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Fig (11): Photograph of the lateral surface of the head of the Hooded crow show-
ing the site of intra-articular injection of the quadrato-mandibular joint. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (12): Photograph of the lateral surface of the head of a Cattle egret showing 
the site of  intra-articular injection of the quadrato-mandibular joint 
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Abstract  
The pineal glands of donkey were 
light beige to dark brown, fusi-
form structure. It lies at the pineal 
recess caudal to the splenium of 
the corpus callosum and cau-
dodorsal to the third ventricle, just 
in front of the rostral colliculi and 
in between the para hippocampal 
gyrus. The pineal gland was sup-
plied from the caudal choroidal 
artery and branches from artery 
of corpus callosum. The venous 
drainage by the pineal veins flow-
ing into the cerebral vein. 

The glial fibrillary acidic protein 
(GFAP) and S100 protein immu-
noreactivity was restricted to glial 
cells. They showed a heteroge-
neous pattern of immunostaining 
for (GFAP) and S100. It was con-
spicuous around the large pineal 
cyst and corpora arenacea,  

 

where the pinealocytes formed 
clusters, widely separated by ag-
gregations of GFAP and S100 
immunoreactive  glial cells and 
their processes. They were also 
striking around blood vessels. At 
the periphery of the gland, only a 
relatively few GFAP and S100 
positive cell bodies and/or pro-
cesses were seen in the marginal 
portions of the parenchyma. 
S100 immunoreactive cells show-
ed similar morphological charac-
teristics to those of GFAP-reac-
tivity, but their immunoreactivity 
was denser. Immunolabeling of 
the pinealocyte marker synapto-
physin was intense, especially in 
pinealocytes at perivascular 
space. Several highly synapto-
physin-positive blotch of variable 
extent were a conspicuous fea-
ture in pinealocyte throughout the 
gland. While it was less dense in 
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the vicinity of the pineal cyst and 
corpora arenacea. The intercellu-
lar differences in the degrees of 
synaptophysin immunostaining 
may, therefore, reflect different 
states of a specific cellular activi-
ty. The presence of synaptophy-
sin in pinealocytes of the normal 
pineal, highlights the paraneu-
ronal nature of these cells. 
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Pineal gland, Immunohistochem-
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Introduction 

The pineal gland is a neuroendo-
crine tissue regulates changes 
exclusively in the functions of the 
endocrine system as well as the 
functions of many other systems 
according to light and dark and 
functions like a biological clock 
along with supra-chiasmatic nu-
clei. The pineal gland sends time 
signals to other parts of the body 
in circadian rhythm through mela-
tonin hormone. It has an im-
portant role, in particular, in con-
trol of reproduction functions and 
in evaluation of seasonal chang-
es in day length (Arendt, 1995; 
Cagnacci, 1996). Generally, light 
decreases the production of mel-

atonin, whereas darkness in-
creases it (Arendt, 1995). Light 
impulses are sent to supra-
chiasmatic nuclei, in hypothala-
mus, through retinohypothalamic 
tract where the circadian rhythm 
of melatonin secretion is regulat-
ed. SCN suppresses the melato-
nin synthesis according to the 
amount of light (Arendt 1995; 
Cagnacci 1996). The mammalian 
pineal gland contains two types 
of parenchymal cells. The pineal-
ocytes which form the majority of 
parenchymal cells and responsi-
ble for melatonin secretion in the 
pineal gland. Glial cells serve as 
supporting cells and they are 
fewer in number than pinealo-
cytes (Arendt, 1995 and  Kus et 
al., 2004).   The literature con-
tains numerous descriptions of 
pineal gland ultrastructure in rat 
(Sakai et al., 1996), rabbit (Gar-
cia and Boya, 1992 b), dog (Cal-
vo et al., 1990), horse (Cozzi 
1986), cow (Sato et al., 1994), 
and sheep (Regodon et al., 1998 
a & b).  Pinealocytes  play a key 
role in melatonin secretion in re-
sponse to sympathetic nerve 
stimuli; this gland may therefore 
be treated as a neuroendocrine 
organ. In addition to HIOMT (hy-
droxyindoleomethyl transferase), 
which catalyzes the final step of 
melatonin biosynthesis, some 
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neuronal proteins have been de-
tected in pinealocytes, revealing 
the neuron-like nature of these 
cells (Coca et al., 1992, Redeck-
er and Bargsten, 1993). Synap-
tophysin (Huang et al., 1992, Re-
decker and Bargsten 1993, Sato 
et al., 1994). S-100 protein and 
intermediate filament proteins, 
glial fibrillary acidic protein 
(GFAP) are known as glial mark-
er proteins  in supporting cells of 
the pineal gland in rat, hamster 
and human  (Lopez-Munoz et aI., 
1992; Borregon et aI., 1993;  Bo-
ya and Calvo, 1993). However, 
the use of neuroendocrine cell 
markers applied to mammalian 
pinealocytes in general, and a 
glial marker S-100 protein and 
intermediate filament proteins 
(GFAP).  Immunoreactivity of 
these antibodies has not been 
studied in donkey pineal in the 
available literature. Our goal was 
to identify pineal cell types and 
their distribution in adult donkeys 
via  immunohistochemical meth-
od using antisera to neuroendo-
crine cell marker (synaptophysin), 
S100 protein and GFAP. 

