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Cyclosporin-A (CsA) is an immunosuppressive drug that acts as an
inhibitor of calcineurin, a calcium phosphatase that has been suggested to play a role in skeletal muscle hypertrophy. The aim of the
present study was to determine the effect of CsA administration (25
mg kg-1 day-1) on skeletal muscle mass and phenotype during disuse
and recovery. Male Wistar rats received vehicle (N = 8) or CsA (N =
8) during hind limb immobilization (N = 8) and recovery (N = 8).
Muscle weight (dry/wet) and cross-sectional area were evaluated to
verify the effect of CsA treatment on muscle mass. Muscle phenotype
was assessed by histochemistry of myosin ATPase. CsA administration during immobilization and recovery did not change muscle/body
weight ratio in the soleus (SOL) or plantaris (PL). Regarding muscle
phenotype, we observed a consistent slow-to-fast shift in all experimental groups (immobilized only, receiving CsA only, and immobilized receiving CsA) as compared to control in both SOL and PL (P <
0.05). During recovery, no difference was observed in SOL or PL fiber
type composition between the experimental recovered group and
recovered group receiving CsA compared to their respective controls.
Considering the muscle/body weight ratio, CsA administration does
not maximize muscle mass loss induced by immobilization. Our
results also indicate that CsA fails to block skeletal muscle regrowth
after disuse. The present data suggest that calcineurin inhibition by
CsA modulates muscle phenotype rather than muscle mass.

Introduction
Cyclosporin-A (CsA) is an immunosuppressive oligopeptide extensively used in
organ transplantation and autoimmune diseases (1,2). It has been demonstrated that
CsA is a potent inhibitor of calcineurin, a key
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enzyme involved in the regulation of calcium-dependent pathways (3,4). The best
characterized role of calcineurin is the transduction of immune cell activation via translocation of the transcription factor nuclear
factor of activated T-cells (NFAT) into the
nucleus and activation of target genes (5). It
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has been shown that calcineurin plays an
important role in certain aspects of muscle
plasticity, including hypertrophy, phenotype
determination and regeneration (6-9).
In the myocardium, Sussman et al. (6)
demonstrated that the inhibition of calcineurin by CsA blocked hypertrophy induced by
overload. Skeletal muscle is also a target of
CsA, causing muscle weakness, myalgia and
increase of plasma creatine kinase (1).
Some initial data using an in vitro approach (7,8) strongly supported the idea that
skeletal muscle hypertrophy is dependent on
calcineurin activity. Subsequently, an in vivo
study conducted by Dunn and co-workers
(10) involving the ablation model reinforced
the idea that calcineurin controls skeletal
muscle mass. More recent in vivo studies
have suggested that calcineurin is mostly
involved in fiber type determination rather
than hypertrophy (11-13).
However, Mitchell et al. (14) suggested
that CsA administration interferes with
muscle mass maintenance and regrowth.
According to their findings, CsA differentially affects muscle mass in a muscle-specific manner. For example, only the plantaris (PL) muscle (mainly composed of fasttwitch fibers) suffered a decrease in fiber
cross-sectional area when a high dose (25
mg/kg) was used.
Recently, skeletal muscle mass and strength
have been linked to health and wellness (1416). Metter et al. (16) demonstrated that in
elderly men lower grip strength is associated
with an increased risk of mortality. It is well
established that disuse promotes hypotrophy
and phenotype alterations in skeletal muscle
(15,17). Therefore, the understanding of molecular mechanisms involved in muscle mass
maintenance and growth is crucial for developing strategies to attenuate muscle wasting
and ensure quality of life of patients with
hypokinesia conditions (e.g., elderly adults,
patients submitted to long-term bed rest, athletes recovering from surgery/injury). The aim
of the present study was to address the effect
Braz J Med Biol Res 39(2) 2006

of CsA administration (25 mg kg-1 day-1) on
skeletal muscle mass and phenotype during
disuse and recovery.
In order to induce muscle atrophy we
submitted the animals to a period of 1 week
of immobilization followed by 2 weeks of
recovery during which the animals were allowed to move freely. This experimental
design permitted us to assess the effect of
calcineurin inhibition by CsA during disuse
and regrowth of skeletal muscle.

