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Abstract: The present study investigated the role of Testosterone on the regenerative capacity in two
metamorphic stages of the tadpoles of the Egyptian toad, Bufo regularis Reuss, after amputation of the hind limb
at the mid-shank level. It indicated an enhancing effect of Testosterone treatment on limb regeneration in the
prometamorphic (stage 56), where 90% of the cases regenerated toes ranging from five to one compared with
77.3% in the control group, also the differential effect of testosterone on the number of toes was obvious in the
treated animals, where 30% and 35% of the cases regenerated five and four toes respectively compared with
27.3% and 31.8% in the control group. In the metamorphic stage (stage58), the effect of testosterone was also
obvious, where 38.6% of the treated cases restored toes compared with 13.3% of the cases in the control group.
45.5% of the treated cases restored part of the foot compared with 20 % of the cases in the control group.
Histological observations of the treated limbs revealed that the formation of thick epithelial covering and
complete skin is faster than that of the control animals. This may indicate that the enhancing effect of
testosterone on limb regeneration, this may be due to the acceleration of wound healing either by its action upon
the proliferative phase of healing which involves immune processes such as reepithelialization and angiogenesis
or by the production of IGF-1 or by its stimulatory effect through Wnt/B-catenin signaling resulting in the
initiation of the early phases of limb regeneration.

[Hamida Hamdi, Abdel-Wahab EL-Ghareeb, Alaa Shamakh and Sakina Saced Effect of Testosterone on Hind
Limb Regeneration in Tadpoles of the Egyptian Toad, Bufo Regularis Reuss] Life Science Journal,. 2011;
8(4): 269-283] (ISSN: 1097-8135). http:/www.lifesciencesite.com.

Key Words: Limb regeneration, Amphibia, Testosterone.

List of Abbreviations:

As Astragalus BL Blastema C Cartilaginous collar CD Cellular debris CF Cartilage or procartilage formation CP
Cartilaginous cap E Epiphysis FC Fibrocytes or fibrocellular accumulation M Muscle fibres or Muscle Group MG
Multicellular glands ML Melanophores MS Mesenchymal cells PH Phalanges SC Scar of fibrocellular tissue TF
Tibio-fibula. WE Wound epithelium

Introduction lost parts, and hypertrophy of amputated bones
Limb regeneration is one of the best examples occurs (Masaki and Ide, 2007). In contrast,
of organ/appendage regeneration in vertebrates and amphibians have exceptionally high regenerative
has been called ‘epimorphosis’ since it requires capacity for limb regeneration. Urodele amphibians
blastema formation and proliferation (Brockes, such as newts and salamanders can regenerate their
1997; Suzuki et al., 2006) though there has been limbs following amputation any time during their
criticism of the classical definition of epimorphosis life cycles, although there is a non-regenerative
and morphallaxis (Agata et al., 2007). Among mutant in axolotls (Sato and Chernoff, 2007).
tetrapods, the cellular and molecular mechanisms Anuran amphibians such as Xenopus are
involved in limb development are highly conserved, intermediate between urodele amphibians and other
where fully developed limbs share a common vertebrates in terms of their regenerative capacity,
skeletal pattern (Muneoka and Sassoon, 1992). On in that they can completely regenerate developing
the other hand, the regenerative responses of limbs hind limb buds prior to the onset of metamorphosis,
after amputation differ from animal to animal but regenerative capacity declines gradually as
among tetrapods. Birds cannot regenerate limbs at metamorphosis proceeds (Dent, 1962; Muneoka e?
any stage of development and, surprisingly, al., 1986; Suzuki et al., 2006).
mammals have slightly better limb regenerative Many investigations have dealt with the
capacity than that of birds. Embryonic and neonatal factors affecting either retardation or enhancement
mice can regenerate their digit tips if they are of the regenerative capacity among urodeles and
amputated through the distal phalanx (Borgens anurans, by using several experimental means such
1982; Reginelli ef al., 1995), and similar digit tip as mechanical, electrical, chemical, and hormonal
regeneration occurs in humans (Douglas, 1972; means.
Illingworth, 1974). After amputation at a more Hormones as well as hormone-like growth
proximal level, a neonatal mouse cannot regenerate factors are well known to promote cellular
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differentiation and regeneration (Leon et al., 1998;
De luca et al., 1999).

Dyson and Joseph (1968) concluded that the
treatment of rabbit females with testosterone
stimulates their regenerative growth in the ear.

