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NERVE GROWTH FACTOR IMPROVES MUSCLE
HEALING FOLLOWING MECHANICAL INJURY

o
Raouf F. Bedir; Dalia M. Saleh,
Mona A. Elshahat and Adel A. El-Hawary

From
Department of Anatomy, Faculty of Medicine,

Mansoura University, Mansoura, Egypt

ABSTRACT

Muscle injuries are very common
in sports and trauma. The need for a
quick and more complete recovery of
the muscle after injury directs the at-
tention towards growth factors, which
are hormone-like biologically active
polypeptides that control cell growth
and differentiation. It was observed
that nerve growth factor (NGF) is a
potent stimulator of myoblast prolife-
ration and fusion in vitro, thus, it was
anticipated that NGF could enhance
muscle healing in vivo. Six adult albi-
no rats were used in this study. Both
right and left gastrocnemius muscles
of the albino rats were cut at 60% of
their length from their distal insertion,
through 75% of their width and 50%
of their thickness, and then sutured
with simple sutures using absorbable
catgut sutures. The right gastrocnemi-
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us muscies of all the albino rats were
injected directly into the lesion with
100 ng/mi of NGF at one, three, and
five days after laceration. The contra-
lateral (left) muscles were injected
with the same volume of physiological
normal saline and were used as a
control. At one week after the injury
the animals were sacrificed and the
gastrocnemius muscles were re-
moved and processed for paraffin
sectioning and stained with Hematox-
ylin and Eosin, Bel-2 and P53 immune
peroxidase stains. It was observed
that NGF enhanced muscle regenera-
tion in vive compared to the control. It
stimulated satellite cells to proliferate
either directly or through enhancing
the inflammatory cell response e.g.
macrophages. Inflammatory cells
were found to survive more and ex-
press death-inhibiting protein Bcl-2
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132 NERVE GROWTH FACTOR IMPROVES MUSCLE HEALING etc.

under the effect of NGF. This lead to
enhancement of satellite cell prolifera-
tion and differentiation. Proapoptotic
protein p53, was found to have no
manifest role in muscle regeneration
in this in vivo study.

INTRODUCTION

Adult skeletal muscle has a re-
markable ability to regenerate follow-
ing myotrauma. Since adult myofibers
are terminally differentiated, the re-
generation of the skeletai muscle is
largely dependent on a small popula-
tion of resident cells termed satellite
(stem) cells (Hawke and Garry, 2001).
In the normal state, these satellite
cells remain in a non-proliferative,
quiescent state. On the other hand, in
response to stimuli such as-growth,
remodeling, denervation or muscle in-
jury, satellite cells become activated
and stimulated to re-enter the cell cy-
cle. They appear as a swelling on the
myofiber with cytoplasmic processes
extending from one or both poles of
the cell. Satellite cells proliferate and
express myogenic markers (now are
termed myoblasts). Ultimately, during
regeneration of damaged skeletal
muscle, these cells fuse to existing
muscle fibers or fuse together to form
new myofibers (Bischoff, 1994; Schu-
Itz and McCormick, 1994).
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~ During regeneration, macrophages
are essential in the orchestration of
the repair process as they secrete a
collection of cytokine factors that reg-
ulate the satellite cell pool (Nathan,
1987). Importantly, in the presence of
ar enhanced macrophage response,
there is an increase in satellite cell
proliferation and differentiation
(Lescaudron et al.,, 1999). Emerging
evidence suggests that regulation of
macrophage apoptosis may be pivotal
in the outcome of an inflammatory re-
sponse. The cytckines, which are a
unique family of growth factors, might
either promote or prevent macro-
phage apoptosis. This process is ef-
fectively reversed by the addition of
growth stimuli suggesting that apopto-
sis may represent the mechanism for
eliminating activated macrophages
that are no longer necessary as in-
flammation wanes (Tidball and St.
Pierre, 1996).