Materials and methods  

Animals and tissue  
Adult, apparently healthy  don-
keys used in this study were pur-

chased locally and maintained 
under recommended husbandry 
conditions. The pineal glands 
were obtained according to the 
institutional ethical committee of 
the Mansoura University, Egypt. 
 
Anatomy and Histology 
After sacrificing the animals, the 
pineal gland was extracted, fixed 
in bouin’s solution for 24 hours, 
then washed and persevered in 
70% ethanol, the samples were 
dehydrated in ascending grades 
of ethanol, cleared in benzene 
and embedded in paraffin wax. 
Section (5 µm) thickness were 
stained with iron haematoxylin 
and eosin (H&E), PAS, Alcian 
blue (2.5 PH) and Crossman’s 
trichrome stains. Processing and 
staining methods were quoted 
from Bancroft et al. (1996).  
Three donkey's heads were per-
fused with a warm normal saline 
solution, and then injected with 
an equal mixture of Indian ink 
and bovine serum (1:1) through 
the Jugular vein  and  two heads 
were injected with colored latex 
with carmine through the com-
mon carotid arteries. The injected 
specimens were fixed in 10% 
neutral formalin buffered solution 
for 1-2 weeks. 
 
Immunohistochemistry 
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Monocolonal mouse anti-human 
Glial Fibrillary Acidic Protein 
(GFAP) (M0761; diluted1:50), 
S100, ready-to-use (N1573; di-
luted1:50), rabbit anti human 
Synaptophysin, (N1566; dilut-
ed1:100), polyclonal rabbit anti-
cow (Dako Cytomation, Den-
mark) were used for detection of 
GFAP, S100 and synaptophysin 
respectively (Table 1). Section of 
(3 µm) thick mounted on slides 
precoated with polylysine, depar-
affinized, rehydrated, and then 
incubated for 5 minutes in hydro-
gen peroxide (3% in distilled wa-
ter) to reduce endogenous perox-
idase activity. The slides were  
rinsed in phosphate buffer saline 
solution (PBS 7.4 PH), then sub-
sequently heat treated in micro-
wave at 750 W for tow cycles of 7 
minutes each in citrate buffer (6 
PH) for antigen retrieval. Thereaf-
ter the section were allowed  to 
cool at room temperature for 20 
minutes before being rinsed in 
phosphate buffered saline con-
taining bovine serum albumen 
(PH 7.6) for 5 minutes to block 
nonspecific binding sites. Subse-
quently,  the sections were incu-
bated with the specific primary 
monoclonal antibody for 1 h in a 
humidified chamber at room tem-
perature  against  GFAP and 
synaptophysin  and S100 follow-

ing the protocol of LSAB+kit 
(Dako Cytomation, Denmark). 
After being rinsed in BPS bioti-
nylated  secondary antibody 
(LASB + Kit; Dako Cytomation, 
Denmark) was applied to the sec-
tions for 30 minutes in humidified 
chamber at room temperature 
followed by incubation with pe-
roxidase-labelled  streptavidin for 
15 minutes. Bound antibodies 
localization was visualized by in-
cubation of the sections with the 
3,3 diaminobenzidine (DAB) of 
the LSAB+Kit solutions (Dako 
Cytomation, Denmark). The sec-
tions were counterstained with 
Mayer’s haemtoxylin, dehydrated 
and mounted with DPX (Sigma, 
Munich, Germany). Negative con-
trol performed by omission of the 
primary antibody. The methods of 
processing and immunohisto-
chemical staining were adopted 
after Kumar and Rudbeck (2009). 
 