Beran et al. (1982) concluded that
testosterone and some of the synthetic analogs
tested exert their hemopoietic effect, at least partly,
by affecting the maintenance of erythroid and
granulocytic stem cells, directly by increasing their
survival or proliferation or indirectly by increasing
the input from multipotent stem cell pool, or by
both mechanisms.

Kinderman and Jones (1993) proved that
testosterone propionate administration during facial
nerve injury results in an increase in ribosomal
levels in hamster facial motoneuron system (FMN).

Bardin, 1996; Katznelson et al., 1996;
Bhasin et al., 1997&2000; Swerdloff and Wang,
2003 stated that treatment with testosterone
improves muscle mass and strength, bone density,
and reduces visceral fat in a variety of subjects.

Brown et al. (2001) suggested that
testosterone enhances the rate of regeneration by
increasing the neuronal cytoskeletal response after
axonal injury. And suggested a common
mechanism for gonadal steroid action on
regenerating motoneurons across species.

Ustiinel e al. (2003) determined that
testosterone can induce protein synthesis in
gastrocnemius muscle fibres, and induces changes
in shape and size, and also can change the
appearance and the number of fibres.

Sinha-Hikim er al. (2003) Concluded that
testosterone -induced muscle fiber hypertrophy is
associated with an increase in satellite cell number,
a proportionate increase in myonuclear number, and
changes in satellite cell ultrastructure.

Prokai-Tatrai et al(2007) stated that
testosterone can activate synthesis of bcl-2 protein,
which prevents cell apoptosis in the injured regions.

Cayan et al. (2008) showed that testosterone
has a significant role to increase bladder smooth
muscle, leading to improvement in bladder
functions in  postmenopausal women with
urogenital system dysfunction.

Little et al. (2009) suggested that testosterone
has neuroprotective effects on morphology and
function in both highly androgen-sensitive as well
as more typical motoneuron populations, further
supporting a role for testosterone as a
neurotherapeutic agent in the injured nervous

system.
Wilson et al(2009) suggested that
Testosterone has neuroprotective effects on

morphology in both males and females.

Fu et al.(2011) suggested that testosterone
promotes cell proliferation and differentiation via G
protein-coupled receptors and different downstream
pathways in the L6 cell line, although the related
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molecular mechanisms need to be elucidated in
future studies.

The present study was deemed necessary in
view of elucidating further the effect of testosterone
on hind-limb regeneration in a prometamorphic
stage (stage 56) and a metamorphic stage (stage 58)
of the Egyptian toad, Bufo regularis Reuss after
amputation at the mid-shank level.

2 Material and Methods:

Early tadpoles of Bufo regularis Reuss were
collected from the ponds of Abou Rawash, Giza
Governorate, Egypt. The tadpoles were reared in
glass aquaria (60 x 30 x 30cm) in the laboratory at
room temperature 27°C + 2°C, in Department of
Zoology, Faculty of Science, Cairo University.

Two stages were selected for this study.
Staging of the individuals before the operation was
carried out according to the normal table of Sedra
and Michael (1961). The selected stages were
numbered 56 and 58. The most distinctive external
criteria of these stages are as follows:

Stage 56 (A prometamorphic stage)

Age 28 days, length 25mm and tail is 14.5 mm
long. Hind limb is about 1.9 mm in Length.
Landmarks between thigh, shank and foot are more
distinct. Melanophores are scattered on all toes and
are especially dense on the last three toes.

Stage 58 (A metamorphic stage)

Age 39 days, length 30 mm and tail is 17 mm
long. Elbow of right fore-limb is piercing or has
already pierced the overlying skin. The left fore-
limb has passed out through the wide, spout-like
opening of the branchial chamber; thus this limb is
now completely exposed. About 4-5 tubercles on
the palm are prominent. The fourth toe is the
longest. Web clearly developed between 2-3 and 3-
4 toes.

Tadpoles of each stage were randomly divided
into two groups: a control group and a treated one.
Chloretone (Sigma) was used as an anaesthetic
medium in tap water with the concentration 1:2000.
Each operated case was then transferred to a Petri
dish containing half concentration of the anaesthetic
medium, then shortly to another Petri dish
containing tap water in which the operated case
recovered and became motile within few minutes.