Nerve growth factor is a neuro-
trophic factor known to play a crucial
role in neurite growth and differentia-
tion. It is produced by various cell
types including vascular smooth mus-
cle cells and fibroblasts following
wounding (Turrini et al., 2002). NGF
might play an accessory role in the
regulation of immune and inflammato-
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ry reactions through stimulation of
chemotactic migration of human poly-
morphonuclear leukocytes both in vi-
tro and in vivo. It also has an aditional
role in promotion of the proliferation,
growth and differentiation of other
blood elements (Brodie and Gelfand,
1992). It was also observed that it is a
potent stimulator of myoblast prolife-
ration and fusion in vitro. However, its
role and effect on muscle healing fol-
lowing trauma needs further investi-
gation. Therefore, the presen't work
was carried out to study the effect of
NGF on the early events of muscle re-
generation following mechanical injury
in vivo.

MATERIALS AND METHODS

Animals used : Six adult male and
female albino rats obtained from
Animal House, Faculty of Medicine,
Mansoura University were used in this
study. Age varied from 13-15 weeks,
weighting 200-300 g and housed in
cages with softwood granules as bed-
ding. They had free access to stan-
dard diet and drinking water.

Anesthesia : Rats were anesthe-
tized with ether inhalation through
soaked cotton. This method of anes-
thesia was suitable as the surgical

procedure required only few minutes
and the animals were fully recovered
in about 5 minutes.

Injury of skeletal muscle : Gastroc-
enemius muscles were subject to a
cut injury as described by Menetrey et
al. (2000). Under sterile precautions
both right and left gastrocnemius
muscles of the albino rats were cut at
60% of their length from their distal in-
sertion, through 75% of their width
and 50% of their thickness, and then
sutured with simple sutures using ab-
sorbable catgut sutures (6-0) with
rounded non traumatic needles. The
severity of the lesion sustained by the
muscle had been previously deter-
mined as a grade-ll injury according
to the classification of Buckwalter et
al., (1996). Non-absorbable suture
such as Prolene® was used for skin
sutures and served as a landmark for
injection.

NGF injection : The right gastroc-
nemius muscles of all the albino rats
were injected directly into the lesion
with 100 ng/ml of NGF
(Cerebrolysin®, EBEWE Arzneimittel
Ges.m.b.H., pharmacetutical Labora-
tories, A-4866 Unterbach, Austria, Eu-
rope) at one, three, and five days af-
ter laceration using a micro-syringe.
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The contralateral (left) muscles were
injected with the same volume of
physiological normal saline and were
used as a contro). Animals were sacri-
ficed using over dose of ether inhala-
tion followed by cervical dislocation at
seventh day after the injury, and the
gastrocnemius muscles were re-
moved and processed for histological
examination.

Histological and immunohisto-
chemical studies : The isolated gas-
trocenemius muscles of both sides
were fixed in 10% neutral formalin
and processed for paraffin sectioning.
For histological analyses, 4-6 um
cross and longitudinal sections were
collected along the entire length of the
muscle and at the site of the lesion to
evaluate muscle regeneration. The
sections were stained with Hematoxy-
lin and Eosin and with Bcl-2 and P53
immune peroxidase stains. The im-
munohistochemical study was per-
formed using streptavidin-biotin per-
osidase complex technique
(Bhatavdekar et al., 1998) using mon-
oantibodies for Bel2 (Bel2 Ab-3 1:50;
labvision, Westinghouse, Frement
CA. USA) and P53 (Do-7 prediluted
IgG, Kappa; Dako AS, Copenhagen,
Denmark) and counterstained with
hematoxylin. All selected sections
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were examined and photographed us-
ing an Olympus microscope.

Quanriranve erugy ! Seetions con-
taining the largest area of damage
were selected for analysis. An image
of the core of the damaged area, de-
fined as the region that was least re-
generated, was photographed. For
analysis of control muscles, sections
were selected from the same anatom-
ical region as those from injured mus-
cles. The diameter of the regenerating
myofibers in both the injected and the
contralateral control muscles was
measured from photomicregraphs.
The photographs were scanned using
Acer scanner, saved as “ipeg" files
and used fer the statistical studies us-
ing image processing computer soft-
ware "ImageJ". Centronucleated cells
were considered as regenerating
myofibers. Nuclei with no discernible
surrounding cytoplasm were discard-
ed. All the centrally nucleated myofi-
bers within this field were counted
and their diameters were measured
and were compared with those of the
control contralateral non-injected
muscle. Since satellite cells lie be-
tween the sarcolemma and the basal
lamina at the periphery of myofibers
and constitute about 5% of the num-
ber of the peripheral nuclei found in
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the myofibers, it was difficult to count
them alone without using special
stains, which were not used in this
study. Nuclei at the periphery of the
myofibers (Satellite cells nuclei and
myonuclei) were counted and the
mean number and ratio of their diam-
eter compared to myofibers diameter
(nucleo-cytoplasmic ratio) were calcu-
lated and measured in 200 myofibers
in 10 different randomized areas
close to the site of the lesion both in
injected and contralateral control
muscles. The data obtained from the
control and the experimental muscles
were compared using the appropriate
statistical test.

