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Abstract: To investigate the alleviative effect of dihydroquercetin on chronic heart failure (CHF) in rats 

and the mechanisms. Thirty rats were randomly divided into sham, model and treatment groups. The CHF 

model was established in model and treatment groups. The treatment group was treated with 50 μg/kg 

dihydroquercetin for four weeks. After treatment, compared with model group, in treatment group the 

cardiac structure and function indexes were improved, the serum creatine kinase, lactate dehydrogenase, 

cardiac troponin I, tumor necrosis factor α, interleukin 6 and malondialdehyde levels decreased, the serum 

superoxide dismutase level increased, the myocardial B-cell lymphoma 2, nuclear factor-erythroid 2-

related factor 2 (Nrf2) and heme oxygenase 1 (HO-1) protein levels increased, and the myocardial Bax 

protein level decreased (all p<0.05). In conclusion, dihydroquercetin may alleviate CHF in rats by 

resisting inflammatory response and oxidative stress, reducing cardiac myocyte apoptosis and activating 

Nrf2/HO-1 signaling pathway. 
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Resumen: Este estudio investigó el efecto aliviador de la dihidroquercetina en la insuficiencia cardíaca 

crónica (ICC) en ratas y sus mecanismos. Treinta ratas fueron divididas aleatoriamente en grupos 

simulado, modelo y tratamiento. El modelo de ICC se estableció en los grupos modelo y tratamiento. El 

grupo tratamiento recibió 50 μg/kg de dihidroquercetina durante cuatro semanas. Tras el tratamiento, en 

comparación con el grupo modelo, el grupo tratamiento mostró mejoras en los índices de estructura y 

función cardíaca, disminución de los niveles séricos de creatina quinasa, lactato deshidrogenasa, 

troponina I cardíaca, factor de necrosis tumoral α, interleucina 6 y malondialdehído, aumento del nivel 

sérico de superóxido dismutasa, incremento en los niveles de proteínas Bcl-2, Nrf2 y HO-1 en el 

miocardio, y disminución del nivel de proteína Bax en el miocardio (todos p<0.05). En conclusión, la 

dihidroquercetina puede aliviar la ICC en ratas al resistir la respuesta inflamatoria y el estrés oxidativo, 

reducir la apoptosis de miocitos cardíacos y activar la vía de señalización Nrf2/HO-1. 
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INTRODUCTION 

Chronic heart failure (CHF) is a clinical syndrome 

with reduced cardiac output due to the abnormalities 

in the structure and/or function of heart (Hoffman, 

2016). At present, it is believed that the main causes 

of CHF include the intrinsic myocardial diseases and 

heart overload diseases. The former includes 

coronary artery atherosclerotic heart disease, 

myocardial infarction, myocarditis, and dilated 

cardiomyopathy. The latter includes hypertension, 

heart valve stenosis and regurgitation, chronic 

anemia, and hyperthyroidism (Miller, 2016; Pagliaro 

et al., 2020). The molecular mechanisms of CHF 

include the over-activation of neuroendocrine system 

(Jiang et al., 2023), apoptosis and necrosis of 

myocardial cells (Gao et al., 2020), inflammation and 

cytokine activation (Murphy et al., 2020), oxidative 

stress (van der Pol et al., 2019). It has been estimated 

that the prevalence of CHF is 0.9%, and the mortality 

is 19.5% annually in China (Li, 2019). CHF will lead 

to multiple organ involvement and damage, and is 

often accompanied by clinical manifestations such as 

dyspnea, fatigue, fluid retention and decreased 

activity tolerance (Skrzypek et al., 2018). The 

myocardial injury, irreversible remodeling of cardiac 

structure, abnormal cardiac systolic and diastolic 

function and hemodynamic disorders are the driving 

factors that promote the development of this disease 

(Triposkiadis et al., 2022).  

