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ABSTRACT
Introduction: Thymoquinone (TQ) has myogenic and neurogenic properties. 

Aim: This research aimed to study the effect of TQ on skeletal muscle regeneration 
and innervation in DMBA – induced degeneration of hamster buccal pouch (HBP). 
Material and Methods:  70 male golden Syrian hamsters were divided into 3 groups. 
Group A: (5) untreated animals. Group B: (5 animals), their left pouches were painted 
with 0.5% DMBA 3/week/6 weeks. Group C: (60 animals) was treated as group B, 
then divided equally into Group CI and Group CII: They received one and two i.p. TQ 
(0.1 mg/kg body weight) injection(s), respectively, then 5 animals from each subgroup 
were euthanized at 1, 2, 4, 7, 14, and 20 days.  All pouches were surgically excised 
and processed for H&E, and immunohistochemistry stain of Pax-7 and neurofilament 
heavy chain (NFH). The obtained data were statistically analyzed. Results: The muscle 
layer’ bulk of left pouches was progressively forming from 7 and 4 days after one and 
two TQ injection(s), respectively. Perivascular mononuclear cells (MNCs) were Pax-7 
positive from the second and first day(s) to 14 and 7 days after one and two injection(s), 
as well the nuclei of mature muscle fibers (MFs) from 4 and 2 days to about 20 and 
14 days after one and two TQ injection(s), respectively. The intensity of NFH IHC 
stain was progressively increased from the second and first day(s) after one and two 
TQ injection(s), respectively, as MFs membranes’ plaques. Conclusion: TQ stimulated 
skeletal muscles’ regeneration and re-innervation in HBPs.

INTRODUCTION

Skeletal muscle comprises a large percentage of the human body 
mass and formed of differentiated myofibers that have irreversibly left 
the cell cycle (1). Muscle satellite cells (SCs), contribute to the growth 
and regeneration of postnatal muscle by fusing with damaged myofibers 
or producing new myofibers. Following injury of skeletal muscle, 
resident quiescent SCs enter the cell cycle and generate myoblasts that 
will participate in myofiber reconstitution or repair (2).

Skeletal muscle regeneration is affected by the balance between 
pro-and anti-inflammatory factors that determine fibrosis or repair of 
muscle fibres. Muscle regeneration occurs in five interrelated and time-
dependent phases, namely, degeneration (necrosis), inflammation, 
regeneration, remodeling, and maturation/ functional repair(3).  
The degeneration phase is characterized by necrosis and significant 
inflammation. From 3 to 14 days post-injury, clearance of cellular debris 
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and new fibers that express embryonic and neonatal 
myosin heavy chain (MyHC) are formed. The phase 
of remodeling is characterized by hyperplasia and 
hypertrophy that is regulated in part by the insulin 
growth factor-1 and transforming growth factor-β 
pathways. During final steps of muscle remodeling, 
the vasculature and innervation patterns are restored(4).

The study of classic rout of muscle regeneration 
depends on injection of cardiotoxin (CTX) in ani-
mals’ muscle, mostly in rats or mice tibialis, plan-
taris’ or soleus’ muscles, then allowed these muscles 
to regenerate. CTX produces a local myonecrosis 
and stimulates muscle regeneration (5). It was found 
that after few hours of CTX injection, neutrophils 
infiltrate the necrotic tissue.  The phase of necrosis 
extends up to 2 days. While the inflammatory phase 
started at about 2-3 hours after CTX treatment and 
up to 4 days. Moreover, after 2 days, spindle-shaped 
mononucleated cells mixed with necrotic debris, 
leukocytes, and macrophages appear. The muscle 
regeneration phase was 2-14 days after CTX treat-
ment. By 7–10 days after CTX injection, most of 
muscle bulk is restored. These regenerated MFs 
are smaller with centrally located myonuclei. The 
progressive maturation of regenerating myofibers 
occurs 10 to 15, with functional restoration and in-
nervation from 15-20 days(5, 6). The length of each 
phasedepends on the type of organism(e.g.,mouse, 
rat, and human), the extent of damage, type of mus-
cle and the damage model used. 

Pax7 is one of the paired-domain transcription 
factors (Pax-3 and Pax-7), plays a critical role for 
postnatal muscle formation, and induced during 
muscle regeneration and maturation (7).

Neurofilaments (NFs) are intermediate filaments 
(IF), present in dendrites, perikaryal (the cell body 
of a neuron), and abundant in axons. They are es-
sential for the radial growth of axons during develop-
ment; maintain axon caliber and the velocity of nerve 
conduction(8). They are synthesized in the perikaryal, 

then quickly translocated into the axons, and as-
semble into filamentous structures(9). Taken together, 
injured peripheral nerves and skeletal muscles have a 
remarkable ability for tissue regeneration (10).

