Autologous platelet rich plasma enhances satellite cells expression of
MyoD and exerts angiogenic and antifibrotic effects in experimental
rat model of traumatic skeletal muscle injury
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ABSTRACT

Introduction: Skeletal muscle injuries comprise the greater part of sports-related injuries. Role of growth factors in healing of
injured tissue encouraged the use of platelet-rich plasma (PRP).

Aim of the work: We aimed to study the effect of PRP on skeletal muscle injury.

Materials & Methods: Forty adult male rats were divided into four equal groups; control and 2, 7, 14 days after the injury.
The injured muscles were either treated with PRP or left without treatment. The rats were sacrificed and the muscle specimens
were processed for histological and immunohistochemical staining for detection of Anti-MyoD, anti-CD34 and anti TGFf1
followed by morphometric study.

Results: PRP treatment induced initial intense inflammatory response with neutrophils and macrophages cell infiltrate
subsided in the 7th day. When compared to untreated groups, PRP treated ones showed significant increases in the mean
number of regenerating muscle fibers (22.03+4.08) and angiogenesis (10.83£2.46) on the 7th day. The median number of
MyoD immunopositive stellate cells showed a significant increase on the 2nd day ,72 (62-78) and then decrease on the 7th
day; 28(22-33) to be non significant after 14th days; 4(3-5) of injury. A significant decrease in the mean area % of collagen
deposition (2.27+.0.59, 3.68+0.72 and 4.76+0.82) and TGF 1 immunoexpression, medians; 5 (4.20-5.70), 2.50 (2.10-3.50)
and 2.30( 1.60-3.20) after 2, 7 and 14 days, respectively, were observed.

Conclusions: PRP could exert a promising effect on skeletal muscle injuries via enhancing myogenesis, neovascularization
and reduction of fibrosis. Since autologous blood preparations are safe, PRP may serve as a valuable adjunct in management
of such injuries.
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INTRODUCTION therapy including ice application, compression, elevation

and rest are often insufficient. Thus, a considerable
attention is generated for the use of promising methods to

Skeletal muscle injuries comprise the greater part of

sports-related injuries disturbing hundreds of millions of
people around the world™: ' that may have an effect on the
ability to exercise leading to high tendency of recurrence
especially among athletes™ 4. A variety of mechanisms can
cause these injuries including lacerations, contusions, and
strains®! as well as medical states such as ischemia and
neurologic dysfunction!®”. Injured muscles go through
a characteristic set of overlapping phases that consist of
degeneration, inflammation, regeneration and finally
fibrosis® ?. Balance between pro-inflammatory and anti-
inflammatory factors can affect muscle regeneration and
determine whether muscle damage will be resolved with
either muscle fiber replacement and restoring its contractile
function or end with scar tissue formation!'?. Conservative
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decrease inflammation and pain, prevent muscle fibrosis,
enhance soft-tissue healing and reduce the time needed for
recovery.

All of the phases of muscle injury are controlled by
compound and active molecular mechanisms involving
local and systemic factors that interact with a lot of cell
types recruited to the wound sitel'> 12!, Satellite cells
(SCs) are the main myogenic stem cells which are located
between the myofiber sarcolemma and the basal lamina
and when these satellite cells are stimulated by muscle
damage they start to proliferate and blend with the existing
muscle fibers or combine together forming new ones. This
unique capacity of SCs makes them the “motor” of skeletal
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muscle regeneration!'*!¥.Satellite cells are quiescent
in resting adult muscles and express a paired box protein
called Pax7. When they are stimulated during growth or
muscle injury, they are activated and express the myogenic
regulatory factors Myf5 and/or MyoD.

The MyoD (myoblast marker) is an important
myogenic regulatory factor that acts as transcription
regulatory protein via binding to numerous muscle-specific
genes. Its expression is extremely increased in activated
satellite cells after injury and is commonly regarded as
a marker of activated satellite cells!'). Also, MyoD and
myogenin play a major role during embryonic and neonatal
myogenesis!'® 7. Transforming growth factors-beta
(TGFps) are a small family of growth factors, comprising
of TGFBI1, B2 and B3. All these growth factors have the
general feature of their ability to bind to extracellular
proteins and are stored in the extracellular matrix until
their activation by a physiological process such as wound
healing. Breakdown of platelets at the site of injury causes
the release TGFf1and the resident smooth myogenic cells
continue to produce it .Over production of TGFp1as in case
of persistent inflammation results in more ECM deposition
at the site of injury leading to fibrosis!'?.

Throughout the last years, the great appreciation of
the role of growth factors in the healing of injured tissue
encouraged the use of platelet-rich plasma (PRP) in soft
and hard connective tissue healing and repair. PRP simply
refers to the presence of a very large number of platelets
in a small volume of plasma, at least in a concentration
of 1,000,000platelets/uL, which results in an increase in
growth factors concentration up to 3 to 5 folds. Nowadays,
PRP is considered as a new promising curative tool in
the field of acute trauma, cardiac muscle injuries, nerve
injuries, dermatology, dentistry, chronic tendinopathies,
cosmetic surgery and veterinary medicine'®?2 but its
efficacy as a treatment for musculoskeletal soft-tissue
injuries is still unconfirmed. Platelets are recognized
to contain a variety of factors concerned in the repair
of vasculature and tissues. One of the identified platelet
secretory granules are alpha granules that contain platelet-
derived growth factor (PDGF), transforming growth factor-
beta (TGFB), epidermal growth factor (EGF),vascular
endothelial growth factor(VEGF),cytokines and others?*!,
This knowledge stimulated the development of a platelet
concentrate intended for increasing levels of local growth
factors (GFs) delivery at the injury site to improve tissue
repair, regeneration and remodeling?* 2! Therefore, the
present study was conducted to elucidate the morphometric
and histological changes after local application of PRP in
induced traumatic skeletal muscle injury in rats in a trial to
describe the efficacy of PRP in the treatment of such cases.

