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The effect of platelet rich plasma and nigella sativa on experimentally 

induced skeletal muscle injury in adult male albino rats: Histological 

and immunohistochemical study 

ABSTRACT  

Background: Injuries involving skeletal muscle disturb millions across the globe. 

Platelet-rich plasma (PRP) is encouraging strategy for improving tissue healing. Nigella 

sativa (NS) have broad-spectrum therapeutic properties. Aim: The research assesses 

the potential beneficial impact of PRP and NS on muscle injury. Materials and 

Methods: 112 animals were allocated into five experimental groups: Group I, The 

control group. Group II: administered only glycerol. Group III: administered glycerol 

then PRP intramuscularly. Group IV: administered NS orally for 21days then glycerol. 

Group V: given NS orally for 21days then glycerol then PRP. Half of the rats were 

euthanized 7 days after glycerol injection (subgroups a) and the other half 14 days after 

injection (subgroups b). H&E, Masson’s trichrome staining, myogenin 

immunostaining, and ultrastructural analysis were performed on muscle sections. 

Results: Group II exhibited destruction of myofibers and significant (P<0.01) 

fibrosis.Group III demonstrated moderate amelioration with significant (P<0.01) 

decline in fibrosis and significant (P<0.01) upregulation in myogenin reaction. Group 

IV showed mild improvement, with significant (P<0.01) decline in fibrosis and limited 

regeneration. Group V exhibited the most pronounced amelioration, with very 

significant (P<0.01) decrease in fibrosis and extensive significant (P<0.01) 

upregulation in myogenin reaction. Conclusion: Administration of PRP and NS 

reduced damage and promoted myoregeneration and differentiation with PRP giving 

more improvement. The combined administration of PRP and NS markedly attenuated 

damage and enhanced myoregeneration and differentiation. 

Key Words: Skeletal muscle injuries, glycerol, platelet rich plasma, nigella sativa, 

myogenin. 
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INTRODUCTION 

  Skeletal muscle injuries are widely occurring events. Skeletal muscles are essential 

for regulating energy and protein metabolism, in addition to their role in generating 

force for locomotion and maintaining stability. Muscle injuries arising from contusions, 

strains, lacerations, burns, ischemia, toxins, chemical agents, or vigorous exercise can 

compromise these fundamental functions [1]. 

  As suboptimal muscle repair can result in persistent functional impairments, many 

studies has been dedicated to developing approaches to enhance the regenerative 

process. Glycerol (50%) administered intramuscularly elicits degenerative changes 

resembling the degenerative changes in Duchene muscular dystrophies and may serve 

as an appropriate experimental approach for investigating skeletal muscle damage and 

repair [2]. 

  Muscle damage activates progressive but intersecting phases—degeneration, 

inflammation, repair, and fibrosis—driven by complex molecular and cellular 

interactions. [3]. 

  Satellite cells (SCs) play a central role in skeletal muscle regeneration. Under 

homeostatic state, SCs stay dormant. As a result of injury or exposure to growth factors, 

SCs rapidly reenter the cell cycle. Once activated, SCs migrate and undergo extensive 

proliferation to facilitate muscle regeneration. The regeneration capacity of SCs is 

compromised by aging, severe muscle loss and genetic myopathy [4, 5].  

  Regenerative medicine represents one of the most rapidly advancing fields within both 

human and veterinary restorative therapies, particularly in orthopedics and neurology. 

PRP constitutes one of the most rapidly emerging regenerative techniques. PRP 

promotes the accelerated repair of injured tissues [6]. 

  The primary growth factors contained within platelets comprise insulin-like growth 

factor (IGF), platelet-derived growth factor (PDGF), vascular endothelial growth factor 

(VEGF), transforming growth factor (TGFβ) and epidermal growth factor (EGF). The 

tissue regeneration phase relies on these growth factors and encompasses intricate, 

overlapping processes typically classified as hemostasis, inflammation, proliferation, 

and remodeling [7, 8]. 
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  Growth factors released from platelets are essential proteins which can support and 

maintain cell growth and survival. These growth factors influence both differentiated 

and undifferentiated cells in healing process. They induce tissue regeneration by 

reducing apoptosis, exerting anti-inflammatory action, and promoting angiogenesis and 

cell proliferation through paracrine and autocrine signaling mechanisms [6, 9]. 

  Nigella sativa (NS) is regarded as a significant herbal remedy. Prophet Muhammad 

(Peace Be Upon Him) referred to it as a cure for every illness except death [10] . NS are 

extensively recognized for exhibiting a broad spectrum of pharmacological activities,  

predominantly ascribed to their antioxidative, anti-inflammatory, antineoplastic, 

antimicrobial, nephroprotective, and neuroprotective effects [11, 12] 

  This work was intended to explore the impacts of PRP and NS on skeletal muscle 

injury triggered by glycerol administration induced by glycerol. 

