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ABSTRACT
Background: Skeletal muscle injuries are one of the most common injuries in sport medicine. Many injection protocols have 
been proposed for the treatment as corticosteroid injection. Recently prolotherapy appears to have a safety profile comparable 
with other injection procedures.
Aim of the Work: Was to determine the efficacy of dextrose prolotherapy in treatment of skeletal muscle injury in adult male 
albino rats.
Material and Methods: Sixty three adult male albino rats were used in the study. They were divided into control (group I). 
Group II was divided into sham operated group (group IIA) and muscle injury group (group IIB) and group III was divided 
into lidocaine injected group (group IIIA ) and muscle injury treated with dextrose prolotherapy group (group IIIB). Muscle 
specimens were taken at 5,12 and 28 days and processed for light microscope
Results: Examination of Group IIB1 (5 days) showed intense infiltration of mononucleated inflammatory cells intermingling 
with dispersed myoblasts and macrophages. Group IIB2 (12 days) showed regenerating myotubes intermingling with 
mononuclear inflammatory infiltrate and macrophages. Group IIB3 (28 days) showed some muscle fibers with peripherally 
elongated nuclei while others showed centrally vesicular ones. Examination of group IIIB1 (5 day treated) showed longitudinal 
regenerating myofibers with multiple rows of internal vesiculated nuclei. Group IIIB2 (12 days treated) showed newly formed 
myofibers with incomplete striations together with well developed newly formed striated longitudinal muscle bundles with 
peripheral flattened nuclei ,group IIIB3 (28 days treated) showed cross striated muscle fibers with the appearance of elongated 
vesicular nuclei.
Conclusion: Dextrose prolotherapy was effective in soft tissue healing as it accelerated myoblast proliferation and 
differentiation.
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INTRODUCTION                                                                   

Skeletal muscle provides a major site for energy storage 
in the body[1]. Muscle injuries are one of the most common 
injuries in sport medicine, their frequency varies from 10% 
to 55% of all injuries[2].

Treatment of the injuries is based on conservative 
measures as rest, stretching, strengthening and non-
steroidal anti-inflammatory medications[3].  In addition, 
many injection protocols have been proposed for the 
treatment of muscle lesions as corticosteroid injection[4].  
However recently prolotherapy injections appears to 
have a safety profile comparable with other injection 
procedures[5].

Proliferative therapy (prolotherapy or regenerative 
injection therapy) is a non-surgical technique that 
introduce locally irritant substances (proliferant) to the site 
of painful and degenerated tendons, joints, ligaments and 
muscles. This prolotherapy allows natural healing process 
of the body by initiating   a local inflammatory cascade 
that trigger the release of growth factors as platelet derived 

growth factors (PDGF) , fibroblast growth factor (FGF) 
that induce myoblasts proliferation and fusion and  insulin 
growth factor (IGF) that induce myoblast proliferation, 
also it  induces  fibroblast proliferation and deposition of 
less dense collagen type III[6-8].

The most common used agent is hyperosmolar dextrose 
usually in a concentration of 25% mixed with saline. 
Hypertonic dextrose solutions act by dehydrating cells 
at the injection site leading to local tissue trauma, which 
attracts granulocytes and macrophages and promotes 
healing. Also, increases infiltration of leucocytes and 
interleukin-1 beta which acts as chemical building blocks 
so improves strength, mass and thickness of soft tissues[7,9]. 

So the aim of the present work is to determine the 
efficacy of dextrose prolotherapy in treatment of skeletal 
muscle injury in adult male albino rats.

MATERIAL AND METHODS                                                       

Sixty three adult male albino rats of average weight 
(180-250 grams), (4 -6 months) were used in present the 
study. Animals were purchased & were housed in the 
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experimental unit-Medical Research Center, Faculty of 
Medicine, Ain Shams University.

Study procedures and interventions
Rats were assigned into three groups:

Group I control group (9 rats)
The rats were left without any intervention. 

Group II (21 rats)
It was divided into

Sham operated group IIA (left hindlimb)
The left hindlimbs of the rats were subjected to skin 

incision without injury to gastrocnemius muscle followed 
by suturing of the wound. 

Muscle injury group IIB (right hindlimb)
The right hindlimbs of  the rats  were subjected to skin 

incision followed by a transverse cut injury across the mid-
belly of  the  gastrocnemius  muscle.

Then, group IIA and IIB were further subdivided into 3 
subgroups (7 rats/subgroup):

• Subgroup IIA1& IIB1: the muscle specimen was 
taken on day 5 post-wounding[10].  

• Subgroup IIA2 & IIB2:  the muscle specimen was 
taken on day 12 post-wounding[10].

• Subgroup IIA3 & IIB3:  the muscle specimen was 
taken on day 28 post-wounding[11,12].

Group III (33 rats)
It was divided into 

Lidocaine injected group IIIA (left hindlimb)
The left hindlimb of the rats were subjected to 

skin incision without injury of gastrocnemius. The left 
hindlimb were injected with 0.3 ml of 1% lidocaine. The 
animals received 6 injections of 0.3 ml of 1% lidocaine 
at 5 day intervals starting from day 0 to day 25 in the left 
gastrocnemius muscle followed by suturing of the wound. 

Muscle Injury treated with dextrose Prolotherapy  
group IIIB (right hindlimb)

The right hindlimb of the rats were subjected to skin 
incision followed by a  transverse  cut injury across the 
mid-belly of the  gastrocnemius  muscle, then  the injured 
site was injected by 0.1 ml of dextrose  prolotherapy of 
mixture of 0.1ml of 12.5% dextrose and 0.3 ml of 1% 
lidocaine. The animals received 6 injections of dextrose 
prolotherapy at 5 days interval starting from day 0 to day 
25 followed by suturing of the wound[10,13].

Then, group IIIA and IIIB were further subdivided 
into 3 subgroups (11 rats/subgroup)

• Subgroup IIIA1 & IIIB1: the muscle specimen was 
taken on day 5 post-wounding[10].

• Subgroup IIIA2 & IIIB2:  the muscle specimen 
was taken on day 12 post-wounding[10].  

• Subgroup IIIA3 & IIIB3:  the muscle specimen 
was taken on day 28 post-wounding[11,13].

Preparation of muscle injury model
Rats were anesthetized by diethyl ether and the skin 

of the right leg was incised and a transverse cut injury 5 
mm long and 5 mm deep was made across the mid-belly of 
the gastrocnemius muscle of right hind limb.  A suture was 
placed at either end of the cut for further identification of 
the lesion site, then the overlying skin was closed[10].

