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ABSTRACT 

Uremic cardiomyopathy is the leading cause of death in patients with chronic 
kidney disease. Fluid overload and oxidative stress play important roles in its 
pathogenesis. This study aims to determine the effect of quercetin on uremic 
cardiomyopathy in 5/6-nephrectomized rats. To our knowledge, its cardioprotective 
effect on uremic cardiomyopathy induced in rats by 5/6 nephrectomy has not been 
investigated yet. Uremia was induced surgically in male Sprague-Dawley rats via 5/6 
nephrectomy. Quercetin was administered per orally at a dose of 100 mg/kg/day for 8 
weeks prior to sacrifice. Meanwhile, captopril was administered at a dose of 10 
mg/kg/day. Lipid peroxidation was assessed using TBARS reaction, while GPX activity 
was determined to explore the endogen antioxidant mechanism. Myocardial fibrosis 
was analyzed using Massons’ Trichrome staining and the level of NT-proBNP in plasma 
was measured as a marker of cardiac dysfunction. Nephrectomy 5/6 had no effects on 
plasma NT– proBNP levels, cardiac and plasma MDA levels, but induced mild myocardial 
fibrosis and significant increase in cardiac GPX activity in comparison with normal rat 
(p<0.05). However, administration of quercetin or captopril did not ameleriote those 
mild myocardial fibrosis and increased GPX activity. Uremic cardiomyopathy induced by 
5/6 nephrectomy demonstrated mild myocardial fibrosis but preservation of cardiac 
function demonstrated by NT-proBNP levels. Increased of GPX activity in the 
nephrectomized-rats compared to the control rats (p<0.05) suggests induction of 
antioxidant defense mechanisms that might not be exhausted yet. This condition 
highlighted a compensatory phase which was unchanged following chronic 
administration of either quercetin or captopril. 

 
 
INTRODUCTION 

The prevalence of chronic kidney disease (CKD) is estimated to be 8-16% 
worldwide, and 0.2% of the patients are found in Indonesia (Jha et al. 2013; Kemenkes 
RI, 2013). It is worth nothing, that this number keeps increasing in both developed and 
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developing countries (Small et al. 2012). Mortality of 
CKD is caused by cardiovascular complication suffered 
by 50% of patient rather than progression to end stage 
renal disease (ESRD) (Smith et al. 2009; Xie et al. 2015). 
Sudden death counts for 60% of the cardiovascular 
mortality that is mostly because of arrythmia caused by 
myocardial fibrosis (Glassock et al. 2009).  Xie et al. 
(2015) found  myocardial fibrosis due to uremic 
cardiomyopathy in almost 95% of CKD patients. 

Uremic cardiomyopathy was caused by pressure 
overload, volume overload, and uremic toxin itself 
(Lopez et al. 2008). Uremic symptoms present when 
glomerular filtration rate lower than 60 
ml/minutes/1.73 m2 surface body area (Meyer et al. 
2007). This condition increases inflammation process 
and angiotensin II (Ang II) level results in heart failure 
(Smith et al. 2009; Meyer et al. 2007; Smith 2009). 

Ang II activates NADPH oxidase in cardiac myocyte, 
therefore, results in increased reactive oxigen species 
(ROS) (Smith 2009). ROS induce apoptosis and necrosis 
which results in the release of ferrous by the cell in 
order to catalyze prooxidant reaction (Smith 2009; 
Larsen et al. 2012). Increase malondialdehyde (MDA) 
indicates an increase of oxidative stress in CKD (Larsen 
et al. 2012). 

Inhibition of renin-angiotensin-aldosteron system 
(RAAS) is effective in reducing mortality and morbidity 
in cardiovascular diseases, but it could not stop its 
progression (Hoogwerf et al. 2010; Renke et al. 2008). 
Therefore, research in finding new drugs for CKD is in 
great demand (Small et al. 2012). 