Results 

Anatomical and Histological 
findings  

The pineal glands of donkey, 
were light beige to dark brown in 
colour and fusiform structure. The 
pineal gland lies at the midline of 
the brain at the pineal recess  
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caudal  to the splenium of the 
corpus callosum from which it 
separated by the telachoroidea of 
the third ventricle, cerebral vein 
and branches of artery of corpus 
callosum and caudodorsal to the 
third ventricle, just in front of the 
rostral colliculi and in between 
the hippocampus.  Weighting ap-
proximately 0.1 gm, with an aver-
age dimensions, 14 mm dorso-
ventral, 7 mm craniocaudal and 5 
mm thickness. The pineal gland 
was supplied from the posterior 
choroidal arteries which emanat-
ed from the caudal cerebral arter-
ies, it receives also pineal bran-
ches from the artery of corpus 
callosum that originates from the 
rostral cerebral artery. The ve-
nous drainage by the pineal veins 
flowing into the cerebral vein (fig. 
1)  

The adult pineal gland of donkey 
had a well distinct capsule, from 
the capsule a small incomplete 
septa extended into the paren-
chyma. The glandular parenchy-
ma is composed largely of pine-
alocytes, these cells is linked to 
the glial cells in the area sur-
rounding them. The distinction of 
these cells were made according 
to the staining features of their 
nuclei. Pinealocyte were rounded 
cells with a clear, abundant and 

acidophilic cytoplasm, and a 
large round nucleus. Glial cells 
nuclei were small darkly  stained. 
Calcium concretions (corpora ar-
enacea) and pineal cysts of dif-
ferent size were a constant fea-
ture in pineal gland. Pinealocytes 
occupied the largest volume of 
the pineal gland. The interstitial 
cells were distributed evenly 
throughout the superficial pineal 
gland, but they were more abun-
dant around the pineal cyst and 
corpora arenacea. A relatively 
large blood vessels were ob-
served in the connective tissue 
capsule, the greater part of blood 
vessels were found in the tra-
becules of the connective tissue, 
blood capillaries were frequent in 
the connective tissue  in between 
pinealocytes and glial cells (fig. 
1). 

Immunohistochemical finding 

S100     

 A strong anti S100 immunoreac-
tivity was found in the star-
shaped glial cells and their pro-
cesses, that were evenly distrib-
uted at the pineal gland except at 
the area of pineal cyst and calci-
um concretion (corpora arana-
cia). Star-shaped glial cells and 
their processes were strongly 
immunostained with anti-S-100 
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protein, they were numerous and 
densely distributed especially in 
the periphery of the body portion 
of the pineal gland, their radially 
densely stained cytoplasmic pro-
cesses were seen among pineal-
ocytes, forming a mesh work. 
S100 immunoreactivity were 
more profuse in the vicinity of 
blood vessels, pineal cyst and 
calcium concretions (corpora ar-
enacea). They displayed a char-
acteristic profile where the pine-
alocytes formed clusters, widely 
separated by aggregations of 
S100 immunoreactive glial cells 
and their processes took part in 
the formation of mesh-work in 
and around each pinealocyte 
cluster (Figs. 2) 

GFAP 

The GFAP immunoreactivity was 
restricted to the supporting glial 
cells. the interstitial glial cells, 
showed a diverse pattern of im-
munostaining for the intermediate 
filament proteins (GFAP).  At the 
area of the gland,  at which the 
pinealocytes were evenly distrib-
uted, they were surrounded by a 
network of weak to moderate 
GFAP immunoreactive glial cell 
processes, only a relatively few 
GFAP-positive cell bodies and/or 
processes were seen in the mar-

ginal portions and sub capsular 
region. The glial cell immunore-
activity to GFAP were conspicu-
ous almost around the large pin-
eal cyst and calcium concretions 
(corpora arenacea) and at the 
perivascular spaces. GFAP im-
munoreactive cells showed simi-
lar distribution and morphological 
characteristics to those of S100-
reactivity, but their immunoreac-
tivity less dense than S100- im-
munoreactive cells (figs. 3). 

Synaptophysin 

Immunolabeling of the pinealo-
cyte marker synaptophysin was 
intense, especially in pinealo-
cytes at perivascular space that 
exhibited a very heavy immuno-
labeling, with no positive staining 
being observed in the endothelial 
cells. Pinealocytes exhibited con-
siderable intercellular differences 
in the densities of immunostain-
ing. Several highly synaptophy-
sin-positive spot of variable size 
were a conspicuous feature 
throughout the gland. Im-
munoractivity to synaptophysin 
was less dense in the vicinity of 
pineal cyst and calcium concre-
tion (Corpora arancea), may be 
due to increases number of inter-
stitial cells and tendency of pine-
alocyte to form island separated 



J. Vet. Anat.                                                                        Vol 5 No 1, (2012) 47 - 7453

Pineal gland of donkey                                                                                 Safwat Ebada                                                                                     

   
 

 

by aggregations of intersitial 
cells, the reaction in pinealocytes 
was restricted to a small mi-
crovesicles. Obviously, these ve-
sicles represent the major site of 
synaptophysin immunoreactivity 
in pinealocytes. Nerve terminals 
displayed strong synaptophysin 
immunoreactivities. They were 
particularly numerous in the peri-
vascular spaces (fig. 4).  