MATERIALS AND METHODS 

  The study was done in the Animal House Unit of the Faculty of Veterinary Medicine, 

Benha University, from June 2022 to mid-July 2022. This study utilized 112 adult male 

albino rats, each weighing between 150 and 200 grams. Rigorous hygiene and 

husbandry practices were implemented to maintain the animals in optimal health; Rats 

were kept in standard laboratory cages, kept in regulated environmental factors and 

provided with standard chow and free access of water. The measures involving animal 

handling were adhered to institutional ethical standards and were monitored by the 

animal facility staff. The consent code received from the research ethics committee was 

MD 15-1-2022. 

Drugs used:  

a) Glycerol was obtained from El Gomhouria pharmaceuticals company.  Its batch No. 

was D210909-13-1. A single intramuscular injection of 0.5 ml/kg of 50% glycerol 

prepared in normal saline was administered into the back of the right leg [13]. 

b) Platelet rich plasma (PRP) was processed under standardized conditions in the 

Central Lab of Faculty of Veterinary Medicine, Benha University. It was 

administered as a single dose of 1ml /kg intramuscularly in the back of the right leg 

[14]. 
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c) Nigella sativa seeds (NS) were obtained from local herbal market. The seeds were 

grinded by electric grinder before usage to form powder. The powder was given 

orally by gastric tube, dissolved in distilled water. Each rat received 2g/kg nigella 

sativa orally dissolved in 4ml distilled water each day for 21 days [15, 16]. 

Experimental design: 

Rats were assigned to five experimental groups as outlined below; 

1. Group I : comprised  56 animals, further distributed among four subgroups: 

Subgroup I-1 (14 rats): animals received nothing. 

Subgroup I-2 (14 rats): animals were injected intramuscularly with 0.5ml of saline 

(solvent of glycerol  ( at the time of glycerol injection.  

Subgroup I-3 (14 rats): animals were injected with 1 ml\kg plasma (media of platelets) 

intramuscularly in the back of the right leg at the time of platelet rich plasma injection.  

Subgroup I-4 (14 rats): Animals received 4ml distilled water /kg by gastric tube (solvent 

of nigella sativa) daily for 21 days.  

The rats from each subgroup were equally divided into 2 subgroups; a (n=7) and b 

(n=7). 

2. Group II (Muscle injury group): It contained 14 rats, which were given a single 

dose of 0.5 ml of 50% glycerol /kg intramuscularly in the back of the right leg. Animals 

were assigned into 2 subgroups; IIa (n=7) and IIb (n=7).  

3. Group III (PRP group):  It contained 14 rats. Each rat was injected with glycerol 

as group II, then with 1 ml\kg PRP intramuscularly in the back of the right leg one hour 

after glycerol injection. Rats were equally assigned into 2 subgroups; IIIa (n=7) and 

IIIb (n=7).  

4. Group IV (NS group): It contained 14 rats. Each rat received NS orally by gastric 

tube, NS was dissolved in 4ml distilled water every day for 21 days and then was 

injected with glycerol as group II one hour after the last dose of NS in the 21st 

day. Rats were equally assigned into 2 subgroups; IVa (n=7) and IV =b (n=7). 
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5. Group V (PRP+NS group): It contained 14 rats. Animals received NS as group 

IV, then glycerol as group II and then PRP as group III. Rats were equally 

assigned into 2 subgroups; Va (n=7) and Vb (n=7).  

  Half of rats from all groups were euthanized 7 days after glycerol administration 

(subgroup a) and the other half 14 days after glycerol administration (subgroup b). 

Preparation of platelet rich plasma: 

  About 3 mL of blood from each rat was taken from the retro-orbital venous plexus. 

Blood specimens were conveyed into sterile tubes containing sodium citrate as an 

anticoagulant. The samples underwent a two-step centrifugation process. An initial 

centrifugation for 10 minutes at 1600 rpm yielded three distinct layers: the bottom one, 

comprising erythrocytes, the intermediate layer consisting of a buffy coat enriched in 

leukocytes, and the top layer containing plasma. The plasma supernatant was carefully 

aspirated and then centrifuged at 2000 rpm for 10 minutes, leading to the formation of 

two distinct compartments. The platelets were sedimented at the bottom of the tubes. 

The upper portion of superior compartment had been discarded. The lower part of the 

superior compartment was retained in the tube together with the inferior compartment  

to produce the platelet rich plasma [17, 18]. 

Collection and preparation of tissue samples for light microscopic study: 

  Following a fasting period, the rats were anesthetized using ether and euthanized via 

cervical dislocation. Subsequently, dissection was performed, and tissue samples from 

the right gastrocnemius muscle were excised from all experimental groups at specific  

time points (7 and 14 days following glycerol administration). The tissue sections were 

divided into 3 parts for H&E, Masson's trichrome stainimg and myogenin 

immunostaining. The samples underwent fixation in 10% formol saline. The tissues 

were subsequently processed for histological examination [19, 20]. 

Immunohistochemical study           

  Immunohistochemical staining was performed utilizing labeled streptavidin–biotin 

technique. Anti-myogenin (primary antibody), was a mouse monoclonal antibody 

(Clone MyG007, also known as F5D), provided by Dako (UniProt ID: P20428 MYOG-
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R). A universal detection system employing a biotinylated secondary antibody was 

utilized. The counterstain applied was Mayer’s hematoxylin. Human 

rhabdomyosarcoma tissue served as the positive control, exhibiting a characteristic 

brown nuclear staining pattern for myogenin. To exclude nonspecific immunostaining, 

negative controls were implemented through the exclusion of anti-myogenin antibody 

[20]. 