Dihydroquercetin (Figure No. 1), also named 

taxifolin, is a typical flavonoid component commonly 

found in pine plants such as Pseudotsuga menziesii 

(Mirb.) Franco mainly distributed in North American 

area and Cedrus deodara (Roxb. ex D. Don) G. Don. 

mainly distributed in Western Asia area. It has a 

series of biological activities in the antioxidant, anti-

inflammatory and anti-tumor aspects (Lee et al., 

2012; Zhang et al., 2017). Dihydroquercetin can 

protect the myocardial ischemia-reperfusion injury by 

inhibiting oxidative stress and regulating 

endoplasmic reticulum stress and mitochondrial 

apoptosis (Shu et al., 2019). It can also improve the 

myocardial hypertrophy and myocardial fibrosis after 

pressure overload by reducing mitochondrial 

dysfunction and glucose metabolism disorder (Sun et 

al., 2014; Guo et al., 2015). However, there are few 

reports on the effect of dihydroquercetin for CHF. It 

is hypothesized that dihydroquercetin can protect the 

CHF. Therefore, the purpose of this study is to 

investigate the alleviative effect of dihydroquercetin 

on CHF in rats and the related action mechanisms.  

 

Figure No. 1 

Chemical structure of dihydroquercetin 

  

MATERIALS AND METHODS 

Animal grouping and modeling 

Thirty SPF-grade male SD rats (250-280 g; Shanghai 

Slake Laboratory Animal Co., Ltd., Shanghai, China) 

were adaptively fed for one week, and then were 

randomly divided into sham, model and treatment 

groups, with 10 rats in each group. The CHF model 

was established in model and treatment groups using 

the abdominal aortic constriction method (Mou et al., 

2022). The rats were anesthetized by intraperitoneal 

injection of 3% pentobarbital sodium, and then the 

endotracheal intubation was performed. The thoracic 

cavity was opened, and the heart was exposed. The 

anterior descending branch of the left coronary artery 

was ligated at the position 2-3 mm below the left 

auricle. The T elevation and even fusion of QRS and 

T waves in the electrocardiogram indicated the 

successful ligation. After four weeks, when the left 

ventricular ejection fraction was below 40%, it is 

indicated that the CHF model was successfully 

established. In sham group, the thoracic cavity was 

opened, but the coronary artery was not ligated. No 

rat died during the modeling in each group. All 

experimental procedures were performed in 

accordance with the recommendations in the Guide 

for the Care and Use of Laboratory Animals of the 

National Institutes of Health and were approved by 

the Institutional Animal Care and Use Committee of 

our hospital. 
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Treatment 

After the CHF model was successfully established, 

the rats in the model group were treated with 

dihydroquercetin by intragastrical administration, 

with dosage of 50 μg/kg (based on the pre-

experiment). The administration was performed once 

a day, for eight weeks. The rats in sham group and 

model group were intragastrically administrated with 

equal volume of normal saline for four weeks. 

 

Cardiac structure and function test 

At the end of treatment, the cardiac structure and 

function of rats were detected by echocardiography. 

The left ventricular end-diastolic diameter (LVIDd), 

left ventricular end-systolic diameter (LVIDs), LVEF 

and left ventricular fractional shortening (LVFS) were 

measured.  

 

Determination of blood indicators 

Abdominal aorta blood was collected from the rats. 

After centrifuging, the serum was obtained. The 

myocardial injury indicators including creatine kinase 

(CK), lactate dehydrogenase (LDH) and cardiac 

troponin I (cTnI), inflammatory response indexes 

including tumor necrosis factor α (TNF-α) and 

interleukin 6 (IL-6) and oxidative stress indexes 

including superoxide dismutase (SOD) and 

malondialdehyde (MDA) were determined using 

enzyme linked immunosorbent assay. 