Statistical analysis : Depending on
the number of the sections examined,
either independent sample t-test for
sections number more than 30 with
normal probability distribution or
Mann-Whitney test for sections num-
ber less than 30. The diameters of the
regenerating muscle fibers and the
nucleo-cytoplasmic diameter ratio
were compared in the experimental
and contralaterai muscles using a
paired student t-test. The satellite/
myonuclear number was compared in
the experimental and contralateral
muscles using Mann-Whitney test.
Statistical analysis was not performed

for the number of regenerating myofi-
bers because the number of the ani-
mals was small for formal statistical
comparison. All values are expressed
as means = SD. Significant differenc-
es were attributed with P < 0.05.

RESULTS

Evaluation of muscle regeneration
in vivo : One week following the injury,
the control and the injected muscles
showed signs of degeneration and
acute inflammation. There was inva-
sion of the site of laceration by
inflammatory cells seen perimysial
and endomysial. Some degenerated
muscle fibers appeared pale others
with interstitial edema (Figs. 1, 2). In
longitudinal sections, degenerated
muscle fibers appeared pale and
contracted and were invaded by
phagocytic inflammatory cells (Figs.
3, 4). In the control non-injected mus-
cles, new regenerating myofibers,
identified by their centrally located
nuclei and basophilic sarcopalsm,
were found deep to the site of lacera-
tion while the superficial part was
infiltrated by inflammatory ceils (Fig.
5). The muscles injected with NGF
showed many regenerating myofibers
uniformly distributed both in the
superficial and the deep parts of the
laceration (Fig. 6).

MANSOURA MEDICAL JOURNAL
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Bcl-2 protein expression : In the
control sections stained with immu-
noperoxidase stain with anti Bcl-2
monoclonal antibody, there was an in-
vasion of the injury site by inflamma-
tory cells mainly granulocytes and
were negatively expressing Bcl-2 (Fig.
7). Fibroblasts, fibrocytes and lym-
phocytes were seen among the re-
generating myofibers and were posi-
tively stained with Bcl-2 (Fig. 8). In
NGF injected muscles, Bcl-2 protein
was strongly positive (dark brown) in
the cytoplasm of the inflammatory
cells. The positive cells were mainly
lymphocytes and macrophages; some
macrophages showed double nuclei
and others showed typical cleaved
and kidney shaped nuclei (Figs. 9,
10).

P53 protein expression: Sections
stained with immunoperoxidase stain
with anti p53 monoclonal antibody,
showed that p53 protein was not ex-
pressed in the nuclei of the satellite
cells (peripheral nuclei) either in the
quiescent (Fig. 11), active cr differen-
tiated stages (Fig. 12).

Vol. 36, No. 3 & 4 July., & Oct, 2005

Quantitative histological examina-
tion : Table (1) and figures (13-14)
summarize the mean diameter + SD
of the regenerating myofibers, the
mean number = SD of the satellite-
myonuclear cells and the mean
ratio of the myonuclear/myocfibers
diameter + SD both in the control and
the NGF injected muscles. Thke mean
diameter of the regenerating myofi-
bers was 28.2 = 7.7 for the control
and 41.4 = 12.4 for the NGF injected
muscles. The mean ratio of the
myonuclear/myofiber diameter was
0.08 = 0.03 for the control and 0.001
* 0.04 for the NGF injcted muscles.
The mean number of satellite-
myonuclei cells was 35.8 + 8.5 for
the control and 45.2 = 15.7 for the
NGF injected muscles. The mean
diameter of the regenerating myofi-
bers and the mean ratio of the
myonuclear/myofiber diameter were
significantly higher in the NGF inject-
ed muscles compared to the control
while the mean number of satellite-
myonuclei cells in the NGF injected
muscles was not significantly different
from that of the control.
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e, Grouping variable