For each group, amputation was carried out on
the left hind-limb at the level of the mid-shank (Fig.
1). The right limb was kept intact. Amputation was
carried out by using iridectomy scissors and fine
watch-maker's forceps. Experimental tadpoles were
injected intraperitoneally after amputation with
Testosterone propionate (Testone-E, Misr Co. for
Pharm Ind., Cairo, Egypt) at a single dose of 5ul /
individual.

To clarify the early post-operative histological
changes within the stump tissues, individuals were
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selected and fixed at regular intervals, in a time
series of 1, 3, 5, 7, 10 and 15 post-operative days,
while the remaining tadpoles were left to reach two
weeks after complete metamorphosis. A total of
250 cases were operated. Out of these, 80 cases
were serially sectioned and studied microscopically.

The amputated limbs were then dehydrated
through ascending grades of alcohol, cleared in
cedar wood oil and finally embedded in parablast.
Limbs were serially sectioned longitudinally at a
thickness of 7 microns. The sections were stained

with haematoxylin and eosin for general
histological structures. A total of 160 cases
(metamorphosed  toadlets) were fixed, and

morphologically examined.

To investigate the pattern of skeletal elements,
transparencies of  the operated limbs by using
Victoria blue stain (Bryant and Iten, 1974) and
Alizarin Red S stain (Sedra, 1950) were made.

Photomicrographs of representative sections
and limbs of both control and treated animals were
prepared at a known magnification.

3 Results
STAGE 56Group: 1/56 (Control
Histogenesis of time-series®

By the first post-amputation day, the wound
surface was covered with two or three layers of
epithelial cells. Epithelial covering was thicker at
the most distal tip of the regenerate. Nuclei of the
epithelial cells were large and rounded. The
basement membrane was indistinct. The activity of
macrophages in removing cellular debris was
noticed at the stump surface (Fig. 4).c By the third
post-amputation day, the main bulk of the blastema
was fibro-cellular in nature. Some blastemal cells
began to redifferentiate into cartilage cells added to
the stump skeleton .» By the fifth post-amputation
day, the upper layer of the epidermis was cornified.
Procartilaginous streaks were evident in the distal
regions as an early indication of autopodial
elements on the way to redifferentiate, with
indentation at the most distal part of the regenerate
as a first sign of toes formation. Muscles were
surrounding the skeleton of the regenerate (Fig. 5).
By the seventh post-amputation day,the epidermis
was stratified and the dermis was thin and multi-
cellular glands were embedded within the dermis.
The shank region was restored completely with its
skeletal support. Distally, a chondrifying centre
representing the foot skeleton was observed.
Muscles were surrounding the skeleton of the
regenerate. Lymph spaces were seen beneath the
skin.» By the tenth post-amputation day, the shank
was completely restored. Distally, long skeletal
elements were redifferentiated representing the
autopodial  skeleton. Muscles were  well-
redifferentiated surrounding the skeletal elements.
The skeletal elements were normally articulating
with each other .» By the fifteenth post-amputation

group)A)
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day, redifferentiation progressed distally resulting
in the restoration of toes with their skeletal support

(Fig. 6).

B) Final cases

i) General morphological characteristics (Table
1 & Fig.2):

- 44 cases were operated. Out of these:

* 12 cases had regenerated five toes. One of them,
that was demonstrated with Victoria blue stain,
weak chondrification of phalanges of the 1% toe
and the terminal phalanges of 2" toe was
observed (Fig. 7).

14 cases had regenerated four toes each. One of
them, showed that all the regenerated limb
segments were normal while the fourth toe was
short (Fig. 8).

Four cases had regenerated three toes each. One of
them, that was demonstrated with Alizarin red
preparation, astragalus and calcaneum were short
and completely fused (Fig. 9).

» Two cases had regenerated two toes each.

» Two cases had regenerated one toe each.

» Two cases had regenerated part of foot.

* Four cases had regenerated part of the shank
region with a tapering end.

» Four cases had regenerated part of the shank
region with a blunt end.

ii) Histological observations

Two cases were studied microscopically. Both
of them showed advanced histogenesis, restored
normal skeletal elements with normal configuration
and articulation between phalanges. Muscles were
well-restored surrounding the skeletal elements
(Fig. 10).

Group: 2/56 (Testosterone -treated group):

A) Histogenesis of time-series:

* By the first post-treatment day, a thick epithelial
covering closed the wound surface. Basement
membrane was indistinct; the wound cover was
dermis free. Activity of macrophages in removing
cellular debris was noticed. Dedifferentiation of
muscles began around the stump skeleton (Fig. 11).

