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Original Immunohistochemical Study
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ABSTRACT

Background: Immobilization stress occurs in various clinical situations leading to disuse muscle atrophy. Recovery of skeletal
muscle after immobilization is slow and incomplete. Platelet-rich plasma (PRP) was previously used in improving traumatic
muscle injuries, yet, its role in accelerating muscle recovery upon immobilization stress has not been studied.

Aim of the Work: To study the possible adjuvant effect of PRP on skeletal muscle atrophy during recovery after immobilization
stress in rat.

Material and Methods: Thirty-six adult male rats were equally divided into four groups; control, immobilization stress
(restrained in reduced sized cages for 4 weeks), recovery alone (4 weeks), and recovery & PRP groups. Skeletal muscle
specimens were processed for histological and immunohistochemical studies.

Results: Immobilized group showed splitting of the muscle fibers, internalization of the nuclei, loss of striation, undulated
disrupted sarcolemma with signs of inflammation. Ultrastructural examination revealed myocytes with indented nuclei,
mitochondria of abnormal shape and size, atrophied myofibrils with loss of myofilaments and splitting of myofibrils.
A significant reduction of both mean muscle fiber cross sectional area and area percentage was reported together with a
significant downregulation in desmin immunohistochemical expression. Recovery group revealed persistence of histological
and immunohistochemical alterations. Recovery & PRP group showed a near normal morphology together with a non-
significant difference in desmin immunohistochemical expression compared to control.

Conclusion: PRP offered a promising improvement of skeletal muscle atrophy after immobilization stress. It is recommended
to apply adjuvant PRP therapy with recovery rather than recovery alone.
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INTRODUCTION its intrinsic capacity for recovery after atrophy®. Previous

studies suggested the role of physical exercising following
a period of immobilization, yet, it is not always enough

Immobilization stress occurs in various clinical
situations as chronic inflammatory and neuromuscular

diseases, or it can even naturally occur in the elderly to restore the full muscle capacity!. Therefore increasing
population. It eventually results in muscle disuse atrophy, muscle protein synthesis and/or decreasing muscle protein
which leads to limitations of daily activities and poor life breakdown is an important adjuvant therapy for disuse
quality. Moreover, in severe illness, extensive muscle atrophy. Many investigators proposed antioxidants as
atrophy increases morbidity and mortality of patients!'. resveratrol®, mitochondrial antioxidant (SS-31)" and
Skeletal muscle is not only responsible for rapid, vitamin E.®! Different treatment approaches as low
forceful, voluntary contraction, but it also carries out intensity microcurrent therapy, heat treatment!"”’, and
other functions including energy and protein metabolism, stem cell-based therapy!''! were also suggested without
glucose uptake and storage, and acts as a storage site for reaching a resolutive strategy.
amino acids in the form of protein, which is the body natural
defense against nutritional, infectious or traumatic stress'>3!, Platelet-rich plasma (PRP) is that portion of blood with
Therefore, in case of muscular inactivity, the enhanced an above baseline platelet concentration. It has received
synthesis of reactive oxygen species (ROS) results in a a great interest in applied medicine as it can accelerate
decreased protein synthesis and muscle proteolysis, thus tissue healing and regeneration Its role in curing traumatic
leading to a great damage of the muscle tissue structure and muscle injuries through improving muscle regeneration,
function, in addition to making the muscle more liable to increasing neovascularization and reducing fibrosis was
hormonal catabolic signals than other muscles!'!, previously documented"?), yet, its role in accelerating
Recovery of skeletal muscle after immobilization was recovery of skeletal muscle atrophy after immobilization
argued to be slow, deficient and incomplete regardless of stress has not been studied.
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EFFECT OF PRP ON SKELETAL MUSCLE

Taken together, this work aimed to study the possible
adjuvant effect of PRP on skeletal muscle atrophy during
recovery after immobilization stress using different
histological and immunohistochemical techniques.

MATERIAL AND METHODS

Experimental design

Thirty-six adult male albino rats, weighing 180-200
grams each, were used in this experiment. The rats had
free access to balanced laboratory diet and water. The rats
were acclimatized for 2 weeks before the experiment at the
animal house. The study was approved by the Research
Ethics Committee of Tanta Faculty of Medicine, Egypt.