Collection of samples
At the determined time points (day 5, day 12 and day 

28) of the present experiment, rats were sacrified and 
the entire muscle specimen  was obtained. Half of the 
specimens were fixed in 10% formalin and processed 
for preparation of paraffin blocks. Paraffin sections were 
stained with Hx&E and Masson`s Trichrome together 
with immunohistochemical stains. The other half of the 
specimens were fixed in glutaraldehyde for preparation of 
semi-thin sections. All stained sections were examined by 
light microscopy[10-12].

Tissue processing for light microscope
The muscle injury specimens were fixed in 10% 

neutral formalin in water for 48 hours, dehydrated in 
ascending grades of ethanol and cleared in xylol to prepare 
paraffin blocks. Sections of 5 micrometer thickness were 
obtained and subjected to staining by Hx&E and Masson`s 
Trichrome stains[14].

Tissue processing for semithin sections
The muscle injury specimens were immediately cut into 

small blocks (1mm3) and fixed in 2.5% gluteraldehyde for 
24 hours. Then washed 3 times in phosphate buffer (ph 7.4), 
post fixed in 1% osmium tetroxide for 2 hours, dehydrated 
in ascending grades of ethyl alcohol, cleared in propylene 
oxide for 20 minutes at room temperature. Infiltration was 
then done by using equal parts of propylene oxide and epon 
812 for overnight. Finally, the specimens were embedded 
in gelatin capsules filled with fresh epon. The capsules 
were kept at 60 C for 48 hours to allow polymerization. 
Semithin sections were cut (1micrometer) thickness. 
Sections were stained with 1% toluidine blue dissolved 
in 1% borax for approximately 30 seconds and examined 
under the light microscope[15].

Immunohistochemistry

Desmin monoclonal mouse antibody
Paraffin sections were dewaxed and rehydrated. Slides 

were incubated in 0.1% sodium azide containing 3% 
hydrogen peroxide, then treated with 5% normal goat 
serum in phosphate buffered saline (PBS) for 15 min, to 
block non-specific binding. The primary antibody was 
desmin monoclonal mouse antibody (clone 33, Biogenex, 



750

PROLOTHERAPY ON SKELETAL MUSCLE INJURY

San Ramon, CA), at a dilution of 1:160. The primary 
antibodies were applied to sections in 1% BSA, 0.05 M 
Tris–HCI, pH 7.4; the slides were then incubated for 60 
min in a moist chamber at 25 °C. After three 5 min washes 
in PBS, the slides were treated with secondary biotinylated 
goat anti-mouse antibody (Biogenex, San Ramon, CA), at 
a dilution of 1:50 for 30 min. After three 5 min washes in 
PBS, peroxidase-conjugated streptavidin (Biogenex, San 
Ramon, CA) diluted at 1:50 was applied for 45 min. In 
order to check for peroxidase activity, the sections were 
treated for 10 min with 0.05% freshly made and filtered 
solution of 3-3`-diaminobenzidine tetrahydrochloride 
(DAB) (Sigma Chemical Company, St. Louis, Missouri) in 
10 ml of 0.05 M Tris-Hcl, pH 7.6 to which 0.03% hydrogen 
peroxide was added. Positive staining was recognized as a 
brown color[16].

Histomorphometric and statistical studies 
NIH “Image J” computer image analysis software 

version 1.40g was used to count the number of regenerating 
cells, macrophages and area percentage of collagen fibers 
deposition per microscopic field. 

For each of the previous entries, measurements were 
taken from six microscopic fields per slide, six slides per 
rat and six rats per group. 

Counting the number of regenerating cells and 
macrophages per microscopic field were done using the 
(X40) objective lens, while, area percent of collagen fibers 
was done using the (X10) objective lens. 

Calibration of the software was done for each 
microscopic magnification in order to translate pixels 
into micrometers. This was done with the aid of a stage 
micrometer.

For measurement of area percentage per microscopic 
field used for quantitation of collagen fibers, images were 
splitted into RGB stacks the the red stacks was chosen and 
adjusted to grey scale threshold to mark the stained areas 
of positive immunoreactivity with a red-colored binary 
mask, then the percent of these areas in relation to the 
microscopic field was calculated. 

Statistical analysis 
Statistical analysis was done using the SPSS software 

(Statistical Package for Social Studies- version 13.0). 
One-way analysis of variance (ANOVA) was employed 
to compare means in different groups with each other. 
Bonferroni Post Hoc test was used to detect significance 
between every two individual groups. 

The significance of the data was determined by 
the probability (P. value). P > 0.05 was considered                                   
non-significant. P ≤ 0.05 was considered significant and                
P ≤ 0.001 was considered highly significant[17].  Data were 
represented in tables and histograms, prepared by using 
MS Excel 2013.

RESULTS                                                                                    

Control group I, sham operated group IIB (B1, B2&B3) 
and lidocaine injected group IIIB (B1, B2&B3) 

Examination of paraffin sections and semithin sections 
of gastrocnemius muscle of the control groups, either 
sham operated or lidocaine injected or control group 
without intervention, showed no differences with similar 
histological findings.

Examination of Hx&E sections obtained from control 
group (I) , sham operated group IIB (B1,B2&B3) and 
lidocaine injected group IIIB (B1,B2&B3) revealed 
the longitudinal section of rat`s gastrocnemius muscle 
appeared as cylindrical elongated muscle fibers arranged 
in parallel pattern with peripherally situated flattened 
nuclei. Moreover, some muscle fibers showed oval 
elongated nuclei (Figure 1). It revealed also bizzare shaped 
macrophages with abundant cytoplasm and large nuclei 
together with spindle shaped fibroblasts having flattened 
nuclei among delicate connective tissue surrounding the 
muscle fibers (Figure 2). Furthermore, Semithin sections 
showed the cross striations of muscle fibers that are formed 
of alternating light and dark bands together with peripherally 
situated flattened nuclei with prominent nucleoli within 
muscle fibers.Each muscle fiber is enveloped by fine 
connective tissue sheath called endomysium with spindle 
shaped fibroblast (Figure 3). 