* By the third post-treatment day, the epidermal
covering was two or three cells thick. Basement
membrane was discontinuous. Unicellular glands
were observed. The dedifferentiated mesenchymal
cells formed a blastema. The whole regenerate was
in the form of a cone (Fig.12).

* By the fifth post-treatment day, melanophores and
multicellular glands were spread beneath the
epidermis. Mitotic activities of the blastemal cells
resulted in more elongation of the regenerate with
its pointed distal tip.

* By the seventh post-treatment day, the tibio-fibula
was completely restored. Distally, a chondrifying
centre representing the autopodial skeleton was
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observed. Muscles were surrounding the skeleton
of the regenerate (Fig. 13).

« By the tenth post-treatment day, more
redifferentiation was observed. redifferentiation of
muscles around the skeletal elements was observed

* By the fifteenth post-treatment day, further
redifferentiation progressed distally resulting in the
restoration of toes with its skeletal support. Skeletal
elements were normally articulating with each other
(Fig. 14).

B) Final cases:

i) General morphological
(Table 1 & Figs. 2):
- 40 cases were operated:
* 12 cases had regenerated five toes each. One of
them, that was demonstrated with Alizarin red
preparation, weak ossification of terminal
phalanges of 1, 2™ ;3™ and 5" toes were noticed
(Fig. 15).
* 14 cases had regenerated four toes each. In one of
them, that was demonstrated with Victoria blue
stain, most skeletal elements were strongly
chondrified (Fig. 16).
* Five cases had regenerated three toes each. One
of them, that was demonstrated with Victoria blue
stain, it showed partial fusion between the basal
phalanges of the 1% and 3™ toes with skeletal
elements of foot region was noticed (Fig. 17).
» Two cases had regenerated two toes each.
» Three cases had regenerated one toe. In one of
them, that was demonstrated with Victoria blue
stain, chondrifying phalanges supporting the toe
were obvious (Fig. 18).
» Two cases had regenerated part of foot.
* Two cases had regenerated part of the shank
region with a tapering end.

characteristics

ii) Histological observations:

Two cases were studied microscopically. In the
first case, the one that regenerated three toes,
restoration of most skeletal elements and soft
tissues was well observed. In the second case; that
regenerated two toes, most of the skeletal elements
of the foot and toes were restored (Fig.19).

STAGE 58

Group: 1/58 (Control group)

A) Histogenesis of time-series

* By the first post-amputation day, the wound
surface was covered with stratified epithelium. The
epithelial cells were having large and rounded
nuclei. Some activity of macrophages in removing
cellular debris was noticed.

* By the third post-amputation day, the epithelial
covering was two or three cells thick. Basement
membrane was seen discontinuous. Dermis was still
hardly seen. Mitotic activities of the blastemal
mesenchyme cells were noticed (Fig. 20).
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« By the fifth post-amputation day, few
melanophores and multicellular glands were
noticed. Cartilage redifferentiation was noticed on
both sides of stump skeleton. The distal part of the
blastema was still fibrocellular in nature.

* By the seventh post-amputation day, the upper
layer of the epidermis was cornified.. Cartilage
redifferentiation progressed at both sides of the
tibio-fibula shaft. Mesenchymal cells of the
blastema were still noticed at the distal end of the
regenerate (Fig. 21).

* By the tenth post-amputation day, the upper layer
of the epidermis was cornified. Melanophores and
multicellular glands were noticed. cartilage
redifferentiation progressed to form a cap above the
collar, while blastema cells were still fibrocellular
in nature.

* By the fifteenth post-amputation day,
melanophores and multi-cellular glands were highly
spread beneath the skin. A cartilaginous collar was
formed around the distal end of the shaft of the
tibio-fibula. The collar was extending apically to
form a cap. A fibrous scar was surrounding the
distal part of the skeleton (Fig. 22).

B) Final casesi) General
characteristics (Table 1 & Fig. 3)
-30 cases were operated. Out of these:

* Four cases had restored one toe each. In one of
them, the shank region was straight with a thin foot
ending with a toe-like protrusion. Upon
demonstration with Victoria blue preparation,
chondrifying phalanges supporting the toe were
obvious (Fig. 23).

* Six cases had restored part of the foot. In one of
them, that was demonstrated with Victoria blue
stain the regenerated part of foot was
small,chondrification was obvious at the base of
foot (Fig. 24).