The 7, 12-Dimethylbenz [a]-anthracene (DMBA) 
is a member of the polycyclic aromatic hydrocarbons 
(PAHs) that present in cigarette smoke. It is widely 
used as a model of PAHs to induce carcinogenesis 
in models specially the hamster buccal pouch 
(HBP), it is the most well-characterized system for 
analyzing the development of oral cancer (OC) (11).

Many phytochemicals have been proven to have 
important anti-cancerous effects with a good safety 
profile. Thymoquinone (TQ), the major active con-
stituent of Nigella sativa Linnaeus (NS. L) is one of 
the promising medicinal agents. It has many biolog-
ical effects as anti-oxidant, anti-inflammatory, anti-
cancer, anti-microbial and immune-modulation(12).

In the HBP/DMBA model, the early few DMBA 
paintings resulted in reduction of HBPs’ length to 
about 2cmwith necrosis of their distal ends. These 
painted pouches could not regain the full length 
even after cessation of DMBA painting (13, 14). In a 
comparable study, it was reported that very small 
concentration and doses of TQ was able to induce 
regeneration of these pouches (nearly to normal 
length) in the DMBA-treated animals (15). Moreover, 
TQ was found to prevent muscle and nerve tissues’ 
damage during Dawley rat’s ischemia-reperfusion 
(IR) of a lower limb (16).

The strong anti-inflammatory feature of TQ 
was reported by Algharyni et al (2019), when 
following TQ injection, TNF-α was cleared from 
inflammatory cells in the DMBA-painted pouches, 
and significantly increased in the blood, compared 
to untreated animals (15). 

The present work used longer time of follow up 
for muscle regeneration than Algharyni et al study. It 
also studied the innervation of regenerated muscles.  
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MATERIAL AND METHODS

Approval of the Ethics Committee of Scientific 
Research, Faculty of Dentistry, Suez Canal 
University, has been obtained before starting the 
search (approval number: 265/2020).

Materials:  

Carcinogen: The DMBA (Cat. No: D3254) was 
dissolved in heavy mineral oil (cat.No: M 3516) to 
get 0.5% solution. Both were purchased from Sigma 
Chemical Company, St. Louis, Mo, USA.  

Thymoquinone (TQ) (C10H12O2): 

Thymoquinone (Cat. No: D3254-1G) and 
propylene glycol (Cat. No: W2944004) were 
purchased from Sigma Chemical Company, St. 
Louis, Mo, USA.

Pax-7 and NFH kits for IHC stain: 

The used dilution of either Pax-7 and NFH 
was 1:100. They were purchased from ABclonal 
technology, 500W Cummings Park, Ste. 6500 
Woburn, Massachusetts 01801, USA. Pax-7 
polyclonal rabbit antibodies (Rhabdomyosarcoma 
marker), (AB clonal, Catalog No. A12740) and 
monoclonal rabbit neurofilament antibody (NFH) 
(AB clonal, Catalog No. A19084). 

Study design and animals grouping

Animals: This study was carried out on 70 
male golden Syrian hamsters, weighing 100-120 
grams, purchased from the Holding Company for 
Biological Products and Vaccines (VACERA), 
Helwan, Cairo, Egypt.

Sample size calculation: using the following 
formula: the confidence level 95%, and confidence 
interval of 2.5.  Sample size = Z2 *P*(1-P) / C2, 
where: *Z=z Value, *P=Proportion of the population 

having the attribute and *C=Confidence interval, 
expressed as decimal.

By calculation, the sample size was equal to 5 
animals per group, giving a total sample size of 70 
animals.     

The hamsters were divided into 3 groups. Group 
A: 5 untreated animals, served as negative control, 
and were euthanized at day zero. Group B: 5 
animals were painted with DMBA (0.5% DMBA 
3/week/6weeks), served as positive control. They 
were euthanized at second day of last painting. 
Group C: 60 animals were treated as group B, then 
divided into two sub-groups as follow: Group CI: 
30 hamsters were given one i.p. injection with TQ 
(0.1 mg/kg body weight). Group CII: 30 hamsters 
were given two i.p. injections with TQ (0.1 mg/kg 
body weight) day after day. Five animals from each 
subgroup were euthanized at 1, 2, 4, 7, 14, and 20 
days after the last TQ injection.

After euthanization (by inhalation of a lethal 
dose of ether as an ether-soaked piece of cotton in 
a tightly closed glass container), all pouches were 
surgically excised, fixed in 10% neutral buffered 
formalin and embedded in soft paraffin wax. Sec-
tions of 5µm were cut, processed for H&E and IHC 
stains of Pax-7 and NFH for light microscopic study. 