Discussion 

The location of the donkey pineal 
gland is similar to that described 
in other mammals, (Taner 1999; 
Hendelman, 2000; Dyce et al., 
2002; Frandson et al., 2003 and 
Yildiz et al. 2004; Ozgel et al. 
2008 and Carvalho et al. 2009). 
The shape of the gland was de-
termined to be fusifrom  was simi-
lar to those reported by Yildiz et 
al. (2004); Ozgel et al. (2008) and 
Carvalho et al. (2009). Further-
more the dimensions of the gland 
were nearly close to reports of 
Dursum (2002) in cattle, Ozgel et 
al. (2008) in donkey and Car-
valho et al. (2009) in buffalo.  The 
agreement with the previous re-
port, Nasu et al. (1994); Aslan et 
al. (2003); Yildiz et al. (2004); 
Ozgel et al. (2008) and  Carvalho 
et al. (2009), in donkey the pineal 
gland was supplied by the caudal 

choroidal artery which emanate 
from the caudal cerebral artery. 
Furthermore, branches from the 
artery of corpus callosum which 
emanate from the rostral cerebral 
artery that was in consistent with 
the finding of Carvalho et al. 
(2009), in donkey.The results ob-
tained indicate the existence of 
two cell types; interstitial cells, in 
addition to pinealoblasts, in adult 
donkey pineal gland. Light mi-
croscopy highlighted the resem-
blance between these cells and 
the second cell type described in 
the pineal gland of other species, 
including mice and rats (Borregon 
et al. 1993), rabbits (Garcia-
Maurino and Boya 1992 a), car-
nivores (Calvo et al. 1990; Boya 
and Calvo 1993; Boya et al. 
1995), horses (Cozzi 1986) and 
ruminants (Redondo et al. 1996 
a; Franco et al. 1997; Regodon et 
al. 1998 a,b), viscacha (Cernuda-
Cernuda et al. 2003). The intersti-
tial Cells displayed characteristics 
features similar to astrocytes 
(Cozzi, 1986; Lopez-Munoz et al., 
1992 a; Boya and Calvo, 1993). 
The presence of glial cells in the 
pineal gland was first demon-
strated by impregnation tech-
niques with gold chloride-
sublimate (Del Rio-Hortega 1932, 
Scharenberg and Liss 1965).  
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Pinealocytes occupied the largest 
volume of the pineal gland while, 
interstitial cells were distributed 
evenly throughout the gland, but 
they were more abundant  
around the pineal cyst and corpo-
ra arenacea. This finding simu-
late in part that observed in gerbil  
and was incontrast to that report-
ed in hamster (Li and Welsh 
1991). Pineal gland is composed 
by 95% pinealocytes (Castro and 
Munoz 2009). 

The globular type of calcified de-
posits (corpora arenacea) were 
seen where large amount of in-
terstitial cells were present.  Ko-
shy and Vittel ( 2001) reported 
that, the globular type of calcified 
deposits were seen where large 
amount of pineal parenchyma is 
present and in younger age 
groups; whereas concentric lam-
ellated type were usually associ-
ated with large amounts of glial 
fibers and in older age.  Humbert 
and Pevet (1995) observed in 
aging rats two types of calcifica-
tion by electron microscopic and 
electron diffraction methods, 
amorphous and crystalline types. 
While concretions have been ex-
tensively studied in human and 
gerbil (Krstic and Golaz 1976;  
Bocchi and Valdre 1993).  A new 
form of biomineralization has 

been studied in the human pineal 
gland. It consists of small crystals 
that are less than 20 μm in 
length. These crystals could be 
responsible for an electrome-
chanical biological transduction 
mechanism in the pineal gland 
due to their structure and piezoe-
lectric properties. Presence of 
calcified concretions need not 
reflect a pathological state (Ko-
shy and Vittel 2001).   