PATIENTS AND METHODS
Animals
Forty 4-months-old male albino rats

(200-250 gm) were purchased from the animal house,

Faculty of Medicine, Mansoura University. The animals
were maintained under conventional relative humidity,
12-h light/12-h dark, and allowed free access to chow and
water. All steps of experiment were done according to the
regulations of "Institutional Research Board (IRB)" for
Animal Experimentation, Faculty of Medicine, Mansoura
University. After one week of acclimatization the animals
were divided into 2 groups as follows:

1- Control group (10 rats) were left uninjured

2- Experimental group (30 rats): Muscle injury was
induced in the anterior limb flexor muscles (Right and left
limbs). Left limbs of all groups were left without treatment,
whereas right limbs were treated with PRP. This group was
further subdivided into 3 subgroups:

A. 2days group (10 rats): Specimens were taken after
2 days and were subdivided into:

untreated group and-PRP treated group

B. 7 days group (10 rats): Specimens were taken
after 7 days and were subdivided into:

untreated group andPRP treated group.

C. 14 days group (10 rats): Specimens were taken after
14 days and were subdivided into untreated group and PRP
treated.

Induction of muscle and skin injury

Under general anaesthesia, muscle and skin injuries
were induced by intramuscular injection of tiletamine
and zolazepam (Zoletil) 3 mg/kP*?. After hair shaving, a
longitudinal incision was done in the skin of both left and
right anterior limbs from the elbow to the wrist to expose
the flexor sublimis muscles of the upper joint of the digits.
This was followed by induction of flexor muscles injury
of both anterior limbs transversely and then medially by
a scalpel. A wedge-shaped wound 4 mm long, 3 mm wide
and 3 mm deep was done. The injury sites of right limb
muscles of the treated animals were immediately filled
with PRP whereas those of the left limb muscles were left
without treatment and the skin wounds of both limbs was
sutured (Fig.1).

Blood collection and preparation of platelet-rich
plasma

Blood samples were obtained by retro-orbital method?”.
These samples were collected immediately before the
surgical induction of injury to the muscle. About 3-3.5 ml
Blood was withdrawn slowly from each rat into a syringe
containing 1 mL of 3.8% sodium citrate. For preparation of
PRP™%, blood was transferred into sterile tubes containing
sodium citrate and underwent two centrifugations. The first
centrifugation was done at 220 g for 15 minutes. The small
amount of plasma layer obtained underwent complete
blood count for checking the presence of other blood cells
and the number of platelets. A second centrifugation was
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done at 2000 g for 5 minutes which made the platelets
fall down into the bottom of the tubes. The obtained
platelets were re- suspended in about 100uL plasma. This
platelet rich plasma was activated by addition of 20 pL
of 10% calcium chloride at 37°C. After jellification, the
obtained pellet was immediately put into the site of muscle
injury of the same animal of which blood sample was
taken. The wound was then sutured and washed with saline
solution (Fig. 1).

Figure 1. A photograph shows the steps of induction
of muscle injury and PRP preparation: A) Surgical
instruments. B) Retro-orbital blood collection. C)
Centrifugation of blood samples. D) PRP-in the top layer
after centrifugation. E) PRP gel pellet. F): Shaving the
skin of rat anterior limbs. G) Skin and muscle wound. H)
Suturing the skin after filling the wound of right limb with
PRP and the left limbs are left without treatment.

Collection of tissue samples for histological
examinations

The animals were anaesthetized by
intraperitoneal  injection of  sodium  thiopental
(40 mg/kg of body weight)®®, then they were sacrificed
and muscle specimens of both control and experimental
groups were taken after 2, 7 and 14 days of induction of
injury. Specimens of all groups were fixed in 10% neutral
buffered formalin for 48 hours, washed in phosphate-
buffered saline(PBS), dehydrated in ascending grades of
alcohol, cleared in xylene then embedded in paraffin to
prepare paraffin blocks. Serial longitudinal and transverse
sections of the muscles of 5 micron thickness were
obtained then mounted on glass slides, deparaffinized in
xylene and stained with Haematoxylin and eosin (H&E),
Mallory trichrome(MT)? and immunohistochemical
stain with Anti -MyoD, Anti- CD34 and Anti- TGFf1 in
muscles tissue using avidin-biotin —peroxidase complex
(ABC) techniques?”!,

