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Abstract

The aim of this study was to analyze the effects of cryotherapy on the biochemical and morphological changes in
ischemic and reperfused (I/R) gastrocnemius muscle of rats. Forty male Wistar rats were divided into control and
I/R groups, and divided based on whether or not the rats were submitted to cryotherapy. Following the
reperfusion period, biochemical and morphological analyses were performed. Following cryotherapy, a reduction
in thiobarbituric acid-reactive substances and dichlorofluorescein oxidation levels were observed in I/R muscle.
Cryotherapy in I/R muscle also minimized effects such as decreased cellular viability, levels of non-protein thiols
and calcium ATPase activity as well as increased catalase activity. Cryotherapy also limited mitochondrial
dysfunction and decreased the presence of neutrophils in I/R muscle, an effect that was corroborated by reduced
myeloperoxidase activity in I/R muscle treated with cryotherapy. The effects of cryotherapy are associated with a
reduction in the intensity of the inflammatory response and also with a decrease in mitochondrial dysfunction.
Key words: cryotherapy; inflammatory response; ischemia and reperfusion; mitochondrial dysfunction;
oxidative stress.

Introduction

Ischemia and reperfusion (I/R) injury is a common circulatory
disorder characterized by a reduction in blood flow
through the arterial vessels of an injured area. This phe-
nomenon is considered a crucial factor in the generation of
oxidative damage that follows a skeletal muscle lesion, such
as those associated with sports injuries. Because sports inju-
ries are generally characterized as traumatic injuries (Beiner
& Jokl, 2001), it can be assumed that the pathophysiology
of skeletal muscle tissues at the site of the injury involves
factors, such as capillary rupture and impairment of blood
flow through the site of the lesion. On the other hand,
common skeletal muscle lesions, such as muscle strains
(Carvalho et al. 2010) and skeletal muscle contusions
(Puntel et al. 2010), also have been recently reported to
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show significant oxidative damage at the site of the lesion
and also in the blood components.

The pathophysiology of I/R injury is well characterized by
the impairment of oxidative metabolism of the involved tis-
sues (Carden & Granger, 2000). As a result, an excessive reac-
tive oxygen species (ROS) generation could be observed in
I/R tissues (Harris et al. 1986; Choudhury et al. 1991). In these
conditions elevated ROS levels could exceed cellular antioxi-
dant defense system capacity to scavenge these molecules,
resulting in a condition knew as oxidative stress. Besides,
important biological systems, such as those that depend on
the sulfhydryl groups (-SH) integrity for their normal func-
tioning, could be impaired (Sun et al. 2001). Moreover,
some important enzymes activities, such as the lactate dehy-
drogenase (LDH; Pamp et al. 2005) and delta aminolevuni-
late dehydratase (A-ALA-D) activities (Folmer et al. 2003),
and the non-enzymatic antioxidant glutathione (GSH) levels
could be affected in these conditions (Sies, 1997).

The development of therapies with the potential to effec-
tively modulate the oxidative damage resulting from skele-
tal muscle injury is of interest. In this context, cryotherapy
has been reported to effectively modulate the oxidative
damage that follows skeletal muscle strain (Carvalho et al.
2010) and contusion injuries (Puntel et al. 2010). Further-



224 Benefits of cryotherapy, G. O. Puntel et al.

more, the use of cryotherapy to minimize the impairment
of oxidative metabolism in I/R muscle has been previously
described in the literature (Presta & Ragnotti, 1981). How-
ever, although cryotherapy has been considered to be one
of the most efficient strategies to treat different types of
skeletal muscle lesions (Bleakley et al. 2004), the biochemi-
cal mechanisms involved in the protective effects of cryo-
therapy have not been elucidated. At least in part, the
benefits of cryotherapy may be related to its capacity to
reduce the intensity of the inflammatory response, to atten-
uate mitochondrial dysfunction and to preserve the mor-
phology of skeletal muscle (Carvalho et al. 2010; Puntel
et al. 2010).