Material and Methods
Animals

Male adult Wistar rats weighing ~220 g,
were obtained from the animal breeding facility of the Institute of Biomedical Sciences, University of São Paulo. The animals
were maintained on a constant 12:12-h
ligh:dark cycle in metabolic cages, and received water and rat chow (Nuvilab, Colombo, PR, Brazil) ad libitum. The animals
were anesthetized by intraperitoneal injection of a mixture of ketamine (30 mg/kg
body weight) and xylazine (10 mg kg body
weight) before the immobilization procedure. The experimental protocol (#097/2002)
was approved by the Institute of Biomedical
Sciences Ethics Committee for Animal Research, University of São Paulo.
Hind limb immobilization procedure and CsA
administration

Monolateral hind limb immobilization
was performed in the left limb of each animal by applying a cast with total plantar
extension (18). The PL and soleus (SOL)
muscles remained in the shortened position
for 7 days, since it has been demonstrated
that the most pronounced decrease in muscle
mass occurs after 7 days (19). The cast was
wrapped with a fine-meshed steel net to
prevent chewing (20). Great care was taken
to make sure that the cast did not cause
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ischemia. In order to determine the effect of
CsA during immobilization we used animals
that were immobilized for 7 days (N = 8) and
animals receiving CsA prior to and following the immobilization procedure (N = 8).
To test the hypothesis that CsA interferes
with regrowth of skeletal muscle after immobilization, we used animals immobilized
for 7 days and subsequently allowed to recover for 14 days (N = 8) and animals receiving CsA during recovery (N = 8). In order to
assess the effect of CsA per se, we injected 2
groups of animals with CsA for 14 days, (N
= 8). Also, two groups of age-matched animals were injected with 0.9% saline and
used as controls (N = 8).
CsA was injected intraperitoneally daily
(25 mg/kg body weight, fractionated into 2
injections). It has been shown that similar
doses of CsA lead to a significant inhibition
of calcineurin activity (14). Dunn et al. (21)
demonstrated a dose-dependent effect of CsA
on calcineurin activity, with a significant
decrease (65%) in calcineurin activity being
observed after a high dose of CsA.
Analysis of gene expression

Isolation of total RNA. Total RNA was
isolated from SOL and extensor digitorum
longus samples using the Trizol reagent
(Invitrogen, Carlsbad, CA, USA) according
to manufacturer recommendations. RNA
concentrations were determined by measuring absorbance at 260 nm. RNA purity was
determined by calculating the ratio of absorbance at 260 and 280 nm, and by ethidium bromide staining.
Reverse transcription. One microgram
of total RNA was typically used in a reaction
containing oligo dt (500 µg/mL), 10 mM of
each dNTP, 5X First-Strand buffer, 0.1 M
DTT, and 200 U of reverse transcriptase
(SuperScript II, Invitrogen). Reverse transcription was performed at 70ºC for 10 min,
followed by 42ºC for 60 min, and 10 min at
95ºC.

Real time PCR. The technique used to
estimate the relative values of mRNA levels
of NFATc1 comparing CsA-receiving and
control samples is based on real time detection of PCR products by measuring fluorescence quantified with the ABI Prism 5700
sequence detector (Applied Biosystems, Foster City, CA, USA), based on current methodology (9).
Tissues samples

The muscles (SOL and PL) were removed
and weighed. Subsequently, the muscles were
quickly frozen in isopentane cooled in liquid
nitrogen, and stored at -70oC for later histological assays. To assess the dry weight, a
small aliquot of each muscle was weighed
and then dried for 48 h at 80oC.
Histochemistry of myosin ATPase

