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INTRODUCTION 

Cardiac hypertrophy is one of the main ways in which 

cardiomyocytes respond to mechanical and 

neurohormonal stimuli (Carreño et al., 2006). 

Hypertrophic growth accompanies many forms of heart 

disease, including ischemic disease, hypertension, heart 

failure, and valvular heart disease. Cardiac hypertrophy 

has been considered as an important risk factor for 

cardiac morbidity and mortality whose prevalence has 

increased during the last few decades (Rohilla et al., 

2012). Although hypertrophy in response to pathological 

signaling has traditionally been considered as an adaptive 

response, prolonged hypertrophy is associated with an 

increased risk of progression to heart failure and sudden 

death (Katholi and Couri, 2011). In cardiovascular 

research, animal models have allowed the study of 

cardiovascular disease in the early stages, as well as the 

investigation of the mechanisms of the pathogenesis of 

cardiovascular disease and the effects of drug 

intervention. Nevertheless, despite considerable research 

efforts, the complex signaling events regulating the 

cardiac hypertrophy are not fully understood. 

 

Eminence of inflammation in cardiac hypertrophy 

There is a considerable variety of transcription factors 

that appear to play a role in the regulation of the events 

that lead to the activation of the genetic program 

involved in cardiac hypertrophy (Babu et al., 2000; 

Liang et al., 2000; Morimoto et al., 2000). The role of 

inflammation in cardiac hypertrophy is not to be 

disregarded as high expression levels of cytokines such 

as interleukins (IL)-6, IL-1β, IL-1RA, and tumor 

necrosis factor-alpha (TNF-α) and activation of 

inflammatory signaling pathways such as nuclear factor 

kappa B (NF-κB) are all characteristic hallmarks of a 

pathologically hypertrophied heart. 

 

TNF-α mediated pathological myocardial hypertrophy, 

which is maladaptive has also been associated with 

angiotensin II, tumor necrosis factor-α (TNF-α), and 

catecholamines (Dorn and Brown, 1999) and seems to 

involve downstream signaling pathways, c-Jun N-

terminal kinase and p38, which promote cardiac fibrosis 

and apoptosis (Liang et al., 2003). Nuclear factor-κB 

(NF-κB) is a pleiotropic transcription factor that is found 

to be elevated during cardiovascular disease, and its 

signaling  is strongly implicated in the development of 

cardiac remodeling (fibrosis), hypertrophy, and heart 

failure (Li  et al., 2004, Zelarayan et al., 2009). 

 

Over the past decade, polyphenols, abundant in fruits and 

vegetables, have gained recognition for their antioxidant 
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Latest epidemiological data has revealed that cardiac hypertrophy is a major predictor of heart failure, with a 
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orally for 30 days. The HW/BW ratio, fetal gene expression and macromolecular damage were found to be 

increased in the isoproterenol administered rats, whereas, hesperetin treated rats showed a decline in the HW/BW 

ratio and fetal gene expression. The protein expression of inflammatory marker NF-κB was found to be decreased 

in the hesperetin treated rats when compared to the isoproterenol administered rats. This study suggests NF-κB as 

a potential target for anti-inflammatory therapy for cardiac hypertrophy and hesperetin modulated NF-κB 

expression, it therefore could be useful as an anti-inflammatory agent against cardiac hypertrophy. 
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anti-cancer, chemo-preventive, anti-inflammatory 

properties (Pietta, 2000) and their roles in protecting 

against chronic diseases such as cancer and 

cardiovascular diseases (Hertog et al., 1993; Kroon and 

Williamson, 2005). Hesperetin, an abundant 

bioflavonoid shows a wide spectrum of pharmacological 

effects such as anti-inflammatory, anti-carcinogenic, 

anti-hypertensive, anti- atherogenic effects and anti-

oxidant properties (Yang et al., 2011). Studies have 

shown that supplementation with hesperidin and 

hesperetin on the cardiovascular system include anti- 

hypertensive, anti-coagulant, cardio-protective effects 

against oxidative stress and ischemia induced by drugs, 

hypolipidemic and hypoglycemic effects and promotes 

cellular antioxidant defense-related enzyme activity 

(Pollard et al., 2006). 

