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Abstract

The present study was carried out to investigate the histological and histochemical changes in the
liver and skin on different developmental stages of Egyptian toad Bufo regularis to be used as a
histological key for such species. Our experiment started when tadpoles began to feed. The adapted
embryos are divided into 3 large tanks of 200 embryos each, collections of samples started from
feeding age every three days. Both histological and histochemical results showed that the general
architecture of the different organs was correlated with the state of development, i.e. larval, me-
tamorphic and post-metamorphic. They, therefore, displayed different characteristic features de-
pending on the investigated developmental stage starting from the larval stage (stage 44) and end-
ing with the post-metamorphic stage 66.
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1. Introduction

Histological changes have been widely used as biomarkers, both in the laboratory [1] [2], and field studies [3].
One of the great advantages of using histological biomarkers in environmental monitoring is that this category
of biomarkers allows examining specific target organs, including gills, kidney and liver, which are responsible
for vital functions, such as respiration, excretion and the accumulation and biotransformation [4].

The liver plays an indispensable part in many processes in the body, particularly those concerned with its me-
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tabolism (e.g., protein synthesis, storage metabolites, bile secretion and detoxification). On the other hand, it
plays important roles in the conversion of glucose to glycogen, regulation of lipids and deamination of amino
acids. It is the organ in which nutrients absorbed in the digestive tract are processed and stored for use by other
parts of the body. Also, liver is a target of cytological modifications caused by changes in the lifestyle, once the
aquatic omnivorous tadpole changes to a terrestrial carnivorous adult [5].

Among many metabolic pathways, the liver is the site for the ornithine or urea cycle, which is an enzyme
system that converts ammonia into urea [6]. Ammonia, produced from protein catabolism, is toxic to higher
animals and must be excreted or detoxified [6]. Aquatic amphibians and larvae excrete ammonia are via the gills,
but most adult terrestrial amphibians are ureotelic. The induction of the ornithine cycle at metamorphosis
enables the con-version of ammonia into urea [6].

The histological structure of the amphibian liver is similar to that in other vertebrates [7], with hepatocytes
arranged in clusters and cords separated by a meshwork of sinusoids and the presence of the traditional triad of
portal venule, hepatic arteriole, and bile duct. The lobular pattern is less distinct than in mammals [7] [8]. The
sinusoids are capillary networks and are localized in the space among hepatic plates in which hepatocytes are
arranged [9].

During amphibian metamorphosis, dramatic changes in morphogenesis and differentiation of epidermis occur
under the influence of hormones [10]. Among the various tissues, skin is an especially interesting example be-
cause the tissue develops adult skin in the body region and histolyzes larval skin in the tail region during meta-
morphosis [10]. Since the earlier transplantation experiments of Lindeman [11] [12], it has been believed that
the regional specificity of tadpoles skin is intrinsically determined in the constituent cells prior to metamorpho-
sis [13].

Development, function, remodeling and senescence of multicellular organisms depend on the coordinated
occurrence of actively induced cell death in two major patterns: terminal differentiation often considered as
physiological cell death (diffpoptosis) and programmed cell death or apoptosis [14]. Amphibian metamorphosis
provides an excellent model for studying these two types of cell death. Keratinization or terminal differentiation
of body epidermis can serve as a useful model of physiological cell death and tail tissue regression serves as a
model of apoptosis [10].

A major difference between the tadpole and frog skin is that all cells in the tadpole epidermis replicate while
only the basal cells replicate in frog skin [15]. The germinal layer replication is characteristic of the epidermis of
all adult vertebrate species while the self-replicating tadpole epidermis resembles the mammalian fetal skin
called the periderm [15].

The present work aimed to study the histological and histochemical changes of the Egyptian toad Bufo regu-
laris during development and metamorphosis, and this search might be considered as a histological key for these
species.