Examination of Hx&E sections obtained from subgroup 
IIB1 (5day untreated muscle injury group) revealed the 
injured area with intense infiltration of mononucleated 
inflammatory cells among granulation tissue intermingling 
with immature slightly differentiated myoblasts having 
vesicular nuclei and prominent nucleoli together with 
congested blood vessels (Figure 4). The widened 
intermuscular space showed bizzare shaped macrophages 
with abundant cytoplasm and large nuclei together with 
spindle shaped fibroblasts having flattened oval nuclei 
(Figure 5). Same findings were found in semithin sections. 
However, Hx&E sections obtained  from subgroup 
IIIB1 (5 day treated muscle injury group) demonstrated 
longitudinal regenerating myofibers with multiple rows of 
internal vesiculated nuclei and prominent nucleoli as we go 
away from the injured site, some areas showed dispersed 
vesicular nuclei of myoblastic cells (Figure 6). Semithin 
sections revealed bizzare shaped macrophages having 
abundant cytoplasm with large nuclei and prominent 
nucleoli intermingling with bundles of collagen fibers 
within the injured site (Figure 7). 

Examination of Hx & E sections obtained from subgroup 
IIB2 (12 day untreated muscle injury), the injured site 
demonstrated regenerating myotubes intermingling with 
mononuclear inflammatory infiltrate and many small blood 
vessels. Moreover, macrophages with abundant cytoplasm 
and large nuclei together with dispersed myoblastic cells 
could be seen (Figure 8). Same findings were found in 
semithin sections. 
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On the other hand, Hx&E and semithin sections of 
subgroup IIIB (12 day treated muscle injury) showed newly 
formed myofibers with incomplete striations together 
with well developed newly formed striated longitudinal 
muscle bundles containing peripheral flattened nuclei 
while other newly formed bundles appeared with row of 
internal vesiculated nuclei and grouping in other areas                        
(Figures  9,10). 

On observation of Hx&E of subgroup IIB3 (28 day 
untreated muscle injury), the injured site demonstrated 
different grades of muscle fibers maturity. Some appeared 
with peripherally elongated nuclei while others showed 
centerly vesicular ones (Figure 11). 

Examination of Hx&E sections obtained from subgroup 
IIIB3 (28 day treated muscle injury) revealed cross striated 
muscle fibers with the appearance of elongated vesicular 
nuclei, some of them appeared in groups while others were 
seen in centerly situated rows (Figure 12). The delicate 
connective tissue framework surrounding the muscle fibers 
showed bizzare shaped macrophages with large nuclei 
and abundant cytoplasm (Figure 13). Semithin sections 
demonstrated the cross striation of well developed muscle 
fibers formed of alternating light and dark bands together 
with peripherally situated flattened nuclei within muscle 
fibers. Peripheral elongated vesicular nuclei together 
with thin connective tissue called endomysium inbetween 
muscle fibers could be seen (Figure 14). 

Masson`s Trichrome sections in control group 
demonstrated collagenous connective tissue inbetween the 
muscle fibers appearing bluish in colour (Figure 15). In 5 
days untreated injury, sections revealed heavy condensation 
of bluish coloured collagen bundles within the injured site 
(Figure 16) while in 5 days treated injury sections showed 
regenerating purple myofibers within bluish green densly 
packed collagen bundles (Figure 17).

Masson`s Trichrome sections in 12 days untreated 
group revealed small patches of regenerating myotubes 
growing within dense collagenous bundles with different 
grades of intensity varying between dark and light colour 
(Figure 18) while   in 12 days treated injury, sections 
demonstrated fine network of collagen fibers together with 
newly formed myofibers (Figure 19).

Masson `s Trichrome sections in 28 days untreated 
injury showed newly formed myofibers among apparently 
moderately packed collagen fibers intermingling with 
densely packed ones (Figure 20) while in 28 days treated 
injury, sections   revealed fine collagenous greenish blue 
connective tissue inbetween muscle fibers (Figure 21).

Desmin immunohistochemical staining of skeletal 
muscle in control group appeared as strong striated staining 
pattern brownish in colour (Figure 22). In 5 day untreated 
muscle injury, desmin appeared with faint disrupted 
striations in some areas & very faint in other areas                                                                                                         
(Figure 23) while in 5 day treated injury group, it appeared 
as faint heterogenous striations (Figure 24). 

Desmin immunohistochemical staining of skeletal 
muscle in 12 day untreated muscle injury appeared as 
variable colour intensities ranging between dark and 
faint muscle patches (Figure 25) while in 12 day treated 
injury, it   showed brownish cross striated muscle bundles                       
(Figure 26). 

Desmin immunohistochemical staining of skeletal 
muscle in 28 day untreated injury showed cross striated 
muscle bundles (black star) intermingling with faint ones 
(Figure 27) while in 28 day treated injury, it  appeared as 
strong striated staining pattern (Figure 28).

Morphometric Results
In the present study, sham operated rats of group IIB 

(B1,B2,B3)  and lidocaine injected rats of group IIIB 
(B1,B2&B3) and showed statistical non-significant 
difference (p>0.05) in the mean number of regenerating 
cells, macrophages and percentage of collagen deposition 
on day 5,12 and 28 compared to control group I  without 
intervention.

Regenerating cells count
Untreated group of muscle injury (compared to control 

group) (Table 1 and Histogram 1):

On day 5, 12 and 28 muscle injury counting the number 
of regenerating cells in Hx&E stained sections (under high 
power field of light microscope x400) showed statistically 
highly significant increase compared to control groups.

Treated group of muscle injury (compared to untreated 
group) (Table 2 and Histogram 1):

On day 5 muscle injury treated with dextrose 
prolotherapy, counting the number of regenerating cells 
showed statistically highly significant increase compared 
to untreated day 5 muscle injury group.

On day 12 muscle injury treated with dextrose 
prolotherapy, counting the number of regenerating cells 
showed statistically significant decrease compared to 
untreated day 12 muscle injury group.

On day 28 muscle injury treated with dextrose 
prolotherapy, counting the number of regenerating cells 
showed statistically highly significant decrease compared 
to untreated day 28 muscle injury group.

Macrophages count
Untreated group of muscle injury (compared to control 

group) (Table 3 and Histogram 2):

On day 5, 12 and 28 muscle injury counting the number 
of macrophages cells in Hx&E stained sections (under high 
power field of light microscope x400) showed statistically 
highly significant increase compared to control groups.

Treated group of muscle injury (compared to untreated 
group) (Table 4 and Histogram 2):

On day 5 muscle injury treated with dextrose 
prolotherapy counting the number of macrophages showed 
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statistically significant decrease compared to untreated day 
5 muscle injury group.

