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ABSTRACT

Objective: To Study Therapeutic Effect of Carnitine on Atorvastatin-induced Mechanical Myotoxicity of
Gastrocnemius Muscles of Rats.

Study Design: Observational study

Place and Duration of Study: This study was conducted at Department of Physiology, University of
Karachi, from 21%t January 2012 to 30" December 2013.

Materials and Methods: Present study showed that effect of statin on mechanical properties of gastrocnemius
muscle of rats and use of carnitine as prevention of statin induced myopathies. Animals were injected statin for 6
weeks in one group and carnitine to another group along with statin to study the possible therapeutic effect. After
treatment period, animals were decapitated and gastrocnemius muscles were isolated. Twitch and tetanus of muscles
were recorded in each group.

Results: Our results showed that treatment of statin reduced the body weight of animals and increased the resting
length (106%) of isolated gastrocnemius muscles. We also observed that force of contraction of both twitch and
tetanus in statin treated group were significantly reduced (P>0.0001). This negative effect of statin on twitch and
tetanus parameters of muscle was partially decreased by an additive treatment of carnitine.

Conclusion: Thus, carnitine plays a vital role in improving muscle contractile ability caused by statins. Our study
demonstrated the potential preventive measure of atorvastatin-induced myopathy using carnitine and its impacts on
mechanical function of muscles.
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INTRODUCTION

Statins are the most preferred and widely used drugs for
the treatment of hypercholesterolemia and prevention of
various cardiovascular diseases due to their efficacy
and tolerance!. Despite their life saving advantages,
these drugs are reported to cause serious side effects in
skeletal muscles. The chronic use of atorvastatin leads
to adverse effects ranging from myalgias, myopathies
and muscle cramps to fatal condition likk MATERIALS AND METHODS
rhabdomyolysis?34. A number of mechanisms of
damage have been proposed including deleterious
effects on mitochondrial respiratory chain, energy
production by skeletal muscle, membrane cholesterol®
and degenerative changes in skeletal muscle®.
Insufficient cholesterol in the muscle membrane due to
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effect of carnitine on mechanical properties of skeletal
muscles is yet not well known. Therefore, the purpose
of the present study was to determine the therapeutic
effect of carnitine on contractile properties of
gastrocnemius muscle for statin-induced myotoxicity.
Physiological profile of statin induced muscle damage
can be measured by mechanical parameters that are
valid indicators of myopathy.

Chemicals and Drugs: Commercially available statin
(Lescol, Novartis) in the vehicle methylcellulose
(CMC) suspension were used for the chronic dosing of
rats in vivo. All chemicals used in the study were
purchased from Sigma Aldrich until otherwise stated.

statin treatment may alter membrane fluidity’ and
makes it vulnerable to acidosis, because leakage of ions
and mitochondrial dysfunction respectively. Both these
negative effects ultimately damage the contractile
properties of skeletal muscles.

Statin induced side effects could be prevented as well
as treated by giving a combination therapy of statins
with L-carnitine®. Carnitine is a quaternary ammonium
compound essential for the breakdown of fats into
energy in the body®. However, possible protective

Grouping and Treatment of Animals: Albino rats of
250 to 300 grams were housed in different cages with 5
rats in each cage and the cages were labeled. The
animals were randomly divided into three groups as
follows:

Group I: the control group consisting of normal
untreated animals

Group II: statin treated group to see the adverse effects
of statins
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Group IlI: statin + carnitine treated group, to see the
prevention from adverse effects of statin.

After habituation process, statin was given at a dose of
10 mg/kg/day by rat feeding needle for 6 weeks. In
parallel, control group was given 1 ml 0.5% of CMC
(10) and 1 ml of carnitine 300mg/kg** with statin was
administered to group Ill. After 6 weeks, animals were
weighted again and dissection of animals followed by
recording of mechanical properties of gastrocnemius
muscle.

Muscles Dissection and Fixation: Gastrocnemius
muscle from both the limbs was dissected out and
isolated muscle was kept in oxygenated Krebs solution
at 37° C in the recording chamber. Composition of
Kreb’s solution (in mM): NaCl 119, KC1 4.8, CaCl; 3.2,
MgSOs 1.2, NaHCOs 24, NaH,PO4 1.2, EDTA 0.02
and glucose 112 Solutions were continuously gassed
with 95% O, and 5% CO,. 1mM tetrodotoxin was
added to the solutions to avoid spontaneous contraction
of muscle. The pH of solutions was maintained between
7.2 and 7.3 during each experiment.

The gastrocnemius muscle was fixed in the chamber
and connected to the force transducer that was finally
connected to the power lab. The stimulating electrodes
were connected via lead with the stimulator and were
placed under the muscle belly.

Mechanical Parameters Recording: Before recording
of mechanical parameters, resting length was
determined. Muscle was fixed in the organ bath and
was kept flaccid. This flaccidity was tightened by mm
and the muscle was stimulated at Frequency 1 Hz. This
procedure was continued until maximum tension was
developed in the muscle. At this point, length of the
muscle was measured and was denoted as resting
length.