Mean = SD P value

Control NGF

Satellite cell/myonuceli number
Mvonucleo/cytoplasmic diameter ratio

Diameter of regenerating myofibers (1)

35.8+8.5 452 = 15.7 0.3
0.08=0.03 | 0.001+0.04 | 0.000*
28277 41.4+124 | 0.000*

Values are mean = SD: * highly significant

Figure 1. Photomicrograph of a trans-
verse section of the control
muscle one week after the
injury at the site of the lesion
showing, degenerated mus-
cle fibers (arrows) and infil-
tration of the area by inflam-
matory cells (arrowheads).
Hx & Eosin, X100.
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Figure 2. Photomicrograph of a trans-
verse section of NGF inject-
ed muscle one week after
the injury at the site of the
lesion showing, cegenerat-
ed muscle fibers with inter-
stitial edema infiltration of
the area by inflammatory
cells both seen perimysial
(curved arrows) and endo-
mysial (arrowheads). Hx &
Eosin, X100.

MANSOURA MEDICAL JOURNAL




138 NERVE GROWTH FACTOR IMPROVES MUSCLE HEALING etc.

Figure 3. Photomicrograph of a longitucinal section of the control muscle one
week after the injury at the site of the lesicn showing, contracted mus-

week zafter the injury at the site of the lesion showing, pale necrotic (M)
and lacerated (L) muscle fibers invaded by inflammatory cells (arrows).
Hx & Eosin, X400.
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Figure 5. Photomicrocraph of a transverse section of the control muscle one
week after the injury at the site of the lesion showing, few regenerated
myofibers (arrowheads) in the deep part of the section (d) and infiltra-
tion of the inflammatory cells in the superiicial part of the section (s).
Hx & Eosin, X100.
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Figure 6. Photomicrograph of a transverse section of NGF injected muscle one
week after the injury at the site of the lesion showing, regenerated
myofibers (arrowheads) in the deep (d) and the superficial (s) parts of
the section. Hx & Eosin, X100.
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Figure 7. Photomicrograph of a longitudinal section of the control muscle one
week after the injury at the site of the lesion showing, cegenerated
muscle fibers (arrows) and infiltration of the area by negatively stained
inflammatory cells mainly granulocytes (arrowheads). Bel-2 immunpe-
roxidase stain, X100.
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Figure 8. Photomicrograph of a transverse section of the control muscle one
week after the injury at the site of the lesion showing, positively stained
fibrocytes (arrows) and inflammatory cells both lymphocytes
(arrow)lzgoag) and macrophage (short arrows). Bcl-2 immunperoxidase
stain, :

MANSOURA MEDICAL JOURNAL
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4

Figura 15: The mean diameter of the regenerating myofibers of the control

and NGF injected rats.

DISCUSSION

Skeletal muscle has an impressive
ability to regenerate itself on a daily
basis as well as i response to injury.
The development of the use of growth
factors, which will give guicker and
more complete recovery, may signifi-
cantly affect the downtime after injury.
I.l.scle regeneration following injury
cdepends primarily upen satellite cells
and upon other cellular processes in-
volving non-muscle cells. One of the
earliest of these is the inflammatory
response, which facilitates myogene-
sis via phagocytosis of cellular debris
and the release of chemoattractants
and growth factors (Chazaud et al.,,
2003). In this study it was found that
vthen muscle fibers are damaged by
Vel. 36, No. 3 & 4 July., & Oct, 2005

cut injury, several overlapping cellular
processes, including inflammation
and myogenesis took place. These in-
itial data confirm those of Grounds
(1991). Skeletal muscle rageneration,
initiated by muscle injury, involves the
degeneration of damaged myofibers,
formation of 2 hematoma, necrosis of
muscle tissue and an inflammatory
cell response. Haslett et al. (1894) re-
ported that neutrophils and macro-
phages accumulate &t the injury zone
as early as 30 minutes post injury.
Neutrophils prepare the site for further
events in muscle regeneration by re-
leasing compounds, which break
down both foreign and cellular materi-
als, thus decreasing the likelihood of
the wound becoming a route for sys-
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temic infection. They then undergo
apoptosis (programmed cell death).