Therefore, the aim of this study was to analyze the effects
of cryotherapy under biochemical and morphological
changes in I/R gastrocnemius muscle of rats.

Materials and methods

Ethical approval

The animals were maintained and used in accordance with the
guidelines of the Committee on Care and Use of Experimental
Animal Resources of the Federal University of Santa Maria, Brasil.

Chemical reagents

The reagents thiobarbituric acid (TBA), dichlorofluorescein diace-
tate (DCF-DA), methyltetrazolium (MTT), ethylene glycol tetraacetic
acid (EGTA), Ellman’s reagent (DTNB), N,N,N',N-tetramethylbenzi-
dine and ouabaine were supplied by Sigma-Aldrich Chemical
(St Louis, MO, USA). The other reagents used were obtained from
local suppliers.

Animals

Forty adult male Wistar rats weighing 270-320 g from our own
breeding colony were kept in cages of five animals each, with food
and water ad libitum in a room with controlled temperature (22 +
3°Q), and on a 12 h light/dark cycle with lights on at 07:00 hours.
The animals were divided into four main groups.

1 Control non-treated and non-lesioned animals — animals not
submitted to the standard I/R injury (n = 10).

2 Control cold treated and non-lesioned animals — animals not
submitted to the standard I/R injury and treated with cryo
therapy (n = 10).

3 Lesioned non-treated animals — animals submitted to the
standard I/R injury without any treatment (n = 10).

4 Lesioned and cold treated animals — animals submitted to the
standard I/R injury and treated with cryotherapy (n = 10).

I/R injury

The skeletal muscle I/R injury was developed according to the
method proposed by Strock & Majno (1969), with few modifica-
tions. Firstly, the animals were anesthetized with ketamine
(50 mg kg "; i.p.) and xylazine (10 mg kg~ "; i.p.). The ischemia was

performed using an external tourniquet that was tensioned in the
proximal portion of the thigh near to the hip junction. The ischemia
was maintained during 3 h. Thereafter, the tourniquet was
removed in order to start the reperfusion period. The reperfusion
period was maintained during 2 h and then the animals were killed
in order to remove the muscle to perform the biochemical and mor-
phological analysis.

Cryotherapy

The treatment of the animals with cryotherapy was performed with
ice pieces placed into a malleable bag of ice that covered the entire
hind limb submitted to the I/R injury (Presta & Ragnotti, 1981). The
treatment section was developed for 3 h during all the ischemia
period.

Biochemical analysis

Tissue preparation

Skeletal muscle homogenates: the animals were killed by decapita-
tion and the right gastrocnemius muscle was removed, quickly
homogenized in NaCl (150 mm) and kept in ice. After the homoge-
nization, the skeletal muscle samples were centrifuged at 4000 g at
4°C for 10 min to yield a low-speed supernatant fraction. The
obtained supernatant fraction was used for TBA-reactive substances
(RS), DCF-RS, non-protein -SH and MTT reduction levels, and also
for the CAT, superoxide dismutase (SOD), Ca** ATPase and LDH
enzymes activities determination.

For the myeloperoxidase (MPO) enzyme activity measurement,
the muscle samples were homogenized in potassium phosphate
buffer (20 mm, pH 7.4) containing ethylenediaminetetraacetic acid
(EDTA; 0.1 mm). After the homogenization, the skeletal muscle
samples were centrifuged at 2000 g at 4 °C for 10 min to yield a
low-speed supernatant fraction. Then, the supernatant fraction was
centrifuged again at 20 000 g at 4 °C for 15 min to yield a final pel-
let that was resuspended in potassium phosphate buffer (50 mw,
pH 6.0) containing hexadecyltrimethylammonium bromide (0.5%).
The samples were finally freeze-thawed twice for the subsequent
enzymatic MPO assay.