2. Material and Methods
2.1. Experimental Design

The adapted embryos were described according to [16] and selected according to [17] subdivided into 3 large
tanks (200 embryos per each). The conditions of the experiment were the same as that of acclimatization with
daily changing all the tap water. Counting of the dead samples occurred every day to calculate the mortality rate.
Twenty tadpoles were taken every three days during the experimental period for the different proposed studies.
Some of tadpoles were fixed in Bouin’s fixative or 10% buffered formalin and others were fixed in Davidson’
solution [33 ml ethanol alcohol (95%), 25 ml formalin, 11.5 ml acetic acid and 33.5 ml distal water]. For the
transmitted electron microscope (TEM), tadpoles were fixed in 5% phosphate buffered (pH 7.2) glutaraldehyde
for 8 hours and for molecular preparations tadpoles were deep frozen at —80°C.

2.2. Histological Preparations

For light microscope studies the staged tadpoles were fixed in Davidson’s solution. Fixed tadpoles or tissues
were processed routinely for paraffin embedding technique, transverse serial sections were cut at 5 - 7 pum,
stained by Harris’s Hematoxylin and Eosin stain (H & E) according to Humason [18]. To distinguish between
muscles and connective tissue Milligan’s trichrome stain were used. Stained sections were examined using Ziess
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microscope and a digital color video camera (SONY, Cyber-shot, DSC-TX200/TX200V, 18.3 Megapixel).

2.3. Histochemical Preparations

The paraffin sections were used for the estimation of general carbohydrates. Polysaccharides represent the im-
portant parameter among the histochemical ones. For the demonstration of the polysaccharides status Periodic
Acid Schiff’s (PAS) technique was applied [16]. The positively stained materials have been proved to be glyco-
gen as verified by PAS-technique with and without pretreatment with diastase.

In this regard, carbohydrates were first oxidized with 0.1% periodic acid; aldehyde groups ((HCO-HCO) were
liberated from the glycol reagent producing a compound of magenta color with Schiff's solution.

2.4. Samples Preparations for Toluidine Blue Staining and TEM Examination

Small pieces of 1 x 1 mm size were taken from the liver, skin and eye balls were fixed in 5% cold buffer gluta-
raldehyde for 8 h. The specimens were then repeatedly washed in phosphate buffer (pH 7.2) and post fixed for 2
h in 1% osmium tetroxide (OsOy) in phosphate buffer. The materials were then dehydrated rapidly in upgraded
ethanol. Samples were embedded and cleared in propylene oxide for 60 minutes to remove remnants of alcohol.
Thereafter, samples were embedded in propylene oxide: Epon 812 (1:1, v/v) for 30 minutes. Samples were fi-
nally embedded into capsules containing pure epon 812 in a special polymerization incubator for three days
(first day at 37°C, second day at 45°C and the third day at 60°C). Semithin sections of 0.5 pm thickness were
prepared using an ultra-microtome and stained with toluidine blue [19]. Sections were contrasted in uranyle
acetate for 10 minutes and lead citrate for 5 minutes. Stained sections were examined and photographed by the
TEM (Jeol 100X) at 80 Kv.

2.5. Ethical Statement

All experiments were carried out in accordance with the Egyptian laws and University guidelines for the care of
experimental animals. Procedures of the current experiment have been approved by the Committee of the Fa-
culty of Science of Assiut University, Egypt.

3. Results
3.1. Liver

1) Stage 44

The liver sections of tadpole at this stage showed a continuous mass of hepatocytes with almost centrally lo-
cated nuclei. The eosinophilic hepatocytes contain relatively large nuclei with large nucleoli. Irregular and nar-
row blood sinusoids were seen among the hepatocytes. These blood sinusoids are lined with endothelial cells.
Kupffer cells were seen at the vicinity of these endothelial cells. Melanomacrophages were noticed among the
hepatocytes. Some nuclei showing mitotic figures, and some others undergoing regressive changes were demon-
strated (Figure 1(a)).

2) Stage 46

At this stage the hepatocytes were arranged in strands. Hepatic cells were polygonal in shape with four or
more surfaces. Acidophilic cytoplasm with centrally or eccentrically located large rounded deeply stained open
face nuclei was noticed. Each nucleus has one or two nucleoli. Wide blood sinusoids filled with blood corpus-
cles were noticed (Figure 1(b) and Figure 1(c)). Haemopoitic tissues were seen near the periphery of the hepat-
ic lobes and between the hepatocytes.