Macrophages migrate to the dain-
aged area through bloodstream and
from the muscle and surrounding tis-
sue by direct chemotaxis under the
effect of soluble signals from tissue
destruction (Carlson and Faulkner,
1983; Armstrong, 1990; Robertson et
al. 1993). Macrophages are thought
to be responsible for phagocytosis of
the bulk of the macromoelecules result-
ing from damaged myofibers, extra-
cellular matrix and apoptotic neu-
trophils. They can also orchestrate
loczlized immune responses in the in-
jury zone by producing a large variety
of soluble factors (Nathan, 1987).
They release factors such as platelet
derived growth factor (PDGF) and an
undefined satellite cell-specific factor,
which stimulate satellite cell prolifera-
tion in the injury zone (Cantini et al.
1994; Cantini and Carraro, 1995).

Skeleta | muscle repair includes
activation of satellite cells (Bischoff,
1990). When a muscle is damaged,
these cells are activated within 18
hours after the injury (Wanek, 1997).
Quiescent satellite cells are activated
by various growth factors or myogenic
regulatory factors "wound hormones®,

which are released from the damaged
myofibers and the extracellular matrix
surrounding them (Dodson et al.
1996). This is done through interac-
tion with growth factors receptors on
the surface of these cells. Once these
satellite cells have undergone diffe-
rentiation they can then fuse to exist-
ing muscle cells. This fusion allows
the satellite cell to donate needed
myonuclei to the wounded or develop-
ing muscle cell. It also appears that
these cells are able to migrate, and
may move from healthy areas of the
muscle to the injured area in re-
sponse to chemical stimuli. They then
fuse together to form myoblasts,
which in turn fuse to form myotubes.
One of the hallmarks of regenerating
myofibers is the centrally located po-
sition of the myonuclei. Finally, the re-
generated muscle matures and con-
tracts with reorganization of the scar
tissue (Best, 1995). Upon maturing,
muscle fiber nuclei are located along
the cell periphery (Hawke and Carry,
2001).

NGF may have some significance
in muscle regeneration, notably at the
reinnervation phase. It is anticipated
that NGF has a potent stimulator of
muscle regeneration in vivo as those
seen in vitro (Toti at al. 2003). In this

MANSOURA MZDICAL JOURNAL
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study there was a significant increase
in the mean myonuclei/myofiber diam-
eter ratio and the size of the regener-
ating myofibres as an index of muscle
regeneration in the NGF injected
group compared to the control. It has
also been found that regenerating
myofibres were located both in the
deep and the superficial areas of the
injured site of muscles only when
trected with NGF. Thus demonstrat-
ing greater initial healing when the in-
jured muscle is treated with NGF.
This could be a direct effect of NGF
upon satellite cells or indirectly
through up-regulation of macrophag-
¢s, which clean the site of injury by in-
itiating phagocytosis of tissue debris
in preparation for the healing process
and procduce factors influencing satel-
lite cell proliferation and differentiation
through stimulation of its migration
and delay its apoptosis by activation
¢i death inhibiting proteins
(Lescaudron et al., 1599).

Inflammation, on the other hand,
results in an early and maintained ele-
vation in the levels of NGF in injured
tissue (McMahon, 1986; Woolf, 1996).
Neutralizing the action of the in-
creased NGF with specific anti-NGF
antibodies decreases inflammatory
hypersensitivity, indicating that this

Vel. 36, No. 3 & 4 July., & Oct, 2005

neurotrophin is very important in the
production of inflammatory pain
(Woolf, 1996). The systematic and lo-
cal application of exogenous NGF has
been shown to produce a rapid and
prolonged behavioral hyperalgesia in
both animals and man (McMahon,
1993). Such behavior was observed
in rats injected with NGF in this study
as they frequently bit their sutures af-
ter the injection.

NGF, on the other hand, has been
shown to regulate the life span of both
granulocytes and macrophzages in vi-
tro (Kannan et al., 1922). Orlofsky &t
al. (1989) documented the cccurrence
«f a protective Bcl-2 family member in
inflammatory neutrophils and macro-
phages. In this study it was found that
NGF retarded apoptosis in neutroph-
ils, macrophages and other inflamma-
tory cells by activating the anti-
apoptotic Bcl-2 protein leading to ac-
cumulation of these inflammatory
cells.