Targeting antioxidant system in CKD therapy is 
potential to be developed (Small et al. 2012). 
Quercetin, a flavonoid compound which is abundant in 
medicinal plants, possesses antioxidant activity and 
cardioprotective effect. It induces glutathione 
peroxidase (GPX), reduces MDA level, blocks RAAS, 
reduces brain natriuretic peptide (BNP) and minimizes 
myocardial fibrosis in cardiotoxic-induced cardiac 
fibrosis in the rats and rats model of hypertension (Bas 
et al. 2011; Li et al. 2013; Yan et al. 2013). However, its 
effect on uremic cardiomyopathy induced in rats by 5/6 
nephrectomy has not been investigated yet.  Therefore, 
current study aims to determine cardioprotective 
effect of quercetin through antioxidant mechanism in 
rat model of CKD induced by 5/6 nephrectomy. 
 
 
 

METHODS 
Animals 

Animal model used in this study was adapted from 
Soetikno et al. (2013) with modification. Male Sprague-
Dawley rats with an average body weight of 150–300 g 
(BPOM RI) were used in this study. The experimental 
protocol was approved by the Ethical Committee of the 
University of Indonesia. Animals were housed in a 
controlled room and fed a standard laboratory diet and 
water ad libitum. The animals were randomly divided 
into four groups with six animals in each group. One 
group served as control and three groups underwent 
5/6 nephrectomy by surgical resection of the upper- 
and lower-thirds of the left kidney, followed by a right 
nephrectomy 7 days later. The procedures were carried 
out under general anesthesia (ketalar 50 mg/kg i.p.). In 
the first week after the second surgery, the animals 
were randomly divided into quercetin treatment 
(SNX+Q), captopril treatment (SNX+Cap), and 
untreated (SNX) groups. The SNX+Q group was 
subjected to gavage with 100 mg/kg quercetin in 0.5% 
CMCNa daily (Wang et al. 2012). Quercetin were 
purchased from Sigma Aldrich (Sigma Aldrich, China). 
The SNX+Cap group received 10 mg/kg oral captopril in 
0.5% CMCNa daily (Khattab et al. 2005). The SNX group 
and control group received aquadest.  The animals 
were orally administered with distinctive substances 
for 8 weeks. After 11 weeks of treatment all rats were 
sacrificed, and the blood and heart tissues were 
collected for further analysis. 

 
Morphological Analysis 

Heart tissues were fixed in phosphate-buffered 10% 
(vol/vol) formaldehyde, pH 7.2, and embedded in 
paraffin. Sections (5 μm) were stained with Masson’s 
trichrome. One microscopic field per section was 
analyzed by using a Optilab® light microscope (Optilab), 
with the observer blind to the study group. Histological 
lesions (fibrosis) labeling was evaluated as follows: 
absent, 0; mild, 1; moderate, 2; severe, 3; and very 
severe, 4. 

 
Measurement of Nitrogen Terminal fragment pro-
Brain Natriuretic Peptide (NT-proBNP) content 

Blood samples were collected in Lithium Heparin 
vacutainer tubes. Litium Heparin blood was centrifuge 
at 3000 × rpm for 10 min at 40C for separation of 
plasma. The collected plasma was utilized for the 
determination of NT-proBNP in accordance with the 
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NT-proBNP ELISA kit instructions (Elabscience). The 
optical density is measured spectrophotometrically at 
450 nm (Xmark microplate spectrophotometer, 
Biorad). 

 
Measurement of malondialdehyde (MDA) content 

Blood samples were collected in Lithium Heparin 
vacutainer tubes. Lithium Heparin blood was centrifuge 
at 3000 × rpm for 10 min at 40C for separation of 
plasma. The collected plasma was utilized for the 
determination of MDA using TBARS method with 
1,1,3,3-tetrametoksipropan 99 (TMEP) (Aldrich 10838-
3) as the standard. The optical density is measured 
spectrophotometrically at 530 nm (UV/VIS 
Spectrophotometer, Perkin Elmer) (Layal 2015). 

Meanwhile, heart tissues were rinsed, weighed, 
resuspended at 100 mg/mL in PBS 0.01 M pH 7.4, and 
homogenized. After centrifugation at 3000 rpm for 10 
min at 40C, the supernatants were collected and 
utilized for the determination of MDA using TBARS 
method with 1,1,3,3-tetrametoksipropan 99 (TMEP) 
(Aldrich 10838-3) as the standard. The optical density is 
measured spectrophotometrically at 530 nm (UV/VIS 
Spectrophotometer, Perkin Elmer) (Layal 2015). 