3) Stage 48

No extreme structural changes were noticed in the liver sections of tadpoles at this stage apart from greater
vaculation in hepatocytes and sinusoidal dilatations (Figure 2(a)).

4) Stage 52

Examination of liver section prepared from the tadpole at this stage stained with Hematoxylin and eosin in
addition to semithin sections showed apparent signs of rearrangement of hepatic strands in acini. The hepatic
strands are separated from each other by blood sinusoids. These blood sinusoids are irregular and wide. The va-
cuolated hepatocytes have large open faced nuclei with their evident nucleoli. Pyknosis and apoptosis of some
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Figure 1. Sections and semithin section of the liver of Buforegularis tadpoles

showing (a) stage 44, (b) and (c) stage 46, blood sinusoids (bs), central vein

(cv), endothelial cells (en), hepatocytes (h), kupffer (kc), melanomacrophage

(m), mitotic figure (mf), (a) and (b), H & E, X 400 and scale bar =25 um) ((c)
Toluidine blue, X 1000 and scale bar = 10 cells pm).

Figure 2. Sections and semithin sections of the liver of Buforegularis tad-
poles showing (a) stage 48, (b), (c) and (d) stage 52, apoptotic nuclei (ap),
apoptotic body (ab), dilated blood sinusoids (bs), endothelial cells (en), he-
patocytes (h), kupfter cells (kc), lymphocyte (ly), melanomacrophage (m),
pyknosis (p), vacuolated hepatocytes (v), lipid droplets (Id), macrophage
cells (ma), nucleus (n), vacuoles (v), (a) and (b), H & E, X 400 and scale bar
=25 um), (c) and (d), Toluidine blue, X 400 and scale bar = 10 um).

nuclei were noticed. The disappearances of the borders between some cells were noticed. Kupffer cells increased
in numbers and lymphocytes were observed inside the blood sinusoids as well as macrophages (Figure 2(b),
Figure 2(c) and Figure 2(d)).

5) Stage 54

Examination of liver sections prepared from the tadpole at this stage stained with Hematoxylin and eosin sec-
tions showed the hepatic cells contained faintly stained eccentric nuclei and vacuolated eosinophilic cytoplasm.
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Dilatation of blood sinusoids was revealed. Large amount of leucocytes, red blood corpuscles and macro-
phage were noticed within these sinusoids. Kupffer cells increased in number, apoptosis was clearly seen at this
stage. Reduction in the size and number of melanomacrophage was recorded (Figure 3(a)).

6) Stage 55

Examination of liver sections of tadpoles at this stage reflected advanced degree of degeneration as indicated
by the vacuolization of the hepatocytes and the disappearance of boundaries between cells. Dilated blood sinu-
soids were filed with leucocytes. Large number of cells was shown in different stages of apoptosis. Reduction of
pigment granules was observed. Numerous hematopoietic cells are seen in the sinusoidal capillaries of the he-
patic strands (Figure 3(b)).

7) Stage 64

Sections of tadpole liver at this stage showed enlarged and vacuolated hepatocytes. These vacuoles showed
much diversity in volume from large ones to many small ones. Cytoplasmic basophilic stained materials are lo-
calized around the nuclei while the rest of the cytoplasm stained pale with H&E. The eccentric nuclei were of
open face type with its visible nucleoli. Blood infiltrations were shown inside blood sinusoids (Figure 3(c)).

8) Stage 66

The whole sections of liver showed hypertrophied hepatocytes which are completely vacuolated. Most of cells
contain one large vacuole. Few numbers of pyknotic nuclei of hepatocytes were seen. These nuclei took eccen-
tric position. A little amount of basophilic cytoplasm around the open face nuclei and the cell borders were de-
tected in other hepatocytes. Dilated blood sinusoids were noticed between the hepatocytes (Figure 3(d)).

