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Background: Statins frequently cause myopathy especially in combination with fibrates, 
and physical activity is considered a trigger for the muscle disorder. Elevated plasma levels 
of creatine kinase (CK), lactate dehydrogenase (LDH) and aldolase, are the main indicators 
of the severity of myopathy. Carvedilol is commonly used with lipid-lowering drugs in the 
management of heart failure, hypertension and dyslipidemia. It is not yet clear whether 
carvedilol, an alpha and β blocker, and anti-oxidant, may influence the development of 
myopathy when combined with statins and fibrates in cardiac patients. 

Methods: In this animal experiment, a 10 days regimen containing oral atorvastatin and 
gemfibrozil at doses of 80 and 1000 mg/kg/day, respectively, was used to induce myopathy in 
rats. The animals were forced to swim in a pool on days 8, 9 and 10 into the study. Carvedilol 
(2.5 mg/kg/day) was added to atorvastatin and gemfibrozil during the 10-day study period, in 
addition to the exercise protocol given to the treatment groups only. The mean of swimming 
tolerance times and the serum levels of CK, LDH and aldolase were measured at the completion 
of the study. 

Results: Carvedilol did not significantly alter the swimming tolerance time or the plasma levels 
of CK, LDH and aldolase in the rats receiving ATV, GMF and carvedilol plus the exercise 
protocol, compared with those that did not receive carvedilol (P>0.05).

Conclusion: Carvedilol may be used in combination with lipid-lowering drug in the 
management of patients with heart failure and hypertension, pending its safety approval by 
clinical studies in humans.
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Introduction

ipid-lowering drugs may lead to serious 
adverse effects such as myopathy. The 
primary manifestation of myopathy in-
clude myalgia and weakness followed 

in extreme cases of rhabdomyolysis [1, 2]. Rhabdomy-
olysis is a fatal condition characterized by destruction 
of skeletal muscle fibers, sometimes accompanied by 
multiple-organ failure [3].

Statin drugs inhibit 3-hydroxy-3-methylglutaryl-co-
enzyme A (HMG-CoA) reductase, and are widely used 
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to prevent and treat cardiovascular diseases resulting 
from hyperlipidemia [2]. Statins are effective and most-
ly safe in reducing serum cholesterol level [2]. How-
ever, the side effect on muscles remains a considerable 
risk particularly when statins are consumed simultane-
ously with fibrates [4]. Muscle injury associated with 
concurrent statins and fibrate administration are mani-
fested as mild to devastating signs and symptoms [5, 6]. 
The cellular and molecular basis for persistent myalgia 
induced by statins is not fully addressed, but may in-
volve metabolic stress on cells. Single-nucleotide poly-
morphisms have been reported in patients with statin-
related myalgia [7]. The risk of muscle injury from 
statins is dose-dependent, especially for those formula-
tions metabolized primarily by one of the cytochrome 
P450 enzymes, i.e., CYP3A4 [8].

Measurement of the circulating levels of enzymes at 
high concentration within striated muscle cells is the 
simplest way to diagnose and follow up on muscle dis-
ease. The single most important of these enzymes is 
creatine kinase (CK). The highest serum levels of CK 
occur when skeletal or cardiac muscles are injured. Un-
accustomed exercise can also lead to increases in serum 
CK levels [9]. Another enzyme that is predominantly 
found in skeletal muscles is aldolase. Its serum level is 
less specific than that of CK in muscle diseases. Lac-
tate dehydrogenase (LDH) is another marker enzyme for 
myopathies, but its serum level is commonly increased 
in a variety of other organ diseases, thus lowering its 
specificity to myopathy [9].

Carvedilol, a vasodilator and α-1 and β adrenoceptor 
blocker, is also an antioxidant and free radical scavenger 
[10-13]. Carvedilol imparts protective effects on skeletal 
muscle myofibrils in experimental animal models for 
heart failure [14]. This drug is used routinely in com-
bination with other medications, such as lipid-lowering 
drugs in patients with cardiovascular conditions. The 
muscle effects of carvedilol in patients receiving concur-
rent statins and fibrates are questionable.