Although many studies strongly
supported the role of p53 in myogene-
sis in vitro, as expression of p53 in-
creases during differentiation and fu-
sion of skeletal muscle cells (Halevy
et al., 1995; Soddu et al., 1996; Tamir
and Bengal, 1998). Also, myotube for-
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mation in vitro is impaired in myogen-
ic cells expressing a dominant nega-
tive p53 protein and in primary myo-
blasts derived from p53 -/- muscle
(Porrello et al., 2000). This role was
not manifested in this in vivo study.
This finding is supported by (White et
al., 2002) who indicated that pS3 is
not required for the regulation of myo-
blast proliferation, differentiation and
myotube formation in vivo during
myogenesis of adult skeletal muscle.
This could be explained by the possi-
bility that genes responsible for myo-
blasts differentiation could be upregu-
lated in a way independent of p53 in
vivo and the critical role of cell contact
may possibly account for the differ-
ences between in vitro and in vivo re-
sults.

CONCLUSION

In conclusion, under these experi-
mental conditions, this study has
shown that serial injections of NGF
into an injured muscle improved
muscle healing in vivo. Further stud-
ies will be needed to investigate an
eventual dose-dependent response.
The current study also documents
the occurrence of a protective Bcl-2
family member in inflammatory
neutrophils and macrophages, which
was expressed in NGF treated

muscles leading to enhancement of
the effect of these inflammatory
cells. It is also concluded that inflam-
matory cells play a role in satellite
cell activation and preliferation. We
have also found that the tumor sup-
pressor gene p53, which is recog-
nized as a central regulator of the cell
cycle and apoptosis, had no manifest
role in muscle regeneration in this in
vivo study.

ACKNOWLEDGMENT
The authors wish to thank Dr.
Omar Gabr for critica! reading of the
manuscript.

REFERENCES

1. Armstrong, R.B. (1990) : Initial
events in exercise induced
muscular injury. Med. Sci.
Sports Exere., 22:429--435,

2. Best, T.M. (1995) : Muscle-tendon
injuries in young athletes.
Clinics in Sports Med.,
14(3):669-686.

3. Bhatavdekar, J.M.; Patel, D.D.;
Chikhilkar, R.R. (1998) :
Overexpression of CD44: a
useful independent predictor
bf prognosis in patients with
colorectal carcinomas. Ann.

MANSOURA MEDICAL JOURNAL



Surg. Oncol., 5:495-501.

4. Bischoff, R. (1990) : Interaction

between satellite cells and
skeletal muscle fibers. De-
velopment, 109:943-952,

5. Bischoff, R. (1994) : The satellite

cell and muscle regenera-
tion. In: Myology, ecited by
Engel, A.G. and Frazinj-
Armstrong, C., New York:
McGraw-Hill, p.97 -118.

6. Brodie, D. and Gelfand, E.W.

(1992) : Functional nerve
growth factor receptors on
human B lymphocytes. In-
teraction with IL2. Journal of
Immunology, 148:3492-
3497.

7. Buckwalter, J.A.; Einhorn, T.A_;

Bolander, M.E.; Cruess,
R.L. (1996) : Healing cf the
musculoskeletal tissues. In:
Rockwood, C.A., Green,
D.P.; Bucholz, R.W.: Heck-
man, J.D. eds. Fractures in
Adults. 4th ed. Philadelphia:
Lippincott Raven, 261-304.

8. Cantini, M. and Carraro, U,

(1995) : Macrophage re-

Vol. 36, No. 3 & 4 July., & Oct, 2005

146 NERVE GROWTH FACTOR IMPROVES MUSCLE HEALING etc.

leased factor stimulates
selectively myogenic cells in
primary muscle culture. J.
Neuropathol. Exp. Neurol.,
54(1):121--128.

9. Cantini, M.; Massimino, L.M.:

Bruson, A.; Catani, C.;
Dalla Libera, L.; Carraro,
U. (1994) : Macrophages
regulate proliferation and
differentiation of satellite
cells. Biochem. Biophys.
Res. Comm., 202(3):1688--
1696.