Electron microscopic analysis 

   Muscle specimens were initially placed in glutaraldehyde (2.5%), followed by 

postfixation in osmium tetroxide (1%). Samples were processed at the Electron 

Microscopy Unit, Faculty of Medicine, Tanta University. Semi-thin (0.5–1 μm) 

sections obtained. Subsequently, tissue ultrathin sections (50–70 nm) were contrasted 

utilizing uranyl acetate and lead citrate. Examination was performed by a JEOL 

transmission electron microscope (JEM-100 SX; JEOL, Tokyo, Japan) at the same 

facility [21]. 

Morphometric study  

   Collagen mean area percentage and myogenin-positive nuclear immunoreaction was 

quantitatively assessed from seven images from seven non-intersecting fields of each 

group and subgroup of rats, analyzed with Image-Pro Plus program version 6.0 (Media 

Cybernetics Inc., Bethesda, Maryland, USA).   

Statistical analysis  

  Data were analyzed using IBM SPSS Statistics 22.0 (IBM Corp., Armonk, NY, USA). 

Group comparisons were conducted with one-way ANOVA with subsequent LSD post 

hoc testing. Results are presented as mean ± SD, with p < 0.01 considered significant 

as provided in Tables (1) and (2). 
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RESULTS 

Hematoxylin and Eosin stain results: 

1- Group I (Control group): 

    Sections of gastrocnemius muscle of all subgroups revealed the normal histological 

architecture. In longitudinal section, myofibers The myofibers were long, cylindrical, 

and aligned in parallel with multiple peripherally located flat nuclei under the 

sarcolemma. The sarcoplasm appeared acidophilic with transverse striations. In 

transverse section, the muscle was consisted of bundles of myofibers. Individual fibers 

appeared polygonal with peripherally located nuclei as in (Figs. 1a & 1b). 

2- Group II (Muscle injury group):  

   Subgroup IIa: showed destruction of skeletal muscle fibers. Sarcoplasm showed 

vacuolations. There was inflammatory infiltrate among the muscle fibers. The 

intervening spaces between muscle fibers were widened. There were some regenerating 

fibers with internalization of myonuclei (Figs. 1c & 1d). 

  Subgroup IIb: loss of parts of the fibers and vacuolations of sarcoplasm with widened 

spaces between the fibers were still present. Inflammatory cellular infiltrate was still 

present. Internalization of myonuclei was still present indicating that trials for 

regeneration were still occurring and was not completed (Figs. 1e &1f).  

3- Group III (PRP group):  

   Subgroup IIIa: There were regenerating myofibers with internalized myonuclei and 

some vacuolations of muscle fibers. There were normal myofibers with peripheral flat 

nuclei and the extra cellular spaces showed apparently little widening (Figs. 1g & 1h).  

Subgroup IIIb: Some fibers exhibited normal morphology with transverse striations and 

flat peripheral nuclei but some others showed little vacuolations and internalized nuclei 

in regenerating fibers as in (Figs. 1i & 1j).   

 

 



8 
  

4- Group IV (NS group):  

   Subgroup IVa: There were some splitting in muscle fibers with some widening of 

spaces between the fibers and there were some regenerating muscle fibers with 

internalization of myonuclei (Figs. 1k & 1l).  

  Subgroup IVb: There were normal muscle fibers with peripheral flat nuclei and the 

extra cellular spaces showed little widening. There were some little vacuolations in 

muscle fibers with some regenerating muscle fibers with internalized myonuclei (Figs. 

1m & 1n).  

5- Group V (NS + PRP group): 

  Subgroup Va: Most of the myofibers revealed normal structure. There was apparently 

little splitting of the myofibers with little widening of the extra cellular spaces. There 

were regenerating muscle fibers with internalization of myonuclei (Figs. 1o & 1p). 

  Subgroup Vb: The muscle fibers were apparently like normal with transverse 

striations and flat peripheral nuclei (Figs. 1q & 1r). 

Masson’s Trichrome results: 

1- Group I (Control group): all control subgroups exhibited minimal presence of 

collagen fibers within the connective tissue separating the myofibers (Fig. 2a).  

2- Group II (muscle injury group): An evident increase in collagen fibers deposition 

within the connective tissue separating muscle fibers was observed in both 

Subgroups IIa and IIb, as shown in (Fig. 2b) and (Fig. 2c), respectively. 

3- Group III (PRP group): Subgroups IIIa and IIIb exhibited a slight deposition of 

collagen fibers within the connective tissue between muscle fibers, as shown in 

(Fig. 2d) and (Fig. 2e), respectively. 

4- Group IV (NS group): Subgroup IVa showed a moderate deposition of collagen 

fibers within the connective tissue between muscle fibers, as seen in (Fig. 2f), while 

Subgroup IVb exhibited a slight deposition, as shown in (Fig. 2g).   