On day 12 and 28 muscle injury treated with dextrose 
prolotherapy counting the number of macrophages showed 
statistically highly significant decrease compared to 
untreated muscle injury groups.

Area percent of collagen fibers deposition (fibrosis)
Untreated group of muscle injury (compared to control 

group) (Table 5 and Histogram 3):

On day 5, 12 and 28 muscle injury, the area percent of 
collagen fibers deposition in Masson`s Trichrome stained 
sections (under high power field of light microscope x100), 
showed a statistically highly significant increase compared 
to control groups.

Treated group of muscle injury (compared to untreated 
group) (Table 6 and Histogram 3):

On day 5, 12 and 28 muscle injury treated with dextrose 
prolotherapy revealed the percentage of collagen deposition 
with statistically highly significant decrease compared to 
untreated muscle injury groups.

Fig. 1: A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of control group (group I) showing cross striated muscle fibers 
(M) with spindle shaped flattened peripheral nuclei (PN). Notice the 
appearance of centrely located elongated nuclei (CN) within some muscle 
fibers.    Hx&E x 400

Fig. 2: A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of control group (group I) showing bizzare shaped macrophages 
(MQ) and spindle shaped fibroblasts (F) among delicate connective tissue 
surrounding the muscle fibers.  M= gastrocnemius muscle.     Hx&E x 400

Fig. 3: A photomicrograph of longitudinal semithin section of rat`s 
gastrocnemius muscle of control group (group I) showing prominent 
cross striations of skeletal muscle fibers formed of alternating light and 
dark bands (arrow-head). Notice the appearance of peripherally situated 
flattened nuclei (PN) with prominent nucleoli within muscle fibers. 
Notice also the connective tissue sheath endomysium (E) inbetween 
muscle fibers containing delicate collagen fibers (C).     Toluidine blue 
x 1000
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Fig. 4: A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of subgroup IIB1 (5 day untreated muscle injury) showing intense 
infiltration of mononucleated inflammatory cells (I) among granulation 
tissue intermingling with dispersed myoblastic cells having oval vesicular 
nuclei and prominent nucleoli (MB) together with congested blood vessel 
(BL.V).     Hx&E x 400

Fig. 5: A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of subgroup IIB1 (5 day untreated muscle injury) showing the 
interstitial space with intense cellular infiltrate. Notice spindle shaped 
fibroblasts (F), bizzare shaped macrophages (MQ) with mononucleated 
inflammatory cells (I).      Hx&E x400

Fig. 6: A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of subgroup IIIB1 (5 day muscle injury treated with dextrose 
prolotherapy) showing a row of internal vesiculated nuclei (MB) in a 
regenerating myofiber (MF). Notice the appearance of some dispersed 
vesicular nuclei of myoblastic cells (red arrow).      Hx&E x400

Fig. 7: A photomicrograph of longitudinal semithin section of rat`s 
gastrocnemius muscle of subgroup IIIB1 (5 day muscle injury treated with 
dextrose prolotherapy) showing bundles of collagen fibers (C). Notice the 
presence of bizzare shaped macrophages with abundant cytoplasm, large 
nuclei and prominent nucleoli (MQ).  F= spindle shaped fibroblast with 
flattened nucleus.    Toluidine blue x1000

Fig. 8: A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of subgroup IIB2 (12 day untreated muscle injury) showing patches 
of regenerating myotubes (MT) intermingling with mononucleated 
inflammatory cells (I) and macrophages (MQ). Notice the appearance 
of dispersed myoblastic cells (MB). Notice also the appearance of many 
small newly formed blood vessels (BL.vs).      Hx&E x400

Fig. 9: A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of subgroup IIIB2 (12 day muscle injury treated with dextrose 
prolotherapy) showing well developed newly formed striated longitudinal 
muscle bundles (NM) with flattened peripheral nuclei (PN). Notice the 
appearance of adjacent newly formed regenerating myofibers with 
incomplete striations (MF) and with row of internal vesiculated nuclei 
(blue arrow).  Fc= fat cells       Hx&E x400
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Fig. 10: A photomicrograph of longitudinal semithin section of rat`s 
gastrocnemius muscle of subgroup IIIB2 (12 day muscle injury treated 
with dextrose prolotherapy) showing well developed newly formed 
striated muscle bundles (NM) together with newly formed blood vessels 
(BL.vs) in the injured site.   FC=part of fat cells.  Toluidine blue x1000

Fig. 11: A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of subgroup IIB3 (28 day untreated muscle injury) showing 
different grades of muscle fibers maturity. Notice the presence of 
myofibers (MF) with peripherally elongated nuclei (PN) together with 
others with centerly vesicular (CV) ones. Notice also newly formed 
myofibers (MF) with a row of internal vesiculated nuclei of myoblastic 
cells (MB).    MQ= macrophages, I= inflammatory cells     Hx&E x400

Fig. 12: A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of subgroup IIIB3 (28 day muscle injury treated with dextrose 
prolotherapy) showing grouping of elongated vesicular nuclei (VN) 
within some newly formed regenerating muscle fibers (RM). Notice the 
appearance of a row of internal vesiculated nuclei (blue arrow) in other 
areas.       Hx&E x400

Fig. 13: A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of subgroup IIIB3 (28 day muscle injury treated with dextrose 
prolotherapy) showing bizzare shaped macrophages (MQ) among delicate 
connective tissue surrounding the muscle fibers. Notice the presence of 
vacuolated fat cells (Fc) with signet ring appearance.       Hx&E x400

Fig. 14: A photomicrograph of longitudinal semithin section of rat`s 
gastrocnemius muscle of subgroup IIIB3 (28 day muscle injury treated 
with dextrose prolotherapy) showing the cross striation of well developed 
muscle fibers (M) formed of alternating light and dark bands (arrow 
head). Notice the appearance of peripherally elongated vesicular nuclei 
(PN). Notice also thin connective tissue endomysium (E) inbetween 
muscle fibers Toluidine blue x1000

Fig. 15: A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of control group (group I) showing collagenous connective tissue 
(C) inbetween muscle fibers (M) appearing bluish in colour together with 
blood vessels (Bl.vs).  Masson`s Trichrome x400
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Fig. 16: A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of subgroup IIB1 (5 day untreated muscle injury) showing 
condensation of collagen bundles (C) within the injured site. DM= 
degenerated muscle fibers    Masson`s Trichrome x400

