
 

 
This is the Author’s version of the paper published as: 
 
Author: Zhao, Qiang; Wu, Tongguo; Wang, Lexin; Zuofen, Jiang; Guowei, Chen; Yi, Lin 
Email address:- lwang@csu.edu.au 
Year:- 2007 
Title: Effect of ß-blockers on ß3-adrenoceptor expression in chronic heart failure 
Journal Cardiovascular Drugs & Therapy 
Volume: 21 
Issue: 2 
Pages: pp85-90 
ISSN: 0920-3206 
URL: 
http://www.springerlink.com/content/l24584158790/?p=806366cb23f44587a752a195c508735c&pi=4  
Abstract: Objectives: To investigate the expression of ß3-adrenoceptors in rats with chronic heart failure, 
and to explore the effect of ß-blockers on ß3-adrenoceptor expression.Methods: Thirty-two male Wistar 
rats were divided into Sham (n=10) and heart failure (n=22) groups. The heart failure group was treated 
with normal saline (Heart Failure Control, n=6), Metoprolol (n=8) or Carvedilol (n=8) for three 
months.Results: The left ventricular end systolic pressure (LVESP) and the absolute values of maximal 
rate of rise and fall of left ventricular pressure (±dP/dt max) in the heart failure group were lower than in 
the Sham group (P<0.01), whereas the left ventricular end diastolic pressure (LVEDP) was higher 
(P<0.01). The LVESP and dP/dtmax in the Carvedilol group were higher than the Metoprolol group 
whereas LVEDP was lower (P<0.01). The left ventricular mass index (LVMI) in the Carvedilol group was 
less than the Metoprolol and Heart Failure Control groups (P<0.01). The level of ß3-adrenoceptor 
expression in the study groups was significantly higher than the Sham group (P<0.01). ß3-adrenoceptor 
expression in the Carvedilol group was lower than the Heart Failure Control and Metoprolol groups 
(P<0.01).Conclusion: ß3-adrenoceptor expression is increased in the failing ventricles in rats. Carvedilol 
is more effective than Metoprolol for improving the hemodynamics and in attenuating ventricular 
remodeling after heart failure. Carvedilol, rather than Metoprolol, diminishes ß3-adrenoceptor expression 
in the failing ventricles. 
 

1CSU Research Output 
http://researchoutput.csu.edu.au 

http://www.csu.edu.au/�
http://bilby.unilinc.edu.au:8881/R?func=search&local_base=GEN01-CSU01�


CSU Research Output 
http://researchoutput.csu.edu.au 

2

Effect of β-blockers on β3-adrenoceptor expression in chronic heart failure 

 

Qiang Zhao1, M.D., Ph.D., Tong-guo Wu1, M.D., Zuo-fen Jiang1, M.D., Guo-wei Chen2, M.D., 

Yi Lin1, M.D., Le-xin Wang3, M.D., Ph.D. 
 

1Department of Cardiology, the Red Cross Hospital of Guangzhou City, the Fourth Affiliated 

Hospital of Jinan University, Guangzhou 510220, PR China     
2Department of Cardiology, the First Affiliated Hospital of Sun Yat-sen University, Guangzhou 

510080, PR China 
3School of Biomedical Sciences, Charles Sturt University, Wagga Wagga, NSW 2678, Australia 

 

------------------------------------------------------------------------------------------------ 

Corresponding authors: 

Dr Lexin Wang, School of Biomedical Sciences, Charles Sturt University, Wagga Wagga, NSW 

2678, Australia  

Tel: +61 2 69332905    Fax: +61 2 69332587   Email: lwang@csu.edu.au 

or  

Prof Tongguo Wu, Department of Cardiology, the Red Cross Hospital of Guangzhou City, 

Guangdong Province, PR China 510220, Tel: +86 020-34403068 

E-mail: wutongguo@sohu.com 

------------------------------------------------------------------------------------------------------- 

 

 

Word count: 2,806



CSU Research Output 
http://researchoutput.csu.edu.au 

3

 ABSTRACT 

Objectives:  To investigate the expression of β3-adrenoceptors in rats with chronic heart failure, 

and to explore the effect of β-blockers on β3-adrenoceptor expression.   

Methods: Thirty-two male Wistar rats were divided into Sham (n=10) and heart failure (n=22) 

groups. The heart failure group was treated with normal saline (Heart Failure Control, n=6), 

Metoprolol (n=8) or Carvedilol (n=8) for three months.  