5- Group V (NS+PRP group): Subgroup Va showed minimal deposition of collagen 

between the myofibers, as seen in (Fig. 2h). Similarly, Subgroup Vb exhibited a 
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very minimal amount of collagen within the connective tissue separating the 

apparently normal muscle fibers (Fig. 2i). 

Results of immunohistochemical staining for myogenin: 

 Positive reaction showed brown immunopositive nuclei at the sarcolemma and 

between the muscle fibers.  

1- Group I (Control group): All control subgroups demonstrated very minimal 

myogenin immunoreaction (Fig. 3a).  

2- Group II (muscle injury group): Subgroups IIa and IIb demonstrated low 

myogenin immunoreactivity, reflected by a low area percentage of positive staining 

as seen in Fig. 3b and Fig. 3c, respectively. 

3- Group III (PRP group): Subgroups IIIa and IIIb demonstrated a moderate level 

of myogenin immunoreactivity, as exhibited in Fig. 3d and Fig. 3e, respectively." 

4- Group IV (NS group): Subgroups IVa and IVb demonstrated weak myogenin 

immunoreactivity, as seen in Fig. 3f and Fig. 3g, respectively. 

5- Group V (NS + PRP group): Subgroups Va and Vb demonstrated strong 

myogenin immunoreactivity, with a high area percentage of positively stained 

regions evident in Fig. 3h and Fig. 3i, respectively.  

Morphometric and statistical analysis: 

  The mean percentage area for collagen, assessed, and for myogenin immunoreactivity 

are provided in Tables (1) and (2), respectively, and exhibited in Fig. 2j and Fig. 3j, 

respectively. No notable variations (P < 0.01) were identified between subgroups IIa 

and IIb in either collagen deposition or myogenin immunostaining. However, relative 

to group I, both subgroups IIa and IIb exhibited a significant elevation (P < 0.01) in 

collagen fibers accumulation and myogenin immunoreactivity. 

  Relative to group II, a significant reduction (P < 0.01) in collagen deposition was 

noted in groups III, IV, and V. In comparison to group I, subgroup Va demonstrated a 

statistically significant upregulation (P < 0.01) in collagen accumulation, whereas the 

increase detected in subgroup Vb was insignificant (P < 0.01). Regarding myogenin 

immune reaction, groups II, III, IV, and V, all exhibited a significant increase (P < 0.01) 

when compared to Group I. Relative to group II, both groups III and V exhibited a 
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further significant increase (P < 0.01), while group IV exhibited a significant decline 

(P < 0.01) in myogenin immunoreactivity. 

Ultrastructural results:   

1- Group I (Control group): 

  Ultrathin sections analysis of all control subgroups demonstrated normal 

morphological features. The myofibers were predominantly composed of myofibrils, 

which consisted of regularly arranged myofilaments responsible for the characteristic 

striated pattern. These striations were formed by alternating light (I) and dark (A) bands 

aligned in register across the fibers. Each A band contained a paler H zone at its center. 

The H zone contained a central dark M line. While, each I band was intersected by a 

dense Z line. Sarcomeres were regularly arranged between consecutive Z lines. 

Peripheral oval nuclei with prominent nucleoli were observed. Mitochondria were 

small and primarily located near the Z lines, interspersed between myofibrils and 

adjacent to the nuclei (Figs. 4a & 4b). 

2- Group II (muscle injury group): 

   Subgroup IIa exhibited pronounced skeletal muscle damage and necrosis 

characterized by disruption, fragmentation, degeneration, thinning, and disorganization 

of myofibrils. These alterations were accompanied by widened intermyofibrillar spaces 

and focal areas of complete cytoplasmic loss. The sarcolemma appeared irregular and 

undulated, indicative of muscle fiber atrophy. Additionally, some nuclei were shrunken 

with irregular contours. Mitochondria demonstrated structural abnormalities, including 

altered matrix density. Furthermore, collagen fiber deposits were evident within the 

endomysium (Fig. 4c). Subgroup IIb demonstrated persistence of several ultrastructural 

alterations observed in Subgroup IIa (Fig. 4d). 

3- Group III (PRP group): 

  Subgroup IIIa exhibited regions with preserved ultrastructure, characterized by clearly 

defined alternating dark and light bands and normal nuclei. However, focal areas 

displayed signs of injury, including cytoplasmic vacuolations. Mitochondrial 
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morphology was variable, with some mitochondria appearing small and spherical, 

while others were elongated and dilated (Fig. 5a).  

  Subgroup IIIb showed that most of the areas exhibited normal structure and only little 

injury persisted as vacuolations in the cytoplasm. There were elongated mitochondria 

(Fig. 5b). 

4- Group IV (NS group):  

  Subgroup IVa showed presence of areas exhibiting normal structure as alternating 

dark and light bands. Some other areas exhibited mild injury as vacuolations in the 

cytoplasm and some widening of the spaces between the myofibrils.  Some of the 

mitochondria were normal small spherical and others were elongated (Fig. 5c). 