Fig. 17: A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of subgroup IIIB1 (5 day muscle injury treated with dextrose 
prolotherapy) showing regenerating myofibers (MF) growing within 
densly packed blue greenish collagen bundles (C). MB= myoblastic cells    
Masson`s Trichrome x400

Fig. 18: A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of subgroup IIB2 (12 day untreated muscle injury) showing patches 
of regenerating myotubes (MT) growing within thick dense bundles of 
collagen fibers (C). Orange arrow = grouping of internal vesiculated 
nuclei of myoblastic cells (MB) in some regenerating myotubes (MT).     
Masson Trichrome`s x100

Fig. 19: A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of subgroup IIIB2 (12 day muscle injury treated with dextrose 
prolotherapy) showing fine network of collagen fibers (C) intermingling 
with newly formed myofibers (MF). Masson`s Trichrome x400

Fig. 20: A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of subgroup IIB3 (28 day untreated  muscle injury) showing 
different grades of collagen condensation ranging from moderately 
packed collagen fibers (MC) to densly packed collagen bundles (DC).    
MF= newly formed myofibers.    Masson`s Trichrome x400

Fig. 21: A photomicrograph of longitudinal semithin section of rat`s 
gastrocnemius muscle of subgroup IIIB3 (28 day muscle injury treated 
with dextrose prolotherapy) showing fine collagenous connective tissue 
(C) in between muscle fibers (M) appearing greenish blue in colour.     
Masson`s Trichrome x 400
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Fig. 22: A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of control group (group I) showing desmin immunohistochemical 
staining of skeletal muscles with strong striated staining pattern (black 
star) Desmin immunohistochemistry x400

Fig. 23: A photomicrograph  of  longitudinal section of  rat`s 
gastrocnemius  muscle  of  subgroup IIB1 (5  day untreated muscle injury) 
showing desmin immunohistochemical staining of skeletal muscle with  
faint disrupted  striations (black star) in some areas & very faint in other 
areas (blue star) Desmin immunohistochemistry x 400

Fig. 24: A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of subgroup IIIB1 (5 day treated muscle injury)  showing desmin 
immunohistochemical staining of skeletal muscle with  faint heterogoneus 
striations (black star) Desmin immunohistochemistry x 400

Fig. 25:  A photomicrograph of longitudinal section of rat`s gastrocnemius  
muscle  of  subgroup IIB2 ( 12 day untreated muscle injury) showing 
desmin immunohistochemical staining of skeletal muscle with variable 
colour intensities ranging between dark (black arrow) and faint ( blue star 
) muscle patches Desmin immunohistochemistry x 400

Fig. 26: A photomicrograph of longitudinal section of rat`s gastrocnemius  
muscle  of  subgroup IIIB2 ( 12 day treated muscle injury) showing desmin 
immunohistochemical staining of skeletal muscle with  cross striated 
muscle bundles in most areas( black star )Desmin immunohistochemistry 
x 400
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Fig. 27:  A photomicrograph of longitudinal section of rat`s gastrocnemius 
muscle of subgroup IIB3 (28 day untreated muscle injury) showing 
desmin immunohistochemical staining of skeletal muscle with cross 
striated   muscle bundles (black star) intermingling with faint ones (blue 
star) Desmin immunohistochemistry x 400

Fig. 28:  A photomicrograph of longitudinal section of rat`s gastrocnemius  
muscle of  subgroup IIIB3 ( 28  day treated muscle injury ) showing desmin 
immunohistochemical staining of skeletal muscle with strong cross striated 
staining pattern (black arrow) Desmin immunohistochemistry x 400

Table 1: The mean number of regenerating cells among untreated groups

Days Groups Mean +/-SEM P value (compared to control groups)

Day 5 Control
untreated group

1.5
29.5

1.36
6.1 8.38E-11***

Day 12 Control
Untreated group 

1.79
32.2

1.59
7.3 4.09E-10**

Day 28 Control
Untreated group 

1.6
12.01

1.42
4.8 6.34E-06***

**= significant increase/decrease compared to untreated group (P<0.05)
***= highly significant increase/decrease compared to control group (P<0.001)

Table 2: The mean number of regenerating cells among the treated groups

Days Groups Mean +/-SEM P value (compared to untreated groups)

Day 5 Untreated group 
Treated group

29.5
56.9

6.1
10.67 2.88E-06***

Day 12 Untreated group 
Treated group

32.2
14.1

7.3
5.8 1.73E-05***

Day 28 Untreated group 
Treated group

12.01
1.9

4.8
1.51 9.69E-06***

***= highly significant increase/decrease compared to untreated control group (P<0.001)

Table 3: The mean number of macrophages among the untreated groups

Days Groups Mean +/-SEM P value (compared to control groups)

Day 5 control
Untreated group 

5
46.7

2.11
7.86 1.98E-12***

Day 12 control
Untreated group 

4.3
31.4

2.05
11.95 2.75E-06***

Day 28 control
Untreated group 

4.6
20.7

2.2
3.71 1.55E-09***

***= highly significant increase/decrease compared to control group (P<0.001)



758

PROLOTHERAPY ON SKELETAL MUSCLE INJURY

Histogram 1: Mean number of regeneration cells Histogram 2: Mean number of macrophages

Table 4: The mean number of macrophages among the treated groups

Days Groups Mean +/-SEM P value (compared to untreated groups)

Day 5 Untreated group 
Treated group

46.7
35.9

7.86
5.28 0.003**

Day 12 Untreated group 
Treated group

31.4
10.3

11.95
3.71 8.2E-05***

Day 28 Untreated group 
Treated group

20.7
4.5

3.71
1.62 5.19E-10***

**= significant increase/decrease compared to untreated group (P<0.05)
***= highly significant increase/decrease compared to untreated control group (P<0.001)

Table 5: The mean number of collagen deposition among the untreated groups

Days Groups Mean +/-SEM P value (compared to control groups)

Day 5 Control
untreated group

3.06
43.87

0.62
2.41 1.29E-20***

Day 12 Control
Untreated group 

2.8
35.8

0.49
0.38 9.76E-30**

Day 28 Control
Untreated group 

2.76
27.3

0.43
0.47 3.31E-37***

***= high significant increase/decrease compared to control group (P<0.001)

Table 6: The mean number of the percentage of collagen deposition among the treated groups

Days Groups Mean +/-SEM P value (compared to untreated groups)

Day 5 Untreated group 
Treated group

43.87
30.57

2.41
0.38 3.19E-12***

Day 12 Untreated group 
Treated group

35.8
10.17

0.38
0.08 1.9E-31***

Day 28 Untreated group 
Treated group

27.3
3.81

0.47
0.06 3.59E-29***

***= highly significant increase/decrease compared to untreated control group (P<0.001)
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Histogram 3: Mean area percent of collagen deposition.