9) Milligan’s Trichrome Stain

Section at stage 66 stained by Milligan’s trichrome stain showed the portal space with large blood capillaries
which is extended into blood sinusoids, and sections of bile ducts and ductules. Large number of pyknotic nuclei
was noticed. Hepatocytes showed hypertrophied and vacuolated cytoplasm, with eccentric nuclei which present
in few numbers. Positively stained connective tissues among the hepatic cells were noticed (Figure 4(a) and
Figure 4(b)).

10) PAS Reaction

PAS-technique revealed an intensive amount of glycogen in early stage (46) of development (Figure 5(a)),
negatively reaction at stages 48 a 66 (Figure 5(b) and Figure 5(d)) and moderate amount of glycogen at stage

Figure 3. Sections of the liver of Bufo regularis tadpoles showing (a) stage
54, (b) stage 55, (c) stage 64, (d) stage 66, blood sinusoids (bs), blood vessel
(bv), degeneration (de), eccentric nuclei (ec), endothelial cells (en), hepato-
cytes (h), kupffer cells (kc), leucocytes (le), lipid droplets (1), pyknosis (p),
(H & E, X 400 and scale bar = 25 pm).
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Figure 4. Sections of the liver of Bufo regularis tadpoles (stage 66) showing
positively stained connective tissue, apoptotic nuclei (ap), bile duct (bd), bile
ductiulies (bds), blood sinusoids (bs), hepatocytes (h), hepatic acini (ha),
Kupffer cells (kc), large blood vessel (Ibv), melanomacrophage (m) (Milli-
gan’s trichrome stain, (a) X 100, (b) X 400 and scale bar =25 pm).

Figure 5. Sections of the liver of Bufo regularis tadpoles showing a huge
amount of glycogen in (a) stage 46, negatively reaction in (b) stage 48 and (d)
stage 66, moderately amount of glycogen in (c) stage 52, and positively
stained nuclei in (b). Bile duct (bd), blood vessel (bv), nucleus (n) (PAS
reaction without diastase enzyme, X 400 and scale bar = 25 pm).

52 (Figure 5(c)). In comparison between sections 5b and 5d the investigators noticed positively stained nuclei at
stage 48 (Figure 5(b)) and negatively stained nuclei at stage 66 which might be due to apoptosis.

3.2. Skin

3.2.1 Back Body Skin

1) Stage 44

The skin consists of two layers epidermis and dermis; the first layer (epidermis) consisted of only one layer of
cells based on the basement membrane. The basement membrane is too thin to be seen by light microscope.
Some cells are oval in shape with oval nuclei and others are polygonal in shape with rounded nuclei. Epidermal
mela-nophores appeared at this layer. The dermis consisted of collagenous layer appeared underneath the base-
ment membrane separating the dermis from epidermis, loosely connective tissue, dermal melanophores and fi-
broblast cells (Figure 6(a)).

2) Stage 48
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The epidermis at this stage consisted of two types of cells: polygonal and skin cells. Epidermal melanin pig-
ments dispersed within the epithelial cells. No drastic changes were noticed in the dermis at this stage apart from
the increase in the dermal layer which contains blood capillary and dermal melanophores with dispersed melanin
pigments within their processes (Figure 6(b)).

3) Stage 54

Apical layer of the epiderms contains micro processes which contains secretion, dermal layer of the skin more
thick and contains loosely connective tissue with all contents as shown in (Figure 6(c)). Semithin section of the
skin at stage 54 stained with Toluidine blue showing the epidermal layer cells of two types polygonal cells with
faintly stained nuclei interposed with triangular cells (skein cells) and also divided cells were noticed. The der-
misconsists of loose connective tissue separated from the epidermis by a collagen layer. Fibroblast found un-
derneath this layer in contact with it. Blood capillaries, pigmented melanophores processes were seen (Figure
6(e)).