GFAP is an intermediate filament 
proteins which are included in the 
glial filaments. GFAP-containing 
filaments are present in mature 
astrocytes of the central nervous 
system (CNS) (Mokuno et al., 
1989). Several immunohisto-
chemical studies using glial cell 
antigens such as GFAP and S-
100 protein have suggested a 
glial nature for the second pineal 
cell type (Calvo et al., 1988 a). 
According to their immunocyto-
chemical profile, these cells could 
be identified as astrocytes (Boya 
and Calvo 1993). In this respect, 
immunohistochemistry showed 
the presence of GFAP and pro-
tein S-100 in interstitial cells in 
non-neoplastic pineal gland in 
human (Jouvet et al. 1994) and in 
rat (Takada et al. 2006). 
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In the present work, the support-
ing (interstitial) glial cells, that 
showed a heterogeneous pattern 
of immunostaining for the inter-
mediate filament proteins glial 
fibrillary acidic protein (GFAP). A 
similar finding was observed in 
pineal gland of Mongolian gerbil 
(Redecker et al. 1990) and in 
sheep (Redondo et al.  2002). 

Regarding the distribution and 
arrangement of the glial cells, 
they were evenly distributed but 
they almost conspicuous around 
the large pineal cyst and corpora 
arenacea (calcium concretion), 
where the pinealocytes formed 
clusters, widely separated by ag-
gregations of GFAP immunoreac-
tive glial cells and their processes 
as well as  around blood vessels. 
That was similar in part with the 
finding of Boya and Calvo (1993) 
and Redondo et al.  (2002). 
Meanwhile, in rat GFAP-positive 
astrocytes were concentrated at 
the proximal end of the pineal 
where the pineal stalk enters the 
gland  (Erik et al. 1993). In this 
respect, a specialized "basket-
like" arrangements of many 
GFAP-positive astrocytic pro-
cesses were shown around 
sheep pinealocytes, while, the 
human pineals contained scat-
tered astrocytic cell bodies and a 

moderate number of GFAP-
positive astrocytic processes also 
surrounded pinealocytes, but 
without the dense basket-like ar-
rangements. In both species 
GFAP-positive fibers were con-
centrated at the periphery of 
pseudolobules and around blood 
vessels. Rat and guinea pig pin-
eals contained only rare astrocyt-
ic cell bodies and few GFAP-
positive fibers throughout the 
glands, however it had a concen-
tration of parallel GFAP-positive 
fibers at the stalk (Zang et al. 
1985). GFAP positive cells pre-
sented large somata and long 
processes. The GFAP positive 
glial cells were observed periph-
erally in rat (Castro and Munoz 
2009). in contrast to our finding, 
the pineal has been recognized 
previously as a unique region of 
the central nervous system in 
which a GFAP-negative glial 
phenotype is maintained in adult 
mammals (Kofler et al 2002). 
That was not supported by Li and 
Welsh (1991), the number of 
GFAP-immunoreactive astrocytes 
in the pineal glands of hamsters 
and gerbils increased with in-
creasing age. Glial fibrillary acidic 
protein was usually negative in 
human PTPR papillary tumor  of 
pineal region (Fevre-Montange et 
al. 2006; Hasselblat et al. 2006; 
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Jouvet et al. 2003 and Kuchel-
meiste et al. 2006; Levidou et al. 
2010). 

In the previous literature, The 
number, location and morphology 
of these cells suggest they are 
pineal interstitial cells. This indi-
cates that the interstitial cells are 
of neuroectodermal origin, possi-
bly macroglial cells themselves. 
Both ultrastructurally and in terms 
of antigen expression of GFAP, 
interstitial cells displayed charac-
teristics similar to those reported 
for astrocytes (Boya et al. 1995, 
Cozzi 1986, Zang et al. 1985; 
Boya and Calvo 1993). 

A strong anti S100 immunoreac-
tivity was found in the star-
shaped glial cells and their pro-
cesses that were evenly distrib-
uted at the pineal gland except at 
the area of pineal cyst and calci-
um concretion (corpora arana-
cia). That was in agreement with 
the cells exhibiting immunoreac-
tivity for calciumbinding spot 35 
protein, identical to S-100-imm- 
unoreactive cells, have also been 
reported to distribute evenly 
throughout the pineal organ 
(Yamamoto et al., 1990). Thus, 
previous and present results indi-
cate that the pineal gland showed 
regional differences in the degree 

of cellular association of chief 
endocrine cells (pinealocytes) 
with supporting cells and in the 
expression of marker proteins in 
supporting cells. Possible signifi-
cances of these regional differ-
ences in pineal gland (Zang et 
al., 1985; Yamamoto et al., 1990; 
Lopez-Munoz et al., 1992 a; 
Borregon et al., 1993, Suzuki and 
Kachi 1995).  In contrast, star-
shaped cells positively im-
munostained with anti-S-100 pro-
tein were numerous and densely 
distributed especially in the stalk 
and the proximal region of the 
body portion of the pineal gland 
(Suzuki and Kachi 1995). 