Immunohistochemical technique

Strept-avidin-biotin-peroxidase complex procedure
was used to localize MyoD, CD34 and TGF-B1. Paraffin
skeletal muscles sections were deparaffinized in xylene,
rehydrated, rinsed in tap water and embedded in 3%
H202 in phosphate buffer solution (PBS) for 10 min to
block endogenous peroxidase. Antigen retrieval in trypsin
was used before detection of CD34. Sections were then
incubated overnight at 4°C with the respective primary
antibodies; a monoclonal mouse anti-MyoD (Clone 5.2F,
Code No abl16148, Abcam, San Francisco, CA, USA
at a concentration 1-2 pg/ml), a goat polyclonal anti-
CD34 (Sigma Aldrich Chemie Corporation laboratories,
Germany, catalogue ID SAB4300690 at 15 pg/ml ready
to use ) and a monoclonal rabbit anti-TGF B1 antibody
(Clone TB21 , MCA797, Serotec, Oxford, UK) at 1:200
dilution. The sections were incubated with the appropriate
secondary antibody; a biotinylated anti-mouse IgG.
Incubation of sections in horseradish peroxidase-avidin

biotin complex (Vectastain Elite, Vector, CA) for 30 min at
room temperature were done then 3, 3'-diaminobenzidine
in H202 (D DAB kit, Vector, CA) was added to visualize
the reaction as a brown colored product in the nuclei and
sometimes in the cytoplasm in case of anti- MyoD and
in the cytoplasm in case of anti-CD34 and ant-anti-TGF
B1 antibodies. Sections were then counterstained with
Hematoxylin and mounted. Negative control sections were
obtained by the same steps of staining but with exclusion
of the primary antibodies.

Morphometric study

Number of regenerating skeletal muscle fibers
(identified by their characteristic central nuclei) were
counted from H&E stained sections (x400), area% of
collagen fibers deposition in the skeletal muscle tissue
were measured from MT stained sections (x400),
number of immunopositive MyoD cells, number of blood
vessels and area% of TGF Bl immunoexpression were
measured from anti-MyoD, anti-CD34 & anti-TGF (1
immunostained sections respectively (number of blood
vessels X200 and the remaining 2 measures x400). Three
none-overlapping fields/rat paraffin block sections were
examined (The total was 30measurements/group) and
photographed using color video camera (digital camera
CH- 9435 DFC 290). Photographs of the above mentioned
parameters were analyzed using Leica Qwin 500 (Imaging
System, Cambridge, UK) within a frame area of 293.4288
pm2. Morphometry was carried out at the Image Analysis
Unit, Anatomy Department, Faculty of Medicine, Taibahu
University, Al Madinah Al Monawarrah, KSA.

Statistical methods

Data were analyzed using software computer program
version 22 (SPSS, Inc., Chicago, IL, USA). Shapiro-Wilk
test was used to examine the distribution of normality.
Quantitative parametric data (normally distributed)
were presented in mean and standard deviation, while
Quantitative non parametric data (not normally distributed)
were presented in median and interquartile range (IQR).
For quantitative parametric data, Student's t-test (Unpaired)
was used to compare between two different groups while
One way Analysis of Variance (ANOVA) followed by
post-hoc tukey were used to compare between more than
two different groups. For quantitative non parametric data,
Kruskal Wallis test followed by pairwise comparisons were
used to compare more than two different groups. P value
less than 0.05 was considered statistically significant.

RESULTS

Histological results

H&E stained transverse sections of control skeletal
muscle showed polyhederal appearances of muscle fibers
with acidophilic cytoplasm and peripheral oval nuclei,
whereas the longitudinal sections showed multiple
oval peripheral nuclei and the characteristic transverse
striations (Figs.2A, B). 2-days untreated muscle showed
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area of degenerating skeletal muscle fibers with
sever inflammatory cell infiltrate (ICI) which filled the
area of the wound. ICI was formed of neutrophils and
macrophages mixed with debris of degenerated fibers
(Fig.2C). 2-days PRP treated group showed that the
area of the wound was filled with PRP and surrounded
with inflammatory cells. The ICI was formed of
great number of neutrophils intervening between the
degenerated muscle fibers which were enlarged and
vacuolated (Fig.2D). 7-days untreated group showed
some regenerating muscle fibers with central nuclei
and the fibers were still intervened with numerous
inflammatory cells (Fig.2E). 7-days PRP treated group
showed numerous regenerating muscle fibers which
were interspersed with many blood capillaries but no
inflammatory cells were observed (Fig.2F). 14-days
untreated muscle showed filling of the wound with
collagen bundles which had different directions than
those of normal skeletal fibers, are stained paler and
contained flat nuclei in between (Fig.2G). 14-days PRP
treated muscle showed filling of the wound with skeletal
muscle fibers which had the same directions as normal
ones. The newly formed myotubes appeared acidophilic
with multiple peripheral oval nuclei (Fig.2H).

MT stained section of control muscle showd minimal
amount of collagen fibers in the connective tissue of
perimysium and endomysium (Fig.3A). 2-days untreated
muscle showed areas of degenerated skeletal muscle
fibers with few amount of collagen (Fig.3B) whereas 2
days PRP treated group showed fewer amount of collagen
fibers at the site of injury (Fig.3C). 7 days untreated
group showed marked amount of collagen fibers in the
area of regeneration (Fig.3D). On the other hand, 7-days
PRP treated group contained fewer amount of collagen
among the regenerating muscle fibers when compared
with the untreated ones (Fig.3E). In 14-days untreated
muscle, healing of the wound by marked deposition of
collagen fibers forming fibrous tissue scar was observed
(Fig.3F) whereas in 14 days PRP treated muscle, the
newly formed myotubes bundles were seen separated
by CT septa containing mild amount of collagen fibers
(Fig.3G).