4) Stage 55

Epidermal layer of the skin contains two types of cells, the first one polygonal cells with oval nuclei and
slightly basophilic cytoplasm, and the second one is skein cells (triangular cells) with dark triangular nuclei and
dark basophilic cytoplasm, underneath this layer there was a collagenous fibers which is attached with fibroblast
cells of the dermal layer, dermal melanophores also appeared in the dermal layer. This layer consisted of loose

L

Figure 6. Sections and semithin section of the back body skin of Bufo regu-
laris tadpoles stage 44, (b) stage 48, (c) and (e) stage 54, (d) stage 55 show-
ing, blood vessel (bv), collagenous fiber (co), dermal layer (d), dermal mela-
nophores (dmp), epidermal melanophores (emp), fibroblast cells (fb), mitotic
figure (mf), mucous secretion (ms), nucleus (n), polygonal cells (po), skein
cells (sk), (a)-(d), H & E. X 1000 and scale bar = 10 pm) ((e), Toluidine blue.
X 1000 and scale bar = 10 mm).



A. H. Sayed et al.

connective tissue with collagenous bundles and contains different types of connective tissue cells, blood and
lymphatic vessels also shown in this layer (Figure 6(d)).

5) Stage 64

Epidermal layer appeared as stratified columnar epithelial tissue which contains basally located columnar
cells with oval nuclei at the base (germinal layer). This layer is separated from the dermis by a basement mem-
brane, too thin to be resolved by light microscope, polygonal cells with rounded nuclei in the middle, but in the
outer surface columnar cells with oval nuclei; also skein cells appeared in the outer layer of the skin. Epidermal
melanophores invaded the cells of this layer. Dermal layer contains two types of glands (mucous and poison
glands). Mucous glands lined with cubic cells with rounded nuclei and contain mucous secretions. The poison-
ous glands are large and distinguished by their wall being formed of a syncytium, that is to say the cell mem-
brane between the cells which compose it has disappeared so that their nuclei appeared in a continuous mass of
protoplasm. Dermal layer also contains loosely and compact connective tissue. Collagenous fibers began to ap-
pear in compact layer at this stage, this layer contained different types of connective tissue cells and melano-
phores. Blood and lymph vessel also appeared as shown in (Figure 7(a) and Figure 7(b)).

6) Stage 66

Epidermal layer consists of stratified squamous epithelial tissue based on the basement membrane; dermal
layer contains mucous and poisonous glands which are open by tube in the surface to excrete their secretion.
Flattened faintly stained fibroblast cells with their flattened nuclei are aggregated underneath the basement
membrane. Wide lymph vessel also appeared in the dermal layer. Thickness of epidermal and dermal layer in-
creased (Figure 7(c) and Figure 7(d)).

7) Milligan’s Trichrome Stain

Stage 54, as shown in Figure 8(a), section of skin showed dermal layer contains faintly staining collagenous
fibers.

Stage 55, as shown in Figure 8(b), collagenous fibers are highly stained with Milligan’s trichrome stain.

Stage 64 and Stage 66 are presented in Figure 8(c) and Figure 8(d) showing collagenous fibers strongly
stained with Milligan’ strichrome stain, also epithelial tissue which lined the glands stained with Milligan’s
trichrome. Connective tissue and glandular granules stained in light green by these stain. The granules stained
light green also by this stain. Mucous glands negatively stained.

Figure 7. Sections of the back body skin of Bufo regularis tadpoles (a) & (b)
stage 64, (c) and (d) stage 66 showing, collagenous fibers (co), dermal mela-
nophores (dmp), epidermal melanophores (emp), fibroblast cells (fb), dermal
layer (d), mitotic figure (mf), mucous gland (mg), poisonous gland (pg) and
stratified squmous epithelial tissue (st). H & E, (a) and (c), X 400, scale bar =
50 pm), (b) and (d), X 1000, scale bar = 10 pm.
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8) PAS Reaction
Section staining with PAS reaction: collagen layer, granules in the lumen of the poisonous gland, also around

these glands and the connective tissues strongly stained with PAS (Figure 9).

3.2.2. Tail Skin

Comparing the histological structure of the tail skin at stage 44 with that at stage 64 we noticed that the epider-
mal layers in both consisted of one layer only. Stage 44 is as described previously in the back body skin. The
epidermis was noticed to be consisted of only one layer of cells based on the basement membrane. The basement
membrane is too thin to be resolved by light microscope. Some cells are oval in shape with oval nuclei and oth-

ers are polygonal in shape with rounded nuclei (Figure 10(a)).