SOL and PL muscles were removed,
weighed, immediately frozen in melting
isopentane, and stored in a freezer at -70ºC.
Frozen muscles were cut into 10-µm crosssections through the proximal to distal region using a cryostat (Leica CM3050, Nussloch, Germany). Alternate serial cross-sections were obtained in the proximal and
middle regions of both muscles incubated
for myofibrillar ATPase activity after alkali
(ATPase, pH 10.3) or acid pre-incubation
(ATPase, pH 4.3) (20,22). The myosin
ATPase reaction is used to identify the muscle
type fibers. For this assay, ATP is the reaction energy source and substrate, Pi is the
reaction product, and myosin is the enzyme.
Since Pi is invisible histochemically, the
assay requires that Pi be chemically reacted
with calcium (Ca) in order to form the precipitate calcium phosphate (CaPO4, limestone). Subsequent steps in the process convert CaPO4 into cobalt sulfide (CoS2), which
is brownish-black, more easily visible, and
less soluble. Thus, effectively, as Pi is released by the myosin molecule’s consumpBraz J Med Biol Res 39(2) 2006
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tion of ATP, a brownish-black product is
deposited on the muscle tissue section. Fastcontracting muscle fibers hydrolyze ATP
faster than slow-contracting fibers. Therefore, fast-contracting fibers appear dark histochemically, and slow-contracting fibers
appear light. When this method is used together with pre-incubation steps to accentuate or reverse this pattern, the myosin ATPase
assay can be used to distinguish between
fast- and slow-contracting muscle fibers.
Type I fibers react deeply after acid preincubation at pH 4.3, and lightly after alkali
pre-incubation at pH 10.3. The inverse occurs with type II muscle fibers (23). The
incidence of muscle fiber types I, II and
intermediate and muscle fiber cross-sectional
areas was evaluated on a digitizing unit connected to a computer (Image Pro-plus, Media Cybernetic, Silver Spring, MD, USA). A
total of ~1500 fibers were counted and classified according to ATPase activity.
Cross-sectional area

After classification, the cross-sectional
area of all fibers (~1500 per group) was
determined using a microscope (Nikon
Eclipse E600, Fukuoka, Japan) equipped with
Table 1. Effect of cyclosporin-A (CsA) administration on rat soleus (SOL) and plantaris
(PL) muscles during immobilization.
Control

Body weight (g)
Initial
Final

Immobilized

227.8 ± 5.1 223.8 ± 6.5
268.1 ± 7.5a 265.0 ± 3.9a

CsA

CsA +
immobilized

221.3 ± 8.2
231.5 ± 7.3b,c

219.5 ± 8.5
229.5 ± 5.8b,c

Muscle/body weight (mg/g)
SOL
0.38 ± 0.01
PL
0.89 ± 0.02

0.25 ± 0.01b
0.70 ± 0.02b

0.39 ± 0.01
0.88 ± 0.04

0.28 ± 0.01b,d
0.72 ± 0.02b,d

Dry weight/wet weight (%)
SOL
29.3 ± 1.5
PL
27.1 ± 2.1

28.2 ± 1.4
27.8 ± 1.4

27.1 ± 0.9
25.8 ± 1.1

29.4 ± 2.6
28.4 ± 1.0

Data are reported as mean ± SD for 8 animals in each group.
aP < 0.05 compared to initial body weight; bP < 0.05 compared to control; cP < 0.05
compared to immobilized; dP < 0.05 compared to CsA (ANOVA and Tukey test).
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a digital video camera and Image software
(Image Pro-plus, Media Cybernetic).
Statistical analysis

For body weight, muscle body weight
ratio, cross-sectional area, and fiber type
determination, multiple comparisons of
group mean values were performed by analysis of variance (ANOVA) followed by the
Tukey test to compare the mean values of all
groups. The Student t-test was applied to
gene expression data. For all comparisons, a
P value below 5% was considered significant.