The rats were allocated into four groups in a random
manner:

Group I (Control group) n=9: Animals of this
group were kept in standard sized cages (dimensions; 42
x 21 x 20 cm), they were further subdivided into 3 equal
subgroups; Animals of subgroup Ia were kept for 4 weeks
without any treatment. Animals of subgroup Ib received
a single intramuscular injection with 0.5 ml of saline in
the right gastrocnemius muscle then kept for 4 weeks.
Animals of subgroup Ic received 0.5 ml of PRP as a single
intramuscular injection in the right gastrocnemius muscle
then were kept for 4 weeks without further treatment.

Group II (Immobilization stress group) n=9:
Animals of this group were restrained in reduced size
cages (dimensions; 12 x12 x 8 cm) for 4 weeks!'¥.

Group III (Immobilization stress recovery group)
n=9: Animals of this group were kept in reduced size cages
for 4 weeks then transferred to standard sized cages for
another 4 weeks.

Group IV (Immobilization stress recovery & PRP
group) n=9: Animals of this group were kept in reduced
size cages for 4 weeks then 0.5 ml of PRP as a single
intramuscular injection in the right gastrocnemius muscle
before being transferred to standard sized cages for another
4 weeks.

PRP was prepared according to Ariede et all'¥
where blood samples were collected from rats in citrated
vials under anesthesia. The whole blood underwent
centrifugation (3000 rpm, 7 min, 20°C) to sediment down
red blood cells. The plasma supernatant was aspirated and
further centrifuged (4000 rpm, 5 min, 20°C) to collect
down the platelet-rich plasma fraction for intramuscular
injection.

The animals were eventually euthanized using
pentobarbital (40 mg/kg)!'®. The right gastrocnemius
muscle was rapidly dissected out to be processed for light
and transmission electron microscopy.

Histological preparation for light microscopy

Skeletal muscle specimens were fixed using 10%
neutral buffered formalin, washed, dehydrated, cleared,

and paraffinized. Sections of 5 um thickness were stained
with hematoxylin & eosin (H&E)!".

Immunohistochemical staining

Sections were deparaffinized, rehydrated and washed
then incubated with 10% normal goat serum in phosphate
buffered saline. Sections were incubated with the primary
antibody; rabbit polyclonal antibody against desmin
(ab15200, Abcam, Cambridge, Massachusetts, USA)
overnight at 4°C, then incubated with the secondary
antibody for 60 min at room temperature then with a
streptavidin—biotin—horseradish peroxidase complex for
another 60 min. 3,3'-diaminobenzidine (DAB) hydrogen
peroxide was used to visualize the immunoreactivity.
Counterstaining was applied using Mayer’s hematoxylin!'®!,

Histological preparation for transmission electron
microscopy

Skeletal muscle specimens were finely cut and fixed
using 4% phosphate buffered glutaraldehyde then post-
fixed using 1% phosphate-buffered osmium tetroxide
then dehydrated. Propylene oxide was used to immerse
the specimens then epoxy resin mixture was used for
embedding them. Staining with uranyl acetate and lead
citrate was applied for the ultrathin sections (80-90nm)! to
be examined using JEOL-JEM-100 transmission electron
microscope (Tokyo, Japan) at the Electron Microscopy
Unit, Tanta Faculty of Medicine, Egypt.

Morphometric analysis

A light microscope (Leica DMS500, Switzerland)
connected to a digital camera (Leica ICC50, Switzerland)
was used to obtain images. The software “ImageJ]” (1.48v
NIH, USA) was used for image analysis. Ten different
non-overlapping randomly selected fields from each slide
were examined at a magnification of 400 to quantitatively
evaluate:

1. Mean muscle fiber cross sectional area (um2) and
area percentage (%) (in H&E-stained sections).

2. Mean optical density of desmin
immunohistochemical reaction (in DAB-stained
sections)?l,

Statistical analysis

The data were analyzed by using ANOVA followed by
Tukey’s test using IBM SPSS Statistics for Windows (IBM
Corp, Version 22.0. Armonk, NY, USA). Differences were
considered as significant if probability value p< 0.05 and
highly significant if p<0.0012.,