Isolation of skeletal muscle mitochondria: rat skeletal muscle mito-
chondria were isolated as described by Tonkonogi & Salhin (1997),
with some modifications. The isolated mitochondria were used to
determine the mitochondrial DCF-RS, A¥, MnSOD enzyme activity,
and the mitochondrial GSH/glutathione disulfide (GSSG) levels.

Oxidative stress markers and cell viability determination
TBA-RS levels: the TBA-RS levels were determined in skeletal muscle
supernatant fraction samples according to the method described by
Ohkawa et al. (1979). TBA-RS levels were measured at 532 nm using
a standard curve of malondialdehyde and corrected by the protein
content.

DCF-RS levels: for DCF-RS levels determination, the skeletal mus-
cle supernatant fraction samples (50 uL) were added to a medium
containing Tris-HCl buffer (0.01 mm; pH 7.4) and DCF-DA (7 pm; Pun-
tel et al. 2010). DCF-RS levels were determined using a standard
curve of DCF and the results were corrected by the protein content
(Pérez-Severiano et al. 2004).

Non protein —SH levels: levels of non protein —-SH were deter-
mined in skeletal muscle supernatant fraction samples according to
the method proposed by Ellman (1952) with some modifications
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(Puntel et al. 2010). Results were calculated in relation to a standard
curve constructed with GSH and also corrected by the protein con-
tent (Ellman, 1952).

MTT reduction levels: for MTT reduction levels determination, the
skeletal muscle supernatant fraction samples (500 pL) were added to
a medium containing 0.5 mg mL~" of MTT and were incubated in
the dark for 1 h at 37 °C. The MTT reduction reaction was stopped
by the addition of 1 mL of dimethylsulfoxide. The formed formazan
levels were determined spectrophotometrically at 570 nm, and the
results were corrected by the protein content (Mosmann, 1983).

Enzymes activity determination

CAT activity: the CAT enzyme activity was determined in skeletal
muscle supernatant fraction according to the method proposed by
Aebi (1984).

SOD activity: the SOD enzyme activity was determined in skeletal
muscle supernatant fraction according to the method proposed by
Misra & Fridovich (1972).

Ca®* ATPase activity: the Ca®* ATPase enzyme activity was deter-
mined in skeletal muscle supernatant fraction samples according to
the method proposed by Zaidi & Michaelis (1999), with some modi-
fications (Puntel et al. 2010).

LDH activity: the LDH enzyme activity was determined spectro-
photometrically in skeletal muscle supernatant fraction samples
using diagnosis kits (LDH Liquiform, Labtest, MG, Brasil).

MPO activity: the MPO enzyme activity was determined in skele-
tal muscle according to the method proposed by Grisham et al.
(1986), with some modifications (Puntel et al. 2010).

Indicators of the skeletal muscle mitochondria function

Mitochondrial DCF-RS level determination: the mitochondrial
DCF-RS generation was assayed according to Garcia-Ruiz et al.
(1997). Briefly, the skeletal muscle mitochondria samples (150 pg
protein mL™") were incubated in a medium containing KCl (65 mm),
sucrose (100 mm), EGTA (0.05 mm), bovine serum albumin (BSA;
0.2%), HEPES (10 mm, pH 7.2), and the respiratory substrates gluta-
mate (5 mm) and succinate (5 mm). The reaction was started with the
DCFA-DA (1 uwv) addition, and the medium was kept at constant stir-
ring during the assay period. The fluorescence analysis was
performed at 488 nm for excitation and 525 nm for emission, with
slit widths of 5 nm.

Mitochondrial A¥ determination: the mitochondrial A¥ determi-
nation was assayed according to Akerman & Wikstron (1976).
Briefly, the skeletal muscle mitochondria samples (150 ug protein
mL~") were incubated in a medium containing KCl (65 mm), sucrose
(100 mm), EGTA (0.05 mm), BSA (0.2%), HEPES (10 mwm, pH 7.2), safra-
nine O (10 um), and the respiratory substrates glutamate (5 mm) and
succinate (5 mm). The reaction was started with the mitochondria
addition, and the medium was kept at constant stirring during the
assay period. The fluorescence analysis was performed at 495 nm
for excitation and 586 nm for emission, with slit widths of 5 nm.