In histological structure of the tail skin at stage 64 the epidermis still also consisted of one layer of cells, this

layer suffering from histolysis (Figure 10(b)).

Figure 8. Sections of the back body skin of Bufo regularis tadpoles showing
(a) stage 54, (b) stage 55, (c) stage 64, (d) stage 66, compact layer (cl), col-
lagenous fibers (co), dermal melanophores (dmp), epidermal melanophores
(emp), mucous secretion (ms), mucous gland (mg), poisonous gland (pg),
polygonal cells (po), spongy layer (sl), stratified squamous epithelial tissue
(st) (Milligan’s trichrome stain, X 400 and scale bar = 50 um).

Figure 9. Section of the back body skin of Bufo regularis tadpoles (stage 66)
showing positively stained granules with lumen. Collagenous fibers (co), der-
mal melanophores (dmp), epidermal melanophores (emp), poisonous gland
(pg), stratified squmous epithelial tissue (st) (PAS reaction and H, X 400 and

scale bar = 50 pm).
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Figure 10. Sections of the tail skin of Bufo regularis tadpoles (a) Stage 44
showing epidermis and collagen layer, (b) Stage 64 showing break down and
disintegration epithelial layer, as well as disappearance of the collagenous
layer underneath the epidermis; dermal melanophores (dmp), epidermal me-
lanophores (emp), polygonal cells (po), skein cells (sk) (H & E, X 1000 and
scale bar = 10 pm).

4. Discussion

In the present investigation the histogenesis of the liver of Bufo regularis tadpoles was studied from stage 44
(the beginning of feeding) up to metamorphosis climax by using the light microscope. The investigators noticed
that the hepatocyte increased in size with the increase of the tadpole in age. The young tadpole had well devel-
oped hepatocytes. Many vacuoles with different sizes field the hepatocytes later and then these vacuoles fused
together. Large amount of glycogen were observed in the liver cells during the active period of feeding stage
(46), of the tadpoles and this amount dropped at stage (54) and lipid droplets were noticed in many hepatocytes.
Olurin et al. stated that the formation of vacuoles in hepatocytes is due to the degeneration of cell membranes
[18] and an imbalance between the rate of synthesis and utilization of substances in cells [19]. In contrast,
Craw-shaw and Winkle mentioned that hepatocyte vacuolation representing fat and glycogen stores is a com-
mon histological finding in amphibians, and in many cases cannot be considered a pathological case [20]. He-
patic lipidosis is likely a consequence of the mobilization of fat depots in response to anorexia or starvation.

Griffiths stated that the transformation of the larval stomach into the adult organ takes place in a period be-
tween 7 and 10 days [21]. Dodd and Dodd (1976) noticed that during this period the animal stops to ingest food
and keeps fasting [22]. Their findings were in coordination with the present investigation. Where we noticed
moderate amount of glycogen at stage 64 and then suddenly declined at stage 66. This may be in a synchrony
with the emission of the forelimbs.

The number of melanomacrophages and Kuppfer cells decreased as development progressed. The number of
pyknotic nuclei of the hepatocytes, macrophages and lymphocytes increased within the blood sinusoids near the
hepatocytes as development progressed. In the present work dilatation in blood sinusoids was noticed. Sinusoid-
al dialation in the liver is attributed to the impairment of outflow of the hepatic veins [20].

[21] found the visual cells of developing tadpole contain glycogen in their nuclei which indicates pathological
degeneration. In the present study the results coincide with the observations of [21], where glycogen granuules
were seen in some nuclei of developing hepatocytes and disappeared at the commencement of metamorphosis.
These nuclei may be considered in their way for apoptosis.