Results: The left ventricular end systolic pressure (LVESP) and the absolute values of maximal 

rate of rise and fall of left ventricular pressure (±dP/dt max) in the heart failure group were 

lower than in the Sham group (P<0.01), whereas the left ventricular end diastolic pressure 

(LVEDP) was higher (P<0.01). The LVESP and dP/dtmax in the Carvedilol group were higher 

than the Metoprolol group whereas LVEDP was lower (P<0.01). The left ventricular mass index 

(LVMI) in the Carvedilol group was less than the Metoprolol and Heart Failure Control groups 

(P<0.01). The level of β3-adrenoceptor expression in the study groups was significantly higher 

than the Sham group (P<0.01). β3-adrenoceptor expression in the Carvedilol group was lower 

than the Heart Failure Control and Metoprolol groups (P<0.01).  

Conclusion: β3-adrenoceptor expression is increased in the failing ventricles in rats. Carvedilol 

is more effective than Metoprolol for improving the hemodynamics and in attenuating 

ventricular remodeling after heart failure. Carvedilol, rather than Metoprolol, diminishes 

β3-adrenoceptor expression in the failing ventricles.  

 

Key words heart failure, remodeling, hemodynamics, β3-adrenoceptor. 
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INTRODUCTION 

Chronic heart failure (CHF) is associated with a progressive activation of the sympathetic 

nervous system, but a failing heart has a diminished positive inotropic response to 

β-adrenoceptor stimulation because of a selective down regulation of β1-adrenoceptors and 

desensitization of β1- and β2-adrenoceptors [1]. Recent studies have demonstrated that 

β3-adrenoceptors may also modulate cardiac function. However, unlike β1- or β2-adrenoceptors, 

stimulation of β3-adrenoceptors inhibits cardiac contraction and relaxation [2].  

Recent evidence suggests that β3-adrenoceptors are upregulated in human failing hearts [3] and in 

animal hearts, such as dog’s and diabetic rats [4,5]. Overexpression of β3-adrenoceptors in rats 

produces negative inotropic effects [6]. The primary purpose of our study is to investigate the 

changes in β3-adrenoceptor mRNA expression in CHF, and to explore the effects of β-blockers 

on β3-adrenoceptor mRNA expression. 

 

Surgical techniques  

The investigation conforms with the Guide for the Care and Use of Laboratory Animals 

published by the US National Institute of Health (NIH Publication No. 85-23).  Adult male 

Wistar rats weighing 200-250g were provided by the Experimental Animal Center of Sun 

Yat-Sen University. The rats were divided into two groups, Sham-Operated (Sham group, n=10) 

and Heart Failure (n=24).  

The heart failure model was established by aortic constriction using a modified method that was 

previously reported [7]. Under general anesthesia (intraperitoneal injection of 20% urethane at 
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0.3 mL/100 g), the abdominal aorta was isolated and a fine needle (0.8 mm diameter) was 

inserted into the aorta, which was then tightly ligated at a site about 4 mm above the intersection 

between the abdominal aorta and the left renal artery. The needle was then withdrawn from the 

aorta, leaving the ligation in place which leads to a significant aortic constriction and increase in 

the afterload of the left ventricle. The Sham group received the same operation but without 

ligating the abdominal aorta. 

Rats were then cared for by a curator and the investigators in the animal house facilities for three 

months. The rats in the heart failure group were divided into three groups, Heart Failure Control 

(n=6), Metoprolol (n=8) and Carvedilol (n=8) groups. The Metoprolol and Carvedilol groups 

were treated with oral Metoprolol Tartrate (12 mg/kg/d) and Carvedilol (6 mg/kg/d), 

respectively, for three months. Isometric saline was administered in the Heart Failure Control 

group for three months.  

In human subjects the target dose of Carvedilol and Metoprolol was 25 and 50 mg twice daily, 

respectively. The daily dose of Carvedilol and Metoprolol in this study was determined as 6.25 

times the human target dose, resulting in a daily dose of 6 mg/kg/d for Carvedilol, and 12 

mg/kg/d for Metoprolol. 