DISCUSSION                                                                               

The current study was designed to evaluate the 
histological changes induced by the application of dextrose 
prolotherapy on skeletal muscle injury in normal treated 
adult male albino rats. Skeletal muscle specimens were 
examined at three time points (5, 12 and 28 days) using 
light microscope for paraffin and semithin sections together 
with morphometric analysis.

In results of the current study, control untreated 
muscle, sham operated group and lidocaine injected group 
demonstrated long non branching striated cylindrical 
elongated parallel muscle fibers with multiple peripherally 
situated flattened nuclei, some muscle fibers showed 
peripheral oval elongated vesicular nuclei representing 
satellite cells. This was previously described by[18-20]. 
who illustrated that normal muscle fibers appeared as 
long cylindrical parallel fibers having multiple flattened 
peripheral nuclei and transverse striations  Moreover, 
bizzare shaped macrophages with abundant cytoplasm and 
large nuclei together with spindle shaped fibroblasts having 
flattened nuclei were seen among delicate connective tissue 
surrounding muscle fibers, this was explained by[21,22].  
who stated that resident macrophages and fibroblasts are 
located in epimysium and perimysium of normal muscle 
fibers. macrophages orchestrate immune response to tissue 
injury while fibroblasts produce fine collagen type III.

Masson trichrome stained sections revealed collagenous 
condensation with blood vessels inbetween muscle fibers. 
Garg et al stated that extracellular matrix is formed of 
basal lamina and interstitial matrix. It  provides anatomical 
organization of the muscle in which the endomysium that 
surrounds each individual myofiber contains collagen III, 
the  perimysium that surrounds groups  of myofibers to 
form fascicles contains primarily collagen I  and finally the 
epimysium that surrounds each muscle contains collagen 
III[22].

Furtheremore, examination of desmin 
immunohistochemiocal staining of skeletal muscle fibers 
appeared as strong striated pattern as described by[20,23]. 
who illustrated that normal muscle fibers show positive 
desmin.

In the present study, 5 day untreated muscle injury 
showed apparently intense infiltration of inflammatory 
cells  as eosinophils and lymophocytes over  area of 
muscular discontinuity together with numerous bizzare 
shaped macrophages and spindle shaped fibroblasts having 
flattened nuclei in  the widened interstitial space, the 
current results were in accordance with previous studies 
reported by[18-20]. Moreover[1,21,25,26]. stated that within first 
day after injury, inflammatory cells secrete large number 
of proinflammatory mediators  as cytokines and growth 
factors that create a chemoattractive microenviroment 
for other inflammatory cells as monocytes which become 
macrophages in tissue spaces, lymophocytes and eosinophils 
which invade the gap between disrupted muscle fibers have 
strong phagocytic activity which help in removal of cellular 
debris. This was in agreement with the present study which 
demonstrated heavy macrophages infiltration in the injured 
site confirmed by statistically highly significant increase 
in the number of macrophages in 5 days untreated group 
compared to normal. However , in group 5 day muscle 
injury that was treated by dextrose prolotherapy, Hx&E 
and semithin sections demonstrated regenerating newly 
formed myofibers together with multiple fused rows of 
internal vesiculated nuclei, somes areas  showed dispersed 
myoblastic nuclei, The number of regenerating cells in this 
group showed highly significant increase compared to 5 
day untreated group. Sections revealed also bizzare shaped 
macrophages with abundant cytoplasm and large nuclei 
which showed statistically significant decrease compared 
to 5 days untreated injury group., this was also revealed 
by desmin immunohistochemical staining of regenerating 
skeletal muscle which showed faint heterogenous striations. 
This was in accordance with previous studies reported 
by Moreover, Menetrey (2000), Anderson et al. (2015) 
and Siadat el al. (2019) added that dextrose prolotherapy 
stimulates the release of multiple growth factors as platelet 
derived growth factor (PDGF), fibroblast growth factor 
(FGF) and insulin growth factor (IGF). PDGF and FGF aid 
myoblast proliferation and fusion and increase myoblastic 
migration to the injured site through inhibition of MyoD 
expression and myoblast differentiation while IGF induce 
myoblast differentiation through stimulating myogenin 
expression[8,27,28]. 

In the present study, Hx&E and semithin sections in 
12 day untreated injury group revealed newly formed 
myotubes with grouping of internal vesiculated nuclei. 
This group revealed significant increase in the number 
of regenerating cells compared to control group. Same 
findings illustrated by Winkler et al. (2011), Ferreira et al. 
(2015) and Wang et al. (2017) who stated that myocytes 
with multiple nuclei appeared in fourteen days postinjury 
forming multinucleated structures, it represents an 
indicator for muscle regeneration.  Furthermore, desmin 
immunohistochemical staining of regenerating skeletal 
muscle showed variable colour intensities of striations 
ranging between dark and faint muscle patches[18,24,29].  
Prisk and Huard (2003), Karalaki et al. (2009) and Novak 
et al. (2014) reported that after some rounds of myoblastic 
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proliferation by Pax7 expression, some of them upregulate 
MyoD expression that is responsible for myoblast 
differentiation but the rest maintain Pax7 and continue to 
proliferate slowly, also IGF and M2 macrophages that is 
released normally at the injured site stimulates myoblast 
fusion and differentiation[26,30,31].

However, in 12 day treated group, Hx&E and semithin 
sections revealed well developed newly formed striated 
longitudinal myofibers having peripheral flattened nuclei 
together with newly formed myofibers with incomplete 
striations with rowing of internal vesiculated nuclei, 
the number of regenerating cells in this group showed 
highly significant decrease compared to 12 day untreated 
group. This was explained by Menetrey et al. (2000) and 
Siadat (2019) who illustrated that dextrose prolotherapy 
release insulin growth factor (IGF) that induce myoblast 
differentiation for expression of myogenin and stimulates 
myosin heavy chain production[8,27]. This was demonstrated 
by desmin immunohistochemical staining of regenerating 
skeletal cells revealed brownish cross striated muscle 
bundles, this was illustrated by Tsai et al. (2018) who 
explained that dextrose prolotherapy can elevate desmin 
expression within the injured site , prolotherapy  in turn 
promotes the regeneration of muscle fibers[2].