The histological transformation of amphibian liver during metamorphosis was studied by using the light and
EM microscopes and DNA fragmentation in the tadpoles of Bufo regularis, Bufo viridis, Rana bedriagae and
Ptychadena mascareniesis by [22]. They found in their study, the frequency of cell death was high variable de-
pending on the developmental stage and the species of anuran amphibians used. Furthermore, apoptosis oc-
curred in some species as a single wave; whereas at least two distinct waves could be detected in other species.
In contrast, programmed cell death (apoptosis) in anuran amphibian embryos starts at the onset of gastrulation
and then continues during gastrulation and neurulation [23]. During these early stages, apoptosis seems to occur
without obvious peaks in time or space [23]. [22] mentioned that deletion of hepatic cells during embryonic de-
velopment and spontaneous metamorphosis of the four tested species of anuran amphibians is accomplished by
ultrastructurally typical apoptosis. The morphological appearance being essentially the same as those described
in vertebrate embryos [24]-[29]. The phenomenon involves a stereo typed sequence of changes and begins with
peripheral aggregation of nuclear chromatin. This is followed by nuclear fragmentation and cytoplasmic con-

(=)
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densation associated with prolific budding to produce membrane-bound apoptotic bodies of varying sizes. As is
the case in other solid tissues, the actual processes of budding is rarely observed, possibly viable cells engulf the
condensing ones [22] [30]-[33].

During metamorphosis and particularly the climax, severe cell death could be observed in the liver of the
anuran species. Interestingly, cell death started before the tail desorption and it was observable over a long pe-
riod from stage 58 (beginning of climax and tail regression), cell death in the liver was increasingly observed
[22] [34] and [22] found heavy cell death affecting the liver prior to climax (stages 54 to 58). This observation
fits with studies of hepatic resident macrophage activity [22] [35]-[37]. Macrophages initially appeared at early
climax, increased rapidly in number during muscle regression and reach peak density at late climax [36] [38] [39]
and these results are similar to our observation, where we observed many macrophages in the sinusoidal lumen
near the hepatic cells at stage 54 as shown in the semithin sections.

In the present work haematopiotic tissues were noticed within the blood sinusoids and underneath the hepatic
capsule. The liver plays an important role in hematopoiesis in the amphibian embryo. Histiocytic and erythrob-
lastic cell types predominate, but lymphocytic and granulocytic precursors are also present. After metamorpho-
sis, other organs such as the bone marrow take over this role, but residual activity may be seen in adult amphi-
bians, particularly beneath the liver capsule. The liver also has a significant immune function. In addition to
leukocytopoiesis, the large population of melanomacrophages and the related Kupfter cells that line the sinuso-
ids act both as phagocytes and in antigen recognition [40]. In the postembryonic stages, they scavenge embryo-
nic erythrocytes [40]-[42]. Melanin is a complex polymer that can absorb and neutralize free radicals and other
toxic agents [40] [43]. Melanomacrophages are focal accumulations of pigmented macrophages in liver, spleen
and more rarely in kidneys of fishes [44] and also in liver of frogs [45]. These may contain four types of brown
to black pigments, namely melanin, lipofuscin, ceroid, and hemosiderin/ferritin. Melanomacrophage prolifera-
tion has been associated with several natural factors, such as normal aging, starvation, and infectious diseases
[40]. Hepatic melanomacrophages appear to increase in number also with antigenic stimulation, and with other-
factors causing tissue breakdown [41]. Increased density of these macrophages has also been observed in expe-
rimentally treated fish [44], amphibians [45], and naturally polluted frogs [46].

Amphibian metamorphosis provides an excellent model for studying the physiological cell death as in kerati-
nization or terminal differentiation of body epidermis (diffpoptosis) and tail tissue regression serves as a model
of programmed cell death (PCD) (apoptosis) [14]. Additionally, amphibian metamorphosing skin is one of the
best studied examples of an organ that remodels in response to thyroid hormones. Modification of ionic calcium
concentration also markedly alters the pattern of proliferation and differentiation in amphibian epidermal cells in
vitro [10]. Remodeling of existing organs is accomplished by the death of larval cells and the growth and diffe-
rentiation of adult stem cells [47] [48].