This study was conducted with the aim of evaluating 
the impact of carvedilol on myopathy induced by com-
bined statin and fibrate in rats. Previous observations 
(unpublished data) have suggested that an experimental 
protocol consisting of oral atorvastatin (ATV) and gem-
fibrozil (GMF) combined with vigorous exercise in rats 
may be an appropriate model for inducing myopathy. 
Hence our impetus to conduct this study. 

Materials and Methods

Animal experiments: Sixty days old, male inbred Wis-
tar rats, weighing 270±20 g, were procured from the an-
imal house at the School of Pharmacy, Shahid Sadoughi 
University of Medical Sciences, Yazd, Iran. The animals 
were kept in separate cages (6 rats per cage), at a room 
temperature of 20-23°C under 50%-60% relative humid-
ity and 12 hours of alternating light and dark cycles. They 
had free access to standard rat food pellets and drinking 
water. All procedures regarding animal care were con-
sistent with the guidelines of care and experiments on 
laboratory animals as set by the Ethics Committee at 
Shahid Sadoughi University of Medical Sciences (Certif-
icate #: IR.SSU.MEDICINE.REC.1398.237). Animals 
were divided randomly into five groups of 12 rats each 
as follows: 

● Group 1, controls without exercise. They received 
distilled water only.

● Group 2, controls received distilled water for 10 days 
and were forced to swim on days 8, 9 and 10.

● Group 3 received combined ATV (80 mg/kg/day) 
and GMF (1000 mg/kg/day) orally without swimming 
for 10 days.

● Group 4 received the combined ATV and GMF for 
10 days and was forced to swim on days 8, 9 and 10.

● Group 5 received the combined ATV, GMF and 
carvedilol (2.5 mg/kg/day) for 10 day, and was forced to 
swim on days 8, 9 and 10.

The above drug doses were selected based on our pre-
vious pilot experiment (unpublished data).

Exercise Training: The animals were forced to swim 
in order to perform vigorous exercise, based on the 
protocol in a previous study [15] with slight modifica-
tions. A vertical glass cylinder, 30 cm in diameter and 
40 cm height, was used containing water at 25ºC, and 
the rats were placed in it individually for the purpose of 
swimming exercises. The duration of exercise, including 
climbing and swimming from the beginning to the point 
of near-drowning due to fatigue was recorded by a stop 
watch. On day 10, the mean duration of rats’ swimming 
over the previous three days was considered as swim-
ming tolerance time.

Chemicals: Atorvastatin calcium (Sobhan Co., Tehran, 
Iran), gemfibrozil 5-(2,5-dimethylphenoxy)-2,2-dimeth-
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ylpentanoic acid (Darupakhsh Co., Tehran, Iran) and 
carvedilol (Jalinus Co., Tehran, Iran) were purchased 
from the respective suppliers. The compounds were 
dissolved in distilled water at predetermined amounts 
to prepare the drug solutions, which were given to the 
animal by gavage every morning at 9 a.m.

Serum Enzymes’ Assays: Upon general anesthesia 
with 50 mg/kg of ketamine and 10 mg/kg of xylazine, 
3 mL blood samples were collected in tubes contain-
ing K2-EDTA, from the rats’ hearts at the end of ex-
periments (day 10). The assay for each serum enzyme 
was performed according to instructions provided by the 
suppliers’ kits. The descriptions of the commercial kits 
were as follows: 

● CK-NAC-LQ kit (Audit Diagnostics, Belfast, Ire-
land): UV-spectrophotometry, kinetic reaction, 37°C, 
linearity range 2-2000 U/L.

● LDH kit (Bionik, Tehran, Iran): Stable liquid re-
agents, UV-spectrphotometry, kinetic reaction, 37°C, 
linearity range 2-1450 U/L.

● Aldolase kit (Biorex, Fars, Iran): UV-spectrophotom-
etry, kinetic reaction, 37°C, linearity range 1-28 U/L.

Statistical analyses: The parameters that were mea-
sured and compared among the groups included: rats’ 
weights; swimming tolerance times; and the serum en-
zyme levels. One-way analysis of variance (ANOVA) 
was used for the data analyses, followed by Tukey’s 
post hoc test. The statistical significance level was de-
fined as P<0.05. 

Results

Rats’ body weight: At the completion of the study, 
there was no significant difference in the body weights 
of the rats assigned to the five groups (P≤0.05).