The oral epithelial dysplasia (OED) was graded 
according to Bánóczy and Csiba (17) into: 

• Mild: when an average of less than 3 dysplastic 
criteria were present (for each group). 

• Moderate: when an average of 3-7 criteria were 
present (for each group). 

• Severe: when an average of 7 or more criteria 
were present (for each group). 

• Carcinoma in situ: when some or all criteria 
were distributed from top to bottom with intact 
basement membrane. 
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Immunohistochemical procedures:

Detection of Pax-7 and NFH IHC expression 
was done following the manufacturer’s instructions. 

Staining was detected using Ultravision detection 
system (Cat. No. TP-015-HD). The avidin–biotin 
complex (ABC) procedure (indirect technique) was 
used. The slides were diagnosed by two pathologists 
and photographed by Olympus E-330 Evolt Digital 
Photography camera using Image Analyzing 
System (Olympus BX50 Microscope). The semi-
quantitative method was used to determine the 
intensity of immunohistochemical stain using the 
recent version of ImageJ software with IHC profiler 
plugin (1.48 version) (NIH, Bethesda, Maryland) 
(Java 1.8.9_66). 

Immunohistochemical assessment:

The final score of both markers was set in a 
semi-quantitative way (high positive, positive, 
low positive or negative), and classified into four 
categories: negative =0, low positive =1, positive 
=2 and high positive =3, according to the intensity 
of staining (18). 

The software Statistical Package for Social 
Sciences (SPSS) (version 12.0) was used for 
statistical analysis of IHC results. The mean 

difference is considered significant at p ≤ 0.05 level. 
The IHC intensity of stain was expressed as mean 
± standard deviation and was analyzed statistically 
using ANOVA test (19).

RESULTS

Clinical observation:

In group A (the negative control), animals 
appeared healthy and active, with normal appearing 
pouches (clear and whitish in color). The pouches 
measured about 5-6 cm. Whereas, animals from 
group B showed, perioral hair loss, exophytic 
masses and/or ulcers and severe inflammation of left 
side. The left pouches showed marked shortening 
to about 2 cm with severe inflammation, multiple 
ulcers and necrosis at the distal ends (Figure 1). 
By end of the experiment and after one and two 
TQ injection(s), the left pouches measured about  
4.5-5cm. 

Histological findings:

Group A showed normal mucosa of both buccal 
pouches, i.e, thin keratinized squamous epithelium, 
no rete ridges, thin not inflamed collagenous lami-
na propria. The muscle fibres in the deeper layers 
are loosely arranged. On the other hand, group B 

Fig. (1) Gross appearance of buccal pouches. (A) Showing the left pouch of hamsters from group A (negative control) measuring 
5-6cm. (B) Showing marked shortening of the left pouch in group B (positive control) to about 2 cm with sever inflammation 
of the distal end.
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showed degenerated distal end with severe dysplas-
tic epithelium up to CIS with focal superficial in-
vasion. The lamina propria was thicker and highly 
inflamed. The muscle layer’bulk showed marked 
reduction, where MFs were multinucleated and 
widely separated by loose fatty connective tissue. 

Whereas at 7 and 4 days after one and two TQ 
injection(s), respectively the surface epithelium 
showed moderate to mild dysplasia with thinner 
and slightly inflamed lamina propria. The muscle 
layer bulk was progressively forming. At about 20 
days after one and two TQ injection(s), the surface 
epithelium appeared normal with near normal 
thickness of muscle layer (Figures 2 &3). Healing 

of the necrotic distal end was at 14 and 7 days after 
one and two TQ injection(s), respectively. Whereas 
the reduction of lamina propria thickness appeared 
at 4 and 2 days after one and two TQ injection(s), 
respectively.

Immunohistochemical results:

Perivascular mononuclear cells (MNCs) were 
seen from days 2 and 1, to 14 and 7 days after one 
and two TQ injection(s), respectively. Their nuclei 
were Pax-7 positive.  Furthermore, the peripheral 
nuclei of MFs were Pax-7 positive from 4 and 2 
days to about 20 and 14 days after one and two TQ 
injection(s), respectively (Figure 4). 

Fig. (2)  Photomicrographs of left buccal pouches from negative and positive control groups. (A) Showing normal buccal pouch 
formed of thin keratinized epithelium (a), collagenous lamina propria (b), and loose muscle layer (c). There are no 
inflammatory cells. (B) Showing degenerating distal end of the pouch (arrow) with no muscle fibers at this distal end (A 
and B: H&E X40).