Subgroup IVb showed that some of the areas exhibited normal structure and only some 

injury persisted as vacuolations in the cytoplasm. There were some dilated and 

elongated mitochondria (Fig. 5d).  

5- Group V (NS + PRP group): 

   Subgroup Va showed that most of the areas of the sections exhibited normal structure 

as alternating dark and light bands. Other little areas exhibited very little injury as little 

degenerated myofibrils. Small spherical mitochondria were present around Z lines and 

in between the myofibrils. There were some elongated mitochondria as in (Fig. 5e). 

The sections in subgroup Vb were apparently like normal. There were alternating dark 

and light bands and oval nucleus with prominent nucleolus. Small spherical 

mitochondria were present along Z lines and inbetween the myofibrils (Fig. 5f). 
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Fig. 1: Photomicrographs of rat gastrocnemius muscle sections stained by H&E (X 400): [a]: Shows 

long and parallel skeletal muscle fibers having acidophilic cytoplasm with transverse striations (MF) and 

flat peripheral nuclei (solid arrow heads) directly underneath the sarcolemma with little intervening 

spaces between the muscle fibers denoting the site of endomysium (E). [b] Shows bundles of polygonal 

muscle fibers (MF) with little spaces between them and rather uniform in size, peripherally located nuclei 

(solid arrow heads) and perimysium (P) enclosing the muscle bundles. [c] & [d]: Display skeletal 

muscle fibers (MF) with flat peripheral nuclei (solid arrow heads), loss and interruption of muscle fibers 

(angled arrow), degenerated muscle fibers (curved arrows), vacuolations in the sarcoplasm (V), 
abundant inflammatory cellular infiltrate (straight arrows), very wide spaces between the muscle fibers 

(*) and internalized central myonuclei (hollow arrow heads) which are large oval and pale. [e] & [f]: 

Show skeletal muscle fibers (MF), loss and interruption of muscle fibers (angled arrow), vacuolations 

in the sarcoplasm (V), degeneration and splitting of the muscle fibers (curved arrows), inflammatory 

cellular infiltrate (straight arrows), very wide spaces between the muscle fibers (*) with blood vessels 

(BV) and internalized central nuclei in the muscle fibers (hollow arrow heads). [g] & [h]: Show skeletal 

muscle fibers (MF) with flat peripheral nuclei (solid arrow heads), apparently little degeneration and 

splitting of myofibers (curved arrows), little sarcoplasmic vacuolations (V), little widening of spaces 

between the muscle fibers (*) and many internalized pale central nuclei in the muscle fibers (hollow 

arrow heads). [i] & [j]: Showing skeletal muscle fibers (MF) with flat peripheral nuclei (solid arrow 

heads), little splitting of myofibers (curved arrow) with little vacuolations in sarcoplasm (V), small 

spaces between muscle fibers (*) and internalized central nuclei in the muscle fibers (hollow arrow 

heads). [k] & [l]: Showing skeletal muscle fibers (MF) with flat peripheral nuclei (solid arrow heads), 

some splitting in the muscle fibers (curved arrow), some widening of spaces between the muscle fibers 

(*) and internalized central myonuclei (hollow arrow heads). [m] & [n] Showing skeletal muscle fibers 

(MF) with flat peripheral nuclei (solid arrow heads), some splitting in the muscle fibers (curved 

arrows), little vacuolations in the sarcoplasm (V), little widening of the spaces between the muscle fibers 
(*) and internalized central myonuclei (hollow arrow heads). [o] & [p]: Showing apparently like normal 

skeletal muscle fibers (MF) with flat peripheral nuclei (solid arrow heads), very small spaces between 

the muscle fibers, very little splitting in the muscle fibers (curved arrows) and internalized central 

myonuclei (hollow arrow heads). [q] & [r]: Showing almost normal skeletal muscle fibers (MF) with 

flat peripheral nuclei (solid arrow heads), minimal intervening spaces between the muscle fibers (*) 

similar to normal and internalized central myonucleus (hollow arrow head).  
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Fig.2: [a –i ]: Photomicrographs of rat gastrocnemius muscle sections stained with Masson's 

trichrome (X400), demonstrating collagen fibers deposition patterns between muscle fibers 
(arrows) which appear very minimal in control group [a], extreme in subgroup IIa [b] and very extreme 
in subgroup IIb [c]. [d]: Slight collagen fibers in subgroup IIIa. [e]: Minimal collagen deposition in 

subgroup IIIb [f]: Moderate collagen fibers deposition in subgroup IVa [g]: Slight collagen accumulation 

in subgroup IVb [h]: Minimal collagen fibers deposition in subgroup Va. [i]: Very minimal collagen 

fibers among apparently normal muscle fibers in subgroup Vb.   

[j]: Quantitative histogram of the mean area percentage of collagen fibers deposition across all 

experimental groups. 
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Fig. 3: [a –i ]: Photomicrographs of rat gastrocnemius muscle sections immunostained for 

myogenin (X400), illustrating the extent of nuclear myogenin immunoreactivity across groups 
(arrows): [a]: Very minimal myogenin immunoreaction in control group. [b]: Weak myogenin 

immunoreactivity in subgroup IIa [c]: Weak immunreaction in subgroup IIb. [d]: Moderate myogenin 

immunreactivity in subgroup IIIa. [e]: Moderate myogenin immunostaining in subgroup IIIb. [f]: Weak 

immunoreaction in subgroup IVa. [g]: Weak myogenin immunoreactivity in subgroup IVb. [h]: Strong 

myogenin immunostaining in subgroup Va. [i]: strong immunoreactivity in subgroup Vb. 