 

Hemodynamic monitoring     

After three months of drug therapy the rats were anesthetized with an intraperitoneal injection of 

20% urethane (0.3 mL/100 g). A polyethylene catheter was inserted into the left ventricle 

through the right carotid artery. The measurements included heart rate, left ventricular end 

systolic pressure (LVESP), left ventricular end diastolic pressure (LVEDP) and the maximal rate 
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of rise and fall of left ventricular pressure (±dP/dtmax). 

 

Pathological examination 

Rats were euthanized with an overdose of urethane and weighed after hemodynamic 

examinations were completed. The hearts were harvested and the cardiac tissues above the 

ventricles were excised carefully. Left and right ventricular absolute mass (LVAM and RVAM) 

were weighed respectively. The index of LVM and RVM (LVMI and RVMI) were obtained by 

dividing LVM and RVM with body mass, respectively. 

 

β3-AR mRNA expression in the ventricles     

β3-AR mRNA expression was detected by reverse transcription-polymerase chain reaction 

(RT-PCR) which was performed as a two-step procedure. Total RNA was extracted from frozen 

ventricular specimens with TRIzol Reagent (GIBCO BRL) and the concentration was measured 

in Nucleic Acid and Protein Analyzer (DU 800 BECKMAN COULTER). Two microlitres total 

RNA was reverse transcribed with Reverse TranScription System (Promega) at 720 C for 60 

minutes. PCR β-actin was used as inner reference. Sense (5´-GAC AAC GGC TCC GGC ATG 

TG-3´) and antisense (5´-TGA GGA TGC CTC TCT TGC-3´) primers were expected to yield a 

187-bp amplicon. The primers of β3-AR designed according to Dincer et al. [3] were synthesized 

by Shanghai Sangon Biological Engineering Technology & Service Co., Ltd. Sense (5´- AGT 

GGG ACT CCT CGT AAT G -3´) and antisense (5´-CGC TTA GCT ACG AAC-3´) primers 

were expected to yield a 444-bp amplicon. cDNA was amplified by 940 C for 3 minutes and 720 



CSU Research Output 
http://researchoutput.csu.edu.au 

7

C for 10 minutes. The electrophoresis of 7 µl PCR products was on 2% agarose gels. The 

density of ethidium-stained bands was quantitatively analyzed using an automatic image 

analysis system (KONTRON IBAS). Optodensity index (OPTDI) by multiplying optodensity 

means (OPTDM) and the area of electrophoresis bands (AREA) were used to represent the level 

of mRNA expression. 

 

Statistical analysis     

All data were analyzed and presented as mean±standard deviation (X±SD). Statistical 

significance among groups was performed by one way ANOVA test. P<0.05 was considered 

statistically significant. All data were recorded and analyzed using the SPSS 10.0 software 

program. 

 

RESULTS 

Changes in hemodynamics (Table 1)     

Compared with the Sham group，LVESP and the absolute values of ±dP/dtmax in the heart 

failure rats were all significantly decreased (P<0.01). LVEDP in the Heart Failure Control group 

was higher than Metoprolol and Carvedilol group (P<0.01). In the Carvedilol group, the LVESP 

and dP/dtmax were higher than Metoprolol group (P<0.01), whereas the LVEDP was lower 

(P<0.01).  

 

Pathological changes (Table 2)    
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There was no significant difference in the body mass between the groups (p>0.05). However, 

the LVAM, RVAM, LVMI and RVMI in the three study groups were higher than the Sham group 

(P<0.01).   

The LVAM and LVMI in the Metoprolol and Carvedilol group were lower than the Heart Failure 

Control group (P<0.01). The RVAW and RVMI in the Carvedilol group was also lower than the 

Heart Failure Control group (P<0.01). However, the RVAW and RVMI in the Metoprolol group 

were similar to the Heart Failure Control group (P>0.05).  In addition, the LVAM, LVMI, 

RVAM and RVMI in the Carvedilol group were lower than the Metoprolol group (P<0.01). 

β3-AR expression  

The expression of β3-adrenoceptor mRNA in ventricles was demonstrated in Fig 1. As shown in 

Table 3, the level of β3-adrenoceptor mRNA expression in the left ventricles in each group was 

higher than the right ventricles (P<0.01). The level of β3-adrenoceptor expression in the Heart 

Failure Control group was 2-3 times higher than the Sham group (P<0.01). The left ventricular 

β3-adrenoceptor expression level in the Carvedilol group was lower than the Heart Failure 

Control group (P<0.01). There was no significant difference in the left ventricular 

β3-adrenoceptor expression level between the Metoprolol and Heart Failure Control groups 

(P>0.05). The right ventricular β3-adrenoceptor expression levels were similar between the 

Metoprolol and Carvedilol groups (P>0.05). 

