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Abstract. As a third-generation β-adrenergic blocker 
(β-blocker), carvedilol is able to reverse cardiac structural 
remodeling, however, its mechanism of action remains 
unclear. In order to investigate this mechanism, hyperten-
sion was induced in rats by unilateral renal artery narrowing. 
Additionally, carvedilol alone or carvedilol combined with 
L-NAME, a specific inhibitor of nitric oxide (NO) synthase, 
were administered to rats by gastric gavage for 8 weeks. Systolic 
blood pressure (SBP) was monitored once a week for each rat 
until sacrifice; the blood was kept to examine plasma NO level 
and the tissues were used for hematoxylin and eosin (H&E) 
and Masson's trichrome staining. Collagen volume fraction 
(CVF) and perivascular collagen area (PVCA) were calculated 
to quantitatively evaluate myocardial fibrosis. Our data showed 
that SBP was not different between the carvedilol-treated (Car) 
and carvedilol combined L-NAME groups (Car+L) at 8 weeks. 
Carvedilol significantly suppressed myocardial fibrosis and 
decreased both CVF and PVCA, although L-NAME blunted 
the effects caused by carvedilol. These results demonstrated 
that the effect caused by carvedilol on cardiac remodeling is 
largely dependent on endogenous NO.

Introduction

As a third-generation β-adrenergic blocker (β-blocker), 
carvedilol has been widely used for treating hypertension, 
myocardial infarction and heart failure (1-3). Although 
carvedilol is not superior to traditional β-blockers in blood 
pressure control, it still shows great benefit in the inhibition 
of collagen deposition (4). A previous study demonstrated 
that carvedilol's action on blood pressure is largely medi-
ated by endogenous nitric oxide (NO) (5). Considering the 
relationship between NO and left ventricle remodeling (6), 
we hypothesized that the effect of carvedilol on cardiac 

structural remodeling  also depends on endogenous NO. In 
the present study, it was demonstrated that carvedilol reduces 
collagen volume fraction (CVF) and perivascular collagen 
area (PVCA) in a rat model of unilateral renal artery stenosis. 
The effect of carvedilol on cardiac remodeling is blunted by 
L-NAME, a specific inhibitor of NO synthase. The present 
study highlights the role of NO in the activity of carvedilol in 
cardiac structural remodeling.

Materials and methods

Animals and surgery. A total of 40 male Sprague‑Dawley 
rats were used for narrowing the left renal artery using a 
modified 2-kidney 1-clip (2K1C) method. Briefly, all rats 
were anesthetized with urethane [5 mg/kg, intraperitoneally 
(i.p)], and the left kidneys were exposed by abdominal inci-
sion. A needle (0.25 mm, ID) was paralleled to place on the 
left renal arteries, and the arteries were gently tied together 
with silk. The needle was then pulled out and the blood was 
allowed to fill the left kidney as soon as possible in order to 
avoid irreversible damage. The abdomen was closed and the 
rats were gently placed in a warm cage until waking up. The 
animals were handled in strict accordance to the guidelines of 
the Institutional Animal Care and Use Committee of Wuhan 
University (Wuhan, China).

Blood pressure measurement and drug administration. 
Systolic blood pressure (SBP) of conscious rats was deter-
mined 4 weeks after surgery of 2K1C by the tail‑cuff method. 
Three measurements were made per session, and the average 
value was obtained. Only the rats with SBP ≥160 mmHg (a 
total of 24 rats) were used for further treatments. These rats 
were randomly and equally classified into the control (Con), 
carvedilol‑treated (Car) or carvedilol+L-NAME‑treated 
groups (Car+L). An additional 8 rats were evaluated as the 
sham operation group (SO). These rats were fed with vehicle 
(distilled water, for SO and Con) or carvedilol (20 mg/kg/day) 
or carvedilol+L‑NAME (20 and 25 mg/kg/day, respectively) 
by gastric gavage (7,8). SBP was continuously recorded in each 
rat from 1 to 8 weeks after administration of drug or vehicle.

Determination of plasma NO levels. At 8 weeks, all the rats 
were sacrificed following SBP measurement, and the blood 
was used to detect the NO (NO3) levels according to a previous 
study (5).
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Histological diagnosis. Myocardium tissues were removed 
from the left ventricle (~3‑mm thick) immediately following 
sacrifice. The samples were fixed in 10% pre‑cooled parafor-
maldehyde for 72 h and embedded in paraffin for histological 
investigation. Paraffin‑embedded tissues were sectioned into 
slices (~5 µm thick) and stained with hematoxylin and eosin 
(H&E). Masson's trichrome staining was performed to 
assess myocardial fibrosis. Images were observed under an 
optical microscope at magnifications of x400 (H&E) or x200 
(Masson's). In order to quantitatively evaluate myocardial 
fibrosis, CVF and PVCA were calculated. CVF was defined as 
the sum of all the connective tissue areas of the entire section, 
divided by the sum of all the connective tissue and muscle 
areas in five fields of the section. PVCA was calculated as the 
ratio of the perivascular fibrotic area to the coronary vessel 
area from five fields of the section.

Statistical analysis. Data are presented as the means ± stan-
dard deviation (SD). Two-sample comparisons were performed 
using Student's unpaired t‑test, and four-sample comparisons 
were performed using one-way ANOVA (SPSS13.0). A P‑value 
of <0.05 was considered to indicate a statistically significant 
difference.