 [j]: Histogram showing the mean area percentage of Myogenin immunoreactivity in all experimental 

groups. 
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Fig. 4: EM micrographs of rat gastrocnemius muscle ultrathin sections: [a]: shows myofibrils and 
myofilaments (F) with alternating light (I) and dark (A) bands, Z line (Z). bisecting each I band, M line 
(M) bisecting each A band, oval euchromatic nucleus (N) with nucleolus (Nu). Small mitochondria (m) 
present in the sarcoplasm between the myofibrils and as couples at the level of Z line, perinuclear 
mitochondria (m*) near the nucleus beneath the sarcolemma and blood capillary (cap).  [b]: Higher 

magnifications of the previous section to show the structure of sarcomere.  There are alternating light 
bands (I) and dark bands (A), Dark Z lines bisecting the I bands (Z), M lines (M) bisecting the H bands (H) 
which appear in the center of dark bands and Mitochondria (m) between myofibrils. The region 

between two consecutive Z lines constitutes a single sarcomere (S). [c]: Shows irregular myofibrils with 

degenerated myofilaments (arrow heads), vacuolations (V), abnormal shaped nucleus (N) with irregular 

chromatin distribution and irregular outline, perinuclear mitochondria (m*) with different sizes and 

abnormal matrix density and intermyofibrillar mitochondria are not seen, an undulated irregular 

sarcolemma (arrows) and collagen fibers in the endomysium (CO) [d] Shows degenerated myofilaments 

(arrow heads) with interruptions of Z lines (thick arrows), vacuolations (V), wide spaces between 

myofibrils (W) and intermyofibrillar mitochondria which are few and have different sizes (m), loss of 

integrity of sarcolemma (circle) and  collagen fibers (CO) accumulated in the endomysium with some of 

them are transversely arranged and others are longitudinally arranged denoting irregularity.  
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Fig. 5: EM micrographs of rat gastrocnemius muscle ultrathin sections: [a]: Shows myofibrils and 

myofilaments (F) with alternating dark and light bands, little degenerated myofilaments (arrow heads), 

some interrupted Z lines (thick arrows), little vacuolations (V),  pairs of small rounded mitochondria at 

Z line (m) and multiple elongated mitochondria (Em). [b]: Shows apparently normal myofibrils and 

myofilaments (F) with well registered Z lines (Z), little degenerated myofilaments (arrow heads), 

interruptions of Z lines (thick arrows), little vacuolations (V), few elongated mitochondria (Em) , 

mitochondria at the periphery near the nucleus (m*) and a part of elongated euchromatic nucleus (N) [c]: 

Shows myofibrils and myofilaments (F) with Z lines (Z), elongated and euchromatic.nucleus (N), some 
degenerated myofilaments (arrow heads), some interruptions of Z lines (thick arrows), some vacuolations 

(V), little widening of spaces between myofibrils (W), some small rounded and paired mitochondria (m) 

and many elongated mitochondria (Em) [d]: Shows apparently normal myofibrils and myofilaments (F), 

Z lines (Z) bisecting I bands, euchromatic oval nucleus (N) present between myofibrils (internalized), 

little degenerated myofilaments (arrow heads), little vacuolations (V), small rounded mitochondria (m) 

appearing in pairs at Z lines, multiple enlarged mitochondria (Em) with normal structure and matrix 

density and multiple mitochondria at the periphery near the nucleus (m*) with some are enlarged. [e]: 

Shows apparently normal myofibrils and myofilaments (F) with nearly normal sarcomeric pattern except 

for few degenerated myofilaments (arrow heads), well aligned Z lines (Z) with only few interrupted Z 

lines (thick arrow), multiple pairs of small rounded to oval mitochondria at Z line (m) and many enlarged 

and elongated mitochondria (Em) with normal structure and matrix density. [f]: Shows apparently normal 

myofibrils and myofilaments (F) with almost normal sarcomeric pattern with well registered Z lines (Z), 

narrow intervening spaces between myofibrils (zigzag arrows) as normal, a prominent nucleolus (Nu) 

within euchromatic oval nucleus (N) and numerous small mitochondria (m) in pairs at Z lines 

(microscopic magnification: X 3000). 

 

Table (1): Data represent the mean area percentage ± SD of collagen fiber deposition 

across Groups I–V; statistical comparisons were conducted using post hoc LSD 

analysis. 