Results
Effect of CsA administration during
immobilization

Body weight. CsA administration alone
reduced body weight gain (~14%, P < 0.05)
compared to control. Similarly, CsA combined with immobilization also decreased
body weight gain when compared to the
group only immobilized (~14%, P < 0.05;
Table 1).
Muscle weight. Immobilization successfully promoted muscle atrophy (SOL: 35%,
P < 0.01; PL: 21%, P < 0.05). A similar
atrophy was observed in the immobilized
group receiving CsA (SOL: 28%, P < 0.01;
PL: 18%, P < 0.05). However, we observed
no alteration in muscle/body weight ratios of
PL and SOL in the immobilized group receiving CsA compared to the group only
immobilized, suggesting a main effect of
immobilization rather than of CsA administration on skeletal muscle mass (Table 1).
Also, the dry/wet weight ratio did not differ
significantly among groups.
Fiber type. With regard to SOL fiber
phenotype, a significant decrease in the percentage of type I fibers was noted in the
immobilized group (66.3 ± 1.9), in the group
receiving CsA (68.6 ± 1.8) and in the immo-
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bilized group receiving CsA (69.8 ± 1.4)
compared to control (86.4 ± 1.9, P < 0.05;
Figure 1 and Table 2). Also, a proportional
increase in the percentage of type II fibers
was detected in the same groups compared
to control (Figure 1 and Table 2). Therefore,
the association of immobilization and CsA
administration did not produce any additive
slow-to-fast shift (Figure 1 and Table 2). In
the PL, immobilization significantly reduced
type I fiber percentage compared to control
(15.9 ± 2.1 vs 8.1 ± 1.5%; P < 0.05). Immobilization in association with CsA caused a
further reduction in type I fiber percentage,
suggesting an additive effect in PL (15.9 ±
2.1 vs 4.8 ± 0.9%; P < 0.01; Figure 1 and
Table 2).
Cross-sectional area. As expected, in
the SOL and PL the most abundant fiber
types showed a marked decrease (type I for
SOL (27%) and type II for PL (25%)) in
cross-sectional area induced by immobilization (P < 0.01). A similar reduction in crosssectional area was observed in the immobilized group receiving CsA compared to the
group only receiving CsA (type I for SOL
(20%) and type II for PL (23%); P < 0.01;
Table 2).
Effect of CsA administration during recovery

Body weight. As observed during immobilization, CsA administration during recovery from immobilization also impaired body
weight gain (P < 0.05; Table 3).
Muscle weight. The muscle/body weight
ratio of SOL and PL was not affected by CsA
administration during recovery. The dry-wet
weight ratio also did not differ significantly
among groups (Table 3).
Fiber type. Regarding fiber phenotype,
the recovery period seemed to be effective in
reestablishing the SOL muscle fiber type
profile in all recovered groups including the
CsA-receiving group. CsA administration
per se, as expected, induced a slow-to-fast
fiber type shift (a 17% decrease in fiber type

Figure 1. Histochemical ATPase activity at pH 4.39 of a representative soleus muscle from
the control group (A), the cyclosporin-A-receiving group (B), the immobilized group (C), and
the immobilized group receiving cyclosporin-A (D). I, II and Int denote type I, type II and
intermediate fibers, respectively. Solid bar = 50 µm for all panels.

Table 2. Muscle fiber composition and cross-sectional area of soleus (SOL) and
plantaris (PL) muscles of immobilized rats, of rats receiving cyclosporin-A (CsA), and
of rats immobilized and receiving CsA.