Fig. (3)  Photomicrographs of left buccal pouches after TQ injection(s). (A) Showing hyperkeratinised, hyperplastic epithelium (a), 
thick lamina propria (b) and progressively forming MFs (c) at 4 days after TQ injection(s). (B) Showing normal bulk of the 
muscle layer (d) at 20 days of TQ injection(s). (A&B: H&EX40).
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Fig. (4)  Photomicrographs of sections from left pouches after one and two TQ injection(s). (A) Showing the perivascular MNCs 
(dotted arrows) and the peripheral MFs nuclei (arrows) that were Pax-7 positive at 4 days after one TQ injection. (B) 
Showing the perivascular MNCs (dotted arrow) and the peripheral MFs nuclei (arrow) that were Pax-7 positive at 2 days 
after two TQ injections (A&B: Pax-7 ABC-DABX40).

Fig. (5)  Photomicrographs of immunohistochemistry-stained sections of left buccal pouches. (A): Showing moderate diffuse 
stain of fibroblasts (a), MFs’membranous plaques (arrows) in negative control group. (B) Showing mild diffuse stain 
of MFs’ cytoplasm (arrows) in the positive control group. (C) Showing increasing NFH IHC stain intensity of MFs and 
their membranes’ plaques (arrows) at 20 days after one TQ injection. (D): Showing increased NFH stain intensity of basal 
epithelial cells (a), MFs’ cytoplasm and their membranes’ plaques (arrows) at 20 days after two TQ injections (A-D: NFH 
ABC-DAB×40).

The IHC stain of NFH in group A was moderate 
as seen at the MFs membranes’ plaques, whereas 
in group B appeared as mild stain in some MFs 
membranes’ plaques. The intensity of NFH IHC 

stain was progressively increasing after TQ 
injection(s) in all experimental groups from 2 and 1 
day(s) to 20 days after one and two TQ injection(s), 
respectively (Figure 5).
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Statistical analysis of IHC stain intensity:

The mean difference of IHC stain intensity 
between subgroups was significant at p value 
of ≤0.05. There was no significant difference of 
IHC stain intensity of Pax-7 between the negative 
control group (group A) and the positive control 
group (group B). Whereas in group CI, the intensity 
of Pax-7 started to increase significantly from two 
days after one TQ injection and reached the peak at 
seven days after one TQ injection. Pax-7 then started 
to decrease gradually till reaching twenty days after 
one injection (Table 1). While in group CII, Pax-
7 showed significant increase at one day after two 

Table (1) Results of Pax-7 immunohistochemical stain intensity of all CI (one TQ injection) subgroups, 
compared to both group A (negative control) and group B (positive control).

Groups Mean ± standard 
deviation

Significance at different times of euthanization

G A G B 1 
Day

2 
Days

4
Days

7 
Days

14  
Days

20  
Days

Group A 24.2±1.78 1 1 .00* .00* .00* .00* .00*

Group B 23.06±1.14 1 .99 .00* .00* .00* .00* .00*

CI
(1 day)

25.8±1.1 1 .99 .00* .00* .00* .00* .00*

CI
(2 days)

66.6±6.6 .00* .00* .00* .00* .00* .00* .57

CI
(4 days)

111.4±2.5 .00* .00* .00* .00* .00* .00* .00*

CI
(7 days)

126.5±1.89 .00* .00* .00* .00* .00* .00* .00*

CI
(14 days)

79.09±1.96 .00* .00* .00* .00* .00* .00* .29

CI
(20 days)

72.3±4.16 .00* .00* .00* .57 .00* .00* .29

(*) The mean difference was significant at p≤0.05.

TQ injections when compared with both groups A 
and B. It reached the peak at four days after two 
injections then its intensity started to decrease till 
twenty days (Table 3).

On the other hand, the IHC stain intensity 
of NFH showed significant decrease in group B 
(positive control group) when compared with group 
A (negative control group). The intensity of NFH 
started to increase gradually and significantly after 
TQ treatment in both groups CI and CII. It reached 
the peak at twenty days after one and two TQ 
injection(s), respectively (Tables 2 and 4).
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Table (2) Results of NFH immunohistochemical stain intensity of all CI (one TQ injection) subgroups, 
compared to both group A (negative control) and group B (positive control).

Groups Mean ± stan-
dard deviation

Significance at different times of euthanization

G A G B 1
Day

2
Day

4
Days

7
Day

14  
Day

20  
Day

Group A 121±4.9 .00* .00* .00* .00* 1 .12 .01*
Group B 77.4±3.37 .00* .00* .00* .00* .00* .00* .00*

CI
(1 day)

86.8±3.8 .00* .00* .01* .00* .00* .00* .00*

CI
(2 days)

93.9±3.9 .00* .00* .01* .00* .00* .00* .00*

CI
(4 days)

107.9±3.3 .00* .00* .00* .00* .00* .00* .00*

CI
(7 days)

120.9±2.04 1 .00* .00* .00* .00* .09 .01*

CI
(14 days)

126.2±1.4 .12 .00* .00* .00* .00* .09 .99

CI
(20 days)

127.8±1.5 .01* .00* .00* .00* .00* .01* .99

(*) The mean difference was significant at p≤0.05.