In the present study, S100 immu-
noreactive cells showed similar 
morphological characteristics to 
those of GFAP-reactivity, but 
their immunoreactivity more 
dense than GFAP-positive cells.   
While in rat, GFAP immunoreac-
tive cells showed similar morpho-
logical characteristics to those of 
S-100-reactive cells in the stalk 
and the proximal region of the 
body portion of the pineal, but in 
the distal region of the body por-
tion, GFAP-positive cells were 
not seen (Suzuki and Kachi 
1995).  
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The present finding revealed 
GFAP and S100 positive  intersti-
tial glial cells were located close 
to perivascular spaces that was 
supported by the findings of (Re-
dondo et al.  2002), indicating a 
possible functional significance of 
interstitial cells as substrate for 
the exchange of substances be-
tween the pineal parenchyma 
and the bloodstream (Redondo et 
al. 1996 a & b; Franco et al. 
1997), which would completed 
the support function (similar to 
that of astrocytes in the CNS) 
traditionally attributed to these 
cells (López-Muñoz et al.,1992 a 
).  

In agreement with the previous 
literature, some neuronal proteins 
as synaptophysin have been de-
tected in pinealocytes, revealing 
the neuron-like nature of these 
cells (Redecker et al. 1990, Coca 
et al, 1992, Huang et al. 1992, 
Redecker and Bargsten 1993, 
Sato et al. 1994 and Takada et 
al. 2006). 

Immunolabeling of the pinealo-
cyte marker synaptophysin im-
munoexpression was strong es-
pecially, in pinealocytes at peri-
vascular space, with no positive 
staining being observed in the 
endothelial cells. That was in 

consistent with the finding of  Re-
dondo et al. (2003) in sheep.  
Pinealocyte cytoplasmic pro-
cesses display a marked vascular 
tropism. This affinity, reported 
elsewhere (Garcia-Maurino and 
Boya 1992 a & b, Redondo 1996 
a, Regodon et al. 2001) together 
with the presence of both light 
and dark vesicles in terminal 
clubs (Boya et al. 1995, Garcia-
Maurino and Boya 1992 a & b , 
Redondo et al. 1996 a) and of 
gap junctions (Garcia-Maurino 
and Boya 1992 a & b, Redondo 
1996 a) advocated that pinealo-
cytes might have certain secreto-
ry functions. The presence of all 
the cytoplasmic structures in-
volved in secretory metabolic ac-
tivity and the greater degree of 
development of these structures 
in pinealocytes, lend morphologi-
cal support to this hypothetical 
functionality (Bhatnagar 1992, 
Redondo et al.  1996 a and 
Shedpure and Kumar 1995). 

Pinealocytes exhibited consider-
able intercellular differences in 
the densities of immunostaining. 
Intercellular differences in stain-
ing intensity were only observed 
among SYN + cells, coinciding 
with the results obtained by Re-
decker et al. (1990) and Redondo 
et al. (2001). 
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The immunoractivity to synapto-
physin was less dense in the vi-
cinity of the pineal cyst and calci-
um concretion (corpora arena-
cea), may be due to increases 
number of interstitial cells (astro-
cyte ), tendency of pinealocyte to 
form small clusters also the reac-
tion in pinealocytes was restricted 
to a small microvesicles. Thus 
supporting the existence of the 
regional morphological and bio-
chemical differences found in the 
rat and bovine pineal gland (Sato 
et al., 1994; Hira et al., 1998; 
Martinez-Soriano et al., 2002 b). 
in contrast, distribution and local-
ization of synaptophysin-positive 
cells were homogeneous (Re-
dondo et al. 2003).  

The intercellular differences in 
the grades of synaptophysin im-
munostaining might, therefore, 
reflect different states of a specif-
ic cellular activity.  The presence 
of synaptophysin in pinealocytes 
of the normal pineal, give em-
phasis to the paraneuronal char-
acter of these cells (Coca et al. 
1992; Redecker and Bargsten 
1993 and Sato et al. 1995; Feng 
et al. 1998). By the consecutive 
semithin-thin section technique, 
they could be identified as pro-
cesses of pinealocytes, filled with 
accumulations of small clear ves-

icles, similar vesicles have been 
ascribed a role in the secretory 
activity of the gland, and/or in the 
transport of calcium ( Redecker 
et al. 1990). 

Nerve terminals displayed strong 
synaptophysin immunoreactivi-
ties. They were particularly nu-
merous in the perivascular spac-
es. That was supported by the 
finding of Arendt (1995) the en-
docrine activity of the pineal 
gland depends on the neurologi-
cal innervation.  