Fiber type (%)
SOL
Type I
Intermediate
Type II
PL
Type I
Intermediate
Type II

Control

Immobilized

86.4 ± 1.9
7.4 ± 1.8
6.1 ± 1.4

66.3 ± 1.9a
10.7 ± 0.8
23.0 ± 1.7a

68.6 ± 1.8a
6.6 ± 1.2
24.9 ± 1.4a

69.8 ± 1.4a
5.3 ± 0.7
24.9 ± 1.5a

15.9 ± 2.1
11.8 ± 2.5
72.2 ± 4.1

8.1 ± 1.5a
18.7 ± 3.4
73.1 ± 3.3

10.8 ± 1.8a
15.3 ± 2.7
73.8 ± 2.3

4.8 ± 0.9a,b,c
22.5 ± 1.1a
72.6 ± 1.4

984
447
552

2140 ± 727a
1609 ± 378
1686 ± 336

2699 ± 750
1931 ± 553
1971 ± 553

2167 ± 585a
1630 ± 283
1618 ± 471

675
832
398

1285 ± 408
2198 ± 748
1592 ± 402a

1453 ± 296
2356 ± 377
1826 ± 388

1104 ± 275
2021 ± 412
1409 ± 424a

Cross-sectional area (µm2)
SOL
Type I
2905 ±
Intermediate
1891 ±
Type II
2091 ±
PL
Type I
1755 ±
Intermediate
2575 ±
Type II
2104 ±

CsA

CsA +
immobilized

Data are reported as mean ± SD for 8 animals in each group. A total of ~1500 fibers
were counted per group.
aP < 0.05 compared to control; bP < 0.05 compared to immobilized; cP < 0.05
compared to CsA (ANOVA and Tukey test).
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I in SOL, P < 0.05) (Table 4). In addition, no
difference was observed in PL fiber type
composition after recovery compared to control animals (Table 4).
Table 3. Effect of cyclosporin-A (CsA) administration on rat soleus (SOL) and plantaris
(PL) muscles during recovery.
Control

Recovered

CsA

Recovered
+ CsA

224.9 ± 6.6
279.4 ± 9.2a

229.6 ± 8.9
283.6 ± 9.9a

225.4 ± 8.6
242.2 ± 7.5b,c

222.4 ± 9.6
239.5 ± 8.5b,c

Muscle/body weight (mg/g)
SOL
0.36 ± 0.01
PL
0.88 ± 0.01

0.33 ± 0.01
0.80 ± 0.01

0.38 ± 0.01
0.87 ± 0.02

0.34 ± 0.01
0.79 ± 0.03

Dry weight/wet weight (%)
SOL
27.9 ± 0.9
PL
27.5 ± 0.5

26.4 ± 1.3
28.9 ± 0.4

25.2 ± 1.9
27.5 ± 0.8

28.2 ± 1.4
27.2 ± 0.6

Body weight (g)
Initial
Final

Data are reported as mean ± SD for 8 animals in each group.
aP < 0.05 compared to initial body weight; bP < 0.05 compared to control; cP < 0.05
compared to recovered (ANOVA and Tukey test).

Table 4. Muscle fiber composition and cross-sectional area of the soleus (SOL) and
plantaris (PL) muscles of recovered rats, rats receiving cyclosporin-A (CsA), and
recovered rats receiving CsA.

Fiber type (%)
SOL
Type I
Intermediate
Type II
PL
Type I
Intermediate
Type II

Control

Recovered

CsA

81.9 ± 2.9
6.2 ± 2.0
11.9 ± 2.3

72.5 ± 1.7
11.4 ± 2.1
16.0 ± 2.3

66.2 ± 1.9a
16.1 ± 1.8a
17.6 ± 3.3

71.6 ± 2.6
11.2 ± 1.5
17.1 ± 1.1

11.1 ± 3.4
14.2 ± 3.2
74.7 ± 2.7

7.3 ± 1.9
19.9 ± 2.0
73.2 ± 3.2

7.0 ± 2.5
21.4 ± 1.8
71.6 ± 3.3

5.1 ± 1.6
24.3 ± 1.5
70.5 ± 1.1

804
434
582

2730 ± 795
2382 ± 555
2273 ± 927

2677 ± 656
2266 ± 579
2344 ± 637

2573 ± 554
2168 ± 579
2231 ± 435

214
308
402

1868 ± 301
2314 ± 718
2787 ± 624

1789 ± 546
2799 ± 609
2448 ± 537

1571 ± 444
2608 ± 529
2232 ± 365a,b

Cross-sectional area (µm2)
SOL
Type I
2828 ±
Intermediate
2121 ±
Type II
2207 ±
PL
Type I
2237 ±
Intermediate
3058 ±
Type II
2817 ±

