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and glia cells are the two types of parenchymal cells in addition to the
presence of calcified concretions. The immunohistochemical findings
showed that the synaptophysin immuno reactive cells were observed
with strong reaction in the periphery of the gland. The synaptophysin
immnoreactivity showed different degrees of density. The reaction
was mainly observed in the perivascular spaces and the negative
reaction was observed around the brain sand and in the interstitial
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distributed throughout the gland, in the capsule and septa of the gland,
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S-100 protein was detected especially in the stalk and the proximal
region of the gland that is denser than vimentin immunoreactivity.
GFAP immunoreactive cells were mainly distributed in the proximal
region of the gland and little reaction in the distal region.
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Introduction:-

Camel is an important animal has ability to convert the scanty plant resources of the desert into milk and meat.
Camel is a hardy animal, goes into sleep for short intervals and has a long lasting memory (Khan et al., 2003). The
ability of camel to live and perform in the hard arid regions of the world has earned the name “Ship of the Desert”
(Igbal, 1999 and Khan et al., 2003). The researches about camel pineal gland were about its morphology and
structure (Abbas and Ewais, 1982 and Nawal et al., 2012) and involution signs (Abou-Easa, et al., 2009). It
contains two types of parenchymal cells. The pinealocytes are responsible for melatonin secretion in the pineal
gland. Glial cells serve as supporting cells and they are fewer in number than pinealocytes (Arendt, 1995 and Kus
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et al., 2004). Melatonin is secreted in a daily rhythmic manner with a nocturnal peak (Shimizu et al., 2003). Brain
sand or corpora arenacea was considered as one of the landmarks of the pineal tissue of mammals (Vigh et al., 1998
and Koshy and Vettivel, 2001). S100 belongs to a multifunctional subfamily of Ca2+-binding proteins that have
many functions including motility, chemotaxis, and secretion (Heizmann et al., 2002). S-100 protein with two
different types of intermediate filament proteins, (glial fibrillary acidic protein (GFAP) and vimentin, are known as
glial marker proteins (Boya and Calvo, 1993). Synaptophysin is asynaptic vesicle glycoprotein with four
transmembrane domains weighing 38kDa. It is present in neuroendocrine cells and in all neurons in the brain and
spinal cord that participate in synaptic transmission. (Calhoun et al., 1996).The goal of this research to study the
morphology of pineal gland in camel and the arrangement of parenchymal cells by using antibodies for
synaptophysin, as a marker of pinealocytes, and glial fibrillary acidic protein (GFAP), S100 and vimentin as markers
of interstitial (glial) cells and if there are differences in the distribution of these antibodies throughout the gland.

Materials and methods:-

The specimens for the present work included ten heads of freshly slaughtered camels (Camelus dromedarius). The
specimens were collected from Zagazig abattoir. The selected camels were in good general condition; their ages
were ranged around three to seven years. Five heads were injected via the common carotid artery with 10% buffered
neutral formalin solution for at least four weeks to be used in anatomical investigation. Nomenclature used in this
study was adopted by Nomina Anatomica Veterinaria (2012). For histological observations, pineal glands were
extracted from freshly slaughtered camels and then fixed in 10% buffered neutral formalin, 5-6 microns thick
sections were cut. The sections were stained with the following stains: 1) Harris's haematoxylin and Eosin for
studying the general structures.2) Van Gieson and crossmons trichrome stain for collagen & muscle fibers). 3)
Periodic acid Schiff technique for neutral and some acidic mucopolysaccharides. The methods of processing and
staining were adopted by (Bancroft and Gamble, 2001).