On the other hand,  in  28 day untreated  injury group, 
Hx&E  sections revealed  regenerated multinucleated 
myotubules together with different grades of muscle fibers 
maturity ranging from areas showing rowing of vesiculated 
nuclei indicating an early stage of muscle regeneration to 
myofibers with centrally vesiculated nuclei to peripherally 
elongated ones indicating advanced stage of regeneration.  
the number of regenerating cells in this group showed 
statistically highly significant increase compared to control 
group. The same findings were reported by Novak et al. 
(2014) and Ferreira et al. (2015), these authors together 
with Liu et al. (2019) mentioned that M2 macrophages 
which are abundant in advanced stages of tissue repair 
process induces myoblast fusion and differentiation[18,31,32]. 
Moreover, desmin immunohistochemical staining of 
regenerating skeletal muscle cells revealed cross striated 
muscle bundles intermingling with faint ones. This current 
result was reported previously by Tsai et al. (2018) who 
stated that desmin expression steadily increased after 
injury[2].

However, in  28 day  treated injury group, the  present 
study revealed re-establishment of normal architecture 
of muscle fibers which appeared as cylindrical striated 
elongated bundles arranged in parallel pattern with 
peripherally situated flattened nuclei, the number of 
regenerating cells in this group showed highly significant 
decrease compared to 28 day untreated group. This was 
explained by Siadat (2019) who illustrated that dextrose 
prolotherapy release insulin growth factor (IGF) and 
connective tissue growth factor (CTGF) that induce 
myoblast fusion and differentiation. Moreover, desmin 
immunohistochemical staining of regenerating skeletal 
cells revealed strong striated staining pattern[8]. This 

current result was reported by Tsai et al. (2010) who that 
stated that desmin expression was elevated with dextrose 
prolotherapy[2]. 

Regarding fibroplasia, In the present study in 5day 
untreated group, Masson`s Trichrome sections revealed 
heavy deposition of collagen bundles in the newly 
formed matrix denoting phase of collagen deposition. 
The area percentage of collagen fibers deposition in this 
group showed highly significant increase compared to 
control group, However, in 5 day treated injury, Masson`s 
Trichrome  stained sections showed newly formed muscle 
fibers within densely packed collagen bundles, the area 
percentage of collagen deposition in this group revealed 
highly significant decrease compared to 5 day untreated 
group. This was explained by  Kaariainen et al. (2000), 
Prisk and Huard, (2003) and Karalaki  et al. (2009) who 
stated that local response to  injury  stimulates the synthesis 
of collagen very actively as early as third day post injury, at 
first it is formed of thin collagen fibers (type III) then thick 
collagen fibers (type I) which becomes increasingly dense 
over the period of seven to fourteen days post injury  and 
this restrict the regenerative growth of myofibers[26,30,33]. 
Campbell and Dunn, (2012), Hauser et al. (2016) and 
Siadat (2019) added that dextrose prolotherapy release 
PDGF and connective tissue growth factor (CTGF) that 
accelerate fibroblast attraction and proliferation thus 
promoting extracellular matrix deposition with healing of 
disrupted collagen fibers[7-9].

Masson`s Trichrome stained sections in 12day 
untreated injury revealed small patches of regenerated 
muscle fibers growing within dense collagenous bundles, 
the area percentage of collagen deposition in this group 
demonstrated highly significant increase compared to 
control group. However, In 12 day treated group, sections 
demonstrated fine network of collagen fibers, the area 
percent of collagen deposition in this group revealed highly 
significant decrease compared to 12 day untreated group. 
Moreover, Kaariainen et al. (2000), Prisk and Huard, 
(2003) and Garg et al. (2015) stated that dense collagen 
fibers become increasingly over the course from 7 to 14 
days postinjury. Also, authors   reported that transforming 
growth factor beta (TGF beta) is released at the injured 
site and switch M1 macrophages to M2 macrophages that 
induces fibrosis and inhibits satellite cell and myoblast 
proliferation and differentiation[22,30,33]. On the other hand, 
Garg et al. (2015) stated that dextrose prolotherapy inhibit 
transforming growth factor beta (TGF-beta) which switch 
macrophages from M1 to M2 that increase collagen 
deposition and induces fibrosis[22].

In 28 day untreated muscle injury, Masson`s Trichrome 
stained sections revealed moderately packed collagen 
fibers surrounding newly formed muscle fibers together 
with densely packed ones, the area percentage of collagen 
deposition in this group revealed highly significant 
increase compared to control group. However, in 28 day 
treated group,  Masson`s Trichrome stained sections 
revealed fine collagen  inbetween muscle fibers which 
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is similar to that of control group representing collagen 
remodeling, The area percentage of collagen deposition in 
this group revealed highly significant decrease compared 
to 28 day untreated group. This was reported by Mann                                                    
et al. (2011) who stated that temporary extracellular matrix 
is formed as scaffold for new muscle fibers then undergoes 
degradation mediated by the expression of proteases and 
specific inhibitors released during tissue repair facilitating 
normal muscle healing[21]. On the other hand Rabago                               
et al. (2010) reported that dextrose prolotherapy produce 
of less dense collagen type III that prevent the formation 
of normal dense collagen type I from being laid down[6].
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الملخص العربى

دراسة هستولوجية عن تأثيرالدكستروز برولوثيرابي  علي  اصابة العضالت الهيكلية في 
ذكور الجرذان البيضاء البالغة

حنا،  برسوم  فايق  الدين، جورج  أحمد صالح  رانيا  الدين سليمان،  الدين سالمة، عزه صالح  إيمان ضياء 
شيرين عادل سعد

قسم التشريح و االجنه - كليه الطب - جامعة عين شمس 

الخلفية: تمثل اصابات العضالت الهيكلية واحدة من االصابات األكثر شيوعا في الطب الرياضي،  فهي تتراوح بين 
الراحة والتبريد والضغط  التجريبية وهي  المعالجة  العضالت   الي 55% من االصابات. يشمل عالج اصابات   %10
والرفع واالدوية المضادة لاللتهابات مثل مضادات االلتهاب الغير الستيرودية والعالج الطبيعي. تم اقتراح عوامل جديدة 