Anti-Myo D immunostained sections of control
group exhibited negative MyoD immunoreaction
(Fi.4A). 2-days untreated muscle fibers showed positive
MyoD immunoreaction detected in many satellite
cells under the sarcolemma of degenerated skeletal
muscle fibers(Fig.4B). On the other hand, numerous
MyoD positive satellite cells were observed in the area
of degenerated skeletal muscle fibers in 2-days PRP
treated ones (Fig.4C). 7-days untreated group showed
many MyoD immunopositive satellite cells among the
regenerating fibers (Fig.4D) whereas 7 days PRP treated
group showed more numerous MyoD immunopositive
satellite cells (Fig.4E) when compared to the untreated
group. At 14-days, the untreated muscle showed apparent
decrease in the number of MyoD positive satellite cells

among the few newly formed irregular myotubes (Fig.4F)
whereas a scares number of MyoD immunopostive cells
were detected in the apparently normal newly formed
myotubes in PRP treated muscle (Fig.4G).

Anti-CD34 immune stained control skeletal muscle
fibers showed CD34 positive immune reaction in the
endothelial cells of blood vessels (Fig.5A): At 2 days
of injury, the untreated muscle showed mild increase in
CD34 imunopositive blood vessels detected in the area
of necrosis and inflammation(Fig.5B), whereas 2 days
PRP treated group showed numerous newly formed
CD34 immunopositive blood vessels (Fig.5C). In 7 days
untreated group, few number of CD34 immunopositive
blood capillaries were observed among the regenerating
muscle cells (Fig.5D) whereas 7 days PRP treated
group showed more numerous CD34 positive blood
capillaries (Fig.5E) when compared to the untreated one
14 days untreated muscle showed very few capillaries
among very few newly formed less developed myotubes
(Fig.5F) whereas 14 days PRP treated muscle showed
more capillaries among the numerous newly formed
myotubes (Fig.5G).

Anti-TGF B1 immunostained control skeletal muscle
fibers exhibited a negative TGF 1 immunoreaction
(Fig.6A). 2 days untreated muscle fibers showed positive
TGF B1 immunoreaction which was detected in the
inflammatory cells and the degenerated fibers (Fig.6B).
On the other hand, few cells which exhibited TGF B1
immuno-positivity were observed in 2days PRP treated
group (Fig. 6C). 7-days untreated group exhibited strong
TGF B1 immunoreaction which was detected in patchy
areas in the cytoplasm of regenerating fibers and also
by many fibroblast and inflammatory cells among them.
(Fig. D), whereas the 7-days PRP treated group showed
faint TGF B1 immunoreaction in the regenerating fibers
and few cells among them (Fig. 6E). At the 14th day of
injury, the untreated muscle showed very strong TGF 1
immunoreaction which was exhibited as patchy areas
in the cytoplasm of the newly formed myotubes, in
addition to mild reaction which was observed in the cells
of fibrous tissue in between (Fig.6F). On the other hand,
14-days-PRP treated muscle showed nearly negative
TGF B1 immunoreaction in the newly formed myotubes
except for few positive adjacent fibroblast (Fig.6G).

Statistical and Morphometric results

In the present work, a highly significant increase in
the mean number of regenerating fibers was detected in
7 days PRP treated group (22.03+4.08) when compared
to the untreated one (10.13+ 2.15), P<0.001 (Table 1).

In 2-days groups, the mean area % of collagen fibers
deposition showed non significant changes between
control (2.50+0.49), untreated (2.75+0.45) and PRP
treated group (2.27+.0.59). At 7 days, a significant
increase was observed in untreated group (7.50+0.94)
when compared toPRP treated (3.68+0.72) and control
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(2.50+0.49) ones whreas a significant increase was
still observed in untreated group (10.56+2.24) when
compared to PRP treated (4.76+0.82) and control groups
(2.50+0.49) at 14 days of injury (Table 2).

The median of number of MyoD immunopositive
cells showed a significant increase in 2 days
untreated group; 24 (20-28) when compared to
control ;1 (0.00-2) , and also in PRP treated group ;72
(62-78) when compared to untreated one. At 7 days, a
significant increase was observed in PRP treated groups;
28 (22-33) when compared to untreated; 17 (15-20) and
control ones. On 14 days, a non significant increase was
observed in PRP treated group; 4(3-5) when compared to
untreated; 3(2-4)and control groups (Table 3).

Regarding the mean number of blood vessels; at
2 days, PRP treated group (10.104+2.73) showed a
significant increase when compared to control
Table 1: Number of regenerating fibers/HPF (7 days group)

(4.10£0.99) and untreated group (5.87+1.46).
At 7 days, the increase was still significant when
PRP treated group (10.83+£2.46) was compared to
untreated (8.47+1.17) and control rats. At 14 days; a
significant increase was still observed in PRP treated
group (8.30+2.35) when compared to untreated
group(6.83+1.51) and control groups (Table 4).

A significant increase in the median of area % of
TGF-B1 immunoexpression was noticed at 2 days
untreated group ; 8.17(7.0-9.60) when compared to
control ; 0.45 (0.20-0.70) and PRP treated groups; 5
(4.20-5.70). At 7 days, a significant increase was still
observed in untreated groups;12.75(10.80-14.20) when
compared to PRP treated one; 2.50 (2.10-3.50) and
control group. At 14 days; a significant increase was
observed in untreated group; 15.75(14.10-17.30) when
compared to PRP treated group; 2.30 (1.60-3.20) and
control one (Table 5)