 

MATERIALS AND METHODS 

Source of chemicals 

Hesperetin, Isoproterenol hydrochloride and bovine 

serum albumin were procured from Sigma- Aldrich, 

USA. All other chemicals used were of analytical grade 

obtained from Merck Chemical Supplies (Darmstadt, 

Germany), Sisco Research (SRL, India) and S.D. Fine 

Chemicals, Mumbai, India. 

 

Animals 

Healthy male Wistar young rats were used throughout 

the study. The animals were procured from Central 

Animal House Facility, Dr. ALM PGIBMS, University 

of Madras, Taramani Campus, Chennai – 600 113, India. 

All experiments with animals approved by the 

Institutional Animal Ethical Committee (IAEC No. 

01/23/12) were performed in compliance with the 

relevant laws and institutional guidelines. The animals 

were housed under conditions of controlled temperature 

(25 ± 2°C) with 12/12 h light/dark cycle and were given 

food and water ad libitum. The experimental animals 

were divided into three groups of six animals each: 

Group I- Control (Received vehicle alone), Group II- 

Hypertrophy induced rats (Received isoproterenol 

hydrochloride 5mg/kg body weight, subcutaneously for 7 

days), Group III- Rats pre-treated with hesperetin 

(received hesperetin 30mg/kg body weight suspended in 

0.5% methyl cellulose orally for 30 days) and given 

isoproterenol 5mg/kg body weight, subcutaneously for 7 

days. 

 

At the end of the experimental period, rats were 

anesthetized with ketamine (22mg/kg bw/ip) and hearts 

were excised, washed in ice cold saline, blotted dry, 

weighed and part of the heart was homogenized in ice-

cold tissue lysis buffer. A 10% tissue homogenate was 

prepared by using Tris-HCl buffer (0.01M, pH 7.4) 

followed by centrifugation at 12,000 rpm for 10 min. The 

supernatant was used for the analysis of various 

parameters. 

 

Estimation of total collagen by hydroxyproline assay 

Hydroxyproline assay was performed to measure total 

collagen content of heart (Stegemann and Stalder, 1967). 

 

Oxidative Stress Markers 

The level of lipid peroxides was assayed by the method of 

Devasagayam and Tarachand (1987) and the protein 

carbonyl was estimated by the method of Levine et al. 

(1990). 

 

Assessment of antioxidant defense system 

The enzyme superoxide dismutase was assayed according 

to the method of Marklund and Marklund (1974). The 

activity of catalase was assayed by the method of Sinha 

(1972) and the activity of GPx was determined by the 

modified method of Rotruck et al. (1973). 

 

Western blotting 

Western blotting was carried out as per the standard 

protocols (Townbin et al., 1992). The samples were 

solubilized in the sample solubilizing buffer and 

electrophoresed in 10% SDS polyacrylamide gels. Then 

transferred on to PVDF membranes. The membranes 

were incubated with specific primary antibody against 

NFκB and TNF-α (Santa Cruz Biotechnology). After 

washing with PBS containing 0.05% Tween 20, the 

membranes were incubated with horseradish peroxidase 

(HRP)- conjugated goat anti-rabbit or goat anti-mouse 

(BioRad, USA) secondary antibody. Immunoreactive 

bands were developed with Immobilon Western-

Chemiluminescent HRP substrate (Millipore 

Corporation, Billerica, MA, USA) and visualized by 

using an enhanced chemiluminescence system (Chemi-

Doc, BioRad, USA) and presented in comparison to β-

actin expression. 

 

Statistical Analysis 

The results are expressed as mean ± Standard Deviation 

(SD). Differences between groups were analyzed by 

One-way Analysis of Variance (ANOVA) using the 

SPSS software package for Windows (Version: SPSS 

20.0). Post hoc testing was performed for inter-group 

comparisons using the least significant difference (LSD) 

test; significance at p values <0.05 has been given by 

respective symbols in tables and figures. 

 

 

 

Results Table 1: Effect of hesperetin on the heart to body weight ratio 

Heart Weight (mg) 560±44 790±60 595±47 

Body Weight (g) 157±14.2 153±13.9 154±12.7 

HW/BW Ratio 3.56 5.16 3.86 

 

 Group 1 Group 2 Group 3 
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Group 1- Control Rats; Group 2- Isoproterenol administered rats; Group 3- Isoproterenol + Hesperetin pre-treated rats. 