Table (3) Results of Pax-7 immunohistochemical stain intensity of all CII (two TQ injections) subgroups, 
compared to both group A (negative control) and group B (positive control).

Groups Mean ± standard 
deviation

Significance at different times of euthanization

G A G B 1
Day

2
Day

4
Days

7
Day

14  
Day

20  
Day

Group A 24.2±1.78 1 .00* .00* .00* .00* .00* .00*

Group B 23±1.14 1 .00* .00* .00* .00* .00* .00*

CII
(1 day)

70.2±3.3 .00* .00* .00* .00* .00* .00* .00*

CII
(2 days)

111.5±2.8 .00* .00* .00* .00* .04* .00* .00*

CII
(4 days)

123.9±0.91 .00* .00* .00* .00* .60 .00* .00*

CII
(7 days)

116.2±2.75 .00* .04* .00* .00* .60 .00* .00*

CII
(14 days)

92.6±3.04 .00* .00* .00* .00* .00* .00* .00*

CII
(20 days)

35±3.9 .00* .00* .00* .00* .00* .00* .00*

(*) The mean difference was significant at p≤0.05.
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DISCUSSION

The HBP/DMBA carcinogenesis model has been 
used successfully for studying oral squamous cell 
carcinoma-induction and prevention using different 
phytochemicals and classic chemotherapy(20-23). This 
work used very small concentration of TQ i.p injec-
tion (0.1 mg/kg body weight) in hamsters to find out 
the effect on muscle regeneration and re-innervation 
following sustained DMBA painting for 6 weeks. 
Another comparable study carried out in the present 
lab, reported elongation of the painted HBPs to near 
normal with malignancy regression(14).

The classic pathway entails activation of 
satellite cells (SCs) to form multinucleated 
myotubes, followed by regeneration, differentiation 
and growth, depending on the inflammatory 
microienvironment(24).  During muscle regeneration, 
each phase is coupled to changes in the expression 
of myogenic transcription factors and their master 

regulatory genes(3). In particular Pax-7 is required to 
maintain the proper myogenic function of satellite 
cells throughout life(25).

The first point in the present study was the 
assessment of  both right and left hamsters buccal 
pouches length. In group A, both buccal pouches, 
and the right pouches of other experimental 
groups, measured about 5-6 cm and were normal 
appearing.On the other hand, the left pouches of 
group B (positive contrrol), showed marked length 
reduction to about 2 cm, with severe inflammation 
and necrosis at their distal ends. Comparable 
findings were reported in previous studies from 
the present lab that used the same model (13, 14, 26). 

Together with the present results, animals received 
TQ i.p injections after sustained DMBA painting 
showed gradual elongation of pouches’  length with 
no ulceration or inflammation, as well as regressed 
epithelial dysplasia to normal appearing epithelium. 

Table (4) Results of NFH immunohistochemical stain intensity of all CII (two TQ injections) subgroups, 
compared to both group A (negative control) and group B (positive control).

Groups Mean ± standard 
deviation

Significance at different times of euthanization

G A G B 1
Day

2
Day

4
Days

7
Day

14  
Day

20  
Day

Group A 121±4.9 .00* .00* .00* .95 .76 .00* .00*

Group B 77.4±3.37 .00* .00* .00* .00* .00* .00* .00*

CII
(1 day)

94.6±4.6 .00* .00* .00* .00* .00* .00* .00*

CII
(2 days)

109.8±2.1 .00* .00* .00* .00* .00* .00* .00*

CII
(4 days)

118.9±1.78 .95 .00* .00* .00* .09 .00* .00*

CII
(7 days)

124±1.76 .76 .00* .00* .00* .09 .29 .00*

CII
(14 days)

128.2±1.12 .00* .00* .00* .00* .00* .29 .03*

CII
(20 days)

134±1.9 .00* .00* .00* .00* .00* .00* .03*

(*) The mean difference was significant at p≤0.05.
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The untreated pouches in group A, were normal 
appearing histopathologically with negative Pax-
7 staining of MFs. There was no statistically 
significant difference of Pax-7 IHC stain intensity 
between the negative control group (group A) 
compared with the positive control group (B) 
(Table 1). This results could be due to presence of 
mature and differentiated MFs (peripherally located 
nuclei). 

The necrosis of DMBA painted pouches in 
group B,  is the most important early change that 
led to their shortening.These short pouches fail to 
elongate with progression of malignant process 
from severe dysplasia to squamous cell carcinoma 
even after sustained DMBA application. (13, 14, 26) 

No muscle fibers (MFs) at the necrotic end with 
increased fat-rich tissue in place of the degenerated 
muscle layer. Toward the mesial end, the MFs were 
multinucleated and more loosely arranged than in 
group A, the epithelium was hyperplastic, hyper-
keratinized, with thick collagenous highly inflamed 
lamina propria. Comparable results were reported in 
previous studies from this lab (13-15, 27). 