Mitochondrial MnSOD activity: the mitochondrial MnSOD
enzyme activity was determined in skeletal muscle-isolated mito-
chondria according to the method proposed by Misra & Fridovich
(1972). Briefly, aliquots of 100 uL of isolated mitochondria were
added to a medium containing sodium bicarbonate-carbonate buf-
fer (50 mm; pH 10.2), EDTA (2 mm) and adrenaline (0.4 mm). The
kinetic analysis of SOD was started after adrenaline addition, and
the color reaction was measured at 480 nm.

Mitochondrial GSH and GSSG levels: the mitochondrial GSH
and GSSG levels were determined according to Hissin & Hilf
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(1976) with some modifications. Briefly, the skeletal muscle-
isolated mitochondria (150 ug protein mL™") were resuspended in
1.5 mL sodium-phosphate buffer (100 mm NaH,PO,4 5 mm EDTA,
pH 8.0) and 500 pL phosphoric acid (H3PO4) 4.5%, and were cen-
trifuged at 100000 g for 30 min. For GSH determination, 100 puL
of the supernatant resulting from the centrifugation was added
to 1.8 mL phosphate buffer and 100 uL o-phthalaldehyde (OPT).
After thorough 15 min, the solution was transferred to a quartz
cuvette and the fluorescence was measured at 420 nm for emis-
sion and 350 nm for excitation, with slit widths of 3 nm. For
GSSG determination, 250 uL of the supernatant resulting from
the centrifugation was added to 100 pL of N-ethylmaleimide and
incubated at room temperature for 30 min. After the incubation,
140 pL of the mixture was added to 1.76 mL NaOH (100 mwm) solu-
tion and 100 L OPT. After thorough 15 min, the solution was
transferred to a quartz cuvette and the fluorescence was mea-
sured at 420 nm for emission and 350 nm for excitation, with slit
widths of 3 nm. The mitochondrial GSH and GSSG levels were
determined from comparisons with a linear GSH or GSSG stan-
dard curve, respectively.

Protein determination

The protein content was determined according to Lowry et al.
(1951) using BSA as standard.

Histopathological analysis

One sample of the skeletal muscle tissue was used for the histopath-
ological analysis in order to investigate the loss of the normal skele-
tal muscle cells architecture in the I/R muscle. Besides, the presence
of neutrophils was examined as an indicator of the inflammatory
response. After being excised, the skeletal muscle was maintained
in buffered formaldehyde solution (10%) until the microscopic
preparation and staining. The muscle samples were sectioned longi-
tudinally along its proximal and distal origins. The histological slides
were stained with hematoxylin and eosin in order to analyze the
main morphological changes in the skeletal muscle tissue architec-
ture. Moreover, we performed the Giemsa’s staining in order to
underline the presence of inflammatory cells infiltrated among the
skeletal muscle cells.

Statistical analysis

Data were analyzed by one-way anova followed by Duncan test.
Differences between groups were considered significant when
P<0.05.

Results

Oxidative damage and cell viability in I/R muscle

Cryotherapy reduced the increase in DCF-RS and TBA-RS lev-
els that was observed in the I/R muscle (Fig. 1a,b, respec-
tively; P < 0.05). Moreover, the decrease in MTT reduction
observed in I/R muscle was limited by cryotherapy (Fig. 1¢;
P < 0.05).

Figure 2a shows that the cryotherapy counteracted a sig-
nificant decrease in non-protein —SH groups levels depicted
in the I/R muscle (Fig. 2a; P < 0.05).
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Enzymes activities in I/R muscle

Increased CAT activity observed in I/R muscle was signifi-
cantly diminished by cryotherapy (Fig. 2b; P < 0.05). On
the other hand, the SOD activity was not significantly chan-
ged by I/R injury or by cryotherapy (Fig. 2c).