Values are expressed as mean ± SD for six animals in each group. Values are statistically significant at the level of      

p< 0.05, where ‘a’ - compared with Group 1, ‘b’ –compared with Group 2. 

 

 
Figure 1: Effect of hesperetin on the collagen content in the heart 

 

Group 1- Control Rats; Group 2- Isoproterenol administered rats; Group 3- Isoproterenol + Hesperetin pre-

treated rats. Values are expressed as mean ± SD for six animals in each group. Values are statistically significant 

at the level of p< 0.05, where ‘a’ - compared with Group 1, ‘b’ –compared with Group 2. 

 

Figure 2: Effect of hesperetin on the oxidative stress markers in cardiac hypertrophy 
 

Group 1- Control rats; Group 2- Isoproterenol administered rats; Group 3- Isoproterenol + Hesperetin pre-treated rats. 

Values are expressed as mean ± SD for six animals in each group. Values are statistically significant at the level of  p< 

0.05, where ‘a’ - compared with Group 1, ‘b’ –compared with Group 2. 

 

Figure 3: Effect of Hesperetin on enzymatic antioxidants in control and experimental rats 

 

Units: SOD - amount of enzyme required to prevent 50% auto-oxidation of pyrogallol/min/mg protein; Catalase - 

µmoles of H2O2 consumed/min/mg protein. GPx - µmoles of GSH oxidized/min/mg protein. 

 

 

Figure 4: Effect of hesperetin on the protein expression of NFκB 

 

 
Group 1- Control rats; Group 2- Isoproterenol administered rats; Group 3- Isoproterenol + Hesperetin pre-

treated rats. Values are expressed as mean ± SD for three independent observations. Values are statistically 

significant at the level of p< 0.05, where ‘a’ - compared with Group 1, ‘b’ –compared with Group 2. 

NFκB (25 

β actin (45 kDa) 
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Figure 5: Effect of hesperetin on the protein expression of TNFα 

 

Group 1- Control rats; Group 2- Isoproterenol administered rats; Group 3- Isoproterenol + Hesperetin pre-treated rats. 

Values are expressed as mean ± SD for three independent observations. Values are statistically significant at the level 

of p< 0.05, where ‘a’ - compared with Group 1, ‘b’ –compared with Group 2. 

 

DISCUSSION 

The heart to body weight ratio, is a useful index of 

ventricular hypertrophy at the organ level (Brooksby et 

al 1998). The HW/BW ratio as evident from Table.1 was 

found to be increased by 44.94% in the isoproterenol 

administered rats (Group 1) when compared to control 

rats (Group 2),  demonstrating an increase in the heart 

size. However, hesperetin pre-treated rats (Group 3) 

showed a 25.19% reduction in the HW/BW ratio when 

compared to isoproterenol administered rats. The heart to 

body weight ratio of the hypertrophy induced animals 

was found to be significantly increased when compared 

to the control rats. In contrast, the heart to body weight 

of the hesperetin pretreated animals was found be 

significantly decreased when compared to the 

hypertrophy induced rats. 

 

Figure 1 shows the collagen content as a measure of 

cardiac fibrosis. This assay revealed that isoproterenol 

administration elevated the levels of collagen in the heart 

by 2-fold when compared to that of the control rat heart. 

Whereas, on hesperetin pre-treatment, a marked decrease 

in the collagen content (1.56 fold) was observed when 

compared to the hypertrophied rat heart. Increased 

deposition of collagen proteins has been observed in 

patients with hypertension, dilated cardiomyopathy and 

end stage heart failure (Daniels et al., 2009). Consistent 

with these previous studies, we also observed increased 

levels of total collagen in the isoproterenol administered 

rats when compared to the control rats. The present study 

obviates that the levels of total collagen as evident from 

the hydroxyproline assay is significantly lowered in the 

hesperetin treated rats when compared to the 

isoproterenol group. 