The presence of multinucleated MFs (in group 
B) could be due to the chronic inflammatory 
environment (DMBA painting) with injured muscles. 
Inflammatory mediators as tumor necrosis factor- α 
(TNF-α) synthesized and secreted by neutrophils 
and macrophages, would activate the quiescent 
SCs to enter the cell cycle(28).  These multinucleated 
cells were MyoD negative in a previous study (15) 
and Pax-7 negative in the present study, that may 
be due to Pax-7 silence by polycomb repressor 
complex (PRC2) via inflammation-activated p38 
signaling(29,30). 

The activated macrophages, neutrophils, mast 
cells, lymphocytes, eosinophils and muscle fibers 
(MFs) produce TNF-α, leading to an acute phase 

of systemic inflammation (30). The serum TNF-α in 
the previous study, showed statistically significant 
difference between positive and negative control 
groups. The authors explained this significant 
elevation of serum TNF-α after topical DMBA 
application to be due to the systemic toxic effect of 
DMBA. It was highly elevated at early time after 
one TQ i.p. injection and gradually decreased to 
near normal at 2 weeks after two TQ injections (15). 
It appears that TNF-α was excreted from affected 
cells to the serum at early times, then gradually 
decreased to the DMBA-only group level following 
TQ injection. Another study reported the negative 
IHC stain of TNF-α in both inflammatory and 
epithelial cells (of DMBA painted pouches), 
whereas the inflammatory cells were extruded from 
pouches’ lining after TQ injection(s) (14). 

After TQ treatment, the epithelium showed 
moderate dysplasia at 2 and 1 day(s) to normal 
appearing epithelium at 14 and 7 days after 1 and 2 
TQ injection(s), respectively. The heeling of necrotic 
distal end was at 14 and 7 days after one and two TQ 
injection(s), respectively. These finndings indicate 
the cumulative effect of the used low concentration 
of TQ., i.e TQ has anti-carcinogenic and anti-
inflammatory effects.

 After 1 day of 1 and 2 TQ injection(s), the 
pouches showed no MFs at the necrotic end. 
Moreover, MFs towards the mesial end showed 
negative Pax-7 IHC stain. These findings contradict 
Chen et al. report where stimulation of stem 
(satellite) cells starts 4 hours post-injury as a classic 
sequence of muscle regeneration. (31) Within the first 
day after muscle injury, the increased number of 
neutrophils and macrophages with the inflammatory 
mediators as TNF-α and interferon gamma (IFN-γ) 
(32). The TNF-α was found to activate p38α kinase 
that lead to formation of repressive chromatin on 
Pax-7 promoter (33). 
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The muscle bulk layer was progressively 
forming from 7 and 4 days after 1 and 2 TQ 
injection(s). The inflammatory cells showed focal 
aggregation under the surface epithelium at 7and 2 
days after one and two TQ injection(s), respectively. 
This was online with Hassan et al. and Algharyni 
et al. results, that revealed focal accumulation of 
the inflammatory cells, then their expulsion from 
the surface epithelium after TQ treatment (14, 15). 
This inflammatory cell expulsion led to decreased 
inflammatory cytokines as TNF-α. It was reported 
that loss of TNF-α in acutely injured muscle represses 
p38 i.e., mitogen-activated protein kinase signals, 
at 3 days post injury, at muscle stem cells (MSCs) 
transition from the proliferation to differentiation 
phases of myogenesis. Moreover, TNF-α was found 
to activate NF-kB that is important  for the function 
and homeostasis of satellite cells (34). Hassan et al. 
reported that the absence of local inflammatory cells 
with negative IHC expression of TNF-α and NF-
κB, were related to negative Myo-D expression in 
regenerated mature MFs, while MNCs were positive 
for Myo-D, in the TQ injected groups (14). 

The mononucleated cells (MNCs) were around 
blood vessles from 2 to near 14 days and from 1 to 7 
days after 1 and 2 TQ injection(s), respictevely.  Their 
nuclei were Pax-7 positive. Seale et al, explained 
that their origin to be mononucleated myogenic 
precursors (satellite cells), that were reactivated 
by de-innervation, in response to direct muscle 
trauma or in dystrophies (7). Mastroyiannopoulos 
et al. reported that myogenin down-regulation (one 
of the myogenic regulatory factors), in terminally 
differentiated mouse myotubes induces cellular 
cleavage into mononucleated cells and cell cycle 
re-entry (35). The  induced dedifferentiation in 
multinucleated primary mouse myotubes were found 
to express genes of embryonic muscle progenitor 
cells as Myf5, Pax3, and Pax-7, that have the ability 
to be proliferating mononuclear cells. Moreover, 

they were able to generate a large number of 
myofibers after transplantation into a degenerating 
muscle (36).  They were proposed to be the origin of 
deeply new MFs. Moreover, their presence around 
BV indicated that their origin could be from  bone 
marrow derived- stem cells (BMDSCs), pericytes or 
de-differentiated muscle satellite cells (36-38). 