 
Group 

I 
Group II Group III Group IV Group V 

  IIa IIb IIIa IIIb Iva Ib Va Vb 

Mean area 

% 

0.38 11.37 11.11 2.72 1.95 5.52 3.56 1.48 0.39 

SD± 0.03 0.7954 0.8315 0.2784 0.2026 0.3813 0.3446 0.1730 0.0321 

Significance 

at P < 0.01  

2,3,4,5, 

6,7,8 

1,4,5, 

6,7,8,9 

1,4,5, 

6,7,8,9 

1,2,3, 

5, 

6,7,8,9 

1,2,3,4, 

6,7,8,9 

1,2,3,4, 

5,7,8,9 

1,2,3,4, 

5,6,8,9 

1,2,3,4, 

5,6,7,9 

2,3,4,5, 

6,7,8 

 
1=sig. with group I         2=sig. with group IIa      3=sig. with group IIb       4=sig. with group IIIa              

5=sig. with group IIIb    6=sig. with group IVa    7=sig. with group IVb     8=sig. with group Va              

9=sig. with group Vb 

 

 

 



19 
  

Table (2): Myogenin immunostaining expressed as mean area percentage ± SD across 

Groups I–V; intergroup comparisons were conducted using post hoc LSD analysis." 

 
Group 

I 
Group II Group III Group IV Group V 

  IIa IIb IIIa IIIb Iva IVb Va Vb 

Mean area 

% 

0.06 0.44 0.40 0.84 0.70 0.31 0.16 1.05 0.85 

SD± 0.0157 0.0302 0.0241 0.0277 0.0180 0.0186 0.0227 0.0443 0.0275 

Significance 

at P < 0.01  

2,3,4,5, 

6,7,8,9 

1,4,5, 

6,7,8,9 

1,4,5, 

6,7,8,9 

1,2,3, 

5, 

6,7,8 

1,2,3,4, 

6,7,8,9 

1,2,3,4, 

5,7,8,9 

1,2,3,4, 

5,6,8,9 

1,2,3,4, 

5,6,7,9 

1,2,3,5, 

6,7,8 

 
1=sig. with group I          2=sig. with group IIa     3=sig. with group IIb           4=sig. with group IIIa                                  

5=sig. with group IIIb            6=sig. with group IVa          7=sig. with group IVb            8=sig. with group Va                    

9=sig. with group Vb 

 

DISCUSSION  

  Skeletal muscle is essential for posture, movement, and energy metabolism. In 

athletes, frequent musculoskeletal injuries highlight the importance of muscle 

regeneration for recovery [1, 22]. 

   In our study, group II showed muscle fiber degeneration. The damage in subgroup IIa 

(at day 7 after injury) persisted in subgroup IIb (at day 14 after injury) with very little 

improvement. Compared to group I, Masson's trichrome-stained sections from group II 

demonstrated a significant upregulation (P < 0.01) in collagen and a significant 

upregulation (P < 0.01) of myogenin expression. These findings align with previous 

studies [23- 27]. Several studies [28–31] have also demonstrated increased myogenin 

immunoreactivity following muscle injury induced by crush or barium chloride, 

indicating its role in the regenerative process. 

  Glycerol causes significant ultrastructural damages as detected in our results. It 

induces myofiber damage by disrupting the basal lamina, loss of integrity of 

sarcolemma and activating proteolytic enzymes, causing fiber necrosis [32, 33]. Injury 

initiates degeneration, inflammation, and regeneration; incomplete repair results in 

fibrosis [34–36]. Neutrophils infiltrate first, followed by monocytes, which differentiate 

into macrophages within the muscle [37]. M1 macrophages produce proinflammatory 
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cytokines and ROS, while M2 macrophages secrete anti-inflammatory cytokines to 

resolve inflammation [38]. 

  Muscle regeneration comprises SCs activation, proliferation, differentiation, and 

ECM remodeling [39, 40]. This process is governed by myogenic factors—Myf5, MyoD, 

Myf4, and myogenin—which control myogenic commitment, proliferation, and fusion 

into myofibers [41]. Myogenin plays a key role in myoblast differentiation and fusion; 

its deficiency severely impairs muscle regeneration [42]. Fibro/adipogenic progenitors 

(FAPs) support activation and differentiation of SCs and share in ECM formation 

during muscle regeneration but typically undergo apoptosis afterward. However, FAPs 

can differentiate into adipocytes and myofibroblasts, leading to fibrosis [43, 44].  

  M1 macrophages enhance the proliferation of SCs, while M2 macrophages induce the 

differentiation of SCs into myoblasts and their fusion into multinucleated myotubes [45]. 

An imbalance between M1 and M2 macrophage activation elevates TGF-β, which 

stimulates fibroblasts, suppresses FAPs apoptosis, and promotes their fibrogenic 

differentiation, resulting in fibrosis [46]. 

  Skeletal muscles have the capacity to repair minor injuries, but the behavior of SCs is 

controlled by multiple factors as aging, injury severity, degree of inflammation, state 

of ECM, affection of basal lamina and dystrophin of cytoskeleton, innervation and 

vascular supply [3, 45, 47]. 

  Our findings align with previous reports [13, 33, 48, 49], which demonstrated persistent 

muscle damage, impaired regeneration, and fibrosis 14 days, post-glycerol injury, 

linked to basal lamina disruption, delayed macrophage differentiation, and FAP 

accumulation. 

