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ABSTRACT

Background: Muscle injuries are common and may be associated with impaired functional capacity, especially among
athletes. Ordinary lines of treatment result in improper healing of the damaged tissue with prolonged time for recovery, so it
was essential to try new lines of treatment for these injuries to get advantageous effect on the healing process. One of these
new treatments is platelet-rich plasma (PRP), which is used to improve healing of many lesions such as skin and sports injury.
Aim of the work: This work was carried out to evaluate the role of platelet rich plasma in healing of experimentally induced
skeletal muscle injury in adult male albino rat.

Materials and methods: Thirty adult male albino rats were divided Into: Group I: donor group to obtain PRP from their
peripheral blood and muscle specimens from their gasterocnemius muscle. Group II: was exposed to bilateral gastrocnemius
muscles injury and was left without treatment. Group III: Bilateral gastrocnemius muscles were injured and immediately
treated locally with PRP intramuscularly. Muscle specimens were excised after 1, 7and 21 days from the onset of injury and
were processed for light and electron microscopic examination.

Results: PRP treated group demonstrated early formation of many myotubes starting from the 7th day after injury onwards
in association with ultrastructural features of activated satellite cells together with restoration of normal histological features
of muscle fibers.

Conclusion: local injection of PRP into the injured gastrocnemius muscle resulted in early activation, proliferation and
differentiation of satellite cells resulting in earlier and enhanced myogenesis.
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INTRODUCTION for obtaining a natural concentration of growth factors
[GF] and cytokines from a-granules. These granules are
the most abundant platelet granules that give the platelets
their characteristic purple granular appearance on a typical
blood smearl®>#d¢,

Musculoskeletal injuries are the most common cause
for chronic pain, physical disability and account for the
majority of all sport related injuriest!. Regardless of the
mechanism of the injury, the healing process progresses

through a constant series of overlapping phases resulting Growth factors in PRP may modulate and regulate the
in the restoration of anatomic continuity and function!?. tissue healing process at cellular level. This effect leads
These phases are controlled by complex and dynamic to the recruitment, proliferation and differentiation of cells
molecular mechanisms involving local and systemic factors involved in tissue regeneration'”). Based on all these facts,
interacting with many different cell types recruited to the this work aimed to study the effect of platelet rich plasma
injured site from the surrounding tissues and circulation®’. on the healing of experimentally induced skeletal muscle

Skeletal muscle can regenerate completely and injury in adult male albino rats.

spontaneously in response to minor injuries, such as MATERIALS AND METHODS

strain. In contrast, after severe injuries, muscle healing
is incomplete, often resulting in the formation of fibrotic
tissue that impairs muscle function. Years of research have
clarified the time-dependent and interrelated processes that
occur after skeletal muscle injurest.

Thirty adult male albino rats aged 6 weeks with
average weight 200 grams were used in this work. They
were kept in adequate ventilation and room temperature
and received a balanced diet with water ad libilum. They
were acclimatized for 2 weeks before the experiment. The

Widespread use of PRP resides in the fact that it is a experiment was approved by the Local Ethics Committee
simple, efficient and minimally invasive method. PRP used of Faculty of Medicine, Tanta University, Egypt.
Personal non-commercial use only. EJH copyright © 2019. All rights served DOI: 10.21608/ejh.2019.5868.1033
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The animals were divided into three groups

Group I (control group): Included 12 rats that were
subdivided into subgroup IA or donor group of 9 rats and
subgroup IB of 3 rats that were kept without treatment.
The gastrocnemius muscles were obtained from rats of
subgroup IB after 1 (subgroup IB1), 7 (subgroup IB7)
and 21 (subgroup IB21) days.

Group II (Muscle injury induced group): This group
included 9 rats. Under anesthesia their lower limbs were
shaved and sterilized with betadine solution. Muscle injury
was induced by crushing the gastrocnemius muscle of both
lower limbs using blades of the hemostat at level 3 for 2
minutes®. The rats were left without treatment and were
subdivided into three equal subgroups: II A, II B and II C
that corresponded respectively to the time of sacrifice!72!
days after injury induction.

