptosis
since Bax translocation (inhibited by Bcl-2 and am'OX'damSDn la patologia de DVIy, finalmente, IM. Las mediciones de la presion

into the mitochondria causes the release of cytochrome ¢ thatyial y Ia grabacion de ECG confirmaron el desarrollo de hipertension
activates caspase-3 and hence apoptosis (Eldg@hg2004), sistémicay del IM en el grupo modelo de ratas expuestas a ECS. Ade-
therefore we assessed the level of Bax RNA messages in raés, la tincion histolégica confirmé que el dafio del VI se produjo en
exposed to CUS and CUS-treated with quercetin. Indeed, cifnismo grupo. Tambien se opervé un aumento del gen proapoptotico
data shown in Fig. 4, which point to the inhibition of GPx an&ax y de los biomarcadores inflamatorios, TiFe IL-6. El trata-
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