 

Lipid peroxidation is a free radical process acting as a 

source of secondary free radical, which further can act as 

second messenger or can directly react with other 

biomolecule, enhancing biochemical lesions (Lobo et al., 

2010). Lipid peroxidation leads to the formation of a 

number of compounds, for example, alkenes, 

malondialdehyde, and isoprostanes. These compounds 

are used as markers in lipid peroxidation assay to 

measure the levels of lipid peroxides (Yin et al., 2011). 

 

The TBARS levels were found to be increased in the 

hypertrophied heart samples when compared to control 

rat hearts (Figure 2). This was in corroboration with the 

studies by Kannan & Quine (2013) who have reported 

that isoproterenol administered rats show increased 

levels of lipid peroxidation products. 

 

The mechanisms underlying the isoproterenol induced 

cardio toxicity have not been fully understood, however, 

several investigators have shown that ROS are closely 

related to the oxidative stress and cardio toxicity induced 

by isoproterenol (Stanely Mainzen et al., 2009; Arya et 

al., 2010). However, hesperetin treatment was found to 

mitigate the protein carbonyl content to a considerable 

extent. 

 

The activity of the enzymatic antioxidant SOD was 

found to be decreased by 45.45% in the isoproterenol 

administered rats when compared to the control rats. 

Whereas, hesperetin treated rats showed a significant 

increase (63.33%) in the activity of SOD when compared 

to group 2 rats (Figure 3). Superoxide released by 

processes such as oxidative phosphorylation is first 

converted to hydrogen peroxide and then further reduced 

to give water. This detoxification pathway is the result of 

multiple enzymes, with superoxide dismutases catalyzing 

the first step and then catalases and various peroxidases 

removing hydrogen peroxide (Ho et al., 1998; Johnson 

and Giulivi, 2005). Superoxide dismutases (SODs) are a 

class of closely related enzymes (Zelko et al., 2002) that 

play a vital anti-oxidant role in human health, conferred 

by their scavenging of one of the reactive oxygen 

species, superoxide anion (Johnson and Giulivi, 2005). 

We found a decline in the SOD activity in isoproterenol 

administered rat hearts when compared to that of the 

control rats. Isoproterenol administration has been shown 

to increase the myocardial lipid peroxidation and deplete 

the activity of SOD, and catalase (Maulik et al., 2012). 

Similarly, Balta and his co-workers (1999) have reported 

that that administration of high doses of isoproterenol, 

induced oxidative stress and decreased superoxide 

dismutase (SOD) activity in the heart and the results 

obtained are considered an outcome of oxidative stress 

conditions imposed by isoproterenol auto oxidation. The 

decrease observed in the activity of SOD due to 

isoproterenol administration is shown to be augmented 

by hesperetin treatment. This is in corroboration with 

Choi and Ahn (2008) who have reported that hesperetin 

significantly enhances the total superoxide dismutase 

(SOD) activity in mice and Aranganathan and Nalini 

(2009) who have reported that hesperetin increase the 

 
TNF α (17 kDa) 

 
β actin (45 kDa) 
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activity of SOD in a model of rat colon carcinogenesis. 

 

Catalase is a common enzyme found in nearly all aerobic 

organisms, where it functions to catalyze the 

decomposition of hydrogen peroxide to water and 

oxygen. This hypothesis was supported by the results 

wherein we found a significantly decreased (2.6 fold) 

activity of catalase in the isoproterenol administered rats 

compared to the control rats. Whereas, hesperetin treated 

rats showed a significant increase (2.1 fold) in the 

activity of catalase when compared to the isoproterenol 

group. These results can be attributed to the fact that 

hesperetin has been shown to increase the activity of 

catalase in various studies and under various 

experimental conditions (Agrawal et al., 2014; Wang et 

al., 2013; Aranganathan and Nalini, 2009; Choi, 2008). 

 

Glutathione peroxidase (GPx), a selenium containing 

enzyme protects cellular and sub cellular membrane from 

peroxidative damage by catalyzing the removal of H2O2 

and other non-reactive products (Ojha et al., 2010; Ursini 

et al., 1995). In the current study, isoproterenol 

administered rats show a decline (40%) in the activity 

and protein levels of GPx when compared to the control 

rats. Similar results have been obtained by El-Demerdash 

et al. (2005) and Suchalatha et al. (2005) wherein they 

have observed a decrease in GPx in the cardiac tissue of 

rats administered with isoproterenol. 