RESULTS

H&E staining
Control group

The gastrocnemius muscle from rats of all control
subgroups showed the normal structure of skeletal muscle
formed of muscle bundles separated by perimysium
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connective tissue. In longitudinal sections, the muscle
fibers were parallel, elongated, cylindrical and non-
branched with acidophilic cytoplasm, regular striations
and multiple flat nuclei underneath the sarcolemma
(Figure 1a). In cross sections, polyhedral muscle fibers with
oval peripheral nuclei were observed, where each muscle
fiber was enclosed by loose endomysium connective tissue
(Figure 1b).

Immobilization stress group

Longitudinal sections from immobilization stress group
showed splitting and branching of the muscle fibers with
internalization of the nuclei. Some muscle fibers showed
loss of striation and undulated disrupted sarcolemma.
Other muscle fibers exhibited multiple lightly stained foci.
Some dilated congested blood vessels and mononuclear
cell infiltration were observed. Separation of endomysium
with connective tissue cells and blood capillaries was
detected (Figures 2,3).

Cross sections showed muscle fibers of variable size
and shape. Muscle fibers were mostly fragmented with
separation of endomysium containing connective tissue
cells and blood capillaries with exudate. Some muscle
fibers were apparently shrunken. Multiple lightly stained
foci of muscle fibers were observed. Some muscle fibers
showed centralization of some nuclei (Figures 4,5).

Recovery group

Longitudinal sections from recovery group showed few
muscle fibers with splitting, sarcolemmal disruption and
internalization of the nuclei. Few areas of absent striation
and lightly stained foci were observed. Mononuclear cell
infiltration was also encountered (Figure 6). Moreover,
cross sections revealed some fragmented muscle fibers
with separation of endomysium and mononuclear cell
infiltration. Few muscle fibers were apparently shrunken
among the apparently normal muscle fibers (Figure 7).

Recovery and PRP group

Longitudinal sections from recovery and PRP group
depicted apparently normal skeletal muscle fibers with
regular striations and multiple flat nuclei (Figure 8). Cross
sections revealed apparently normal polyhedral muscle
fibers with oval peripheral nuclei (Figure 9).

Morphometrical analysis of the mean muscle fiber cross
sectional areaand area percentage in group I1(1100.22+75.7,
68.69+6.04 respectively) revealed a highly significant
decrease compared to control (1881.22+96.11, 81.22+6.21
respectively), while group III (1666.09+90.31, 75.05+6.77
respectively) showed a significant increase compared to
group II, yet it represented a significant decrease compared
to control. Instead, group IV (1820.98+94.76, 79.41+7.98
respectively) depicted a significant increase compared to
both groups II and III, which represented a non-significant
difference from the control (Table 1, Histogram 1).

Desmin immunohistochemical staining

Immunohistochemically stained muscle sections for
detection of desmin in control group depicted a strong
subsarcolemmal and sarcoplasmic desmin expression in
the form of a brownish coloration (Figure 10). Whereas
sections from immobilization stress group II revealed a
weak desmin expression (Figure 11). Whereas sections from
recovery group III depicted a moderate desmin expression
(Figure 12). Nevertheless, sections from recovery & PRP
group IV showed a strong desmin expression (Figure 13).

Morphometrical analysis of the optical density of
desmin immunoexpression in group II (37.90+8.63)
showed a highly significant decline with comparison to
the control (67.83+£5.99), while group III (59.94+7.06)
revealed a significant elevation compared to group II,
which still represented a significant decline compared to
the control. Conversely, group IV (65.94+3.96) depicted
a significant elevation compared to both groups II and III,
which represented a non-significant difference from the
control (Table 1, Histogram 1).