* Eight cases had restored the shank region with a
tapering end. One of them, that was demonstrated
with Alizarin red preparation, there was incomplete
restoration of skeletal elements (Fig. 25).

» Eight cases regenerated part of the shank region
with a blunt end.

* Four cases were negative.

morphological

ii) Histological observations

The examined case regenerated nearly the
whole shank with a blunt end; it had a toe-like
protrusion laterally, in which, multicellular glands
and melanophores were well-spread within the skin.
A large cartilaginous condylar cap was formed
around the stump skeleton. Muscle fibres were
surrounding the skeletal tissue, but merging distally
into fibrous scar (Fig. 26).

Group: 2/58 (Testosterone -treated group):
A) Histogenesis of time-series:
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* By the first post-treatment day, the wound surface
was covered with a thin layer of epithelial cells that
were condensed at the distal margin of the stump.
These cells were cuboidal with rounded nuclei
while the most outer cells were squamous with
flattened nuclei-basement membrane and dermis
was not seen. Activity of macrophages in removing
cellular debris was noticed (Fig. 27).

* By the third post-treatment day, the epithelial
covering was two or three cells thick. Basement
membrane was discontinuous. Some blastema cells
were redifferentiated into procartilage cells above
the stump skeleton, while other blastema cells were
still undifferentiated having fibro-cellular nature.
The regenerate ended with ablunt end (Fig. 28).

* By the fifth post-treatment day, epidermal
covering was formed of thick stratified squamous
epithelium  with  underlying thin  dermis.
Melanophores and multicellular glands were
observed. Most of the blastema cells were
redifferentiated into cartilage cells and were added
to the stump skeleton, while fibrocellular tissue was
still observed beneath the skin. Some muscle fibres
were redifferentiated at the stump edges,
surrounding the skeletal elements (Fig. 29).

* By the seventh post-treatment day, the upper layer
of the epidermis was cornified, melanophores and
multicellular glands were seen. The addition of
cartilage cells to the stump skeleton resulted in the
formation of thick collar around the tibio-fibula
shaft. mesenchymal cells of the blastema were
intermingled with fibres above the stump skeleton
(Fig. 30).

* By the tenth post-treatment day, melanophores
and multicellular glands were noticed. A
chondrifying centre was formed distally and
articulating with the cartilaginous cap. Muscle
fibres were redifferentiated around the skeletal
tissues. Loose fibrocellular connective tissue was
obviously seen beneath the skin. The distal end of
the regenerate was protruding outwards (Fig. 31).

* By the fifteenth post-treatment day, epidermis was
cornified. The cartilaginous collar formed around
the distal part of the shaft of tibio-fibula was
extending apically to form a cap. Fibrous bundles
were forming a scar underneath the skin (Fig. 32).

B) Final cases:

i) General morphological characteristics (Table
1& Fig.3):

- 44 cases were operated:

*Two cases had restored two toes, One of them, that
was demonstrated with Victoria blue stain, the
shank region was short and the foot was
considerably ending with toes appeared as two
fused small protuberances (Fig.33).

* 15 cases had restored one toe, in one of them, that
was demonstrated with Victoria blue preparations,
the lateral toe -like protrusion was supported by
chondrifying phalanges (Fig.34)
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* 20 cases had restored part of the foot. In one of
them, that was demonstrated with Alizarin red
preparations, complete restoration of tibio- fibula
and no skeletal support at the restored part of foot
was shown (Fig. 35).

« Six cases had restored the part of the shank region
with a tapering end.

* One case had restored part of the shank region
with a blunt end.

ii) Histological observations:

The examined case had regenerated part of the
foot. A cartilaginous collar was formed
representing the distal epiphysis of tibio-fibula and
extending distally into a cartilaginous element
which is the skeletal support of the foot part (Fig.
36).

4. Discussion

The present study aimed to investigate the
effect of testosterone on the restoration of the
regenerative capacity in a prometamorphic stage
(stage 56) and a metamorphic stage (stage 58) of
the Egyptian toad, Bufo regularis Reuss, after
amputation at the mid-shank level. Selection of the
experimental stages was based on the following:
Stage 56 represents the prometamorphic stage,
during which the regenerative capacity starts to
drop down. Stage 58 represents the metamorphic
stage, where the regenerative capacity is reduced
or completely lost.