Results

Four weeks after binding of the left renal artery, SBP in the 
Con group was significantly increased. As expected, carvedilol 
effectively decreased SBP only one week following drug treat-
ment. SBP in the Car group reached a relatively lower lever 
over time compared with the level at the initiation of the trea-
ment and remained stable. Although the mean value of SBP 
was higher in the Car+L group, no statistical difference was 
detected between the Car and Car+L groups (149±7 mmHg, 
n=8, week 8 vs. 155±7 mmHg, n=8, week 8; P>0.05; Table I).

As previously reported (9), the concentration of plasma 
NO was significantly reduced in rats with hypertension 
(20.1±3.6 µmol/l in SO vs. 14.4±0.9 µmol/l in Con; P<0.05; 
Fig. 1). Carvedilol administration reversed the reduction of NO, 
although this effect was blocked by L-NAME (18.2±2.7 µmol/l 
in Car vs. 9.6±1.1 µmol/l in Car+L; P<0.05).

H&E and Masson's staining showed that cardiac fibers 
exhibited an irregular shape and arrangement with myocardial 
fibrosis in the Con group. Moreover, the number of cardiac 

myocytes was markedly reduced. Carvedilol significantly 
suppressed these changes, although when combined with 
L-NAME, these effects were significantly blunted (Figs. 2 
and 3). To quantitatively evaluate the influence of NO inhi-
bition on the anti-remodeling effects of carvedilol, CVF and 
PVCA were calculated. Our results showed that carvedilol 
significantly decreased both CVF and PVCA in the hyperten-
sive heart, although L-NAME blunted the effects caused by 
carvedilol (Table II).

Figure 1. Plasma NO3 levels following different treatments.

Figure 2. Hematoxylin and eosin (H&E) staining for each group following 
treatment. Typical tissue sections from the (A) SO, (B) Con, (C) Car and 
(D) Car+L goups (magnification, x400). As shown in (B), hypertension alters 
the regular arrangement of cardiac muscle fibers. (C) Carvedilol reverses the 
disordered arrangement of fibers, while (D) L-NAME attenuates the effect 
caused by carvedilol. SO, sham operation; Con, control; Car, carvedilol-
treated; Car+L, carvedilol+L-NAME-treated.

Figure 3. Masson's trichrome staining for each group following treatment. 
Typical tissue sections from the (A) SO, (B) Con, (C) Car and (D) Car+L 
groups (magnification, x200). (A) The red area shows cardiac muscle 
fibers, and the muscles were largely replaced by collagen (blue area in B). 
(C) Carvedilol rescues myocytes from fibrosis, although (D) when combined 
with L-NAME, this effect is attenuated. SO, sham operation; Con, control; 
Car, carvedilol-treated; Car+L, carvedilol+L-NAME-treated.
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Discussion

Different from traditional β-blockers, the mechanism under-
lying the blood pressure-lowering effect of carvedilol is more 
complicated (10). As well as the blockade of α1, β1 and β2 
adrenergic receptors, Afonso  et  al  (5) demonstrated that 
carvedilol's action on blood pressure was largely dependent 
on NO (5). However, this conclusion was obtained from 
normal rats, and it remains unknown whether NO plays an 
important role on carvedilol's action under pathological 
conditions. In the present study, high blood pressure was 
successfully induced by narrowing the left renal artery in the 
Con group, and was significantly decreased by the adminis-
tration of carvedilol. Notably, inhibition of NO generation by 
L-NAME (Car+L group) appeared not to attenuate carvedilol 
effect on lowering blood pressure, although the mean value 
of SBP remained higher in the Car+L group compared with 
that in the Car group. This may be explained by the following 
factors: In the study by Afonso et  al  (5), carvedilol and 
L-NAME were used in normal rats for a short period of time, 
while in the present study, hypertension was firstly induced in 
rats and then drugs were administered for 8 weeks. Carvedilol 

effect on blood pressure may shift from the NO-dependent 
pathway to the α‑  and β‑adrenergic receptor‑dependent 
pathway after exposure to long and continuous pathological 
stimulations, such as high blood pressure, angiotensin II and 
catecholamine.

Besides blood pressure control, carvedilol can also bring 
benefit to patients with hypertension through its antihypo-
trophic effects. Previous studies have demonstrated that 
carvedilol  prevents apoptosis and attenuates or reverses 
cardiac remodeling in various animal models, such as 
heart failure and ischemia/reperfusion injury (11,12). Since 
carvedilol increases the production of endogenous NO and 
NO prevents hypertrophy through cGMP/PKG pathway (13), 
we hypothesized that NO plays an important role in carvedilol 
effects on anti‑remodeling. Our data showed that carvedilol 
reverses the reduction of serum NO level in rats with hyper-
tension, and significantly decreases both CVF and PVCA. 
However, in the Car+L group these effects of carvedilol on 
CVF and PVCA appeared to be significantly attenuated. 
This means that the anti-remodeling effect of carvedilol in 
hypertrophy is largely dependent on endogenous NO. On the 
other hand, our results demonstrated that, as a critical anti-
remodeling factor, endogenous NO plays an important role in 
the process of hypertrophy. In the future, more studies should 
focus on the mechanisms underlying how carvedilol increases 
the generation of endogenous NO.

As a third-generation β-blocker, carvedilol has been 
widely used in patients with hypertension, heart failure or 
coronary heart disease, and shows great advantages besides 
lowering blood pressure. In the present study, we showed 
that carvedilol significantly suppresses myocardial fibrosis 
and decreases both CVF and PVCA, while these effects were 
attenuated by L-NAME through inhibiting the generation of 
endogenous NO. Our study highlights the role of endogenous 
NO in carvedilol's action on cardiac structural remodeling. 
In the future, further studies will focus on the mechanisms 
underlying how carvedilol increases the generation of endog-
enous NO.
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