In order to record the simple muscle twitch, the power
lab was kept at 50V strength and 0.5m.Sec duration
with frequency of 1 Hz. Tetanus was recorded by
giving continuous stimulation for a short period of time.
Low frequency tetanus was recorded at a frequency of 1
Hz while high frequency tetanus was recorded at
frequency 80 Hz.

Statistics: SPSS software version 17 was used for the
analysis of data. The results were expressed as mean +
SE. Student independent t test were performed for the
determination of difference between group means. The
significance level were set as P<0.05.

RESULTS

1) Effect on Body Weight: Body weights of animals of
each group are shown in the table 1 on first day and last
day of treatment. Values clearly indicated that chronic
statin treatment was the main cause of profound
decrease in body weight of the animals.

2) Resting Length: In the present experiments using
gastrocnemius muscles of rat, the contraction properties

were studied in both control and treated muscles. In the
first step, the resting length of muscles was determined
to obtain maximum muscle contractions. The resting
length of the muscles was significantly increased
(106.6%) in statin treated muscles (control 3.0+0.006,
statin 3.2+0.03; P<0.0001). However, use of statin
along with the carnitine significantly reduced the
resting length back to the range of control muscles

(control 3.0+0.006, Statin + carnitine3.03+0.01;
P=0.037, Figure 1)
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Figure No.1: Effect of Statin and Statin + Carnitine on the
Resting Length of Gastrocnemius Muscles of Rats

Figure 1 Resting length of gastronomies muscle of rats
chronically treated with atorvastatin (5 mg kg/day) and
from control rats. Each bar is represent Mean + SE *
represents a significant change (P < 0.01) when
compared with control. ¢ represents a significant
change when a comparison was made between statin
treated and statin + carnitine treated groups. Values in
parentheses indicate number of experiments.
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Figure No.2: Statin and Statin + Carnitine induced Length
tension relationship of gastrocnemius muscles

Figure 2: Length-tension relationship of rat
gastrocnemius muscles from statin and statin +
carnitine group. Tension was plotted vs. muscles length
during the twitch recording. The data were obtained
from 20 muscles. Each data point indicated values in
mean = SEM.

3) Twitch parameters: Force of contraction (FOC)
and contraction time (CT) were significantly reduced
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by statin treatment. (FOC control 0.24+0.005, statin
0.14+0.004; P<0.0001) and (CT control 19.0+0.17,
statin 17.3+0.48; P<0.002) .This was regained near to
normal when given along with carnitine. Similarly
rates of rise and relaxation of twitch tension were
significantly reduced (P<0.001) with chronic statin

contrast, no effect of statin treatments was observed on
Half Relaxation Time of the skeletal muscle. (Table 2)

Table No.2: Effect of Statin and Stain + Carnitine
on Twitch Parameters of Rat Gastrocnemius
Muscles

o . Control Statin Statin +
treatment but carnitine could not reverse this effect Parameters 21) (20) Carnitine
significantly (Table 2). (20)
Table No.1: Effect of Statin on body weight Force of

Before After Contraction | 0242090 1 ¢ 1440,004%| 025:0.012

treatment Treatment (Kglem?)

Control (21) 275%5.1 26546.5 Rate of Rise of

Statin (20) 270+4.2 240+5.5* Tension 26.1+0.7 | 16.0+0.6* | 14.7+0.96*

Statin + 28355 290%5.2 (9/sec)

Camitine (20) ga}e Of' 17.2+1.1 11.8+0.8* 13.5+0.8
The values represent Mean +SE. * shows a significant ¢ az(;/ts'gg) B T e
change (P value < 0.01) when compare with control. Contraction
Values in parentheses indicate number of experiments. Time 19.0£0.17 | 17.3+0.48* | 19.0+0.34 §
The values represent Mean + SE * shows a significant (mS)
change (P value < 0.01) when compare with control. ¢ Half
shows a significant change when a comparison was Relaxation
made between statin treatment and statin + carnitine Time 9.0:0.55 | 100£0.55 | 13.5+1.1%¢
treated groups. Values in parentheses indicate number (mS) i
of experiments. Peak 838“;‘“” 414014 | 7.15+020% | 35+0.13%
Peak Duration and Total Twitch Duration were Total Twitch . .
significantly increased by statin treatment (P<0.0001 Duration (mS) 320%054 | 353£0.91* | 3642075
and P<0.005 respectively), however only Peak Duration
could be brought back to normal by carnitine while no
improvement was seen in Total Twitch Duration. In
Table No.3: Effect of Statin and Statin + Carnitine on Tetanus of Rat Gastrocnemius Muscle

Parameters Control Statin Stat".] r Control Statin Stat".] N

Carnitine Carnitine
At Low Frequency At High Frequency

E‘;rn‘fra%‘;ion 0.22£0.006 | 0.13£0.004* | 0.21£0.009 ¢ | 0.91%0.038 | 0.55£0.02* | 1.0+0.06 ¢