The peripheral nuclei of MFs were Pax-7 
positive from 4 to 20 days and from 2 to 14 days 
after 1 and 2 TQ injecion(s), respictively. This 
indicated the activation of satellite cells during their 
proliferation from 4 and 2 days after one and two 
TQ injection(s), respectively. Also, during their 
differentiation and maturation at 20 and 14 days after 
one and two TQ injection(s), respectively. The MFs 
showed negative Pax-7 IHC stain, at 20 days after 
2 TQ injections   i.e during the functional recovery 
phase of myogenesis (5, 6).  Following activation of 
satellite cells, Pax-7 is activated then progressively 
became transcriptionally inactive in most satellite 
cell progeny as they committed to differentiation 
(39). This switch of Pax-7 expression represents the 
formative state (Pax-7 positive) to the remodeling 
and functional states (Pax-7 negative).

In the present study a fat-rich zone around the 
necrotic end, was found in all experimental groups 
in early time interval, i.e. muscle degeneration and 
early healing of MFs. New MFs noted between this 
fat rich tissue up to day 14 after TQ injection(s), 
i.e. after complete healing of the necrotic area (25, 30). 
This indicated activation of fibro-adipogenic cells 
(FAPs) to form new MFs (40). The previous study 
from this lab, used  Masson’s trichrome stain and 
proved that under TQ effect, there were transition 
from fibrotic to myogenic differentiation in the area 
near necrosis (14).  It was also reported that adipose 
tissue derived mesenchymal stem cells (AT-MSCs) 
contribute to myo-regeneration and considered 
more efficient than bone marrow derived stem cells 
(BMDSCs) and synovial stem cells (SM-SCs) (41).  
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The interactions between muscle progenitor 
cells, inflammatory cells and fibro-adipogenic cells 
(FAPs) are a source of signals inducing differen-
tiation of primary myoblasts (42).  Accumulation of 
FAPs during chronic inflammation is responsible for 
fibrosis of the injured muscles (43). In  normal state, 
FAPs interact with the surrounding microenviron-
ment to proliferate and differentiate to either lipo-
genic or fibrogenic lineage. Previous study reported 
that during chronic muscle injury, macrophages 
secrete high levels of TGF-β1, that would antago-
nize the TNF-mediated apoptosis of FAPs and in-
duce their fibrogenic differentiation (44). The used 
concentration and route of administration of TQ, in 
this study, appeared to stimulate FAPs’ proliferation 
in response to muscle injury to transiently enhance 
myogenic differentiation. This result is comparable 
with previous studies carried out in this lab(14,15,27). 

These studies pointed out that local depletion of 
TNF-α had changed the local microenvironment 
towards myogenic differentiation of non-myogenic 
cells as FAPs, MNCs, and fibroblasts of the lamina 
propria. 

The reduction of the lamina propria thickness 
from day 4 after one TQ injection indicated that the 
superficially formed MFs were mediated by transi-
tion of lamina propria’ fibroblasts to the myogenic 
lineage (42, 45). Whereas the deeper MFs were formed 
through MNCs that may be bone marrow derived 
cells (BMDSCs),  pericytes (38, 46) or activated satel-
lite cells (35, 36). These results are consistent with Has-
san et al. and Algharyni et al., who demonstrated 
reduction of lamina propria thickness with progres-
sion of MFs’ formation (14, 15). Hassan et al, report-
ed transition from fibrotic to myogenic lineage by 
Masson’s trichome stain (14).

The intensity of Pax-7 stain was online with the 
classic frame of Pax-7 expression following muscle 
injury (3 days) (31). In group CI, the intensity of Pax-

7 was significantly increased from 2 days after one 
TQ injection and reached the peak at 7 days. Fol-
lowed by steady decrease till 20 days. There were 
significant differences when comparing both groups 
A and B with 2,4,7,14, and 20 days subgroups. 
Group CII showed statitically significant increase of 
PAX-7at 1 day after two TQ injections when com-
pared with both groups A and B. It reached the peak 
at 4 days, then started to decrease till 20 days, where 
there were significant differences when comparing 
both groups A and B  with 1,2,4,7,14,and 20 days 
subgroups. 