10. Carlson, B.M. and Faulkner,

J.A. (1983) : The regenera-
tion of skeletal muscle fibers
following injury: A Review.
Med Sci Sports Exerc.,
15(3):187-198.

11. Chazaud, B.; Sonnet, C.; La-

fuste, P.; Bassez, G.: Ri-
maniol, A.C.; Poron, F.;
Authier, F.J.; Dreyfus,
P.A.; Gherardi, R.K. (2003)
: Satellite cells attract mono-
Cytes and use macrophages
as a support to escape
apoptosis and enhance
muscle growth. J. Cell Biol.,
163: 1133-1143.



Raouf F. Bedir etal...
12. Dodson, M.V.; McFarland, D.C.;

Grant, A.L.; Doumit, M.E.:
Velleman, S.G. (1996): Ex-
trinsic regulation of domestic
animal-derived satellite
cells. Dom. An. Endocrinol.,
13(2):107--1286.

13. Grounds, M.D. (1991) : Towards

understanding skeletal mus-
cle regeneration. Path. Res.
Pract., 187:1-22.

14. Halevy, O.; Novitch, B.G.: Spic-

er, D.B.; Skapek, S.X.:
Rhee, J.; Hannon, G.J.;
Beach, D.; Lassar, A.B.
(1995) : Correlation of termi-
nal cell cycle arrest of skele-
tal muscle with induction of
P21 by MyoD. Science.,
267:1018-1021.

15. Haslett, C.; Savill, J.S.; Whyte,

M.K.B.; Stern, M.; Drans-
field, I.; Meagher, L.C.
(1994) : Granulocyte apop-
tosis and the control of in-
flammation. Biol. Sci.,
345:327--333.

16. Hawke, T.J. and Garry, D.J.

(2001) : Myogenic satellite
cells: physiology to molecu-

147
lar biology. J. Appl. Physiol.,
91:534-551.

17. Kannan, Y.; Usami, K.; Okada,

M.; Shimizu, S.; Matsuda.
H. (1992) : Nerve growth
factor suppresses apoptosis
of murine neutrophils. Bio-
chem. Biophys. Res. Com-
mun., 186:1050.

18. Lescaudron, L.; Peltekian, E.;

Fontaine-Perus, J.; Paulin,
D.; Zampieri, M.: Garcia, L.
and Parrish, E. (1999) :
Blood borne macrophages
are essential for the trigger-
ing of muscle regeneration
following muscle transplant.
Neuromuscul. Disord., 9:72-
80.

19. McMahon, S.B. (1996) : NGF as

a mediator of inflammatory
pain. Philos. Trans. R. Soc.
Lond. B. Biol. Sci., 351:431-
440.

20. Menetrey, J.; Kasemkijwattana,

C.; Day, C.S.; Bosch, P.;
Vogt, M.; Fu, F.H.: More-
land, M.S.; Huard, J.
(2000) : Growth factors im-
prove muscle healing in

MANSOURA MEDICAL JOURNAL



148 NERVE GROWTH FACTOR IMPROVES MUSCLE HEALING etc.

vivo. J. Bone and Joint
Surg., 82:131-137.

21. Nathan, C.F. (1987) : Secretory
products of macrophages. J.
Clin. Invest., 79:319-326.

22. Orlofsky, A.; Somogyi, R.D;
Weiss, L.M.; Prystowsky,
M.b. (1999) : The Murine
antiapoptotic protein A1 is
induced in inflammatory ma-
crophages and constitutively
expressed in neutrophils. J.
Immunol., 4:412-419.

23. Porrello, A.; Cerone, M.A.;
Coen, S.; Gurtner, A.; Fon-
temaggi, G.; Cimino, L.;
Piaggio, G.; Sacchi, A.;
Soddu, S. (2000) : P53 reg-
ulates myogenesis by trig-
gering the differentiation ac-
tivity of prb. J. Cell Biol.,
151:1295-1304.

24. Robertson, T.A.; Maley, T.A.M.;
Grounds, M.D.; Papadimit-
riou, J.M. (1993) : The role
of macrophages in skeletal
muscle regeneration with
particular reference to che-
motaxis. Exp. Cell Res.,
207:321--331.