Group III (Muscle injury and PRP treated group):
9 rats were exposed to injury in gastrocnemius muscle of
both lower limbs in the same way as group II . Immediately
the injured muscles were injected once with 100 pl
(0.1 ml)of platelet rich plasma by insulin syringe9. Then
the rats were divided equally into three subgroups: III A,
IIT B and III C that corresponded respectively to the time
of sacrificet’7 4211 days after injury induction.

Blood collection and preparation of platelet rich plasma

Preparation of platelet rich plasma was carried out in
tissue culture and cytogenetic lab in Histology Department
Faculty of Medicine Tanta University.

Blood was collected from donor rats from retro-orbital
plexus and occasionally by cardiac puncture after being
anesthetized by ether inhalation? ®¢ 19, 2.5-3 ml were
collected from each rat by sterile syringe containing 0.3 ml
of 3.8% sodium citrate (0.5ml) complete blood was taken
to count number of platelets in complete blood sample by
adding 10 ul to 2.5 ml platelet counting solution using
hemocytometer. Then citrated blood was centrifuged at
3000 rpm for 7 minutes. The supernatant (containing the
buffy coat with platelets and leucocytes) was aspirated
by a micropipette, then placed in another sterile tube and
centrifuged at 4000 rpm for 5 minutes. After this step the
platelets were aggregated in the bottom of the tube in the
form of pellet. The supernatant contained plasma poor in
platelets so; it was discarded leaving only the pellet and
one ml of the supernatant and resuspended in the tube.
10 pl of this suspension was used for manual counting
of platelets. It revealed that platelets were nearly 5 times
the number in complete blood sample!'!. The number of
platelets ranged from 1.4x106 - 2.6x106/ul. Activation of
PRP by adding 0.1ml of calcium chloride to each ml of
PRP. After activation it must injected within 10 minutes.

Light microscopic study

At the appropriate time, the rats were anesthetized
with intraperitoneal injection of sodium pentobarbital
(35 mg/kg body weight)'?. Gastrocnemius muscles were

dissected and the middle parts of the muscle were fixed in
10% formalin buffered saline. Further routine treatment
was carried out with progressive dehydration in alcohol,
embedding in paraffin blocks for cutting into 5 pm sections
to be stained with hematoxylin and eosin'*),

The slides were examined and photographed using
Olympus binocular microscope connected to camera.

Morphometric study and Statistical analysis

The number of central nucleated myofibers in
hematoxylin and eosin stained sections was evaluated.
Using the image J software (V 1.48), the number of
centrally nucleated myofibers in HE. stained sections was
counted in 10 non-overlapping randomly chosen fields for
each slide prepared. The magnification power of (x 10)was
used). The data were analyzed by Kruskal-Wallis test (Non
parametric ANOVA test). Differences were regarded as
significant if P>0.05.

Electron microscopic study:1 mm3muscle specimens
were immediately immersed in 3% phosphate buffered
glutaraldehyde for 4 hours with pH 7.2. The samples were
then processed as routine EM preparation!'*. Ultrathin
sections were examined by a JEOL electron microscope
at 80 kV in Faculty of Medicine, Tanta University, Egypt.

RESULTS

I- Light microscopic results

1- Control group (Subgroup IB): light microscopic
examination of HE stained sections of gastrocnemius
muscle of subgroup IB at intervals 1, 7 and 21 days showed
the normal histological structure of the skeletal muscle.
In transverse section, the skeletal muscle was formed of
bundles of skeletal muscle fibers separated by connective
tissue (perimysium). The individual muscle fibers were
separated by connective tissue (endomysium). Individual
muscle fibers appeared polygonal in shape with peripheral
nuclei. In longitudinal section, the skeletal muscle fibers
appeared long, parallel, cylindrical and multinucleated
with peripherally located pale nuclei just beneath the
sarcolemma, with their long axis parallel to the long axis of
muscle fibers. Besides skeletal muscle nuclei, other dense
flattened nuclei were present most probably representing
satellite cell nuclei. The sarcoplasm appeared acidophilic
with transverse striations (Figure 1).