 

Detection of myocardial related protein expressions 

Myocardial tissues were taken from the rats and were 

fully homogenized with precooled lysate. After 

centrifuging at 3000 rpm and 4°C for 10 min, the 

supernatant was obtained. The total protein 

concentration in supernatant was detected by BCA 

method, and the target proteins were isolated using 

SDS-PAGE. The isolated proteins were transferred to 

the PVDF membranes. After blocking with 5% 

skimmed milk powder for 2 h, the membranes were 

incubated with the primary antibody for B-cell 

lymphoma 2 (Bcl-2), B-cell lymphoma-2 associated 

X (Bax), nuclear factor-erythroid 2-related factor 2 

(Nrf2) and heme oxygenase 1 (HO-1), respectively, at 

4°C overnight. Then, the membranes were incubated 

with the secondary antibody at 37°C for 1 h. The 

enhanced chemiluminescence solution was dripped 

on the front of the membranes for reaction for 10 

min. The membranes were placed in the gel imaging 

system for scan imaging. The optical density of the 

bands was measured using the Quantity One image 

analysis software. The optical density ratio of target 

band to β-actin presented the relative expression of 

target protein. 

 

Statistical analysis 

Statistical analysis was performed using SPSS 20.0 

software. Each determination was repeated three 

times. The data were presented as mean±standard 

deviation. The comparison among the three groups 

was made by one-way Analysis of Variance followed 

by LSD-t test. p<0.05 was considered as significant. 

 

RESULTS 

Cardiac structure and function indexes 

At the end of treatment, compared with sham group, 

in model and treatment groups the LVIDd and LVIDs 

were significantly increased, respectively (p<0.05), 

and the LVEF and FS were significantly decreased, 

respectively (p<0.05). Compared with model group, 

in treatment group the LVIDd and LVIDs were 

significantly decreased, respectively (p<0.05), and 

the LVEF and FS were significantly increased, 

respectively (p<0.05) (Figure No. 1). 

 

Myocardial injury indicators 

As shown in Figure No. 2, after treatment the serum 

CK, LDH and cTnI levels in model and treatment 

groups were significantly higher than those in sham 

groups, respectively (p<0.05). Compared with model 

group, each index in treatment group was 

significantly decreased (p<0.05). 

 

Inflammatory response indexes  

After treatment, compared with sham group, the 

serum TNF-α and IL-6 levels in model and treatment 

groups were significantly increased, respectively 

(p<0.05). Compared with model group, each index in 

treatment group was significantly decreased (p<0.05) 

(Figure No. 3). 

 

Oxidative stress indexes 

As shown in Figure No. 4, after treatment the serum 

SOD level in model and treatment groups was 

significantly lower than that in sham group, 

respectively (p<0.05), and the serum MDA level in 

model and treatment groups was significantly higher 

than that in sham group, respectively (p<0.05). 

Compared with model group, in treatment group the 

SOD level was significantly increased (p<0.05), and 

the MDA level was significantly decreased (p<0.05). 
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Figure No. 1 

Cardiac structure and function indexes in three groups (n=10 for each group) (LVIDd: F=18.557, p<0.001; 

LVIDs: F=104.656, p<0.001; LVEF: F=31.330, p<0.001; FS: F=13.545, p<0.001). *p<0.05 compared with 

sham group; **p<0.05 compared with model group. LVIDd, left ventricular end diastolic diameter; LVIDs, 

left ventricular end systolic diameter; LVEF, left ventricular ejection fraction; LVFS, left ventricular 

fractional shortening 
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Figure No. 2 

Myocardial injury indicators in three groups (n=10 for each group) (CK: F=28.071, p<0.001; LDH: 

F=63.924, p<0.001; cTnI: F=27.848, p<0.001). *p<0.05 compared with sham group; **p<0.05 compared with 

model group. CK, creatine kinase; LDH, lactate dehydrogenase; cTnI, cardiac troponin I 
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Figure No. 3 

Inflammatory response indexes in three groups (n=10 for each group) (TNF-α: F=28.081, p<0.001; IL-6: 

F=29.266, p<0.001). *p<0.05 compared with sham group; **p<0.05 compared with model group. TNF-α, 

tumor necrosis factor α; IL-6, interleukin 6 

 

 

 

 

 

 

Figure No. 4 

Oxidative stress indexes in three groups (n=10 for each group) (SOD: F=10.914, p<0.001; MDA: F=11.287, 

p<0.001). *p<0.05 compared with sham group; **p<0.05 compared with model group. SOD, superoxide 

dismutase; MDA, malondialdehyde 
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Myocardial Bcl-2 and Bax protein expressions 

After treatment, compared with sham group, in model 

and treatment groups the myocardial Bcl-2 protein 

expression level was significantly decreased, 

respectively (p<0.05), and the Bax protein expression 

level was significantly increased, respectively 

(p<0.05). Compared with model group, in treatment 

group the Bcl-2 protein level was significantly 

increased (p<0.05), and the Bax protein level was 

significantly decreased (p<0.05) (Figure No. 5). 