  Herein, PRP administration in subgroup IIIa reduced the muscle damage and enhanced 

the regeneration of muscle fibers. The injury was evidently milder compared to group 

II. Regenerating muscle fibers with internalized myonuclei were observed, with further 

improvement by day 14 (subgroup IIIb). Group III showed a significant decline in 

collagen deposition and a marked elevation in myogenin expression compared to 

groups I and II (P<0.01). Our observations align with prior researches [29, 50–53] 
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demonstrating that PRP enhances muscle repair by reducing fibrosis and increasing 

myogenin levels. 

  The observed effects are ascribed to the bioactive molecules secreted from activated 

platelets, such as PDGFs, IGF-1, and VEGF, cytokines, and platelet lysosomes, which 

activate SCs migration, proliferation and differentiation [8,31 54-56].  Additionally, 

platelet-derived factors reduce inflammation, oxidative stress markers and pain [57-  59].  

  A recent study [60] showed that PRP reduces ROS and promotes mitochondrial 

biogenesis, protecting against mitochondrial injury. Healthy mitochondria support SCs 

proliferation, differentiation, and energy production during regeneration. In our study, 

the PRP group exhibited enlarged mitochondria due to enhanced fusion and biogenesis, 

boosting the energy capacity of regenerating muscle [61, 62]. 

  Platelet-rich plasma (PRP) promotes angiogenesis via PDGFs and VEGF, enhancing 

vascularization to support tissue repair [63, 64]. Additionally, PRP inhibits TGFβ1-

induced fibroblast-to-myofibroblast transition through VEGF-A, reducing fibrosis [65]. 

 Nigella sativa (NS) administration in Group IV modestly reduced muscle damage and 

promoted myofiber regeneration. On day 7 post-injury (subgroup IVa), tissue damage 

was slightly attenuated compared to Group II, while greater regenerative improvement 

was observed by day 14 (subgroup IVb). In comparison to group II, a statistically 

significant decline (P<0.01) in collagen fiber accumulation was noted in group IV. 

Relative to group I, a significant elevation (P<0.01) in myogenin immunostaining was 

detected in subgroup IVa. Versus group II, there was some significant decline (P<0.01) 

in myogenin immunostaining in subgroup IVb. These findings align with previous 

studies [15, 66–68] indicating that NS or its active constituents improve skeletal muscle 

injury and enhance regeneration. 

 Many studies showed that NS exhibit anti-inflammatory, antioxidative, hypoglycemic 

and antineoplastic activities [69-74]. Studies [62, 75] have shown that NS, through its 

antioxidant and anti-inflammatory properties, preserves mitochondrial integrity, 

promotes biogenesis and fusion, and supports tissue regeneration. Additionally, 

dithymoquinone, a bioactive compound in NS, inhibits myostatin, thereby enhancing 

muscle regeneration [76, 77]. 
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 Contrary to our research, one study [78] found no effect of NS on muscle damage or 

inflammation, likely due to limitations such as NS being in oil form, a short two-week 

intake, and the injury method, which may have reduced absorption and efficacy. 

 Combined administration of PRP and NS in group V showed very minimal muscle 

damage. The improvement was more obvious in subgroup Vb (on day 14 post injury) 

than subgroup Va (on day 7 post injury). In comparison to group II, a significant decline 

(P<0.01) in collagen area was identified in group V. Relative to group I, an insignificant 

elevation (P<0.01) in collagen fibers deposition in subgroup Vb was observed. A 

significant increase (P<0.01) in myogenin immunostaining was detected in group V 

when compared to group II. 

 The combined effects of NS and PRP likely explain these results. Pre-treatment with 

NS before glycerol injection reduced damage and inflammation, creating conditions 

favorable for muscle regeneration [68]. Studies also show that administering NS prior to 

injury is more effective than afterward, owing to its antioxidant and anti-inflammatory 

actions [66]. Additionally, PRP given afterward further minimized damage and enhanced 

muscle fiber regeneration and differentiation, likely through its direct trophic effects 

[53,54]. 

CONCLUSION 

  Histological and ultrastructural analyses showed that glycerol produced significant 

myofiber damage, inflammation, and delayed regeneration with excessive collagen 

deposition. PRP significantly reduced injury, increased myogenin expression, enhanced 

muscle regeneration and decreased fibrosis. NS showed moderate regenerative effects. 

Combined administration of PRP and NS effectively mitigated glycerol-induced muscle 

injury, reduced fibrosis and enhanced myogenic differentiation suggesting a synergistic 

effect of the two treatments.  

Limitations 

  Although our results were promising, future studies could build on this work in several 

ways. This study was limited to male albino rats, restricting the evaluation of potential 

sex-related differences, and did not include functional or biochemical assessments to 

comprehensively assess muscle recovery. 
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Recommendations 

 Subsequent research should involve subjects of both sexes, to assess sex-related 

differences in muscle regeneration and extend observation periods. Combining 

functional, biochemical, and histological assessments would offer a more 

comprehensive view of muscle recovery. Additionally, exploring different doses and 

formulations of NS and PRP could help optimize their effects on muscle repair. 
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