Group II (Muscle injury induced group): depicted
severe widespread histological alterations in all skeletal
muscle elements and its surrounding connective tissue
(Figure 2).

Subgroup ITA (At day 1 after injury): showed loss
of normal architecture of skeletal muscle. Some areas
of sarcoplasm showed fragmentation or complete loss.
Inflammatory cellular infiltration and widened spaces
between individual muscle fibers were observed.

Subgroup IIB (At day 7 after injury): showed few
muscle fibers which appeared with basophilic sarcoplasm
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and row of linear central nuclei forming few myotubes.
Loss of continuity of muscle fibers was also observed with
sarcoplasmic shadows and congested blood vessels. Wide
spacing of muscle fibers was detected. Splitting of muscle
fibers with internalization of myonuclei was observed.
Widening of endomysium and increased perimysial
connective tissue were also detected.

Subgroup IIC (At day 21 after injury): displayed
prominent variable sized muscle fibers with internalization
of their nuclei and widening of endomysium.

Group III (muscle injury and PRP treated group):
depicted appearance of many myotubes and regression of
the inflammatory reaction starting from the 7" day onward
(Figure 3).

Subgroup IIIA (at day 1 after injury): showed nearly
the same findings observed in the same period within the
previous group. These were in the form of splitting of some
muscle fibers, fragmentation of sarcoplasm. Wide spacing
of muscle fibers with inflammatory cellular infiltration and
hemorrhage were also observed.

Subgroup IIIB (at day 7 after injury): revealed
formation of regenerated myotubes with basophilic
sarcoplasm and chain of central pale nuclei. Similarly,
transverse sections revealed also many basophilic newly
formed small muscle fibers with central nuclei while, some
fibers showed vacuolations. Widening of perimysial C.T.
was clearly demonstrated.

Subgroup IIIC (at day 21 after injury): displayed
well evidenced restitution of the normal general
architecture of their muscles to be more or less similar to
control muscle fibers. They appeared long, cylindrical,
parallel, multinucleated, with acidophilic sarcoplasm and
transverse striations. Their nuclei were peripheral, pale,
and subsarcolemmal in position.

1I- Electron microscopic results

1- Subgroup IB [control]

Examination of longitudinal ultrathin sections of
gastrocnemius muscle of at periods 1, 7 and 21 days
revealed the normal ultrastructural features of skeletal
muscle fibers. Myofibrils had regular arrangement of
alternating light (I) and dark (A) bands parallel to the long
axis of the myofiber. Both A and I bands were bisected
by narrow regions of contrasting density. Each A band
was bisected by a paler H zone and a dark M line within
it. Each I band was bisected by a dark Z line. Regular
sarcomeres appeared between successive Z lines. Under
the sarcolemma, an oval regular euchromatic nucleus with
prominent nucleolus was present. In-between myofibrils,
small paired mitochondria and glycogen granules were
present around Z lines. Subsarcolemmal mitochondria
were also present. Satellite cells appeared separated
from the muscle fiber by its own plasma membrane with
characteristic oval, heterochromatic nucleus surrounded by
cytoplasm rich in ribosomes (Figure 4).

Group Il (Muscle injury induced group)

Subgroup IIA after 1 day of injury showed focal
damage of skeletal muscle in the form of sarcoplasmic
loss, disruption, fragmentation and disorganization of
their myofibrils in association with irregular disrupted or
detached sarcolemma (Figure 5A).