 

 
Figure No. 5 

Myocardial Bcl-2 and Bax protein expressions in three groups (n=10 for each group) (Bcl-2/β-actin: 

F=35.497, p<0.001; Bax/β-actin: F=19.136, p<0.001). *P<0.05 compared with sham group; **P<0.05 

compared with model group. Bcl-2, B-cell lymphoma 2; Bax, B-cell lymphoma-2 associated X. 
 

 

Myocardial Nrf2 and HO-1 protein expressions 

As shown in Figure No. 6, after treatment the 

myocardial Nrf2 and HO-1 protein expression levels 

in model group were significantly lower than those in 

sham group, respectively (p<0.05). Compared with 

model group, each index in treatment group 

significantly increased (p<0.05). 

 

 

 

 

 
Figure No. 6 

Myocardial Nrf2 and HO-1 protein expressions in three groups (n=10 for each group) (Nrf2/β-actin: 

F=135.036, p<0.001; HO-1/β-actin: F=47.445, p<0.001). *p<0.05 compared with sham group; **p<0.05 

compared with model group. Nrf2, nuclear factor-erythroid 2-related factor 2; HO-1, heme oxygenase 1 
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DISCUSSION 

CHF develops from almost all cardiovascular 

diseases, with common clinical causes including 

myocardial infarction, hypertension, cardiomyopathy, 

etc.. It is found that a series of progressive 

pathological changes occur in the heart during CHF 

occurrence, which can exacerbate the myocardial 

damage and lead to the decline in heart function 

(Dharmarajan & Rich, 2017). Dihydroquercetin has 

received special attention due to its pharmacological 

activity demonstrated in diseases such as 

inflammation, microbial infections, tumors, and liver 

(Orlova et al., 2022). In this study, the CHF model of 

rats was established, and the alleviative effect of 

dihydroquercetin on CHF was investigated. Results 

showed that, after treatment, compared with model 

group, in treatment group the LVIDd and LVIDs were 

significantly decreased, the LVEF and FS were 

significantly increased, and serum CK, LDH and 

cTnI levels were significantly decreased. This 

indicates that, dihydroquercetin can improve the 

cardiac structure and function and alleviate 

myocardial injury in rats with CHF. Previous study 

has found that dihydroquercetin can enhance the 

cardiac function of diabetic cardiomyopathy mice 

(Sun et al., 2014) and reduce the myocardial injury in 

rats (Tang et al., 2019). These are basically consistent 

with the results of this study. 

It is found that, the occurrence of CHF is 

closely related to the inflammatory response (Dick & 

Epelman, 2016). TNF-α is an anti-tumor cytokine, 

which is produced after stimulation by 

lipopolysaccharide and viruses. When the CHF 

occurs, the hemodynamics is abnormal and left 

ventricular end-diastolic pressure is increased, which 

results in stimulation of myocardial cells by stretch 

and production of TNF-α (Sinagra et al., 2013). IL-6 

is mainly produced by monocytes and vascular 

endothelial cells and participates in the regulation of 

cardiac dysfunction (Xu et al., 2018). The level of IL-

6 increases in the condition of CHF (Korotaeva et al., 

2023). Our study showed that, after treatment, 

compared with the sham group, in the model group 

the serum TNF-α and IL-6 levels were significantly 

increased. Compared with the model group, each 

index in the treatment group was significantly 

decreased. This suggests that the alleviation of CHF 

in rats by dihydroquercetin may be closed with its 

reduction of inflammatory response. It is shown that 

dihydroquercetin has obvious anti-inflammatory 

effect (Iwasa et al., 2023), which further confirms the 

anti-inflammatory mechanism of dihydroquercetin 

for alleviation of CHF. 