 
Measurement of glutathione peroxidase (GPX) activity 

Heart tissues were rinsed, weighed, resuspended at 
100 mg/mL in PBS 0.1 M pH 7.4 (contains 0.1% 
protease inhibitor), and homogenized. After 
centrifugation at 3000 rpm for 10 min at 40C, the 
supernatants were collected and utilized for the 
determination of GPX activity in accordance with the 
GPx assay kit instructions (Ransel, Randox) with 
modification. GPX activity on heart tissues was 
measured using an ultraviolet-visible 
spectrophotometer (Perkin Elmer). The oxidation of 

nicotinamide adenine dinucleotide phosphate reduced 
(NADPH) to nicotinamide adenine dinucleotide 
phosphate was measured by the decrease in 
absorbance at 340 nm. 
 
Statistical analysis 

Numeric data were expressed as mean ± SD while 
ordinal data as median and range. Data were analyzed 
using one-way analysis of variance (ANOVA) followed 
by Multiple LSD or Kruskal Wallis followed by Mann 
Whitney when appropriate. 

 
RESULTS AND DISCUSSION 

Light microscopy analysis showed that all the 
nephrectomized rats had developed a sign of mild 
myocardial fibrosis (Figure 1) where no effects were 
found in quercetin and captopril groups (p>0.05) (Table 
1). 

Meanwhile, NT-proBNP level remained unchanged 
even though myocardial fibrosis was observed in all the 
nephrectomized groups (p>0.05). In this condition, 
quercetin and captopril administration had no effect on 
NT-proBNP level (p>0.05) (Figure 2).  

TBARS contents were determined to evaluate lipid 
oxidation. In the SNX group, cardiac TBARS contents 
were the highest among other groups (p>0.05). It 
appears that the administration of quercetin and 
captopril reduce the cardiac TBARS content (p>0.05) 
(Figure 3). On the other hand, plasma TBARS content 
tended to decrease after nephrectomy  (Figure 4). 

An obvious change was observed on cardiac GPX 
activity. All groups of nephroctomized rats had 
significant increase of GPX activity (p<0.05) where no 
effects were found in quercetin and captopril groups 
(p>0.05) (Figure 5). 
 

 

Figure 1. Effect of quercetin and captopril treatment on myocardial fibrosis in 5/6-nephrectomized rat. (A) 

Normal; (B) SNX, collagen is seen; (C) SNX+Q, collagen is seen; (D) SNX+Cap, collagen is seen. 

Massons’ Trichrome stain; magnification, x100. SNX=5/6 nephrectomy, Q= quersetin 100 mg, Cap= 

captopril 10 mg. 
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Discussions 
5/6 nephrectomy (SNX) in rat is a gold standard to 

study CKD. The pathophysiological characteristics 
produced by this method are similar to CKD in human 
such as glomerular hypertrophy, proteinuria, and 
glomerular injury (Chaykovska et al. 2011; Griffin et al. 

1994). Stabile and moderate renal failure were 
achieved through hemodynamic changes and 
disturbances in renal autoregulation (Griffin et al. 1994; 
Tyralla et al. 2011).  

Numerous changes were observed in cardiac tissue 
in CKD. These includes decrease myocardial capillary 

 
Figure 2. Effect of quercetin and captopril treatment on NT-proBNP level in 5/6-nephrectomized rat. SNX=5/6 

nephrectomy, Q= quersetin 100 mg, Cap= captopril 10 mg. Data are expressed as mean ± SD. 

 
Figure 3.  Effect of quercetin and captopril treatment on cardiac MDA level in 5/6-nephrectomized rat. SNX=5/6 

nephrectomy, Q= quersetin 100 mg, Cap= captopril 10 mg. Data are expressed as mean ± SD. 

 
Figure 4.  Effect of quercetin and captopril treatment on plasma MDA level in 5/6-nephrectomized rat. SNX=5/6 

nephrectomy, Q= quersetin 100 mg, Cap= captopril 10 mg. Data are expressed as mean ± SD. 

 
Figure 5.  Effect of quercetin and captopril treatment on cardiac GPX activity in 5/6-nephrectomized rat. 