Subgroup IIB after 7 days: This group revealed
persistence of some changes which were observed in
the previous subgroup IIA like irregular corrugated
sarcolemma and focal disrupted arrangement of myofibrils.
The nucleus appeared irregularly cleaved with corrugated
nuclear membrane. Perinuclear focal areas of cytoplasmic
vacuolations were obviously seen (Figure 5B).

Subgroup IIC After 21 days depicted the same changes
which were observed in previous periods as disrupted
myofibrils together with perinuclear area of sarcoplasmic
loss (Figure 5C).

Group III (Muscle injury and PRP treated group):
Subgroup IITIA After 1 day showed no difference
when compared with the same period in the previous
group. Irregularly disrupted sarcolemma and disrupted
myofibrils with disorganized sarcomeres were observed.
Internalization of muscle nucleus in-between myofibrils
was observed in addition to electron dense bodies within
degenerated cytoplasm. (Figure 6A). Subgroup IIIB after 7
days revealed extensive accumulation of mitochondria and
glycogen granules under the sarcolemma and in-between
myofibrils. Activated satellite cells were prominent outside
the sarcolemma with its characteristic ribosome rich
cytoplasm and elongated cytoplasmic processes. It was
present in-between two muscle cells that contained fused
large mitochondria and subsarcolemmal mitochondria
(Figure 6B and C). Subgroup IIIC after 21days revealed
results more or less similar to the control group. This
was in the form of nearly normal muscle fibers with
regular sarcomeres. Subsarcolemmal oval euchromatic
myonucleus with thin condensed peripheral chromatin and
prominent nucleolus was observed. Satellite cells with its
cytoplasm rich in ribosomes outside the sarcolemma were
seen (Figure 7).

Statistical Results

(Table 1) and (Bar chart 1) show significant increase in
the mean number of centrally nucleated myofibers in PRP
treated subgroup (IIIA) on the 1st day when compared to
control (P-value<(.05) but insignificant difference when
compared to subgroup (IIA) with (P-value >0.05 for both).

Interestingly, group III depicted highly significant
increase in the mean number of centrally nucleated
myofibers in subgroup (IIIB) (P-value = 0.0004) on the 7"
day when compared to other groups on the same day.

(Table 1) and (Bar chart 1) show also significant
increase in the mean number of centrally nucleated
myofibers in non-treated subgroup IIC on 21th day when
compared to the same group on the 1% (P-value<0.05)
and 7" days (P-value<0.05), control (P-value<0.01), and
subgroup IIIC (P-value=0.0017).

371



EFFECT OF PLATELET RICH PLASMA ON SKELETAL MUSCLES INJURY

LY

4
\

Fig. 1: H E stained sections of the gastrocnemius muscle of a control rat. A: shows acidophilic polygonal muscle fibers [curved arrows] in their transverse
section with peripheral nuclei [arrows]. B: shows longitudinal section of these muscle fibers with acidophilic sarcoplasm and transverse striations [arrows].
Peripheral subsarcolemmal oval nuclei [arrow head] are present in addition to flattened dark nuclei of satellite cells which are interposed between plasma
membrane of the muscle fiber and its external lamina [curved arrows]. [HE, A, x, 400 B, x1000]