IIR

I/R + cold

Fig. 1 Oxidative damage in ischemic and
reperfused (I/R) muscle: (a) dichlorofluorescein
(DCF)-RS levels; (b) TBA-RS levels;

(c) methyltetrazolium (MTT) reduction levels.
(@) The DCF-RS levels are expressed in umol
of DCF-oxidized per mg of protein; (b) the
TBA-RS levels are expressed in umol of
malondialdehyde (MDA) per mg of protein;
(c) the MTT reduction levels are expressed in
% of the control values. Data are expressed
as mean = SE (n=5) and were analyzed by
anova, followed by Duncan’s test when
appropriate. Differences were considered
significant when P < 0.05. Significant
differences are marked as a or b.

Fig. 2 Non-enzymatic and enzymatic
antioxidants in ischemic and reperfused (I/R)
muscle: (a) non-protein —SH levels; (b) CAT
activity; (c) SOD activity. (a) The non-protein —
SH levels are expressed in nmol of SH per mg
of protein; (b) the CAT activity is expressed in
umol H,O, per min per mg of protein; (c) the
SOD activity is expressed in units of
absorbance per mg of protein. Data are
expressed as mean + SE (n=5) and were
analyzed by anova, followed by Duncan’s test
when appropriate. Differences were
considered significant when P < 0.05.
Significant differences are marked as a or b.

Cryotherapy also neutralized the significant decrease in
Ca®* ATPase activity (Fig. 3a; P < 0.05) and a significant
increase in LDH activity (Fig. 3b; P < 0.05) that were
observed in I/R muscle.

Skeletal muscle MPO activity was significantly increased
in I/R muscle (Fig. 4; P < 0.05), and cryotherapy reduced

© 2012 The Authors
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Fig. 4 Myeloperoxidase (MPO) activity in ischemic and reperfused (I/R)
muscle. The MPO activity is expressed in absorbance variation units
(delta ABS) per mg of protein. Data are expressed as mean + SE
(n=5) and were analyzed by anova, followed by Duncan’s test when
appropriate. Differences were considered significant when P < 0.05.
Significant differences are marked as a or b.

this increase to values similar to those observed in control
muscle (Fig. 4).

Mitochondrial function in I/R muscle

Significant increase in mitochondrial DCF-RS generation
(Fig. 5a; P < 0.05) and also a significant decrease in the
mitochondrial A¥ (Fig. 5b; P < 0.05), observed in I/R mus-
cle, were limited by cryotherapy.

Mitochondrial MnSOD activity was also significantly
increased in I/R muscle (Fig. 5¢; P < 0.05), and this increase
was adequately neutralized by cryotherapy. Besides, mito-
chondrial GSH levels were significantly decreased in I/R mus-
cle, as the GSH/GSSG ratio was also significantly decreased
(Fig. 5d; P < 0.05). Cryotherapy maintained mitochondrial
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GSH and GSSG levels near to the observed in control muscle
(Fig. 5d).

Histopathological analysis in I/R muscle

Ischemic and reperfused injury depicted a marked presence
of neutrophils cells in skeletal muscle (Fig. 6alll,blll). More-
over, a swelling of the skeletal muscle tissue, with several
vacuoles spaces formation among the muscular fasciculus,
was also evident (Fig. 6alll,blll). Figure 6alV and bIV shows
that both neutrophils infiltration and swelling in I/R muscle
were appropriately counteracted by cryotherapy.

Discussion

We observed that cryotherapy had the potential to counter-
act the increased oxidative damage and to limit the histo-
pathological changes in I/R muscle. Thus, our results are in
agreement with our previously published studies, which
reported that therapeutic cold effectively minimizes the oxi-
dative damage that follows a skeletal muscle strain lesion
(Carvalho et al. 2010), as well as the morphological changes
and oxidative damage that follows a skeletal muscle contu-
sion lesion (Puntel et al. 2010).