The results of the present study demonstrated the 
necrotic phase extended for 2 and 1 days after one 
and two TQ injection(s), respectively. As well as the 
inflammatory phase appeared up to 7 and 2 days af-
ter one and two TQ injection(s), respectively. The 
MFs were progressively forming along the pouches 
length, from 7 and 4 days after one and two TQ 
injection(s), respectively, and up to 20 days where 
the maturation, remodelling and functional restora-
tion started. These results slightly different with the 
results of Musarò,and Forcina et al., i.e. the clas-
sic models of muscle regeneration (5, 6). These may 
be due to the difference of muscle injury induction 
in the present study by DMBA compared to CTX 
injection in previous studies, or due to different ani-
mal models (hamsters cheek pouch in the present 
work or rats and mice tibialis muscle in previous 
work) in the previous study) or due to different type 
of muscle (this work used HBPs that were consid-
ered to be afree end muscle).   Two TQ injections re-
sulted in expulsion of inflammatory cells at second 
day of last injection, new MFs were progressively 
forming from the 4th day, complete restoration of 
muscle bulk was at 14th day and complete remod-
eling and maturation was at 20th day after last TQ 
injection. The present study proved the cumulative 
anti-inflammatory, anti-carcinogenic and myogenic 
effects of the used two TQ injections.
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This study used the NFH IHC stain as a mark-
er of peripheral motor nerve alteration during the 
experiment. In group A (negative control group), 
NFH showed moderate stain of MFs membranes’ 
plaques, this result supported the functions of NFs. 
NFs are group of cytoskeleton proteins that form 
and maintain nerve shape and facilitate the transport 
of particles and organelles within the cytoplasm (9).

In group B (positive control group), NFH 
showed mild expression of  some MFsmembranes’ 
plaques. In previous study, it was reported that af-
ter peripheral nerve injuries, the nerve axon distal 
to injury site, remain intact for some days before 
granular disintegration of the cytoskeleton (47). The 
mean NFH intensity in group B showed statistically 
significant differences when compared with groups 
A, all CI and CII subgroups. 

The mild NFH expresion of focal membranous’ 
plaques after one day of 1 TQ injection, could be 
due to injury of nerves induced by DMBA paint-
ing (48, 49). This mild expression could be  due to 
the delayed phosphorylation and axon transport of 
the NFH, as it was reported that more extensive 
phosphorylation of NFM and NFH is delayed until 
newly formed NFs have translocated into axons (50). 

Moreover, during nerve regeneration, NFs reemerge 
in a sequence resembling that during development 
of neurons, this could be the reason of presence of 
positive focal membranous’ plaques (51). It was re-
ported that the expression of NFL and NFM during 
postnatal development is before NFH (52).

There were  increasing  NFH stain intensity 
from 2 and 1 day(s) to 20 days after one and two 
TQ injection(s), respectively. These findings 
were due to the progressive formation of new 
nerves, as reported in previous studies (51-53). These 
findings indicated the cumulative effect of two TQ 
injections, as TQ has many neuroprotective effects 
through its antioxidant, anti-inflammatory effects 

with inhibition of lipid peroxidation-inflammatory 
mediators production (54).

The interesting finding that the surface epithe-
lium was Pax-7 and NFH positive in groups B, early 
points of follow up in CI and CII. These findings 
can be explained due to returning the tissue to an 
embryonal-like state by the induced dysplasia, so 
this dysplastic tissue expresses many genes, and 
their expression decreases after regaining normal 
phenotype. After TQ treatment, the stain intensity 
became faint to negative mostly due to the reduced 
toxic microenvironment of DMBA and regression 
of severe dysplasia to normal appearing epithelium.

CONCLUSIONS

• The muscle regeneration in this chemically in-
duced carcinogenesis model, appears different 
than the classic models of muscle regeneration, 
where the activated satellite cells did not take 
the upper hand. 

• FAPs from the fat rich area at distal end are in-
volved in the regeneration process, at least for 
elongation of the short pouches at the distal end.  

• The muscle regeneration in this model takes 
place by perivascular MNCs (the deeper layer) 
and fibroblasts of lamina propria at the upper 
side. Both were Pax-7 positive along the follow 
up time after TQ in groups CI and CII till end of 
the proliferation phase. 

• The nerve regeneration in this model fol-
lows MFs formation and maturation as shown 
by NFH expression that was decreased after 
DMBA application due to nerve and muscle 
necrosis. Then, gradually increased as during 
development till reaching the threshold level, at 
which the expression declines by dephosphory-
lation and subsequent proteasomal degradation.
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RECOMMENDATIONS

From the present results it can be recommended 
to try higher doses and other routes of administra-
tion of TQ and other models of muscle and nerve 
injury. As well as testing muscle function restora-
tion after TQ treatment using specific techniques as 
electromyography.
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