Fig. 2: HE stained sections of the gastrocnemius muscle of group II: A: subgroup ITA: shows fragmentation of sarcoplasm [arrows] alternating with sarcoplasmic
loss [bifid arrows]. Wide spacing between muscle fibers [stars] with inflammatory cellular infiltration [arrow head]. B: subgroup 1IB: shows few basophilic
muscle fibers [thin arrow] with linear central nuclei [arrow head] forming few myotubes. Many muscle fibers appear with sarcoplasmic shadows [curved
arrows] and congested blood vessels [thick arrow]. Wide spacing of muscle fibers [stars] is also observed. C: subgroup IIB: shows splitting of sarcoplasm with
internalization of nuclei [curved arrow] in addition to widening of endomysium [stars] and increase in perimysial connective tissue [arrows]. D: subgroup IIC:
exhibits wide spacing of variable sized muscle fibers [stars] with internal nuclei [arrow heads]. [HE, x400]
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 —
Fig. 3: H E stained sections of the gastrocnemius muscle of group III: A: subgroup IITA: transverse section in the gastrocnemius muscle shows wide spacing
of muscle fibers [stars] with fragmentation of the sarcoplasm [arrow heads] in addition to cellular infiltration [arrows] and hemorrhage [curved arrows]. B:
subgroup I1IB reveals many newly formed basophilic myotubes [curved arrows] with row of central pale nuclei [arrow heads].C: subgroup IIIB: shows many
newly formed small myofibers with basophilic sarcoplasm and central nuclei [arrow heads]. Some fibers show vacuolations [arrows]. Notice: wide spacing
between muscle fibers [stars]. D: subgroup IIIC: shows long parallel muscle fibers with acidophilic sarcoplasm, transverse striations [curved arrows], with
peripheral pale myonuclei [arrow heads] to be more or less similar to control. [HE, A, x400, B, x400, C, x200, D, x1000]
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Fig. 4: An electron micrograph of a longitudinal ultrathin section of gastrocnemius muscle of control group IB: A shows normal banding pattern of the
myofibrils with alternating light [I] and dark [A] bands. Z lines [Z] and M lines [arrow] appear in the middle of I and A bands. Sarcomeres [S] are observed
in-between two successive Z lines. The muscle nucleus [N] with prominent nucleolus [nu] appears oval and elongated under the sarcolemma [arrow head]. B
displays satellite cell [S] outside the sarcolemma [arrow head] with its nucleus having peripheral condensed chromatin [arrow] surrounded by cytoplasm [C]
rich in ribosomes [curved arrow]. C reveals subsarcolemmal mitochondria [arrow head] [M] and interfibrillar mitochondria [arrows]. Glycogen granules appear
in- between myofibrils [tortuous arrows]. [Mic.mag. A Bx3000, C x8000]
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Fig. 5: an electron micrograph of a section of gastrocnemius muscle of group II. A. subgroup ITA: shows detached sarcolemma [arrow], fragmented myofibrils
[arrow heads] alternating with areas of sarcoplasmic loss [stars] and irregularly arranged myofibrils [curved arrows]. B: subgroup I1IB presents irregularly
arranged myofibrils and disrupted sarcolemma [arrow] and, disorganized sarcomeres [curved arrow]. Abnormal irregular nucleus [N] with corrugated nuclear
membrane [arrow head] is also present. Perinuclear focal areas of cytoplasmic vacuolations were seen. C: subgroup IIC: shows disrupted myofibrils [arrows]
and cytoplasmic loss [curved arrows] around muscle nucleus [N]. [Mic.mag. Ax5000, BC x3000]
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Fig. 6: an electron micrograph of a section of gastrocnemius muscle of group III. A: subgroup IIIA: shows disrupted myofibrils with irregular sarcolemma
[arrow], internalization of muscle nucleus [N] in-between myofibrils and electron dense bodies within degenerated cytoplasm [arrow heads]. B: subgroup I11B:
shows more regular arrangement of myofibrils, excessive accumulation of mitochondria under the sarcolemma [arrow heads]. Megamitochondria are also
present in-between myofibrils [arrow].C: subgroup I1IB reveals satellite cell [S] in-between muscle fibers with elongated cytoplasmic process [bifid arrows]
and cytoplasm rich in ribosomes [arrows]. Fused large mitochondria [curved arrows] and subsarcolemmal mitochondria [M] are also present. [Mic.mag.
Ax5000, BC x3000]
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Fig. 7: an electron micrograph of a section of gastrocnemius muscle of subgroup IIIC A: shows nearly normal muscle fibers with sarcomeres between
successive Z line. Subsarcolemmal euchromatic oval muscle nucleus [N] with smooth outline and prominent nucleolus [arrow head]. B: exhibits nearly normal
muscle fibers with normal banding pattern with dark A bands, light I bands and regular sarcomeres between successive Z lines. Part of satellite cell [S] outside
the sarcolemma [curved arrow] with its cytoplasm [arrow head] rich in ribosomes [arrow] is also present [Mic.mag. A x3000, B x5000].