 

DISCUSSION 

The identification of β3-adrenoceptors in human and animal hearts has prompted several studies 
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on the function of this receptor in the failing heart in recent years. Cheng et al. [5] assessed the 

direct effect β3-adrenoreceptor stimulation with BRL-37344 (a selective β3 agonist) in 9 

instrumented dogs before and after pacing-induced chronic heart failure. BRL produced 

dose-dependent depressions of myocyte contraction and relaxation which were much greater in 

heart failure myocytes than in normal myocytes [5]. In the heart failure myocytes，β3 mRNA and 

protein levels were increased by 73% and 147%, respectively [5]. A recent study on the human 

heart has demonstrated that, in the failing hearts, the positive inotropic effect of isoprenaline 

was reduced by 75% compared with that observed in non failing hearts [3]. By contrast，the 

negative inotropic effect of BRL-37344 was only mildly reduced [3]. Contrary to 

β1-adrenoceptor, the expression of β3-adrenoceptor was increased by 2-3 times in the failing 

compared with non failing hearts [3]. This research certainly substantiates the hypothesis that 

there are opposite changes in β1- and β3-adrenoceptor abundance in the failing ventricles, with 

an imbalance between their inotropic influences that might underlie the functional degradation 

of the human failing heart. Although the intracellular pathways of β3-adrenoceptor stimulation 

are still incompletely characterized, most studies indicate that they are through NO-cGMP 

pathways [2,5,8].  

In our rat model, the failing heart is associated with a 2-3 time increase in β3-adrenoceptor 

expression in the left and right ventricles. However, the level of β3-adrenoceptor expression in 

the left ventricle was greater than in the right ventricle in both failing and non failing heart. The 

reasons for the preferential β3-adrenoceptor expression in the left ventricle are unclear. In 

addition, it is uncertain whether the up regulation of β3-adrenoceptor is the cause or results of 
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ventricular dysfunction in these animals.   

One of the most important findings from the present study is that Carvedilol and Metoprolol 

have different effects on β3-adrenoceptor expression in the failing heart. In rats treated with 

Carvediolol, the level of β3-adrenoceptor expression in the left ventricle was significantly lower 

than in the Metoprolol-treated animals. The lower level of β3-adrenoceptor expression coincided 

with a lower LVMI and LVEDP but a higher dP/dtmax in the Carvedilol group.   

Large-scale clinical trials have demonstrated that long-term treatment with β-blockers improves 

survival, reduces sudden death and hospital admission for worsening heart failure in patients 

with CHF. Although β1-selective and nonselective beta-blockers have been used to treat CHF, a 

recent study has shown that Carvedilol is superior to Metoprolol for improving clinical 

outcomes [9]. For heart failure patients β-blockers are currently used to bind to β3-adrenoceptors 

but Metoprolol appears to have a weaker binding capacity than Carvedilol, which is a 

nonselective β-blocker [5,10]. In addition, most β-blockers at different concentrations exhibit 

distinct patterns of selectivity and activity at β3-adrenoceptor [11]. The effects of conventional 

doses of β-blockers on β3-adrenoceptors of failing cardiomyocytes or failing myocardium are 

not yet thoroughly characterized. 

Consistent with recent clinical trials, our study has demonstrated that Carvedilol rather than 

Metoprolol is the drug of choice for improving the hemodynamics and ventricular remodeling in 

the failing heart. The blockade of β3-adrenoceptors may have played a part in these beneficial 

effects. Metoprolol diminishes left ventricular remodeling, but unlike Carvedilol, it has no 

significant impact on right ventricular remodeling during CHF. One possible explanation is that 
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Metoprolol, being a β1-selective blocker, has a limited effect on the right ventricular 

hypertrophy which is mainly mediated through β2- and α1-adrenoceptors that can be inhibited by 

Carvedilol [12,13]． 

The reasons for Carvedilol-associated reduction in β3-adrenoceptor mRNA expression in the left 

ventricle remain unknown. It is likely that the unique pharmacological features of Carvedilol, 

such as nonselective β2- , β3- or α-receptor blockade, have contributed to the inhibition of 

β3-adrenoceptor expression, because the β3-adrenoceptor expression was unchallenged by 

β1-selective blocker Metoprolol in the failing ventricle.  