Scadding (1979) stated that neither
gonadectomy, nor injections of testosterone or 17-
beta estradiol, had apparent effect on the rate of
regeneration or histological appearance of limb
regenerates in the newt Notophthalmus viridescens.

Neither promotion nor inhibition of limb
regeneration was observed.
Tarsoly et al., (1979) concluded that

testosterone exerts a direct peripheral effect on the
callus cells, presumably on their enzyme system.

Vita et al.(1983) tested the effect of
testosterone on the reinnervation of the anterior
tibialis sciatic nerve following crush in rabbits.
And showed that there is accelerative effect of
Testosterone on the regeneration process.

Sassoon et al. (1986) concluded that
testosterone induces both chondrogenesis and
myogenesis in juvenile larynx and that this process
may contribute to the pronounced sexual
dimorphism of the adult vocal organ.

Testosterone has a documented ability to
modulate the activity of immune, fibroblast, and
myogenic precursor cells, which are all components
of regeneration (Grounds, 1987; Zhang et al.,
1998; Friedl ez al., 2000; Horiguchi et al., 2002
and Schneider ef al., 2003).

Jones et al. (2001) showed that exogenous
administration of testosterone immediately after
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nerve injury impacts positively on the functional receptor. The mechanism by which steroidal
recovery through actions mediated by the androgen enhancement of the regenerative properties of
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Fig. (1): Diagrammatic drawing of the left hind-limbs of stages 56 and 58 of the tadpoles of Bufo regularis
Reuss, shown in antero-lateral view. The level of amputation is represented by a line transecting the
mid-shank level.

Fig. (2): A histogram showing comparison between the regenerates of control and experimental tadpoles treated
with Testosterone after amputation at the mid-shank of stage (56) of Bufo regularis.
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Fig. (3): A histogram showing comparison between the regenerates of control and experimental tadpoles
treated with Testosterone after amputation at the mid-shank of stage (58) of Bufo regularis.

Fig. (4): A photomicrograph of a longitudinal section of a regenerate of left hind limb, fixed one day after
amputation. H&E stain (X 200).

Fig. (5): A photomicrograph of a longitudinal section of a regenerate of left hind limb, fixed five days after
amputation. H&E stain (X 100).

Fig. (6): A photomicrograph of a longitudinal section of a regenerate of left hind limb, fixed fifteen days after
amputation. H&E stain (X 100).

Fig. (7): A photomicrograph of a regenerate of left hind limb, fixed two weeks after metamorphosis and
demonstrated with Victoria blue stain (X 25).

Fig. (8): A photomicrograph of a regenerate of left hind limb, fixed two weeks after metamorphosis(X 25).

Fig. (9): A photomicrograph of a regenerate of left hind limb, fixed two weeks after metamorphosis and
demonstrated with Alizarin red stain (X 25).
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Fig. (10): A photomicrograph of a longitudinal section of a regenerate of left hind limb, fixed two weeks after
metamorphosis. H&E stain (X 40).

hSm : : N e
Fig. (11): A photomicrograph of alongitudinal section of a regenerate of left hind limb, fixed one day after
amputation. H&E stain (X 200).
Fig.(12): A photomicrograph of alongitudinal section of a regenerate of left hind limb, fixed three days after
amputation. H&E stain (X 200).
Fig.(13): A photomicrograph of a longitudinal section of a regenerate of left hind limb, fixed seven days after
amputation. H&E stain (X 40).
Fig. (14): A photomicrograph of aLongitudinal section of a regenerate of left hind limb, fixed fifteen days after
amputation. H&E stain (X 40).
Fig. (15): A photomicrograph of a regenerate of left hind limb, fixed two weeks after metamorphosis and
demonstrated with Alizarin red stain (X 25).
Fig. (16): A photomicrograph of a regenerate of left hind limb, fixed two weeks after metamorphosis and
demonstrated with Victoria blue stain (X 25).
Fig. (17): A photomicrograph of a regenerate of left hind limb, fixed two weeks after metamorphosis and
demonstrated with Victoria blue stain (X 25).
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Fig. (18): A photomicrograph of a regenerate of left hind limb, fixed two weeks after metamorphosis and
demonstrated with Victoria blue stain (X 25).

Fig. (19): A photomicrograph of a longitudinal section of a regenerate of left hind limb, fixed two weeks after
metamorphosis. H&E stain (X 40).

733,

Fig. (20): A photomicrograph of a longitudinal section of a regenerate of left hind limb, fixed three days after
amputation. H&E stain (X 100).