Table 1: Mean + SD of number of centrally nucleated myofibers in the different studied groups

Group 11 Group 111
Subgroup 1B IITA IIB 1Ic 1T A 1B mc
1 day 7 days 21 days 1 day 7 days 21 days
Number of Mean 0 1 5.8 7.8 32 29.2 4.4
centrally
nucleated SD 0.000 0.7071 1.924 9.391 2.280 5.070 3.647
myofibers
P1 comparison between
subgroupslIA, IIB, 1IC
Pl 0.0112" Significant HAvsIIB S <0.05
HMAvsIIC S <0.05
1IB vs IIC S <0.05
P2comparison between
groups IIIA, IIIB, IIIC
P2 0.0088" Significant MMAvsIIIB S <0.05
MAvsIIIC S <0.05
HIBvsIIIC S  <0.05
P3 comparison between
. subgroups IB, IT A 1II A
Kruskal-Wallis test (Non . .
parametric ANOVA test) P3 0.0182 Significant IBvsIIA NS >0.05

IBvsIIA S <0.05
IIA vs IIIA NS >0.05

P4comparison between

subgroups 1B, II B III B

P4 0.0015" Significant IBvsIIB NS >0.05
IB vs I1IB S <0.05

IBvsIlIB S <0.05

P5comparison between
subgroups IB, 11 C III C
PS5 0.0071" Significant IB vs IIC S <0.05
1B vs IIIC NS >0.05
INCvsIIIC S <0.05

375



EFFECT OF PLATELET RICH PLASMA ON SKELETAL MUSCLES INJURY

Number of centrally nucleated myofibers

H =

nc JLIEY e mc

5

I
1B A

Bar chart 1: Mean + SD of number of centrally nucleated myofibers
in the different studied groups

DISCUSSION

In vitro studies and animal research have suggested
that PRP may have benefits associated with increased
release of cytokines and growth factors resulting from
supraphysiological concentrations of platelets. These
factors, when introduced to the area of injury, are expected
to increase recruitment, proliferation and differentiation of
cells involved in tissue repairt®!5ad 161

Growth factors [GF] released in damaged tissue bind
to receptors present in the mesenchymal and epithelial
cell membranes. These factors activate the transcription
of proteins that control the cell cycle, inducing a series of
protein phosphorylation processes inside cells. This basic
mechanism stimulates mitotic division and, consequently,
the cellular proliferation and synthesis of extracellular
matrix and collagen at the injury location!!” #4181,

The results obtained from group II of induced muscle
injury, showed muscle degeneration, fragmentation and
inflammatory infiltrate at day 1 after injury. These data were
in agreement with other researches!!’ ®¢ 2%, Who reported
capillary rupture and bleeding leading to the first phase of
degeneration/inflammation. This phase is characterized by
rupture of myofibrils and their necrosis. These changes
were explained by some authors. They stated that the early
phase of muscle injury is usually accompanied by the
activation of inflammatory cells residing within the muscle,
which release pro and anti-inflammatory cytokines such as
TNF-q, IL-6, IL-10, IL-1b and TGF-B1. These cytokines
play an important role in cell proliferation, chemotaxis and
cell differentiation. Also, skeletal muscle produces IL-6
in response to the injury which acts both as a factor for
the proteolysis of damaged myofibers and as a signal for
satellite cell proliferation(?'2%,

Muscle specimens obtained from non-treated Group
IT after 7 and 21days depicted a combination of muscle
degeneration and regeneration. Interestingly, it was
documented that fourteen days after injury, the injured
site exhibited an intense mononucleated inflammatory
infiltrate, among granulation tissue containing myocyte
fragments. The presence of basophilic cells over the area
of discontinuous muscular architecture was noticed with
augmented nucleus cytoplasm ratio and evident nucleolus
that corresponds to immature cells. Moreover, the re-
establishment of myocyte rows seemed to be formed from

myoblasts fused with degenerating myocytes, forming
multinucleated structures in the corresponding region
emphasizing a repairing process that is dependent on
preexisting myocytes fused with myoblastsi?*!.