لعالج االصابات العضلية كالعالج التكاثري )البرولوثيرابي).
تعمل محاليل الد كستروز عن طريق تجفيف الخاليا في موقع الحقن النتاج صدمة لالنسجة التي بدورها تحفز الدورة 
االلتهابية عن طريق  جذب الخاليا االلتهابية والبالعم إلى الموقع المصاب كما أنها تطلق العديد من عوامل النمو كعامل 
النمو المشتق من الصفائح الدموية والبيتا انترلوكين 1 وعامل نمو النسيج الضام وعامل نمو بطانة االوعية الدموية 

وعوامل نمو االنسولين التي تساعد في عملية الشفاء.
الهدف من العمل: كان الهدف من هذا العمل هو تقييم التأثير النسيجي والتشكيلي للتأثير العالجي المحتمل لحقن عالج 

الدكستروز كعالج جديد للشفاء من إصابة العضالت الهيكلية.
المواد والطرق المستخدمة: في هذة الدراسة تم استخدام ثالثه وستون من ذكر الجرذان البيضاء البالغة والتي قسمت 

إلى ثالث مجموعات. 
المجموعة االولي وهي المجموعة الضابطة لم يتم بها أي تدخل .

الثانية والتي قسمت إلى مجموعتين , المجموعة IIA و التي تم بها فتح الجلد باألرجل اليسري بدون أي  المجموعة 
إصابة بالعضلة الخلفية ثم خياطة الجرح والمجموعة IIB والتي تم بها فتح الجلد باألرجل اليمني وعمل جرح عرضي 

بالعضلة الخلفية ثم خياطة الجرح.
المجموعة الثالثة والتي قسمت الي مجموعتين، المجموعة IIIA )المجموعة المحقونة بالليدوكين) والتي تم بها حقن 
االرجل اليسري ب 0,3مل من 1% ليدوكين فقد تم اعطاء الجرذان ستة جرعات من الليدوكين مع فاصل خمسة ايام 
ابتداءا من يوم العملية الي اليوم الخامس والعشرين، والمجموعة IIIB )المجموعة المعالجة بالدكستروز برولوثيرابي) 
والتي  تم بها عمل جرح عرضي بالعضلة الخلفية ثم حقن 0,1 مل من الدكستروز البرولوثيرابي المكون من خليط 
بستة جرعات  المصابة  المنطقة  تم حقن  ليدوكيين،  مع 0,3مل من %1  البرولوثيرابي   الدكستروز  من  مل  من 0,1 
من الدكستروز برولوثيرابي مع فاصل خمسة ايام ابتداءا من يوم العملية الي اليوم الخامس و العشرين. تم التضحية 
بالحرذان و أخذ العينات بعد خمسة واثنا عشر وثمانية وعشرون يوماً. بعد التضحية بالجرذان تم اخذ نصف العينات 
وإعداد شرائح الشمع وصباغتها بصبغة الهيماتوكسلين وااليوسين، الماسون ثالثي األلوان، التلطيخ المناعي الكيميائي 
الديذمن Desmin  لمعرفة تجديد العضالت الهيكلية، اما النصف االخر فتم تثبيته بمادة الجلوتردلدهيد لتحضير عينات 
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التولويدين بلو، بعد ذلك تم فحص جميع الشرائح المصبوغة بالميكرسكوب الضوئي اولمبس و تصويرها.
النتائج: أظهرت إصابات العضالت الغير معالجةIIB1  لمدة خمسة أيام عند فحصها بالهيماتوكسلين وااليوسين مع 
الفراغ الخاللى الذي يمثل الوذمة مع عدم استمرارية بمنطقة الجرح، لقد ظهر عددا كبيراً من  التولويدين بلو اتساع 
الخاليا االلتهابية المتسللة بألياف العضالت المتقطعة ذات النواة الداكنة المتعددة بينما أظهرت إصابة العضالت المعالجة 
بالدكستروزIIIB1 استمرارية تدفق الخاليا االلتهابية باالضافة إلى ظهور بالعم بنوي كبيرة في عينات التولويدين بلو.
عالوة علي ذلك اتضح في اإلصابة الغير معالجة لمدة اثنا عشر يوما IIB2  عند فحصها بالهيماتوكسلين وااليوسين 
والتولويدين بلو بقاء تدفق الخاليا االلتهابية مع ظهور خاليا بلعمية ذات داللة احصائية كبيرة مقارنة بالمجموعة الضابطة 
والتي تمثل استمرارية االلتهاب. تم ظهور أيضاً بقع عضلية مع تجمع نوي حويصالت داخلية بالمنطقة المصابة بينما 

أظهرت فحص عينات المعالجه IIIB2عدد قليل من الخاليا االلتهابية مع قليل من الخاليا البلعمية .
أظهرت إصابات العضالت الغير معالجة لمدة ثمانية وعشرين يوماً IIB3عند فحصها بالهيماتوكسلين وااليوسين، عدداً 
قليالً من الخاليا االلتهابية مع تجمع للبالعم بالسيتوبالزم الوفير مختلطة بالخاليا الليفية المغزل الشكل بينما أظهرت 
اإلصابات المعالجة IIIB3، انسحاب للخاليا البلعمية والتي تمثل  داللة احصائية قليلة مقارنة باالصابة الغير معالجة 
لمدة ثمانية وعشرين يوما باالضافة إلى إعادة إنشاء ألياف العضالت بشكل طبيعي علي هيئة حزم ممدودة مخططة 

اسطوانية مرتبة بنمط متوازي مع نوي مسطحة مستوية محيطيا.
ظهر تلطيخ Desmin المناعي الكيميائي للعضالت الهيكلية في إصابة العضالت غير المعالجة لمدة 12 يوًما في صورة 
بقع العضالت الداكنة والباهتة  بينما في اإلصابة المعالجة لمدة 12 يوًما، أظهرت حزًما عضلية مخططة متقاطعة بنية 
اللون كما أظهر تلطيخ Desmin المناعي الكيميائي للعضالت الهيكلية في 28 يوًما من اإلصابة غير المعالجة حزًما 

عضلية مخططة متقاطعة  تتداخل مع حزم خافتة بينما في إصابة 28 يوًما، ظهرت كنمط تلطيخ مخطط قوي.
االستنتاج: كان عالج الدكستروز فعاالً في التئام األنسجة الرخوة حيث أدى إلى تسريع تكاثر وتمايز الخاليا العضلية.