Oxidative stress refers to the process of 

oxidative damage caused by the imbalance between 

oxidative and antioxidant systems due to the 

excessive production of oxygen free radicals in the 

body (Sies, 2015). Recent research has shown that, in 

animal model of CHF, there is significant increase in 

oxygen free radicals and a decrease in the ability to 

resist oxidation (Linke et al., 2005). SOD is the 

important antioxidant enzymes in myocardial tissue 

(Peoples et al., 2019). MDA is the main end product 

of lipid peroxidation. When the myocardial injury 

occurs, the MDA level increases (Zheng et al., 2017). 

Dihydroquercetin is a good antioxidant (Zhang et al., 

2017). Results of our study showed that, after 

treatment, compared with the sham group, in the 

model group the serum SOD level was significantly 

decreased, and the MDA level was significantly 

increased. This confirms that oxidative stress is 

involved in the occurrence of CHF in rats. Compared 

with the model group, in the treatment group the 

SOD level was significantly increased, and the MDA 

level was significantly decreased. This suggests that 

dihydroquercetin can reduce the oxidative stress, 

thereby alleviating the CHF in rats. 

Inflammation and oxidative stress can lead to 

structural damage and functional abnormalities in 

myocardial cells, which results in increased cardiac 

myocyte apoptosis and cardiac dysfunction, leading 

to the CHF (Garg et al., 2005). The occurrence of 

apoptosis is regulated by apoptotic proteins. Bcl-2 

and Bax belong to the same family of Bcl-2 genes. 

The members of Bcl-2 gene family can form dimers 

or polymers and regulate the cell survival or 

apoptosis through interaction. Bcl-2 inhibits the 

cardiac myocyte apoptosis, while Bax antagonizes 

Bcl-2 and promotes cardiac myocyte apoptosis (Dong 

et al., 2003). Results of our study showed that, after 

treatment, compared with sham group, in model 

group the myocardial Bcl-2 protein expression level 

was significantly decreased, and the Bax protein 

expression level was significantly increased. 

Compared with model group, in treatment group the 

Bcl-2 protein level was significantly increased, and 

the Bax protein level was significantly decreased. 

This indicates that, the cardiac myocyte apoptosis is 

involved in the process of CHF in rats, and 

dihydroquercetin can alleviate the cardiac myocyte 

apoptosis, thus protecting the cardiac structure and 

function of rats. This is basically consistent with the 

conclusion that dihydroquercetin can decrease the 

cardiac myocyte apoptosis in previous study (Sun et 

al., 2014). 

Nrf2/HO-1 signaling pathway is one of the 
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most important endogenous antioxidant stress 

pathways. Many antioxidant enzymes in the body 

contain a common promoter sequence - antioxidant 

response element (ARE). Among the various 

transcription factors that bind to ARE, Nrf2 is 

currently considered to play a key role and can be 

induced by external factors. When the oxidative 

stress or other chemical stimuli occur, Nrf2 is 

phosphorylated and decoupled from Keap1, 

activating Nrf2 to enter the nucleus and bind to ARE 

specific sites, thereby inducing downstream 

expression of a series of endogenous protective genes 

(Ndisang, 2017). HO-1 is an important downstream 

target gene of Nrf2 and a novel cardioprotective 

factor (Cheng et al., 2022). In our study, after 

treatment the myocardial Nrf2 and HO-1expression 

levels in model group were significantly lower than 

those in sham group. Compared with model group, 

each index in treatment group was significantly 

increased. This suggests that the Nrf2/HO-1 signaling 

pathway is involved in the CHF in rats, and 

dihydroquercetin can activate this signaling pathway, 

thus alleviating the CHF.  

 

CONCLUSIONS 

Dihydroquercetin can alleviate CHF in rats. The 

action mechanisms may be related to its resistance of 

inflammatory response and oxidative stress, reduction 

of cardiac myocyte apoptosis and activation of 

Nrf2/HO-1 signaling pathway. This study has 

provided an experimental evidence for the 

development and clinical application of 

dihydroquercetin-related drugs. 
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