Untreated group PRP treated group P
Mean 10.13 22.03 <0.001*
+SD 2.15 4.08
SD: standard deviation  P: Probability *: significance <0.05
Test used: Student's t-test (Unpaired)
Table 2: Area% of collagen fibers deposition in the studied groups
Control Untreated PRP treated P Pl P2 P
group group group
Mean 2.50 2.75 227 0.23 0.18 0.24 0.19
2 days
+SD 49 .54 .59
7d Mean 2.50 7.50 3.68 <0.001* <0.001* <0.001* <0.001*
ays
Y +SD 49 94 7
Mean 2.50 10.56 4.76 <0.001* <0.001* <0.001* <0.001*
14 days
+SD 49 224 .82
SD: standard deviation P: Probability *: significance <0.05
Test used: One way ANOVA followed by post-hoc tukey
P1: significance between Control and Untreated groups
P2: significance between Control and Treated groups
P3: significance between Untreated and Treated groups
Table 3: Number of MyoD immunopositive cells in the studied groups
Control Untreated PRP treated P P1 P P3
group group group
5 d Median 1.00 24.00 72.00 <0.001* <0.001* <0.001* <0.001*
ays
Y IQR .00-2.00 20.00-28.00  62.00-78.00
74 Median 1.00 17.00 28.00 <0.001%* <0.001* <0.001* <0.001*
ays
Y IQR .00-2.00 15.00-20.00  22.00-33.00
14 d Median 1.00 3.00 4.00 <0.001* <0.001* <0.001* 0.6
ays
Y IQR .00-2.00 2.00-4.00 3.00-5.00

IQR: interquartile range  P: Probability *: significance <0.05
Test used: Kruskal Wallis test followed by pairwise comparisons
P1: significance between Control and Untreated groups

P2: significance between Control and Treated groups

P3: significance between Untreated and Treated groups
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Table 4: Number of blood vessels/HPF in the studied group

(ool Ul MEvd o omom
Mean 4.10 5.87 10.10 <0.001 <0.001 <0.001 <0.001
2 days +SD 99 1.46 2.73
Mean 4.10 8.47 10.83 <0.001 <0.001 <0.001 <0.001
7 days +SD 99 1.17 2.46
14 days Mean 4.10 6.83 8.30 <0.001 <0.001 <0.001 <0.004
+SD .99 1.51 2.35
SD: standard deviation P: Probability *: significance<0.05
Test used: One way ANOVA followed by post-hoc tukey
P1: significance between Control and Untreated groups
P2: significance between Control and Treated groups
P3: significance between Untreated and Treated groups
Table 5: Area percent of TGF-B1 immunoexpression in the injured skeletal muscle of the studied groups
Gl U MEv o2 om
2 days Median 45 8.17 5.00 <0.001* <0.001* <0.001* <0.001*
IQR .20-.70 7.40-9.60 4.20-5.70
Median 45 12.75 2.50 <0.001* <0.001%* <0.001* <0.001*
7 days IQR .20-.70 10.80-14.20 2.10-3.50
14 days Median 45 15.75 2.30 <0.001* <0.001* <0.001* <0.001*
IQR .20-.70 14.10-17.30 1.60-3.20

IQR: interquartile range

P: Probability *: significance<0.05

Test used: Kruskal Wallis test followed by pairwise comparisons.
P1: significance between Control and Untreated groups.
P2: significance between Control and Treated groups.

P3: significance between Untreated and Treated groups.

1

Fig. 1: A photograph shows the steps of induction of muscle injury and PRP preparation A) Surgical instruments. B) Retro-orbital blood

collection. C) Centrifugation of blood samples. D) PRP-in the top layer after centrifugation. E) PRP gel pellet. F): Shaving the skin of rat
anterior limbs. G) Skin and muscle wound. H) Suturing the skin after filling the wound of right limb with PRP and the left limbs are left

without treatment.
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H&E stain _

Control

Fig. 2: A photomicrograph of H&E stained; A) Transverse section
of control group shows polyhedral appearance of skeletal
muscle fibers (SK) with acidophilic cytoplasm and peripheral oval
nuclei (arrow). B) Longitudinal section of skeletal muscle (SK) of
control group shows multiple peripheral oval nuclei (arrow) and
transverse striations. C) 2-days untreated group shows area of
degenerating skeletal muscle fibers (SK) with sever inflammatory
cellinfiltrate (ICl) which fill the wound (arrows). Inset: ICl is formed
of neutrophils (arrows) and macrophages (curved arrows) mixed
with debris (star) of degenerated fibers (arrowheads). D) 2-days
PRP treated group shows that area of the wound (arrows) is
filled with PRP and surrounded with inflammatory cells (arrows).
Inset shows: ICl is formed mainly of great number of neutrophils
(white arrows) and degenerated muscle fibers (black arrows)
which are enlarged and show cytoplasmic vacuolations E) 7-days
untreated group show some regenerating muscle fibers (arrows)
with central nuclei that are still intervened with numerous
inflammatory cells (curved arrows). F) 7-days PRP treated group
shows numerous regenerating muscle fibers (arrows) which are
interspersed with many blood capillaries (curved arrows) with
no inflammatory cells. G) 14-days untreated group shows filling
of the wound (arrows) with collagen bundles (star) which have
different directions than that of normal skeletal fibers(SK). Inset:
high power magnification of collagen bundles shows thin pale
stained fibers with flat nuclei (arrows) in between. H) 14-days
PRP treated group shows filling of the wound (arrows) with
muscle fibers (stars) which have the same directions as normal
ones (SK). Inset: newly formed acidophilic myotubes (Myt) with
multiple peripheral oval nuclei (arrows).

(H&E stain; A,B,E,F, Inset C, inset D, inset G& inset Hx400;
C,D,G&Hx100).