 

Cardiac hypertrophy is correlated with aninflammatory 

process, suggesting that inflammation could be a key 

event in cardiovascular complications in hypertensive 

animals (Simko et al, 2009). The close relationship 

between hypertrophy and inflammation is also from a 

clinical point of view of great importance, because 

chronic low-grade inflammation isthought to play a 

significant role in cardiac hypertrophy and failure 

(Yndestad et al, 2006). 

 

Nuclear factor-B (NF-κB), a ubiquitous transcription 

factor, isknown for its role in immunity, inflammation, 

regulation of cell growth, apoptosis and embryonal 

development (Ghosh and Karin, 2002). In most resting 

cells, NF-κB is sequestered in the cytoplasm by 

interaction with its inhibitory proteins, the IκBs, which 

are degraded on stimulation. Cytokines have been 

implicated in the development of cardiac hypertrophy; 

most likely via downstream activation of pro-

inflammatory transcription factors such as NF-κB 

(Purcell et al, 2001). Also, the reports stated by Freund et 

al (2005) firmly establish that activation of NF-κB in 

cardiomyocytes is a requisite to the development of 

cardiac hypertrophy by Ang II and Isoproterenol in vivo. 

NF-κB plays an active role in the development of cardiac 

hypertrophy when induced with a beta adrenergic 

stimulant isoproterenol. It is proposed that inhibition of 

pro-inflammatory pathways, in general, and NF-κB, in 

particular, could be beneficial for the diseased heart 

(Ogato et al, 2004; Kawano et al, 2006). 

 

The prohypertrophic and inflammatory signaling 

pathways in the cardiomyocytes appear to converge on 

NF-κB. These observations point to a close relationship 

between the hypertrophic and inflammatory signaling 

pathways in the cardiac muscle cell and suggest that anti-

inflammatory interventions could be therapeutically 

effective. Hesperetin is one such compound with 

profound anti- inflammatory action (Chen et al, 2010). 

Moreover, hesperetin was shown to modulate NF-κB 

activation through the NIK/IKK, ERK, p38, and JNK 

pathways (Kim et al, 2006). Accordingly, the ability of 

hesperetin to attenuate inflammation and thereby 

hypertrophy was studied. Western blot analysis from the 

present study showed an increased expression of NF-κB 

in the hypertrophy induced rats (Figure 4). Pretreatment 

with hesperetin inhibited the increase in NF-κB 

expression upon isoproterenol induction. 

 

TNF-α, a proinflammatory cytokine with a broad range 

of pleiotropic effects, is expressed de novo by cardiac 

myocytes after certain forms of stress (Giroir, 1994). 

Both basic and clinical studies strongly support the 

hypothesis that myocardial expression of TNF alpha is 

an important step in the pathophysiologic pathway 

leading to progressive cardiac dilatation and failure 

(Feldman et al., 2000). Growing evidence implicates 

TNF-α in the pathogenesis of heart failure. It is well 

known that the healthy heart does not produce TNF-α but 

the insufficient myocardium does. Experimentally, it has 

been demonstrated that transgenic mice that chronically 

overexpress myocardial TNF-α develop cardiac 

hypertrophy, fibrosis, dilated myocardiopathy, and 

premature death (Garza et al., 2002). 

 

In the present study, the expression of TNF-α was 

significantly increased (2.2 fold) in the isoproterenol 

administered rat hearts when compared to that of the 

control rat heart (Figure 5). Whereas, hesperetin treated 

rats showed a significant decline (2.1 fold) in the 

expression of TNF-α when compared to that of the 

isoproterenol alone administered rats. 

 

From the above findings, it can be concluded that the 

anti-hypertrophic action of hesperetin are at least in part 

mediated by the reducing the expression of NF-κB. Since 

NF-κB is associated with the development of cardiac 

hypertrophy and its progression to heart failure, the 

inhibition of NF-κB is therefore necessary. This study 

suggests NF-κB as a potential target for anti-

inflammatory therapy for cardiac hypertrophy. Since 

hesperetin modulated NF-κB and its gene expression, it 

therefore could be useful as an anti-inflammatory agent 

against cardiac hypertrophy. 
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