Total lack of synaptophysin ex-
pression, is a consistent feature 
and diagnostic criterion for pineal 
parenchymal tumors in both hu-
mans and animals (McGavin et 
al. 2007 and Mena et al. 1995). 
Immunohistochemical analysis 
showed that the neoplastic glial 
cells were negative for  synapto-
physin as well as glial fibrillary 
acidic protein (GFAP) ( Levidou 
et al. 2010) 
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Table 1:  Identity, sources, and working dilutions of primary and secondary 
antibodies. 

Secondary  antibodies Primary antibodies againest 

Dilu-
tion Source Type Dilu-

tion Source Origin Type  

1:300 

Dako 
Cytoma-
tion, 
Glostrup, 
Denmark 

poly-
clonal 
rabbit 
anti-
cow 

1:50 

Dako 
Cytoma-
tion, 
Glostrup, 
Denmark 

Mouse 

Monocol-
onal anti 
human 
S100 co-
lon N1573  

S100 

1:300 

Dako 
Cytoma-
tion, 
Glostrup, 
Denmark 

poly-
clonal 
rabbit 
anti-
cow 

1:50 

Dako 
Cytoma-
tion, 
Glostrup, 
Denmark 

Mouse 

Monocol-
onal anti 
human 
GFAP 
colon 
M0761 

GFAP 

1:300 

Dako 
Cytoma-
tion, 
Glostrup, 
Denmark 

poly-
clonal 
rabbit 
anti-
cow 

1:100 

Dako 
Cytoma-
tion, 
Glostrup, 
Denmark 

Rabbit 

Monocol-
onal anti 
human 
synapto-
physin 
colon 
N1566 

Synapto-
physin 
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Fig (1):   

a: Dorsolateral view of the brain of donkey  after removal of the caudal part of the left cere-
bral hemisphere, showing, the pineal body (arrow head),  splenium of the corpus callosum 
(s), telachoroidea of the third ventricle (t), cerebral vein (v), artery of corpus callosum (a),  
rostral colliculi (arrow) hippocampus (g), cerebral hemisphere (h), Cerebellum (cr) lateral  
ventricle (lv).  

b: Saggittal section in the brain of donkey, showing, the pineal body (asterisk),  splenium of 
the corpus callosum (s), telachoroidea of the third ventricle (t), cerebral vein (v), rostral col-
liculi (c), cerebral hemisphere (h), Cerebellum (cr), pineal branches (arrow heads) derived 
from artery of corpus callosum (a), pineal branch from caudal choroidal artery (arrow). In-
tersect: pineal gland (asterisk), pineal branch (arrow head) from the caudal choroidal artery 
(arrow).  

c: H & E  stained  pineal gland with  relatively thick connective tissue capsule (arrow),  with 
relatively large blood vessels (arrow head), incomplete septa (open arrow head) with large 
blood vessels (asterisk) and pineal cyst (cy) in pineal parenchyma. Bar = 200 µm.  

 d: H & E  stained  pineal gland, pinealocyte formed clusters (P) separated by aggregations 
of glial cells and their processes (arrow) at the area of calcium concretion copora arenacea 
(C), blood capillaries (arrow head)  in between pinealocyte and glial cells. Bar = 200 µm.  
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Fig (2): Immunolocalization of S100 protein in adult donkey pineal gland.  

a: Strong anti S100 immunoreactivity in the star-shaped glial cells and their pro-
cesses, that were evenly distributed. Bar = 200 µm.   

b: Magnification of (a) S100 immunoreactive  glial cells and their processes form-
ing a meshwork around pinealocyte Bar = 200 µm.  

c: Pinealocytesfroming clusters (P) separated by aggregations of  strong anti 
S100 immunoreactive glial cells and their processes at the vicinity of pineal cyst 
(cy) and the corpora arancea (arrow). Bar= 200 µm.  

d: Localization of anti S100  immunoreactivty  (arrow) at the vicinity of blood ves-
sels (astrisk). Bar = 200 µm.   

e: Magnification of (c) at the vicinity of pineal cyst (cy), showing, pinealocytes clus-
ters (P) separated  by anti S100 strong immunoreactive  glial cells meshwork (as-
terisk). Bar= 25 µm.  f: Pinealocytes clusters (P) separated  by anti S100 strong 
immunoreactive glial cells meshwork (asterisk)  at the region of corpora arenacea 
(arrows).  Bar= 200 µm. Intersect: magnification of  

f: showing glial cells and their strong immunoreactive cells to anti S100 protein. 
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Fig (3): Immunohistochemical  staining for glial fibrilary acidic protein 
(GFAP) in adult donkey pineal gland.  