Recovered
+ CsA

Data are reported as mean ± SD for 8 animals in each group. A total of ~1500 fibers
were counted per group.
aP < 0.05 compared to control; bP < 0.05 compared to recovered (ANOVA and Tukey
test).
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Cross-sectional area. In the SOL, the
cross-sectional areas of all fiber types (I,
intermediate and II) were similar in all groups.
PL fiber type II cross-sectional area was
smaller (20%, P < 0.05) in the recovered
group receiving CsA compared to the recovered group not receiving CsA (Table 4).
NFATc1 expression

In order to demonstrate the impact of
CsA administration on the calcineurin pathway, we compared the expression of NFATc1
(a calcineurin substrate) in the CsA-treated
group and the control group. A marked reduction (70%, P < 0.001) of NFATc1 was
noted in the CsA-receiving group compared
to control (Figure 2).

Discussion
The results of the present study show that
immobilization modulates muscle mass and
phenotype. However, CsA administration
did not maximize the responses triggered by
immobilization. In addition, CsA did not
impair skeletal muscle regrowth after disuse.
The dephosphorylation of NFAT by calcineurin allows its translocation to the nucleus
and the subsequent activation of target genes.
In order to verify the effect of CsA administration on the calcineurin pathway, we assessed the expression of NFATc1 and observed that CsA treatment resulted in decreased NFATc1 expression. Our findings
agree with those of Dupont-Versteegden and
colleagues (11), who reported a decrease in
NFAT expression after CsA treatment in rats
submitted to hind limb suspension. As expected, these investigators also observed that
CsA treatment blocked NFAT translocation
(11).
The effects of calcineurin inhibition by
CsA on skeletal muscle are still not well
established; however, some early case reports have predicted a possible link between
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CsA and skeletal muscle myopathies in patients after kidney/heart transplantation or in
the management of Grave’s disease (24,25).
Dunn et al. (10) showed that skeletal muscle
hypertrophy can be blocked by CsA in the
ablation model. In contrast, other studies
failed to associate CsA administration with
skeletal muscle mass maintenance in different experimental approaches, including the
use of myotoxins and transgenic animals
(13,25-27). It is noteworthy that a dosage
considered to be low (5 mg/kg) was used in
these studies. It is argued that low doses (~5
mg/kg) of CsA cause only a mild reduction
(20%) in calcineurin activity and therefore
are not as effective in preventing skeletal
muscle mass gain as doses above 25 mg/kg,
which inhibit calcineurin activity by 65%
(21). Conversely, it has been stated that calcineurin activity is not altered during muscle
hypertrophy, arguing against a role of calcineurin in hypertrophy. Furthermore, transgenic overexpression of constitutively active calcineurin does not cause hypertrophy
(28).
Accordingly, Dupont-Versteegden et al.
(11) demonstrated that CsA administration
did not block the regain of SOL (a slowtwitch muscle) mass induced by reload interventions after disuse models (hind limb
suspension and spinal cord transection). We
have used an immobilization model to address the role of CsA (a calcineurin inhibitor, at the dose of 25 mg/kg) in skeletal
muscle mass loss and recovery in fast- and
slow-twitch muscles and also investigated
fiber type transitions. Our results clearly
show that neither mass loss nor regain is
affected by CsA administration when the
muscle/body weight ratio is considered.
In another study, Mitchell et al. (14)
showed that CsA administration affects PL
muscle mass maintenance when doses starting at 25 mg/kg are used, although the muscle/
body weight ratio was not taken into consideration. Furthermore, in their study, CsA
administration decreased fiber cross-sec-