In conclusion, there is a significant increase in the β3-adrenoceptor abundance in both left and 

right ventricles after heart failure. The changes in β3-adrenoceptor expression coincide with 

ventricular remodeling and dysfunction. Oral administration of Carvedilol offers a greater 

suppression than Metoprolol on β3-adrenoceptor expression, hemodynamics and ventricular 

remodeling in this rat model. Further studies are required to clarify the causal relationship 

between β3-adrenoceptor expression and ventricular dysfunction and more importantly, the 

signaling pathways of Carvedilol-associated inhibition of β3-adrenoceptor expression in the 

failing heart.   
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Table 1. Changes in the hemodynamics  

Group n HR 

(beats/min) 

LVESP 

(mmHg) 

LVEDP 

(mmHg) 

+dP/dtmax 

(mmHg•s-1) 

- dP/dtmax 

(mmHg•s-1) 

Sham 10 341±23 160.3±14.5 1.53±0.23 6.79±0.32 -5.91±0.28 

HF 6 464±291) 95.3±11.51) 5.30±0.641) 3.44±0.311) -3.40±0.621) 

MET 8 378±141),2) 125.3±5.51),2) 3.72±0.351),2) 4.18±0.141),2) -4.13±0.171),2) 

CAR 8 378±111),2) 144.6±11.41),2),3) 2.88±0.301),2),3) 4.88±0.211),2),3) -4.95±0.231),2),3) 

HR: heart rate, LVESP: left ventricular end systolic pressure, LVEDP: left ventricular end diastolic 

pressure, +dP/dtmax: the maximal rate of rise of left ventricular pressure, - dP/dtmax: the maximal rate of 

fall of left ventricular pressure.1) Compared with Sham group, P<0.01, 2) Compared with HF (heart 

failure control) group, P<0.01, 3) Compared with MET (metoprolol) group, P<0.01. CAR: carvedilol. 



CSU Research Output 
http://researchoutput.csu.edu.au 

15

Table 2. Changes in ventricular mass and ventricular mass index  

Group n Mass(g) LVAM (mg) RVAW (mg) LVMI (mg•g-1) RVMI (mg•g-1) 

Sham 10 544.5±10.2 936.7±19.0 273.4±10.9 1.72±0..01 0.50±0.02 

HF 
control 

6 552.5±10.0 1423.8±31.31) 601.7±15.81) 2.58±0.041) 1.09±0.011) 

MET 
8 546.5±9.5 1246.0±30.01),2) 593.0±18.41) 2.28±0.051),2) 1.08±0.021) 

CAR 
8 544.5±9.7 1131.1±40.81),2),3) 474.5±22.91),2),

3) 
2.07±0.041),2),3) 0.87±0.031),2),3) 

LVAM and RVAM: Left and right ventricular absolute mass, LVMI and RVMI: the index of LVM and 

LVM, 1) Compared with Sham group, P<0.01, 2) Compared with HF (heart failure) control group, 

P<0.01, 3) Compared with MET (metoprolol) group, P<0.01, CAR: carvedilol. 
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Table 3. The level of β3-adrenoceptor mRNA expression (β3-adrenoceptor mRNA/β-actin mRNA) 

Group n LV RV 

Sham 10 0.716±0.059 0.269±0.038 

HF control  6 1.468±0.0771) 0.698±0.0691) 

Metoprolol 8 1.4428±0.0541),2) 0.544±0.0441),2) 

Carvedilol 8 1.156±0.0501),3) 0.550±0.0421), 

LV and RV: left and right ventricle, 1) Compared with Sham group, P<0.01; 2) Compared with HF (heart 

failure) control group, P >0.05; 3) Compared with Metoprolol group, P<0.01.  
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Figure legends 

Fig 1. β3-adrenoceptor mRNA expression in the ventricles. M: marker. From the left to right, 

Lane 1-4: left ventricle, Lane 5-8: right ventricle, Lane 1, 5: Sham group, Lane 2, 6: Heart 

Failure Control group, Lane 3, 7: Metoprolol group, Lane 4, 8: Carvedilol group.
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