a: Immunoreactivity of  GFAP  is located underneath the pineal gland capsule (ar-
row head). The pinealocytes were evenly distributed superficially, the GFAP im-
munoreactivity in between is weak to moderate, the pineal gland capsule (arrow), 
blood vessels (asterisk). Bar = 200 µm.   

b: GFAP immunoreactivity was more obvious at the vicinity of pineal cyst (cy) and 
corpora arenacea (arrow heads). Bar = 200 µm.  

c: Magnification of  (b) showing, pinealocytes froming clusters (P) separated  ag-
gregations of  GFAP immunoreactive glial cells and their processes. Bar = 200 
µm.   

d: Magnification of (b) at the vicinity of pineal cyst (cy), showing, pinealocyte 
sfroming clusters (P) separated  aggregations of  GFAP immunoreactive  glial cells 
and their processes. Bar = 200 µm.  

e:  Localization of GFAP immunoreactivty  (arrow head) at the vicinity of blood 
vessels (bv). Bar = 200 µm.  f:  GFAP immunoreactive  glial cells and their pro-
cesses (arrow head) forming a meshwork around pinealocyte (P). bar = 25 µm. 
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Abstract 
 
This work was carried out on 22 
eyeballs collected from two animal 
species namely donkey and buffalo 
(11 from each) to elucidate gross 
anatomical, light and scanning elec-
tron microscopical features of the 
iris in addition to some morphomet-
rical characteristics. The iris consti-
tutes a variable relative surface ar-
ea (in relation to uvea) being the 
highest in the donkey. Breadth of 
the iris varies topographically. In 
buffaloes, the dorsal and ventral 
parts are wider than the medial and 
lateral ones with a subsequently 
oval pupil. In donkeys the breadth 
of the iris is nearly uniform encir-
cling a semicircular pupil. The dor-
sal side of the pupillary border of 
the iris carries several variably-
sized black masses (Corpora nigra). 
Anterior and posterior surfaces of 
the iris are studded by circular and 
longitudinal folds indicating the ar-

rangement of constrictor and dilator 
pupillary muscles, respectively. The 
constrictor muscle occupies varia-
ble breadth of the iris indicating its 
myotic strength, while the thickness 
of the dilator indicates its medriatic 
efficiency.  
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Introduction   
Functions of the vascular tunic of 
the eyeball include; regulating the 
amount of the light entering the 
eyeball through the pupil, distrib-
uting the light within the eyeball, 
producing the aqueous humor, 
changing the visual focus via the 
ciliary muscles, providing nutrition 
to the structures within the eye and 
increasing the photostimulation of 
the retina under low light levels 
(Davson, 1963, Bloom and Fawcett, 
1970 and Samuelson, 1999).    

 

 

Fig (4): Synaptophysin immunoreactivity in pinealocytes in adult donkey 
pineal gland.  

a: Strong synaptophysin  immunoreactivity in pinealocytes, that were evenly dis-
tributed superficially, under  the  pineal capsule (arrow), many blood vessels (ar-
row heads). Bar = 200 µm.  

b: magnification of (a), synaptophysin  immunoreactivity  of pinealocytes and their 
processes. Bar = 200 µm.   

c: Pinealocytes  and their processes  immunoreactivity to synaptophysin (P) glial 
cells (arrow), nerve ending (arrow head). Bar = 25 µm.   

d: Localization of synaptophysin in pinealocytes at perivascular space  (arrow 
head) blood vessels (astrisk). Bar = 200 µm. Intersect: Magnification of blood ves-
sels (asterisk) and the synaptophysin immunoreactivity in perivascular space (ar-
row head). Bar = 25 µm.  

e: Synaptophysin immunoreactivity (arrow heads)  was restricted to the clusters of 
pinealocytes  (P)  at the region of corpora arenacea (asterisk) and pineal cyst (cy)  
the  glial cells and their processes were negative to synaptophysin (black asterisk). 
Bar = 200 µm. Intersect: Magnification of (e), synaptophysin immunoreactions (ar-
row head), pinealocyte clusters (P), glial cells and their processes were negative 
(asterisk), pineal cyst (cy), corpora arancea (arrow). Bar = 200 µm. Intersect: 
Magnification  showing pinealocyte (P), negative  glial cell processes to synapto-
physin (astrisk)  Bar = 25 µm.   

f: Pinealocytes form clusters (P) exhibit a strong immunoreactivity to synaptophy-
sin,  glial cells and their processes (asterisk) appeared negative . Bar = 200 µm. 

 

 