SNX=5/6 nephrectomy, Q= quersetin 100 mg, Cap= captopril 10 mg. Data are expressed as mean ± SD. 
a, p<0.05. 
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density, decrease aortic lumen diameter, increase 
aortic media thickness, and upregulation of myocardial 
angiotensin II type I receptor, renin, profibrotic 
cytokines, and brain natriuretic peptide (BNP) 
(Chaykovska et al. 2011; Tyralla et al. 2011; Kennedy et 
al. 2008). 

Total number of animals used were 24 and survival 
rate after SNX surgery was 57%. Layal (2015) reported 
that nephrectomy significantly increased proteinuria 
(p<0.05) and plasma urea level (p<0.05). From this 
study, neither quercetin nor captopril had effect on 
plasma urea concentration (p>0.05). However, 
captopril significantly reduced proteinuria (p<0.05) but 
not quercetin (p>0.05). Meanwhile, there was no 
significant difference among all of the groups in 
average body weight, heart weight, and heart-to-body 
weight ratio (data not shown).  

Captopril was used as a standard therapy because of 
its ability to reduce proteinuria in CKD patients (Tyralla 
et al. 2011; Viberti et al. 1994). Captopril with dose of 
10 mg was chosen because it reduces creatinine, blood 
pressure, and myocardial hypertrophy in animal model 
of hypertension (Khattab et al. 2005). Meanwhile, we 
used 100 mg dose of quercetin because it reduced 
proteinuria in streptozotocin induced-diabetes rat 
(Wang et al. 2012). 

In this study, 5/6 nephrectomy resulted in mild 
myocardial fibrosis as shown by mild collagen 
deposition between myocardium in line with Smith 
(2009). Quercetin and captopril,  each, insignificantly 
reduced it (p>0.05). However, Tyralla et al. (2011) 
reported that enalapril, an angiotensin converting 
enzyme (ACE) inhibitor, significantly reduced 
myocardial fibrosis in 5/6-nephrectomized rat and Yan 
et al. (2014) reported that quercetin reduced 
myocardial fibrosis in rat with unilateral ureteral 
obstruction.   

N-terminal fragment pro-brain natriuretic peptide  
(NT-proBNP) is a cardiac marker used in the skrinning  
of ventricular diastolic dysfunction in CKD patient 
(Chaykovska et al. 2011; Adamcova et al. 2013; Nunes 
et al. 2013). It is released by myocyte to blood vessel, 
as a response to mechanical stress (ventricular 
overload) in order to reduce preload and afterload 
(Larsen et al. 2010).  

In this study, 5/6 nephrectomy did not change NT-
proBNP level (p>0.05), neither did quercetin and 
captopril administration (p>0.05). Preserved NT-
proBNP in this study might be as a result of preserved 

renin-angiotensin-aldosteron activity due to reduced 
number of juxtaglomerular cells which resulted in no 
ventricular overload (Adamcova et al. 2013; Singh et al. 
2010; Eraranta et al. 2014; Kujal et al. 2008). On the 
contrary, Chaykovska et al. (2011) reported that 5/6 
nephrectomy increased BNP level. As a result, neither 
quercetin nor captopril reduced the BNP level. This is in 
contrast to Yan et al. (2014) who reported BNP 
reducing effect of quercetin in rat with unilateral 
ureteral obstruction. Similar with this, Falcao et al. 
(2004)  also reported BNP reducing effect of captopril in 
dilated ventriular hypertensive patient.  

Malondialdehyde (MDA) is a final product of lipid 
peroxidation that represents cell destruction (Xu et al. 
2014). Oxidized phospholipid involves in activation of 
inflammatory and apoptosis pathways (Deignera et al. 
2008). In this study, MDA was measured using TBARS 
reaction and revealed that nephrectomy affect neither 
heart nor plasma MDA levels (p>0.05). Romero et al. 
(1999) reported that urinary MDA level dropped back 
to normal value in 8 weeks after nephrectomy. Urinary 
MDA represented plasma MDA in CKD patient as 
reported by Chang et al. (2005).  

Meanwhile, Bas et al. (2011) reported that quercetin 
reduced cardiac MDA in cardiotoxic-induced rat. 
Insignificant decrease in cardiac MDA (p>0.05) after 
quercetin administration was caused by insignificant 
increase of cardiac MDA after nephrectomy.  