Another explanation was presented by many authors**!
who reported that satellite cells are activated and produce
myoblasts, which eventually fuse with other myoblasts
resulting in mature and multinucleated myofibers. Mosca
Rodeo!'" also verified that myogenic precursor cells are
derived from muscle satellite cells that rapidly proliferate
and have significant regenerative capacity. As they
differentiate into myofibers and fuse together, remodeling
and reorganization begins.

In the present study, subgroup IITA [PRP treated group
atday | after injury] also showed swelling of muscle fibers,
inflammatory cellular infiltration in-between muscle fibers,
Fragmentation of sarcoplasm and widening of endomysium.
These data were in agreement with other researchers!
who demonstrated that PRP treatment magnifies the early
physiological inflammatory response following muscle
injury with a concomitant modification of the pattern of
cellular recruitment as well as the enhanced expression of
myogenic factors to promote myogenesis.

Another explanation was mentioned in previous
works?¢2728], They reported that leucocytes in PRP may
mimic the initial phase of inflammation in which a high
number of neutrophils infiltrate the injured site; the
interactions of neutrophils with platelets can induce a
hyperactive leukotactic response of circulating neutrophils
towards the injury site.

In this study, muscle specimens obtained from platelet
rich plasma treated group at day 7 revealed prominent
features of myogenesis as evidenced by appearance of
many myotubes with basophilic sarcoplasm and row of
central pale nuclei. At day 21, long, cylindrical, parallel,
multinucleated muscle fibers with acidophilic sarcoplasm
and transverse striations appeared. These changes were
in agreement with other researches. They stated that,
following the inflammatory response, activation of
normally quiescent satellite cells [SCs] is an integral
part of the repair process. This process is characterized
by an increased transcription of the myogenic regulatory
factors MyoD1, PAX7, Myf5, myogenin and Mrf4. They
also observed that at days 2 and 5, early stages of muscle
regeneration, both mRNA transcripts for MyoD1, Myf5,
PAX7, myogenin and an abundant number of MyoD]1-
and Pax7-positive cells were present in all experimental
groups after muscle injury. This response was clearly more
elevated in the muscle treated with PRP, with the exception
of Mrf4, mRNA and myogenin protein levels®?!?),

Also it was reported that several growth factors abundant
in PRP like hepatocyte growth factor [HGF] is the primary
component of crushed muscle extract, and it is currently
the most probable candidate for initiating regeneration by
satellite cell activation. They also reported that both IGF-I
and -II increase following muscle injury and promote
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myoblast proliferation and myofiber differentiation as well
as enhancing muscle cell survival and hypertrophy under
tissue-specific circumstances!?8331,

In this study, morphometric and statistical results
confirmed the effect of PRP on early and enhanced
regeneration of muscle injury. Group III (PRP treated)
showed significant increase in the mean number of centrally
nucleated myofibers as compared to group II (non-treated
group) and control group. This significant difference was
prominent on day 7 in PRP treated group (group III).

This was in agreement with other authors!™ who
observed that PRP treated tibialis anterior had even higher
number of central nucleated myofibers than injured tibialis
anterior with no treatment. Moreover, some works*?3]
previously mentioned that centrally nucleated fibers are
widely accepted as a marker of muscle regeneration.

Electron microscopic results of this study co firmed the
light microscopic ones. As, non-treated group Il showed
signs of degeneration even at day 21 combined with
focal regeneration, while PRP treated group III showed
prominent regeneration starting from the 7™ day and
generalized regeneration at day 21.