Vol. 36, No. 3 & 4 July., & Oct, 2005

25. Schultz, E. and McCormick,

K.M. (1994) : Skeletal mus-
cle satellite cells. Rev. Phys-
iol. Biochem. Pharmacol.,
123:213-257.

26. Soddu, S.; Blandino, G.; Scar-

digli, R.; Coen, S.; Mar-
chetti, A.; Rizzo, M.G.;
Bossi, G.; Cimino, L.;
Crescenzi, M.; Sacchi, A.
(1996) : Interference with
p53 protein inhibits hemato-
poietic and muscle differen-
tiation. J. Cell Biol., 134 :
193-204.

27. Tamir, Y. and Bengal, E. (1998) :

P53 protein is activated dur-
ing muscle differentiation
and participates with MyoD
in the transcription of mus-
cle creatine kinase gene.
Oncogene., 17:347-356.

28. Tidball, J.G. and Pierre, B.A.

(1996) : Apoptosis of macro-
phages during the resolution
of muscle inflammation. J.
Leukoc. Biol., 59:380--388.

29. Toti, P.; Villanova, M.; Vatti,

R.; Schuerfeld, K.; Stum-
po, M.; Barbagli, L.;



Raouf F. Bedir et al...

Malandrini, A.; Costanti-
ni, M. (2003) : Nerve gro-
wth factor expression in hu-
man dystrophic muscles.
Muscle Nerve, 27(3):370-
373.

30. Turrini, P.; Gaetano, C.;

Antonelli, A.; Capogrossi,
M.C.; Aloe, L. (2002) :
Nerve growth factor induces
angiogenic activity in a
mouse model of hindlimb is-
chemia. Neurosci Lett.,
323(2):109-12.

31. Wanek, L. (1997) : Skeletal Mus-

cle Development, Injury, and
Regeneration. In: Musculos-
keletal Pathckinesiology I,

149
Spring, San Francisco.

32. White, J.D.; Collins, R.; Vermeu-

len, R.; Davies, M.
Grounds, M.D. (2002) : The
role of p53 in vivo during
skeletal muscle post-natal
development and regenera-
tion: studies in p53 knockout
mice. Int. J. Dev. Biol.,
46:577-582.

33. Wooif, C.J. (1996) : Phenotypic

modification of primary sen-
sory neurons: the role of
nerve growth factor in the
production of persistent
pain. Philos. Trans. R. Soc.
Lond. B. Biol. Sci., 351:441-
448,

MANSOURA MEDICAL JCURNAL




150 NERVE GROWTH FACTOR IMPROVES MUSCLE HEALING etc.
SNl I.L‘..;‘J| Mw.a.ﬁl s Jole
PR ST CJ-'LI o

: Al yad) Cpe LB gt

ol el Gl i Wbl o 0 J1 ey £l )] s ogad ] EL 2 SVl ol

o ot Sl N (Al el Jalpe LU iVl Crs 2lo¥] any S¥aal -
sl ke o das ) 025 LML 5dy 5 e s At as I saas slas )yl S
ol Jole o @320 o 0 ey k) 2506 Loy Lkiaall W 2SS 55 sime e
Al (] gl Jale SLn] 5 Al ol gy o] S5 s Al pll e i 45zl

el s g
ond | Slglas

Adadll o gl ey iliacall 20 oy o i 12l ] O Ahinald L ot
syl Db Las Yy gl Oliall Aoy sl L

:L«b.ﬂla.-‘lm

L)l bl Lols Glall Aiaal 20 Jis 5 pmarall padl ole 51 ol s s B ) U5,
Sl 5 b oo 0l 520 Ul ald Al W 1 3 b e all iy liadl e sl
Ve e I s G s gl U 1 iy a5 (ST U i 2001 UL
drs s adondlly el L R i 5al I o gl ol LN & iy o Wyl
e B Szl p Ll (5 5 sas W ) 0 O ALY s Sl o Sl i i L
- |

Sl Ao

Vol. 36, No. 3 & 4 July., & Oct, 2005



	NERVE GROWTH FACTOR IMPROVES MUSCLE HEALING FOLLOWING MECHANICAL INJURY
	Recommended Citation

	tmp.1672435083.pdf.ubZwY