Fig. (21): A photomicrograph of a longitudinal section of a regenerate of left hind limb, fixed seven days after
amputation. H&E stain (X 40).

Fig. (22): A photomicrograph of a longitudinal section of a regenerate of left hind limb, fixed fifteen days after
amputation. H&E stain (X 100).

Fig. (23): A photomicrograph of a regenerate of left hind limb, fixed two weeks after metamorphosis and
demonstrated with Victoria blue stain (X 25).

Fig. (24): A photomicrograph of a regenerate of left hind limb, fixed two weeks after metamorphosis and
demonstrated with Victoria blue stain (X 25).
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Fig. (25): A photomicrograph of a regenerate of left hind limb, fixed two weeks after metamorphosis and
demonstrated with Alizarin red stain (X 25).

Fig. (26): A photomicrograph of a longitudinal section of a regenerate of left hind limb, fixed two weeks after
metamorphosis. H&E stain (X 40).

Fig. (27): A photomlcrograph of alongltudlnal section of a regenerate of left hind limb, fixed one day after
amputation. H&E stain (X 200).

Fig.(28): A photomicrograph of alongitudinal section of a regenerate of left hind limb, fixed three days after
amputation. H&E stain (X 200).

Fig.(29): A photomicrograph of aLongitudinal section of a regenerate of left hind limb, fixed five days after
amputation. H&E stain (X 100).

Fig.(30): A photomicrograph of a longitudinal section of a regenerate of left hind limb, fixed seven days after
amputation. H&E stain (X 100).

Fig.(31): A photomicrograph of alongitudinal section of a regenerate of left hind limb, fixed ten days after
amputation. H&E stain (X 100).

Fig.(32): A photomicrograph of aLongitudinal section of a regenerate of left hind limb, fixed fifteen days after
amputation. H&E stain (X 40).

Fig. (33): A photomicrograph of a regenerate of left hind limb, fixed two weeks after metamorphosis and
demonstrated with Victoria blue stain (X 25).

Fig. (34): A photomicrograph of a regenerate of left hind limb, fixed two weeks after metamorphosis and
demonstrated with Victoria blue stain (X 25).
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Fig. (35): A photomicrograph of a regenerate of left hind limb, fixed two weeks after metamorphosis and

demonstrated with Alizarin red stain (X 25).

Fig. (36): A photomicrograph of a longitudinal section of a regenerate of left hind limb, fixed two weeks after

metamorphosis. H&E stain (X 40).

injured motoneurons occurs may involve pre-
existing androgen receptors, heat shock proteins,
and modulation of the cellular stress response.

Testosterone generally has
immunosuppressive and anti-inflammatory
properties (McCruden and Stimson, 1991; Giglio
et al., 1994; Wichmann ez al., 1997; Savita and
Rai, 1998), although there is evidence that
Testosterone promotes inflammation in dermal
wound healing (Ashcroft and Mills, 2002;
Ashcroft et al., 2003).

Testosterone increases expression of the nerve
growth factor (Tirassa et al., 1997) and mediates
promotion of neurite growth and interneural
communication through branching and arborization
(Kujawa et al., 1991).

Phillip ez al.(2001) conclude that testosterone
has a direct, local, GH-independent effect on
growth of the tibial epiphyseal growth plate and
IGF-1 receptor abundance in hypophysectomized
and castrated rats.

White et al. (2009) showed that Nandrolone
decanoate (ND) (exogenous  testosterone)
administration can enhance castrated mouse muscle
regeneration during the recovery from bupivacaine-
induced injury. ND had a main effect for increasing
muscle MyoD and cyclin DI mRNA expression at
14 days.

The present results indicated an enhancing
effect of testosterone treatment on limb
regeneration in stage 56, where 90% of the cases
regenerated toes ranging from five to one compared
with 77.3% in the control group, also the
differential effect of testosterone on the number of
toes was obvious in the treated animals, where 30%
and 35% of the cases regenerated five and four toes
respectively compared with 27.3% and 31.8% in
the control group.

In the metamorphic stage (stage58), the effect
of testosterone was also obvious, where 38.6% of
the treated cases restored toes compared with
13.3% of the cases in the control group. And
45.5% of the treated cases restored part of the foot
compared with 20 % of the cases in the control
group.