(Ka/en?) (21) (20) (20) (21) (20) (20)

g::;xation 9.7+0.35 10.8+0.56 12.740.76* 71.0+2.8 52.0+1.76* | 51.0+1.5*

Time (mS) (18) (18) (20) (18) (18) (20)

Rate of Rise

of 21.7+0.84 15.5+0.54* 18.5+0.5* ¢ 10.7+0.52 7.8£0.35* 11.7+0.39 ¢

Tetanus (21) (20) (20) (22) (20) (20)

(g/sec)

*

Eg}gx";tion 16.7+1 8.6+0.56* | 10.69:0.77 | 2.0:016 | 2.4+0.18 ;‘)'310'255

(g/sec) (18) (20) (15) (18) (20) (15)

The values represent Mean +SE. * shows a significant change (P value < 0.01) when compare with control. ¢ shows
a significant change when a comparison was made between statin treatment and statin + carnitine treated groups.

Values in parentheses indicate number of experiments

3) Length Tension Relationship: We plotted muscle
tension against its length to see the relationship between
these parameters. Graph shows that with increase in
length of muscle, force of contraction was also
increased up to a certain point and then started to
decline with further increase in the length of muscle

(Figure 2). Stain significantly reduced the force of
contraction by each cm increase in length of muscle and
reached to a maximum strength on 3.2£0.03 cm, in
contrast to 3.0£0.006 cm in control. Force of
contraction in the carnitine group reversed this effect
back to the control group in the initial lengths of muscle
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and also showed resting length very close to control.
While the force of contractions of carnitine group after
resting length was declined more rapidly than control.

4) Tetanus Parameters: Force of Contraction of
tetanus at low frequency was decreased by statin
treatment upto 59% (control 0.22+0.006, statin
0.13+0.004; P<0.0001) while treatment of carnitine
along with statin reversed this effect. Rates of rise and
relaxation of Tetanus were also markedly reduced by
Statin treatment up to level of significance (P<0.0001).
Improvement by carnitine was brought only in rate of
rise of tetanus (Table 3)

At high frequency, force of contraction, half relaxation
time and rate of rise of tetanus were significantly
decreased by statin treatment (P<0.0001). Carnitine
also showed similar effect as was observed in low
frequency. However, carnitine treatment had no effect
on half relaxation time (Table3).

We also calculated twitch-tetanus ratio of each group at
both low and high frequency. We observed no
significant change in the ratio of force of contraction of
single twitch to tetanus at both low and high frequency.
(Table 4)

Table No.4: Effect of Statin and Statin + Carnitine
on Twitch-Tetanus Ratio of Rat Gastrocnemius
Muscle

Parameters| Control Statin CS;?;ii?irTe
Ratligv‘\’/""h 1.089+0.013 | 1.10+0.042 | 1.16+0.016 *
frequency (21) (20) (20)
Raﬂ?g‘;]"“h 0.272+0.009 | 0.0277+0.012 | 0.246+0.0093
frequency (21) (20) (20)

The values represent Mean + SE. * shows a significant
change (P value < 0.01) when compare with control. ¢
shows a significant change when a comparison was
made between statin treatment and statin + carnitine
treated groups. Values in parentheses indicate number
of experiments

DISCUSSION

We assessed the effects of chronic statin treatment on
the mechanical properties of rat gastrocnemius muscles
and use of carnitine along with statin to judge its
preventive effect. For this purpose, we chose lipophilic
atorvastatin because it is the most widely used drug all
over the world. Other lipophilic statin simvastatin is
already withdrawn from the market due to its
deleterious effects like rhabdomyolysis*®.

Atorvastatin treatment resulted in a marked reduction in
the amplitude of force of contraction during twitch and
tetanus stimulation. Possible mechanism of muscle
damage including mitochondrial dysfunction associated
with the generation of oxidative stress, calcium

imbalance'* and enhanced energy metabolism®® have
been reported previously. Mechanical properties of
skeletal muscle are directly related to electrical
properties. In our study electrical properties were also
found to be altered (unpublished results).

Structural and functional modifications in skeletal
muscle by statins are more prominent in fast twitch
muscle®s, We used gastrocnemius muscle which is a
combination of fast and slow twitch fibers.

In our study, we observed that carnitine prevented this
adverse effect of atorvastatin and increased the
amplitude of force of contraction. Similar protective
results were seen by carnitine in which tetanic
contraction of soleus muscles was increased after
ischemic reperfusion'’. In another study, contractile
functions of muscles were decreased at high frequency
stimulation in the type 2 diabetic animal models and
detected reduced level of carnitine®®. This suggests that
statin might have decreased carnitine level in the
muscle and serum that led to altered contractile
properties of skeletal muscle. Sufficient level of
carnitine in the plasma prevented the generation of free
radicals®. It has also been established that availability
of carnitine limits the rate of fat oxidation. In addition,
carnitine also prevents cytotoxicity by reducing
mitochondrial permeability®.

CONCLUSION

In conclusion, adverse effects of atorvastatin on
contractile properties of skeletal muscle can be
reduced with the use of carnitine.
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