Transmission Electron Microscopy
Control group

Ultrastructural examination of control group showed
myocytes with longitudinal myofibrils and flattened
peripheral euchromatic nucleus underneath the sarcolemma
with prominent nucleolus. The muscle fibrils depicted
alternating dark (A) and light (I) bands. The dark (Z) line
bisected the light (I) band, the dark (A) band was bisected
by a narrow lighter (H) zone that was further halved by a
dark (M) line. Small mitochondria were paired around the
Z lines and some larger ones were perinuclear (Figure 14).

Immobilization stress group

Ultrastructural ~ examination of immobilization
stress group revealed myocytes with indented nuclei,
focal distortion of the (Z) lines in some myofibrils and
mitochondria of abnormal shape and size. Some myocytes
depicted giant amorphous mitochondria. Areas of atrophied
myofibrils with loss of myofilaments and splitting of some
myofibrils were detected (Figures 15-18).

Recovery group

Ultrastructural examination of recovery group depicted
myocytes with peripheral euchromatic nucleus and
prominent nucleolus. Few areas of myofibrillar loss were
detected. Giant mitochondria were frequently observed
around the nuclei and Z lines (Figure 19).

Recovery and PRP group

Ultrastructural examination of recovery & PRP group
showed apparently normal myocytes with peripheral
euchromatic nuclei, intact longitudinal myofibrils and
apparently normal mitochondria (Figures 20, 21).
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Fig. 1: A photomicrograph of the gastrocnemius muscle from control
rat shows muscle bundles separated by perimysium connective tissue
(asterisks). a) Longitudinal sections show parallel, elongated, cylindrical
and non-branched muscle fibers with regular striations (thin arrows) and
multiple flat nuclei underneath the sarcolemma (arrowheads). b) Cross
sections show polyhedral muscle fibers with oval peripheral nuclei
(arrowheads), each muscle fiber is enclosed by loose endomysium CT
(stars). (H&E x 400, scale bar=50 um, inset x 1000).

Fig. 2: A photomicrograph of a longitudinal section in the gastrocnemius
muscle from immobilization group shows splitting and branching of
the muscle fibers (notched arrow) and internalization of the nuclei
(arrowhead). Some muscle fibers show loss of striation (thin arrow) and
undulated disrupted sarcolemma (thick arrows). Other muscle fibers
exhibit lightly stained foci (P) and mononuclear cell infiltration (I) (H&E
x400, scale bar=50 um)

Fig. 3: A photomicrograph of a longitudinal section in the gastrocnemius muscle
from immobilization group shows some dilated congested blood vessels (v)
associating with mononuclear cell infiltration (I). Separation of endomysium
(star), with connective tissue cells and blood capillaries, and internalization of
some nuclei (arrowhead) are detected (H&E a x400, b x1000)

Fig. 4: A photomicrograph of a cross section in the gastrocnemius
muscle from immobilization group shows muscle fibers of variable size
and shape. Most of the muscle fibers are fragmented (F) with separation
of endomysium (stars) containing connective tissue cells and blood
capillaries (v) with exudate. Some muscle fibers are apparently shrunken
(s). (H&E x400, scale bar=50 um)

Fig. 5: A photomicrograph of a cross section in the gastrocnemius
muscle from immobilization group shows multiple lightly stained foci of
muscle fibers (P). Some muscle fibers show centralization of some nuclei
(arrowhead) (H&E, a x400, b x1000)

Fig. 6: A photomicrograph of a longitudinal section in the gastrocnemius
muscle from recovery group shows few muscle fibers with splitting
(notched arrow), sarcolemmal disruption (thick arrow) and internalization
of the nuclei (arrowhead). Few areas of absent striation (thin arrow) and
lightly stained foci (P) are observed. Mononuclear cell infiltration (I) is
detected. (H&E x400, scale bar=50 pm)
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o SN —_—
Fig. 7: A photomicrograph of a cross section in the gastrocnemius
muscle from recovery group shows some fragmented muscle fibers (F)
with separation of endomysium (star) and mononuclear cell infiltration
(I). Few muscle fibers are apparently shrunken (s) among the apparently
normal muscle fibers. (H&E x400, scale bar=50 pm, inset x 1000)