MT stain ,

P
g \wf . ‘
° r‘& %7 / " At ’)*
,@;ajﬂ\/,, A )
Non treated PRP treated
e e L ?/ a8y [T
R % S gr‘“

7 ';“:r‘

2 Days

7 Days

14 days

Fig. 3: A photomicrograph of A) Transverse section of control
skeletal muscle (SK) shows minimal collagen fibers in the
connective tissue of perimysium (arrows) and endomysium
(curved arrows). B) 2-days untreated muscle shows an area of
degenerated skeletal muscle fibers (star) with few amount of
collagen (arrows). C) 2-days PRP treated group shows fewer
amount of collagen fibers (arrows) in the region of injury. D)
7-days untreated group with marked amount of collagen fibers
(arrows) in the area of regeneration (R). E) 7-days PRP treated
group shows fewer amount of collagen (arrows) among the
regenerating muscle fibers when compared to the untreated group
(R). F) 14-days untreated muscle shows healing of the wound by
marked deposition of collagen fibers forming fibrous tissue scar
(arrows). G) 14-days PRP treated muscle shows newly formed
myotubes bundles (Myt) which are separated by CT septa which
contain mild amount of collagen fibers (arrows).

(MT stain; A, B, C, D, E, F&Gx400).
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Fig. 4: A photomicrograph of A) control skeletal muscle (SK)
show negative MyoD immunoreaction. B) 2-days untreated
muscle fibers shows positive MyoD immunoreaction detected in
many satellite cells (arrows) under the sarcolemma of degenerated
skeletal muscle fibers (SK). C) 2 days PRP treated group shows
numerous MyoD positive satellite cells (arrows) in the region
of degenerated skeletal muscle fibers (SK). D) 7-days untreated
group shows many MyoD immunopositive satellite cells (arrows)
among the regenerating fibers (R). E) 7-days PRP treated group
shows more numerous MyoD immunopositive satellite cells
(arrows) among the regenerating fibers(R) when compared to
untreated group. F) 14-days untreated muscle with apparent
decrease in the number of MyoD positive satellite cells (arrows)
among the few newly formed irregular myotubes (Myt).G) 14-
days PRP treated muscle shows very few MyoD positive cells
(arrows) under the sarcolemma of the apparently normal newly
formed myotubes (Myt).

(Anti MyoD immunostain;A,B,C,D,E,F&G x400).
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Fig. 5: A photomicrograph of: A) Control skeletal muscle fibers
(SK) shows CD34 positive immunoreaction which is detected
in the endothelial cells of blood vessels (arrows).B) 2-days
untreated muscle fibers shows many CD34 positive blood vessels
(arrows) in the area of necrosis and inflammation (star). C) 2-days
PRP treated group shows numerous newly formed blood vessels
(arrows) with CD 34 immunopositivity in their endothelial lining
in the region (star) of degenerated fibers and inflammation. D)
7-days untreated group shows few number of blood capillaries
(arrows) among the few regenerating muscle cells(R). E) 7-days
PRP treated group shows more numerous CD34 immunopositive
blood capillaries (arrows) among the regenerating fibers (R)
when compared to untreated group. F) 14-days untreated muscle
shows very few capillaries (arrows) among the very few newly
formed myotubes (Myt).G) 14-days PRP treated muscle shows
more capillaries (arrows) among the numerous newly formed
myotubes (Myt).

(Anti CD34 immunostain; A, B, C, D, E, F&G x400).
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Fig. 6: A photomicrograph of: A) control skeletal muscle fibers
(Sk) with negative TGF B1 immunoreaction. B) 2 days untreated
muscle fibers show positive TGF B1 immunoreaction in the area
of degeneration (star) which is detected in the inflammatory
cells (arrows) and degenerated fibers(curved arrows) C) 2-days
PRP treated group shows area of necrosis (star) with few cells
(arrows) which exhibit TGF 1 immunopositivity. D) 7-days
untreated group shows strong patchy TGF 1 immunoreaction
which are detected in the cytoplasm of regenerating fibers (R) and
the numerous cells (arrows) mainly fibroblasts among them. E)
7-days PRP treated group shows faint TGF f1 immunoreaction
in the regenerating fibers (R) and few cells (arrows) among them.
F) 14-days untreated muscle shows very strong patchy TGF p1
immunoreaction in the cytoplasm of newly formed myotubes
(Myt) and mild reaction in the cells (arrows) of fibrous tissue(Ft)
in between. G) 14-days PRP treated muscles shows nearly
negative TGF B1 immunoreaction in the newly formed myotubes
(Myt) except for few positive adjacent fibroblasts (arrows).

(Anti TGF B1 immunostain; A, B, C, D, E, F&G x400).

DISCUSSION

Adult muscle tissue ability to renew in response
to injury represents a vital homeostatic process. So,
the need for new strategies to restore or at least speed
up the process of muscle tissue regeneration presents
an enormous challenge to researchers. PRP can be
defined as a part of the plasma fraction of autologous
blood that has a high concentration of platelet, clotting
factors and some secretory proteinsPl. Autologous
derived PRP is preferred to prevent possible immune
reactions, intrinsic variations®? such as altered platelet
quantity and quality caused by age, sex and pre-
existing patient conditions.