Amphibian epidermis changes its nature during metamorphosis from a noncornified bilayered epidermis to a
stratified epidermis with actively dividing basal cells and a keratinized outer layer [49].

The epidermis is one of many amphibian tadpole tissues that are remodeled at metamorphosis [50] [51]. The
tadpole epidermis consists of two to three cell layers in contact with a cellular collagen lamella. The premeta-
morphic dermis consists of the collagen lamella, an adjacent single layer of subepithelial fibroblasts, and mela-
nophores [50]. These results are in accordance with the present work. As thyroid hormone (TH) concentration
raises in the tadpole during metamorphic climax the outer two cell layers of the epidermis are thought to die by
apoptosis [52]. The basal cells of the tadpole epidermis are progenitors for the adult frog epidermis. At meta-
morphosis the subepithelial fibroblasts secrete proteolytic enzymes such as collagenase-3 and invade the colla-
gen lamella, the dermis thickens, and adult skin glands form [50].

In the present work we observed that the epidermis of tadpole back body skin consisted of one layer at stage
44 and the tail epidermis at stage 64 consisted only of a disintegrated one layer. [13] mentioned that during me-
tamorphosis the tissue develops adult skin in the body region and histolyzes larval skin in the tail region. These
results are in accordance with the present work.

[10] [48] [53] [54] stated that at early stages of development, there are no differences between the tail and
body epidermis. As metamorphosis progresses at late stages, basal cells appeared in the body epidermis which
proliferate and differentiate into germinative basal cells of the adult-type of keratinized epidermis. These results
are in agreement with the present work.

In the present work using light microscope, we noticed two types of cells forming the body skin in the tad-
poles. These cells were skein and polygonal cells rested on the basement membrane. [10] described skein cells
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as the cells which have large intracellular bundles of tonofilaments known as Figure of Eberth’ which are con-
nected by numerous microvilli.

Tail dermis probably loses the ability to develop the normal structure of epidermis-dermis junction during
metamorphosis [55] spontaneous metamorphosis, the initial sign of degeneration of tail skin is detected in the
dermal components, followed by degeneration in the epidermis [55]. This result is in agreement with the present
investigation, where we noticed that there was no any componants of the connective tissues in the late stage of
development of the tail dermis such as collagene layer underneath the epidermis, fibroblast or blood vessels as
those observed in the epidermis of the body skin.

In the present work we noticed at stage 64 two types of glands, mucous and poisonous glands. In agreement
with [56] described two types of glands in the amphibian skin, both of them alveolar (or acinar): mucous glands,
and granular or serous glands. Other types have been described in certain anuran species [57].

Genesis of the cutaneous glands has been studied in the anurans [58] [59]. These glands originated from the
epidermis. In the basal portion of this tissue, there arose groups of cells, generated perhaps through the division
of a single precursor cell [60]. These groups form the gland primordia or gland rudiments [58] [61]. The cells of
these primordia then divide, migrate in the direction of the stratum spongiosum of the dermis [62] and differen-
tiate in the cell layers of the epithelial portion of the gland alveolus [56] [61].

The granular glands produce a toxic or repellent secretion with an effect on various vertebrate species; this is
one of the principal elements in amphibian defense. In the course of the secretory cycle, these cells usually lose
their limits and turn into a syncytium [56] [63]. In anuran species, the granular glands, in the present work
named poisonous glands, possess secretory layer, syncytial in its nature [64]. In various species of apodans and
urodelans, the secretory layer consists of individualized cells [56] [63] at least at the beginning of the secretory
cycle [56] [63]. The granular glands are generally made up of a gland alveolus formed by a secretory layer cov-
ered externally by a myoepithelial layer. This contractile layer is related with the extrusion of glandular products
[56] [63].

5. Conclusion

In conclusion, the result obtained from this study indicates that the amphibian metamorphosis is a complex
process that has been speculated to involve histogenesis in most of body organs especially liver and skin as tar-
get organs in the present investigation. Histochemical studies display different values during amphibian devel-
opment and can be used as an investigation tool for the evaluation of the histological changes of the Egyptian
toad during metamorphosis.
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