—_—

Fig. 8: A photomicrograph of a longitudinal section in the gastrocnemius
muscle from recovery & PRP group shows apparently normal skeletal
muscle fibers with regular striations (thin arrows) and multiple flat nuclei
(arrowhead). (H&E x400, scale bar=50 pm, inset x 1000)

Fig. 9: A photomicrograph of a cross section in the gastrocnemius muscle
from recovery & PRP group shows apparently normal polyhedral muscle
fibers with oval peripheral nuclei (arrow heads) (H&E x400, scale bar=50
um, inset x 1000)

Fig. 10: A photomicrograph of the gastrocnemius muscle from control
group shows a strong subsarcolemmal and sarcoplasmic desmin
expression in the form of a brownish coloration (arrows) (Desmin x 400,
scale bar=50 pm)

Fig. 11: A photomicrograph of the gastrocnemius muscle from
immobilization group showing a weak sarcoplasmic desmin expression
(arrows) (Desmin x 400, scale bar=50 um)

Fig. 12: A photomicrograph of the gastrocnemius muscle from recovery
group shows a moderate subsarcolemmal and sarcoplasmic desmin
expression (arrows) (Desmin x 400, scale bar=50 um)
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Fig. 13: A photomicrograph of the gastrocnemius muscle from recovery
& PRP group shows a strong subsarcolemmal and sarcoplasmic desmin
expression (arrows) (Desmin x 400, scale bar=50 um)

Fig. 14: An electron photomicrograph from control group shows
a myocyte with longitudinal myofibrils and flattened peripheral
euchromatic nucleus (N) just beneath the sarcolemma with prominent
nucleolus (n). The muscle fibrils show alternating dark (A) and light (I)
bands. The dark (Z) line bisects the light (I) band, the dark (A) band is
bisected by a narrow lighter (H) zone that is further halved by a dark
(M) line. Small mitochondria (M) are paired around the Z lines and some
larger ones are perinuclear. (TEMx 17500, scale bar=1 micron)

Fig. 15: An electron photomicrograph from immobilization group shows
a myocyte with an indented nucleus (N). Areas of myofibrillar loss
(thick arrow) and focal distortion of the (Z) lines in some myofibrils are
observed. Notice mitochondria are of bizarre shape and size (M). (TEM
x17500, scale bar=1 micron)

Fig. 16: An electron photomicrograph from immobilization group shows
a myocyte with an indented nucleus (N). Areas of myofibrillar loss
(thick arrow) and focal distortion of the (Z) lines in some myofibrils are
observed. Notice giant amorphous mitochondria (Mg). (TEM x29200,
scale bar=500nm)
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Fig. 17: An electron photomicrograph from immobilization group shows
areas of atrophied myofibrils and loss of myofilaments (thick arrows) with
bizarre shaped mitochondria (M). (TEM x17500, scale bar=1 micron)

Fig. 18: An electron photomicrograph from immobilization group
showing areas of atrophied myofibrils and loss of myofilaments (thick
arrows). Notice splitting of some myofibrils (asterisks). (TEM x17500,
scale bar=1 micron)

et

Fig. 19: An electron photomicrograph from recovery group shows
a myocyte with peripheral euchromatic nucleus (N) with prominent
nucleolus (n). Few areas of myofibrillar loss (thick arrow) are detected.
Giant mitochondria (Mg) are observed around the nuclei and Z lines.
(TEM x17500, scale bar=1 micron)

Fig. 20: An electron photomicrograph from recovery & PRP group shows
an apparently normal myocyte with peripheral euchromatic nucleus (N),
several intact longitudinal myofibrils and apparently normal mitochondria
(M). (TEM x17500, scale bar=1 micron)
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Fig. 21: An electron photomicrograph from recovery & PRP group shows an apparently normal myocyte with several intact longitudinal myofibrils and
apparently normal mitochondria (M). (TEM x17500, scale bar=1 micron)

Table 1: Statistical analysis of the study groups

Parameters Group [ Group II Group III Group IV
Mean muscle fiber - cross 1881.22+96.11 1100.22+75.7° 1666.09+90.31"* 1820.98+94.76
sectional area (um?)
Mean muscle - fiber —area 81.2246.21 68.69+6.04" 75.05+6.77" 79.41+7.98
percentage (%)
Mean optical density  of 67.83+5.99 37.9048.63" 50.9447.06" 65.94+3.96

desmin immunoreaction

Data is expressed as mean + standard deviation. * indicates significant vs control, ** indicates highly significant vs control

2500

Mean muscle fiber cross sectional area (um?)