An important phenomenon that appears to be involved
in the pathophysiology of an acute I/R injury is the
mitochondrial dysfunction that seems to be associated with
the oxidative damage in skeletal muscle. The significant
increase in mitochondrial MnSOD activity (Fig. 5¢), as well as
the significant decrease in mitochondrial GSH levels
(Fig. 5d), can be interpreted as a mitochondrial mechanism
to counteract the increased superoxide anion (O™5) produc-
tion. Therefore, a change in the level of hydrogen peroxide
(H,0,) might be expected with the consequent increased
consumption of GSH via glutathione peroxidase enzyme
activity, thus changing the mitochondrial GSH/GSSG ratio.
These oxidative changes may be associated with the
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Fig. 5 Mitochondrial function in ischemic and reperfusion (I/R) muscle: (a) mitochondrial dichlorofluorescein-reactive substances (DCF-RS) genera-
tion; (b) mitochondrial Ays; () mitochondrial MnSOD activity; (d) mitochondrial glutathione (GSH) (1), glutathione disulfide (GSSG) (II) and GSH/
GSSG ratio (Ill) levels. (a and b) The values are presented in fluorescence units (F.U.) according to that described in Materials and methods. (a and
b) A representative graph illustrating a single experimental trial and a graph showing the results of six-eight independent experiments are pre-
sented. (c) The values are presented in absorbance variation units (delta ABS) per mg of protein. (d) The GSH (1) levels were expressed in nmol
GSH per mg of protein, the GSSH (ll) levels were expressed in nmol GSSG per mg of protein. For each experimental trial, an independent and fresh
mitochondrial preparation was performed. (a-d) The data are expressed as mean + SE (n =5) and were analyzed by anova, followed by Duncan’s
test when appropriate. Differences were considered significant when P < 0.05. Significant differences are marked as a or b.

increased generation of DCF-RS generation (Fig. 5a), and
also with the decreased mitochondrial A¥ (Fig. 5b) observed
in I/R muscle. In general, the mitochondrial dysfunction in
I/R muscle was similar to that observed following a skeletal
muscle contusion (Puntel et al. 2010). Therefore, we hypoth-
esize that an acute event of I/R injury may be a suitable con-
dition present in the pathophysiology of skeletal muscle
disorders, such as contusion lesions.

The morphological changes in the structure of skeletal
muscle cells following I/R injury, such as excessive inflamma-
tory cell infiltration among the muscular fasciculus
(Fig. 6blll), are in agreement with the increase in MPO
enzyme activity (Fig. 4). Therefore, is possible to infer that
the intensity of the inflammatory response is an important
phenomenon involved in the pathophysiology of an acute

I/R injury. Similarly, we previously demonstrated the
relationship between the presence of a large number of
infiltrating neutrophils and increased MPO enzyme activity
in the skeletal muscle tissue after a skeletal muscle contu-
sion (Puntel et al. 2010).

Therefore, both an uncontrolled inflammatory response
and mitochondrial dysfunction could be related to the
increased DCF-RS (Fig. 1a) and TBA-RS (Fig. 1b) levels
observed in I/R muscle. Previous studies have demonstrated
that both an uncontrolled inflammatory response (Supinski
& Callahan, 2007) and the mitochondrial dysfunction
(Kowaltowski et al. 2001; Andreyev et al. 2005; Murfy,
2009) can result in increased ROS formation. Although we
did not specifically measure the formation of ROS forma-
tion in I/R muscle, it is well known that increased levels of

© 2012 The Authors
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Fig. 6 Histopathologic analysis in I/R muscle. The neutrophils infiltra-
tions areas (arrow), as well as the impaired skeletal muscle cells stria-
tions areas (sharp) were identified. (a) The skeletal muscle slides were
prepared with the hematoxiline/eosine staining; and in (b) with the
Giemsa's staining. In all cases, | — control non-treated and non-I/R
lesioned muscle; Il — control cold-treated and non-I/R lesioned muscle;
Il - I/R-lesioned and non-treated skeletal muscle; and Ill — I/R-lesioned
and cold-treated skeletal muscle. In all cases the images were 400
times increased and all the histological sections were longitudinal.