The present results agree with and support the
results of (Dyson and Joseph 1968; Vita et al.,
1983;Grounds 1987; Zhang et al., 1998; Friedl et
al., 2000; Horiguchi ef al., 2002 and Schneider ef
al., 2003). Who showed the accelerative effect of
testosterone on the regeneration process.

Histological observations of the treated limbs
revealed that the formation of thick epithelial
covering and complete skin is faster than that of the
control animals.

Demling (1999) found that anabolic agents,
human growth hormone, HGH, and the testosterone
analogue, oxandrolone, after severe burn injury,
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significantly decreased weight and nitrogen loss
and increased healing with nearly identical benefits.

Testosterone is needed for the wound healing
process since decreased levels impede healing
(Stanford et al., 1999; Demling, 2000; Demling
and Orgill 2000).

Karim et al. (1973); Janssens and
Vanderscheuren (2000) demonstrated a significant
increase in net protein synthesis, especially in
muscle and skin, with high doses of Testosterone
delivered parenterally.

Previous studies have shown the importance
of testosterone on dermal wound healing (Ashcroft
and Mills, 2002; Ashcroft et al.,, 2003) and the
modulatory effects of this hormone on immune
responses (Cutolo et al., 2002; Palaszynski ef al.,
2004).

Robert and Demling (2005) showed that
exogenous administration of anabolic agents
,human growth hormone, insulin-like growth
factor-1, insulin, testosterone and its analogs
maintained or increased lean body mass as well as
directly stimulate the healing process through their
anabolic and anticatabolic actions.

The anabolic properties of testosterone were
defined in the 1930s. These include an increase in
muscle size, synthesis, and strength. Increased skin
thickness has also been noted with administration
of testosterone to hypogonadal men. The
importance of testosterone is evident by the
complications seen with low Testosterone levels,
which include sarcopenia or lost lean mass,
increased rate of development of osteoporosis,
anemia, thinning of skin , weakness, and impaired
wound healing (Carson-Jurica et al., 1990; Kuhn,
2002 and Matsumoto, 2002 )

Engeland ez al. (2009) suggested that human
mucosal healing rates are modulated by testosterone
levels. Based upon when between-group differences
were observed, testosterone may impact upon the
proliferative phase of healing which involves
immune processes such as reepithelialization and
angiogenesis.

Hobbs et al. (1993) indicated that 6 weeks
treatment of normal men with testosterone leads to
an increase in serum IGF-I levels.

IGF-1 is considered to be a wound healing
stimulant, increasing cell proliferation and collagen
synthesis (Lieberman et al., 1994; Lin et al., 1998;
Coerper et al., 2001; Blumenfield ez al., 2002).

From the conclusions of Stanford ez al.
(1999); Demling (2000); Demling and Orgill
(2000); Engeland ez al. (2009) it may be suggested
that the enhancing effect of Testosterone on limb
regeneration may be due to its acceleration of
wound healing either by its action upon the
proliferative phase of healing which involves
immune processes such as reepithelialization and
angiogenesis or by the production of IGF-1.
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Bhasin et al. (2006) proposed that testosterone
could promote the differentiation of mesenchymal
multipotent cells into the myogenic lineage while
inhibiting adipogenic differentiation by modulating
nuclear translocation of -catenin.

Singh et al.(2009) indicated that testosterone
promotes the nuclear translocation of P-catenin
through an AR-mediated mechanism in C3H
10T1/2 cells.

Hong et al.(2011) Concluded that testosterone
regulates B-catenin protein level and proliferation
rate in mesenchymal tumour(desmoid tumour).

Zhao et al.(2011) provided that Testosterone
increases cellular B-catenin content which promotes
the expression of f-catenin-targeted genes and
myogenesis in the muscle-derived stem cells of
cattle.

B-catenin is essential for adult skeletal muscle
growth and regeneration in vivo (Polesskaya et al.,
2003; Reya and Clevers, 2005; Armstrong et al.,
2006)

Yokoyama et al. (2007) demonstrated that
Wnt/B-catenin signaling plays an essential role
during the early phases of limb regeneration and is
important, but not absolutely required, during the
subsequent phases of limb regeneration in Xenopus.

From the conclusions of Bhasin et al. (2006)
5 Yokoyama et al. (2007); Singh et al. (2009);
Zhao et al. (2011). It is suggested that
Testosterone may enhance the limb regeneration by
its stimulatory effect through Wnt/B-catenin
signaling resulting in the initiation of the early
phases of limb regeneration.
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