Mean muscle fiber area percentage (%)

Mean optical density of desmin immunoreaction

100
* *
2000 80 %k
*%
k%
1500 60
* %
1000 40
500 20
0 0
Group | Group Il Group lil Group IV Group | Group Il Group lil Group IV Group | Group Il Group il Group IV

Histogram 1: Morphometrical analysis of a] Mean muscle fiber cross sectional area (um?), b] Mean muscle fiber area percentage (%), ¢] Mean optical density
of desmin immunoreaction. * indicates significant vs control, ** indicates highly significant vs control

DISCUSSION

Immobilization is used in clinical practice during
the treatment of many serious diseases, pain reduction
and healing fractures. Brief periods of immobilization
equally impose serious risks, especially muscle atrophy, as
prolonged ones*??. In the current research, a physiological
model simulating prolonged bed stay in humans was used,
where rats were immobilized by keeping them in reduced
size cages for 4 weeks!'*,

In the current work, longitudinal muscle sections
from the immobilization stress group revealed undulated

disrupted sarcolemma which could be attributed to an
elevation in production of ROS causing lipid peroxidation,
thus affecting cell membranes assembly and changing
physicochemical properties and cellular metabolic
processes causing cell death!>!,

Additionally, separation of endomysium with signs
of inflammation were observed in the current work.
This agreed with other researchers who observed that
the interstitial tissue was interspersed with hemorrhagic
foci accompanied with marked inflammatory cell
infiltration® ). These findings might be attributed to the
release of certain mediators which stimulate inflammatory

726



Elkaliny et al.,

reaction and attract inflammatory cells to invade the
muscle, contribute to mechanisms of degradation and play
a crucial role in getting rid of necrotic fiber segments°!.

Furthermore, there were splitting, branching and loss
of striation with internalization of the nuclei during the
present work, which agreed with many researchers who
stated that splitting of muscle fibers with centralized nuclei
and homogenous eosinophilic structureless bundles with
complete loss of normal fibers striation are well known
features of muscle atrophy!?*27-2%,

In the present study, cross muscle sections from the
immobilization stress group revealed that most of the muscle
fibers were fragmented while other muscle fibers were
apparently shrunken. Also, some muscle fibers depicted
centralization of some nuclei. These results coincided
with the work of Dumitru ez al.*”! who stated that skeletal
muscle atrophy had common histopathological features as
reduction of myofibers diameter, fragmented myofibers,
and myofibers with central nuclei. These histopathological
findings upon muscle atrophy are caused by proteolytic
systems, whose activation leads to degradation of the
proteins responsible for contraction resulting in muscle
fibers fragmentation, shrinkage and loss of striation®"!,

The myonuclear positioning is important for cell
function, it is mediated by microtubules and cytoplasmic
intermediate filaments. The centralization of nuclei is
mostly caused by desmin intermediate filament, that is the
main muscle-specific structural protein that was suggested
to be in charge for intracellular mechanochemical signaling
and transport, thus has a fundamental role in spacing of
nucleiP!, During atrophy, desmin is degraded by proteolytic
pathways leading to mispositioning of nuclei®**}], which
was confirmed by the significant downregulation in desmin
immunohistochemical expression in the immobilization
stress group in the current study.

Moreover, a significant reduction of both mean muscle
fiber cross sectional area and area percentage was recorded
in the immobilization stress group compared to control.
These findings coincided with other reports that indicated
that the myofiber cross sectional area was reduced by
around 34% in immobilized group compared to control,
thus confirmed the atrophy of muscle fibers during muscle
disusel*¥. Furthermore, the mean fiber cross sectional area
was reported to significantly drop in the muscle of middle-
aged adults after 14 days of bed restl**.