In the current study, 2 days after injury the skeletal
muscle revealed areas of degenerating fibers with
sever inflammatory cell infiltrate which was formed
mainly of neutrophils and macrophages. 7 days
following the injury, some regenerating muscle fibers
and collagen fibers appeared, while at the 14th day
of injury, marked deposition of collagen bundles and
scar formation were detected. This was in agreement
with the studies of Meng ef al (2014)5*! and , Criswell
et al (2012)B4. Interestingly, PRP administration
resulted in more intense inflammatory response at the
first 2 days of injury which decreased rapidly after that
with a decrease in the amount of deposited collagen
and appearance of numerous regenerating muscle
fibers and numerous newly formed blood vessels at
the site of muscle injury on the 7" day. At the 14th
day of injury newly formed myofibers and little
amount of deposited collagen fibers were observed.
Jarvinen et al. (2005)B reported that healing process
next to skeletal muscle injury is characteristically
divided into three interconnected and time dependent
phases including the destruction, inflammatory and
reconstruction phases.

Initially in the destruction phase, a rapid necrosis,
disruption of the sarcolemma and augmentation of
the permeability of myofibers were observed. Then,
the inflammatory phase becomes obvious within
2hours up to 3 days following muscle injury. It is
defined by invasion of neutrophils and macrophages
to share in phagocytosis of the debris and liberation of
inflammatory cytokines. These cells reach the damaged
area through the bloods stream. Therefore, if the blood
supply of the injured area was damaged, regeneration
cannot occur until the wound was enriched by newly
formed blood vessels. Also, pro- and anti-inflammatory
cytokines such as, IL-6, IL-10, IL-1b, TNFa and TGF
B1 are released. These cytokines play a key role in cell
proliferation, chemotaxis and cell differentiation®¢l.
This highly specific inflammatory process aims to
protect the basal lamina parts of the muscle fibers
to be used later on as scaffolds in which the satellite
cells can initiate new muscle fibers formation®”. The
repair phase includes the beginning of myofibers
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regeneration, production of a connective-tissue scar by
migrating fibroblasts and neurovascular regrowth(®> 31,
The end stages of muscle repair comprise maturation of
the regenerated myofibers, remodeling of extracellular
matrix (ECM) and restoring the contractile function of
the injured muscles*”.

In this research, PRP treatment caused an initial
intense inflammatory response during the first 2 days
of injury followed by its subsidence, evidenced by an
apparent decrease in the inflammatory cells between
the regenerated myofibers, whereas, the inflammation
was also initially intense but was more persistent in the
untreated groups. These findings were in agreement
with the study of Harris et a/.(2012) who injected
PRP or saline solution into a variety of none injured
muscle tissues of healthy rabbits and histologically
evaluated the specimens after 2, 6 and 12 weeks. They
reported that PRP initially promotes intensification of
the inflammatory process in muscle injuries because
this inflammatory phase is a very important step during
muscle healing as it triggers the wound healing cascade
leading to the cellular migration and proliferation,
glycosaminoglycan and collagen deposition, collagen
maturation and remodeling of the tissue™!!.The
neutrophils and monocytes have granules filled with
myeloperoxidase that contributes to the antimicrobial
action of PRPM,

Study of Gigante et al. (2012)“ who used
platelet-rich fibrin matrix did not detect any effect
on inflammation. However, improved muscle
regeneration, enhanced neovascularization and
decrease of fibrosis were observed among the treated
injuries!*-44-4¢l This discrepancy may be somewhat due
to the different methods of PRP preparation which are
not consistent and they may result in a considerable
changeability in the concentrations of platelets, red
blood cells, white blood cells (WBCs), and growth
factors!#7- 481,

PRP as suggested by some authors modified the
patternofinflammatory cell recruitment when compared
to the observed physiological response to muscle injury.
Some authors who studied wound healing reported that
PRP application results in the liberation of serotonin at
the injury site and subsequently reducing pain as well
as the need for analgesics after surgery™-*°1. Recently,
Bernuzzi et al. (2014)51 noted that ultrasound-guided
injections of PRP among 53 athletes with grade I, II, and
III lesions in various muscle groups resulted in a notable
reduction in pain within 2 weeks of treatments and all of
them regained their normal training activity within 30
days. Reduction in pain allows clinicians to prescribe
lower risk analgesics with fewer drug interactions.
Also, administration of autologous PRP was not
associated with any signs suggestive of infection® 531,
This may explain the antimicrobial activity of PRPP4.
Dimauro et al. (2014)5 reported that PRP treatment

reduced the level of several apoptotic markers during
muscle regeneration process. Platelets present in
PRP are known as a chief source of biologically
active metabolites that modulate inflammation,
cellular  proliferation, migration, angiogenesis,
vascular remodeling, antimicrobial action and ECM
synthesist6l.

In the present research, many MyoD positive
satellite cells located under the sarcolemmae of
degenerated skeletal muscle fibers and among the
regenerating ones were noticed at 2 and 7 days after
the injury whereas initial treatment with PRP(2,7 days)
caused a high significant increase in their number
when compared to untreated muscles. At 14 days, few
MyoD immunopostive cells were detected in untreated
group. The cells were fewer in number in PRP treated
groups. Muscle-specific stem cells (satellite cells) are
very essential in the generation of new muscle fibers
after skeletal muscle injury .They can be activated by
physiological stimuli like exercise and pathological
changes such as degenerative disease and muscle
injury®”3%. One of the most important factors which
cause satellite cell proliferation is infiltration of the
injured muscle by inflammatory cells. Proliferating
satellite cells are often referred to as myogenic
precursor cells (MPC) or adult myoblasts which
are characterized by rapid expression of myogenic
transcription factors MyoD which is extremely
enhanced in activated satellite cells after injury, and
is commonly regarded as a feature of satellite cells
differentiation!sl.