ROS can result in increased formation of DCF-RS and TBA-
RS. As a result, some important cellular enzyme systems,
which are sensitive to oxidative damage, may be impaired
in /R muscle. We observed a significant decrease in Ca®*
ATPase activity (Fig. 3a), which is an enzyme that becomes
functionally impaired due to the oxidation of critical -SH
groups located in its active site (Pamp et al. 2005). The
involvement of -SH oxidation in I/R muscle was corrobo-
rated by an observed decrease in the levels of non protein —
SH (GSH as major compound) (Fig. 2a). It is interesting to
note that I/R injury caused a significant increase in the skele-
tal muscle CAT enzyme activity (Fig. 2b).

In addition, a significant decrease in MTT reduction was
observed in I/R muscle (Fig. 1d). MTT reduction depends on
adequate functionality of the oxidoreductase enzyme fam-
ily, such as dehydrogenase enzymes (Muszbek, 1997).
Because the majority of these enzymes are located in the
mitochondria, their functional impairment may be related
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to the mitochondria dysfunction. Furthermore, the level of
MTT reduction is typically used as an index of cellular viabil-
ity (Liu et al. 1997). Similarly, an evident loss of integrity of
the muscular fasciculi and significant formation of vacuole
spaces was observed in I/R muscle (Fig. 6alll,blll). Because
the integrity of skeletal muscle cell structure is important to
cell survival, the morphological damage induced by I/R
injury may also compromise the cell viability (Brancaccio
et al. 2007). Taken together, these results are in accordance
with previous observations in skeletal muscle tissue follow-
ing a skeletal muscle contusion (Puntel et al. 2010).

The capacity of cryotherapy to minimize the oxidative
and morphological damage resulting from an acute IR
injury is in agreement with previous published studies (Pres-
ta & Ragnotti, 1981). Similar benefits of cryotherapy were
observed in the treatment of skeletal muscle strain (Carv-
alho et al. 2010) and contusion lesions (Puntel et al. 2010).
We believe that these effects of cryotherapy are related, at
least in part, to the physiological decrease in blood flow in
the treated tissue, which may determine a reduction in the
intensity of the inflammatory response to an acute I/R injury
(Bleakley et al. 2004). Moreover, the reduced blood flow
could minimize oxygen metabolism in I/R muscle treated
with cryotherapy, thus minimizing the secondary damage
that follows an acute I/R injury (Knight, 1976). Another pos-
sibility is the direct effect of cryotherapy on the skeletal
muscle cells oxidative metabolism without change in the
blood flow in treated areas. More studies are necessary to
elucidate the occurrence of such changes and also to corre-
late them with the oxidative metabolism through the cryo-
therapy-treated areas.

Concluding remarks

In conclusion, we observed that cryotherapy minimized
both the high inflammatory response intensity and mito-
chondrial dysfunction in I/R muscle. These effects of cryo-
therapy seem to be the major mechanisms to explain a
reduced oxidative and morphological damage that follows
an acute I/R injury. Finally, our results contribute to the
understanding of benefits and also mechanisms by which
the cryotherapy acts in the treatment of skeletal muscle
lesions, such as those observed in sportive practice. More-
over, cryotherapy is usually applied only in the injured areas
and generally not immediately after the occurrence of
lesions. Therefore, more studies are necessary to evaluate
the morphological and biochemical implications of retards
to start the cryotherapeutic treatment in conditions that
mimic I/R injuries in skeletal muscle.
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