On the other hand, insignificant increase of cardiac 
MDA by captopril administration (p>0.05) could be 
caused by upregulation of ACE as a result of its chronic 
inhibition which result in increase of NADPH oxidase 
activation by Ang II (Costerousse et al. 1998).  

Meanwhile, quercetin and captopril insignificantly 
reduced plasma MDA level (p>0.05). This is in line with 
Deng et al. (2001) and Duarte et al. (2002). Deng et al. 
(2001) reported that captopril reduced plasma MDA 
level in 5/6-nephrectomized rats while Duarte et al. 
(2002) reported that quercetin reduced plasma MDA in 
rat model of hypertension. This insignificance could be 
caused by insignificant decrease of plasma MDA after 
nephrectomy. 

Quercetin mechanism on reducing lipid peroxidation 
includes xanthine oxidase inhibition, metal chellation, 
radical hydroxy scavenging, and upregulation of 
endogenous antioxidant enzyme (Yan et al. 2014). 
Meanwhile, captopril reduces oxidative stress through 
the decrease of Ang II that plays important roles in 
activating NADPH oxidase (Sayed et al. 2008). 
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Glutathione peroxidase plays more important role in 
antioxidant mechanism than catalase, superoxide 
dismutase, glutathioe S-transferase, and glutathione 
reductase  in coronary artery disease patient 
(Blankenberg et al. 2003; Ho et al. 1998; Lapenna et al. 
1998). Some study revealed GPX activity as potential 
diagnostic and prognostic marker in CKD patient 
(Blankenberg et al. 2003). Depletion of its activities was 
caused by uremia, an increase in lipid peroxidation, a 
decrease in functional renal mass, and a biochemical 
inactivation (Krofic et al. 2014). 

This study revealed that 5/6 nephrectomy 
significantly increased cardiac GPX activity (p<0.05). 
Similar with this, Lim et al. (2004) found that cardiac 
GPX was also upregulated through 5/6 nephrectomy in 
the same animal model. Preserved endogenous 
antioxidant defense mechanism in the compensatory 
phase, indicating that cardiac adaptation mechanism 
had not deteriorated yet in uremic milieu. 

Significant increase of cardiac GPX activity after 5/6 
nephrectomy resulted in insignificant increase of its 
activity after quercetin administration (p>0.05) even 
though Bas et al. (2011) reported a significant increase 
in it.  

Meanwhile, insignificant decrease in cardiac GPX 
activity after captopril administration (p>0.05) was in 
line with Shouman et al. (2006) that revealed decrease 
in GPX activity in cardiotoxic-induced rat. These 
insignificant activities could also caused by significant 
increase of GPX activity after 5/6 nephrectomy. 

Based on these data, quercetin did not ameliorate 
myocardial fibrosis and had no effect on cardiac marker 
in uremic rat heart induced by 5/6 nephrectomy. 
Apparently, mild myocardial fibrosis in the uremic 
milieu gives preserved cardiac function. No noticeable 
changes were present on the cardiac endogenous 
antioxidant defense mechanism after quercetin 
administration.   

However, this study still had many limitations. The 
author suggests that in the next study, natrium 
supplementation should be given to the rat because of 
its sensitivity to natrium hypertension (Ylitalo et al. 
1976) and a longer study until 3-6 months or until 
cardiovascular morbidity and mortality were observed 
(Griffin et al. 1994). Meanwhile, testing compound 
could be administered after a positive sign of cardiac 
disease. Additional parameters such as blood pressure 
monitoring and echocardiography observations are 
also suggested. 

 CONCLUSION 
Based Uremic rats’ heart induced by 5/6 

nephrectomy demonstrated mild myocardial fibrosis 
but preservation of cardiac function as shown by 
insignificant changes in plasma NT-proBNP. Significant 
increased in GPX activity in uremic rats’ heart 
compared to normal control suggests induction of 
antioxidant defense mechanisms that might not be 
exhausted yet. This condition highlighted a 
compensatory phase which was unchanged following 
chronic either quercetin or captopril administration. 
Insignificant changes in plasma and cardiac MDA levels 
in uremic rats’ heart compared to normal control also 
support this finding. 
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