Interestingly, satellite cells can express myogenin
and MyoD early 12 hours after injury before any visible
sign of their proliferation. A lot of reports now hold
up the concept that satellite cells are heterogeneous
and include a subpopulation of committed satellite
cells that go into the myogenic line and another one
that can undergo self-renewal™). Absence of MyoD
in activated myoblasts results only in a susceptibility
for proliferation and self-renewal to maintain satellite
cell pool but not differentiation, so they cannot fuse
to form myotubes. Subsequent to proliferation, the
greater part of satellite cells go through the myogenic
differentiation program and start to fuse to the damaged
myofibers or fuse together forming new myofibers!”
which could explain the presence of very few MyoD
immunopostive cells following 14 days of injury.

Hicks et al. (2016)" confirmed that PRP
treatment increases muscle regeneration by decreasing
inflammatory infiltration, satellite cell activation
and promoting angiogenesis. These findings were
in agreement with result of the present work.
Furthermore, earlier in vitro studies confirmed that PRP
stimulated the proliferation of a variety of human cell
types including mesenchymal satellite cells (MSCs)
derived from bone marrow!®> %3 and adipose tissue!®¥.
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Additionally, Wright Carpenter et al.(2004)* found
better healing of muscle injuries in mice treated with
autologous conditioned serum (a form of PRP) when
compared to controls .There was a significant increase
in centrally nucleated large myofibers indicating
regeneration. PRP also had a potent effect on the
proliferation of human muscle-derived progenitor
cells (hMDPCs) and keep their stemness. In addition,
it maintained their multi-lineage differentiation ability
which gives the cells a vast facility to differentiate
into osteogenic and chondrogenic line in vitro and a
myogenic line both in vitro and in vivo!®l.

PRP-treated groups showed a high significant
increase in the number of CD34 positive endothelial
cells lining the newly formed blood vessels when
compared with the untreated groups which was
more evident at 7 days of injury, consistent with
Hicks et al (2016)° and Jee et al (2016)©
Mammoto et al. (2016)°" reported that PRP accelerates
lung regeneration since it contains abundant
angiopoietin-1 which stimulates new blood vessels
formation, maintains vascular integrity in vitro and
in vivo and increases phosphorylation levels of low-
density lipoprotein receptor-related protein 5 (LRPS)
and thus activates angiogenic factor receptor Tie2 in
endothelial cells (ECs) and accelerates endothelial cell
sprouting. What’s more, PRP promotes Achilles tendon
healing!®®! epithelialization and angiogenesis of split-
thickness skin graft donor sites!®l. Platelets directly
encourage the formation of new blood vessels!’” and
their alpha granules are the principal source of PDGF
which has been confirmed to participate in wound
healing, angiogenesis and matrix synthesist’!l. PRP
obtained via centrifugation as in the current study
has higher PDGF and lower TGF-B concentrations
compared to other methods like apheresis!’?.

All through current study, a significant increase
in the expression of TGF Bl by muscle tissue was
observed in untreated groups when compared to PRP
treated one which showed nearly negative reaction
after 14 days of injury. TGF-B1 has been found to
inhibit fetal myoblasts differentiation but does not
affect embryonic myoblasts. In mature adult muscle,
TGF B1 negatively affects skeletal muscle regeneration
by inhibiting satellite cell proliferation and myofiber
fusion. Furthermore, in abnormal muscle regeneration
there is a persistent inflammatory response and over
expression of TGF B1 and myostatin which stimulate the
transformation of myogenic cells into myofibroblasts
with the formation of fibrotic tissue to replace damaged
myofibers!®> 3. Accordingly, reducing the levels of
TGF-Blhas been proven to be beneficial for several
myopathic conditions!”*””). Combination treatment of
PRP and Losartan (angiotensin II receptor blocker)
reduced fibrous tissue formation and increased
angiogenesis in a model of rat muscle contusion!®l.
Additionally, Plasma rich in growth factors stimulates

corneal wound healing and reduces haze development
after photorefractive keratectomy!’”. Moreover,
intradermal injection of PRP showed improvement in
the degree of scars in atrophic acnet®l.

Some studies suggested that PRP could induce
muscle fibrosis because of the elevated concentration
of TGF B1 stored in a-granules of the platelets which
stimulates type 1 collagen synthesis. In addition,
it is an anti apoptotic mediator for myofibroblasts
and may cause the differentiation of fibroblasts to
activated myofibroblasts®! 2. However our research
revealed an anti-fibrotic effect of PRP supported
by Sugaria et al. (2010)® who mentioned that PRP
effects are contradictory concerning the development
of fibrosis as they also enclose anti-fibrotic molecules,
hepatocyte growth factor (HGF) and serum amyloid
protein which could inhibit the fibrosis and regulate
macrophage function in different models. Such
discrepancy could be explained by the multiple PRP
preparations that were used. Besides, variation may
also results from patient differences in age, medical
conditions (particularly hematologic diseases) and
healing capacities. Accordingly, the effects of PRP are
influenced by significant differences in the content of
platelet preparations as well as personal uniqueness
which probably contributes to its inconsistent findings
in the text.

CONCLUSION AND RECOMMENDATIONS

PRP could exert a promising effect on skeletal muscle
injuries via enhancement of myogenesis, neovasularization
and by exertion of anti-fibrotic effect. Therefore, PRP may
be a valuable product to be applied in the management
of skeletal muscle injuries. Therefore, further studies are
needed to find out different mechanisms which are involved
in the special actions of PRP, uses and adverse effects.
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