Swimming exercise tolerance time: The Mean±SD 
of swimming tolerance time (days 8, 9 & 10) for the con-
trol rats in Group 2 was significantly higher (398±22.6 
sec.) than that for those in the experimental Group 4 
(285±23.8 sec; P<0.001). In Group 5, carvedilol slightly 
decreased the swimming tolerance time (257±20.4 sec.) 
compared to that for Group 4 (P>0.05). Also, carvedilol 
in Group 5 significantly decreased the swimming toler-
ance time compared to that for the controls in Group 2 
(P<0.01). Figure 1 represents the swimming tolerance 
time for the rats in the five groups.

Serum creatine kinase: The exercise significantly in-
creased CK levels both in the controls and the two exper-
imental groups that did the swimming exercise (Groups 
2, 4 & 5) as compared to the groups that did not do the 
exercise (P<0.001). Likewise, the serum CK levels were 
significantly higher in Groups 4 and 5 than in the control 
rats in Group 2 that did the exercise (P<0.001). The dif-
ferences in the CK levels between Groups 1 (controls) 
and 3, and between the experimental Groups 4 and 5 
were not significant (Figure 2).

Serum Lactate Dehydrogenase: The plasma LDH 
levels were significantly higher in the control Group 2 
and the experimental Groups 4 and 5, than in Groups 1 
and 3, where rats did not swim (P<0.001). There were 
no significant differences between the LDH levels in 
Groups 1 and 3, where no exercise was performed. Also 

 

Figure 1: Swimming tolerance time of the rats in all groups. 
 

ATV: Atorvastatin (80 mg/kg/day for 10 days); GMF: Gemfibrozil (1000 mg/kg/day for 10 days); Carvedilol: 
2.5 mg/kg/day for 10 days; Forced swimming was done on days 8, 9 and 10. Values are mean ± SEM (N = 6). 
**P<0.01 compared with the control plus exercise group; One-way ANOVA followed by Tukey’s post hoc test. 
 

 

 
Figure 2: Plasma creatine kinase (CK) levels of rats in the control and treated groups. 
 

ATV: Atorvastatin (80 mg/kg/day for 10 days); GMF: Gemfibrozil (1000 mg/kg/day for 10 days); 
Carvedilol:2.5 mg/kg/day for 10 days; Forced swimming was done on days 8, 9 and 10 as exercise. Values are 
mean ± SEM (n = 6). *** P value < 0.001 in comparison with control group/groups; One-way ANOVA 
followed by Tukey post hoc test. 
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ATV: Atorvastatin (80 mg/kg/day for 10 days); GMF: Gemfibrozil (1000 mg/kg/day for 10 days); Carvedilol: 2.5 mg/kg/day 
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plus exercise group; One-way ANOVA followed by Tukey’s post hoc test.
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as seen in Figure 3, the LDH levels did not decrease sig-
nificantly in groups 4 and 5 (P≤0.05).

Serum Aldolase: The means for serum aldolase levels 
in control Group 2 showed a significant rise compared 
to that for the control Group 1, where no exercise was 
performed (P<0.01). Likewise, the serum aldolase levels 
in the experimental Group 4, where exercise was per-
formed, was significantly higher than those in both con-
trol Group 1 and experimental Group 3, where no exer-
cise was done (P<0.01 & P<0.05, respectively). Also as 
seen in Figure 4, the means for serum aldolase levels in 
Groups 4 and 5, where exercise was performed, were not 
significantly different from each other (P≤0.05).

Discussion

Statin Drugs: A well known side effect of statin drugs 
is myopathy, which could worsen when taken together 

with a number of other drugs, such as macrolides [16] 
and fibrates [17]. The most severe form of rhabdomyoly-
sis has been reported with the concurrent consumption 
of statins and fibrates [18]. Using statins at low dosages, 
if appropriate, with some fibrates, such as fenofibrate, 
minimizes the toxicity [18, 19]. Physical exercise may 
also aggravate statin-associated muscle damages, as 
manifested by elevated plasma levels of muscle-specific 
enzymes, especially CK [20]. The risk of myopathy is 
proportional to the degree of physical exertion, so that 
graded training programs provide time for adaptation of 
metabolic processes [21]. In the current study, we chose 
atorvastatin and gemfibrozil because of their frequent co-
administration clinically. We also added unaccustomed 
intense physical activity to maximize the release of mus-
cle enzymes from the injured rhabdomyocytes, and to 
test the possible role of carvedilol in the development of 
myopathy. Further, carvedilol was selected because it is 
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Figure 3: Plasma lactate dehydrogenase levels of the rats in all groups.  
 