tional area only in the PL, suggesting a fiber
type-specific muscle response. The rationale behind this finding is that, under normal
conditions, calcineurin activity is higher in
fiber type I than in type II and therefore CsA
administration is more deleterious to muscles
(such as the PL) mainly composed of fast
fibers.
In agreement with the study of Mitchell
et al. (14), our results also demonstrate that,
during recovery, PL absolute weight regain
and cross-sectional area were decreased by
CsA. However, when the muscle/body
weight ratio was considered, no differences
were seen after disuse and recovery in both
either the SOL or PL of animals treated with
CsA. Since it is clear that the body weight
gain was attenuated by CsA administration,
we conclude that CsA induces not only a
specific tissue response, but also more extensive effects. We emphasize that the tissue
weight-to-body weight ratio is crucial if one
wants to address the role of CsA at a particular site.
General toxicity has been attributed to
high doses of CsA (24,29). Irintchev et al.
(30) demonstrated a decrease in body weight
gain of mice in the first 2 weeks of administration. In the study conducted by Dunn et al.
(10), no alteration in body weight was reported after CsA administration. Similarly
to the study of Irintchev et al. (30) we have
observed a decreased body weight gain
caused by CsA. This decrease in body weight
is not related to changes in food consumption since no difference was observed in any
of the CsA-receiving groups (CsA-receiving
group, immobilized CsA-receiving group and
Figure 2. Soleus muscle
NFATc1 gene expression in
control (C) and cyclosporin-Areceiving (CsA) groups. Data
are reported in arbitrary units for
8 animals in each group. The
columns indicate the mean ± SD
for 8 samples. *P < 0.01 compared to control (ANOVA and
Tukey test).
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recovered CsA-receiving group) regarding
food intake compared to control groups. At
present, the overall mechanisms underlying
minimization of weight gain caused by CsA
are not clear. The inconsistencies found in
these studies, both using mice, might be due
to the different dosages of CsA used, which
were 50 and 25 mg/kg, respectively. In our
experience, when a high dose (50 mg/kg) is
used in rats, a high mortality rate (above
70%) is observed (data not shown).
The controversies regarding the role of
CsA in skeletal muscle mass are likely to be
due to different experimental approaches,
such as the dose and period of CsA administration, the animal model used to induce
hypertrophy (e.g., ablation of synergistic
muscles and tenotomy), the animal species
(rat vs mice) and the muscle mass parameters analyzed (absolute weight, cross-sectional area, muscle/body weight ratio).
Other studies have suggested that calcineurin is mostly involved in muscle fiber
type determination rather than hypertrophy
(11-13). Regarding this issue, our results
corroborate the hypothesis that CsA administration and calcineurin inhibition determine changes in muscle fiber phenotype
rather than hypertrophy. As expected, CsA
administration per se induced a marked de-

crease in type I fibers and this change was
accompanied by an increase in type II and/or
intermediate fibers. In addition, the combination of CsA administration and immobilization did not further induce slow-to-fast
transitions. These results lead us to speculate
that disuse may result in diminished calcineurin activity by a decrease of the Ca2+
fluctuations that occur during each contraction and relaxation cycle. Therefore, CsA
may not cause additional phenotype shifts in
immobilized muscles because calcineurin
activity is already reduced.
The present data support the idea that
CsA is not involved in muscle mass maintenance during disuse and recovery and that it
is crucial to consider the muscle/body weight
ratio to draw specific conclusions. Finally,
we observed that CsA and disuse both induced marked phenotypic changes in skeletal muscle, although in a non-additive manner, supporting the notion that the calcineurin pathway plays a central role in fiber type
determination.
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