In the present study, both group II (untreated group)
and group III (PRP treated group) at day 1 showed nearly
the same findings. The most prominent features were:
alteration of sarcolemma, myofibrils, mitochondria, and
muscle nuclei. The same findings were still observed in the
same group II (non-treated) at days 1, 7 and 21 in addition
to focal areas of regularly arranged myofibrils with normal
banding pattern.,

Irregular disrupted sarcolemma seen in muscle
specimen of group II was explained by other work(
as necrosis secondary to muscular dystrophies. It was
documented that changes in the dystrophin-glycoprotein
complex and reduced expression of a-sarcoglycan
immediately after eccentric contraction may destabilize
the sarcolemma leading to modifications of membrane
permeability. The decrease in the level of a-sarcoglycan
may also regulate the intracellular calcium concentration
and therefore, resulting in intracellular (Ca2+) overloading
in muscle fibers that in turn may activate (Ca2+) dependent
proteolytic pathways and affect cell membrane integrity®!.

Focal damage of muscle fibers in the form of disrupted
myofibrils with areas of complete or partial sarcoplasmic
loss with electron dense bodies, irregular arrangement of
myofibrils and disorganized sarcomeres were observed
in both PRP treated and non-treated groups. The same
findings were observed® in damaged muscle after one day
from injury. This could be attributed to disruption of the
intermediate filaments(desmin)by an increase in (Ca2+)
that in turn activates (Ca2+) dependent proteases such as
calpain leading to inability of the disrupted myofibrillar
apparatus to develop normal tension?l. Also, some
authors stated that myofibrillar structure is disorganized in
degenerating and regenerating fibers?**.

In this study, abnormal myonuclei also were prominent
in group II [non-treated] either in architecture or in
acquiring abnormal position in-between myofibrils at
dayl to be surrounded by area of cytoplasmic loss at
day 21 within the same group. This was explained as,
during regeneration, various cellular organelles become
activated and involved in repair. It was reported that peri/
intranuclear vacuoles was one of the common characteristic
pathological features in nuclear envelopathiesP”. They
hypothesized that these could be secondary changes to the
altered nuclear envelope®®,

Extensive accumulation of mitochondria under the
sarcolemma and in-between myofibrils was observed
in muscle of PRP treated group III at day 78°. It could
mention that prominent subsarcolemmal accumulation of
mitochondria and its proliferation were attributed to an
attempt of the cell to compensate for the respiratory chain
defect. The observation of large fused mitochondria was
explained as*” the cells are protected from mitochondrial
dysfunction by complementation of DNA products in fused
mitochondria. Thus they could compensate for defects
induced by various kinds of damage.

Interestingly, one of the prominent features in this study
was the appearance of ultrastructural features of activated
satellite cells. Activated satellite cells appeared with its
cytoplasm outside the sarcolemma having plentiful free
ribosomes in group II (non-treated) at day 21 and in PRP
treated group I11, starting from the 7" day onwards.

Also activated satellite cells were observed with
increased volume together with ribosomes in cytoplasm!!,
This finding was in agreement with other researcht.
Remarkably, it was reported that PRP produces a more
pronounced increase of myogenic precursor cells together
with an expansion of the myogenic cell pool necessary for
myofiber formation*”.

From the previous discussion, it was observed that
PRP had a significant effect on enhancement of muscle
regeneration after injury. This effect was obtained by
promoting proliferation, activation, differentiation of
satellite cells and restoration of normal structure of muscle
fibers. This effect was observed early and was generalized
in PRP treated group as compared to non-treated group.
The same finding was documented in previous work,*
who stated that full recovery of functional capabilities was
restored in half the expected time, and images showed full
regenerated muscle tissue after PRP treatment. According
to Hamilton and Best,*¥, Platelets are rich in growth factors
that can stimulate myogenesis and mitigate inflammation.

CONCLUSION

Treatment with PRP resulted in early and enhanced
regeneration of skeletal muscle injury.
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