ATV: Atorvastatin (80 mg/kg/day for 10 days); GMF: Gemfibrozil (1000 mg/kg/day for 10 days); Carvedilol: 
2.5 mg/kg/day for 10 days; Forced swimming was done on days 8, 9 and 10. Values are mean ± SEM (n = 6). 
*** P< 0.001 compared with the controls; ** P< 0.01 compared with the control and exercise groups; One-way 
ANOVA followed by Tukey’s post hoc test. 
 
 
 

 
 
Figure 4: Aldolase levels of the rats’ sera in the control and treatment groups.  
 

ATV: atorvastatin (80 mg/kg/day for 10 days); GMF: gemfibrozil (1000 mg/kg/day for 10 days); Carvedilol: 2.5 
mg/kg/day for 10 days; Forced swimming was done in the days 8, 9 and 10 as exercise. Values are mean ± SEM 
(n = 6). ** P value < 0.01 in comparison with the control without exercise group; *P<0.05 in comparison with the 
ATV/GMF without exercise group; # P<0.05 in comparison with the control without exercise group; One-way 
ANOVA followed by Tukey’s post hoc test. 
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commonly prescribed to patients suffering from cardiac 
ischemia, a well known side effect of hyperlipidemia and 
sedentary lifestyle.

Exercise effects: The impact of intense exercise and 
combined ATV and GMF was shown in this study by 
elevating the plasma levels of CK, aldolase and LDH 
in rats. Further, swimming tolerance time declined in 
rats that received ATV and GMF compared to those that 
received water only. Histopathological, electron micro-
scopic and biochemical changes in striated muscles that 
were induced by statins, including the role of mitochon-
dria in oxidative stress of such toxicities have already 
been described in rabbits and humans [3, 22]. Since his-
tological examination of tissues is not practical in hu-
mans, we confined our study on just blood markers of 
muscle injury.

Carvedilol effects: The protective effects of carvedilol, 
as a β-2 receptor blocker, on oxidative stress and inflam-
mation in muscle fibers have been addressed previously 
[13]. Carvedilol provides antioxidant protection against 
cardiac mitochondrial toxicity against doxorubicin [23]. 
Two studies have shown the effects of carvedilol on in-
flammation and oxidative stress in patients with chronic 
heart failure [24, 25]. This drug protects against the dam-
ages in the skeletal muscle myofibrils due to oxidation in 
patients with heart failure [14]. The thermogenic effect of 
carvedilol on the skeletal muscle in rats has been shown 
previously by microcalorimetry [26]. Carvedilol reduces 
skeletal muscle necrosis in ischemic states [27]. Further, 
β-adrenergic receptor agonists modulate skeletal muscle 
growth [28]. Catecholamines regulate local lactate pro-
duction in vivo in skeletal muscles and adipose tissue 
via β-adrenergic receptors [29]. Consistent with the lat-

ter study, it has been found that β-adrenoceptor agonists 
are implicated in the force generation and intracellular 
calcium release in slow-twitch skeletal muscle fibers in 
rats [30].

Final remarks: In the current study, carvedilol did not 
significantly change the swimming tolerance time and 
the serum levels of the muscle-derived enzymes in rats 
after developing drug-induced myopathy. Whether the 
antioxidant effect of carvedilol or its β-2 adrenergic re-
ceptor blockade is more important in preserving muscle 
health requires well designed studies in the future.

Conclusions

Carvedilol does not significantly alter muscle enzyme 
levels or muscular activity tolerance in statin/fibrate-in-
duced myopathy in rats. Despite the lack of ample evi-
dence from humans, it could be assumed that carvedilol 
may be used safely in combination with lipid-lowering 
medications, pending future clinical safety studies in hu-
man subjects.

Ethical Considerations

Compliance with ethical guidelines

The animal care procedures were consistent with the 
guidelines set by the Ethics Committees at Shahid Sa-
doughi and Kerman Universities of Medical Sciences 
(Certificate #: Ir.ssu.Medicine.Rec.1398.237). 
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