In the current work, ultrastructural assessment of the
immobilization stress group revealed areas of myofibrillar
loss, atrophied myofibrils with loss of myofilaments and
splitting of others in addition to focal distortion of the
(Z) lines. These findings could explain the existence of
lightly stained foci detected with light microscopy during
the present study and coincided other previous reportst*®l.
These results could be attributed to protein degradation
through ubiquitin proteasomal and lysosomal systems*7-*81,
Additionally, other researchers reported that two ubiquitin
ligases, atrogin-1/MAFbx and muscle RING-finger 1 were
markedly induced during muscle atrophy4%!,

Another electron microscopic finding from the
immobilization stress group of the present study was
mitochondria of abnormal shape and size and even some
giant amorphous mitochondria. This coincided with
previous researches that reported changes in mitochondrial
size and shape, swelling, cristae breaking, reduced density,
and vacuolation of mitochondria®®. Mitochondria are
highly dynamic, where their function and morphology
are controlled by fusion and fission events, whereas
during muscle atrophy, the structure and function of
mitochondria undergo dramatic changes. Furthermore,
the increased ROS in atrophied muscles was suggested to
significantly provoke the transcription factors responsible
for mitochondrial dysfunction(*!#],

The most accepted mechanism of disuse atrophy is the
drop in protein synthesis coupling with a boost in protein
degradation, since the skeletal muscle mass is delicately
balanced between protein synthesis and degradation.
Extended periods of immobilization cause an increased
production of ROS in the muscle fibers suggesting the
fundamental role of ROS in the process of disuse atrophy
as ROS can enhance proteolysis and suppress protein
synthesisi®***], Nevertheless, immobilization suppresses
protein synthesis through downregulating signaling of
insulin like growth factorl (Igfl), which is an important
anabolic growth factor for regulating protein metabolism
and muscle growth. Igf1 activates the phosphatidylinositol-3
kinase (PI3K)/Akt pathway which in turn activates mTOR
enhancing protein synthesis 4,

In the present work, examination of recovery group
revealed persistence of muscle atrophy morphological
alterations, while recovery & PRP group depicted a near
control skeletal muscle structure. Furthermore, the mean
muscle fiber cross sectional area, areca percentage and
desmin immunohistochemical expression of recovery
& PRP group recorded a significant increase compared
to both the immobilization stress and recovery group,
while represented a non-significant difference from
control, thus strongly suggesting the efficacy of PRP
in alleviating disuse muscle atrophy and accelerating
muscle regeneration. Many studies reported that PRP
administration could improve morphology, function
and decrease inflammatory state of damaged skeletal
muscles*! PRP is used to obtain many cytokines and
growth factors which can be an adjunctive measure to help
in tissue regeneration process. Many evidences supported
that growth factors are extremely needed during the muscle
regeneration processes*’. Platelets contain nearly more
than 300 molecules as calcium ions, serotonin, adenosine
diphosphate, and polyphosphates. These molecules play
a crucial role in the activation of other platelets, whose
granules are in turn degranulated to liberate many growth
factors; insulin like growth factor (IGF-1, IGF-2), fibroblast
growth factor (FGF), tumor growth factor (TGF-f),
platelet-derived growth factor (PDGF), hepatocyte growth
factor, matrix metalloproteinases, interleukin 8 and many
other cytokinest 1,
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IGF-1 is proposed to provoke differentiation and
proliferation of myoblasts and enhance regeneration in
mouse skeletal musclel?. Also, FGF-2 proved efficient
in promoting both number and diameter of regenerating
muscle fibers, while TGF- aids additional growth factors
such as PDGF which is capable of provoking satellite cell
activation®', leading to expression of different myogenic
regulatory factors and modulation of the expression of
muscle specific microRNAs, and consecutively improving
the function of mitochondria and their endogenous
antioxidant defense system and ultimately protecting cells
from apoptosis[46].

CONCLUSION

PRP is a simple and minimally invasive method that
offers a promising improvement of skeletal muscle atrophy
after immobilization stress. It is recommended to apply
adjuvant PRP therapy along with recovery rather than
recovery alone.
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