Tissue preparation for immunohistochemistry:

Immunohistochemical staining was carried out using the streptavidin-biotin complex technique (Polak and
Noorden, 1997). (ABC) method was utilised for 5 um thick sections. All staining procedure was carried out
according to manufacturer protocol of Thermo Scientific. Sections were deparaffinized in xylene and rehydrated
through a graded series of ethanol. To reduce non specific back ground staining due to endogenous peroxidase,
incubate slides in H202 for 10 minutes then wash two times in phosphate-buffered saline (PBS; pH 7.4). Incubate
slides in microwave EDTA (pH 8) for 15-20 minutes at 99° c¢ then wash in tap water. Wash 4 times in buffer
optional apply (Ultra V Block (normal serum), Thermo Fisher Scientific, LabVision Corporation, Fremont, CA),
and incubate for 5 minutes at room temperature to block non specific back ground stain, don’t exceed 10 minutes to
or there may be reduction in result stain. Wash four times in PBS. Apply the primary antibody (GFAP Cataloge. No.
monoclonal antibody AB1-Ms 280 R & S100 Catalog.No. monoclonal antibody AB1-Ms 296 R7 and Vimentin
Cataloge. No. AB2 mouse monoclonal antibody-MS 129R7 and synaptophysin Cataloge. No. rabbit monoclonal
antibody RM 9111R7 Lab vision company) and incubate according to manufacture protocol then wash in PBS.
Apply in biotinylated goat antipolyvalent and incubate for 10 minutes at room temperature then in PBS. Apply
streptavidin peroxidase and incubate for 10 minutes at room temperature then rinse in PBS. Sections were
counterstained with hematoxylin, dehydrated through an alcohol series, cleared in xylene, and mounted by using
DPX.

Results:-

Anatomical observations:-The pineal glands of camel were light to dark brown and fusiform in shape. It was
situated between the two cerebral hemispheres at the pineal recess caudal to the splenium of the corpus callosum and
caudodorsal to the third ventricle and in front of the rostral colliculi Fig (1).
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Fig 1:-.Photomacrograph of the brain of the camel after separation of the two cerebral hemisphere (dorsolateral
view) showing: (c) Cerebellum (c ca) Corpus callosum (h ¢) Hemispherium cerebella (c r) Colliculus rostralis (c c)
Colliculus caudalis (s ¢) Splenium corporis callosi (g p) Glandula pinealis.

Light microscopic observations:-The camel pineal gland is surrounded by thick fibrous connective tissue capsule.
It consists of collagen fibers and covered by pia mater, one layer of meninges. The septa divide the parenchyma into
indistinct lobules (Fig.2 A). The pinealocytes and glia cells or interstitial (supporting) cells are the two types of
parenchymal cells. This classification is according to shape, position and staining density. The number of
pinealocytes exceeds the number of glia cells and they are present singly or in form of irregular cords or follicles.
The pinealocytes were oval to round in shape, with lightly basophilic cytoplasm and eucromatic nuclei with
prominent nucleoli. The glia cells are distributed in the interstitial tissue between the pinealocytes or around the
perivascular spaces. These cells are small containing long processes with dark stained cytoplasm and dark elongated
nuclei. Calcified concretions or brain sand are present in camel pineal gland. They were globular in shape which
present inbetween the pinealocytes (Fig.2 B).The blood vessels surrounded by collagen fibers and perivascular space
(Fig. 3A&B) Purple magenta colour staining W|th PAS was observed around the bIood vessels (Flg 4A&B).
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Fig 2:- Photomicrograph of pineal gland of camel showing the capsule (arrow) and septa (S) were formed from
collage fibers and the parenchyma (P) {A}. In {B}, the parenchyma were consists of pinealocytes (Pi), glia cells (G)
and brain sand (arrows). Stain: Van Gieson. x. 100 in {A} and H&E stain. x 100 in{B} .
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Fig 3:- Photomicrograph showing the parenchyma (P) of pineal gland contains blood vessel (B.V) surrounded by
collagen fibers (arrow heads) and perivascular space (arrows). Stain:Van Gieson, x.400 in {A}and Crossmon
trichrome. x. 100 in {B}.

Fig 4:- Photomicrograph showing the parenchyma (P) of pineal gland shows purple magenta colour staining with
PAS (arrows) and blood vessel (B.V). Stain:PAS. x. 100 in {A} and {B}.

Immunohistochemical examination:-

Synaptophysin:-Immunoreactive cells were observed with strong reaction in the periphery of the gland and with
moderate reaction in the other regions of the gland (Fig.5A). The reaction of pinealocytes to the synaptophysin
immnoreactivity shows different degrees of density (Fig.5B). The reaction was mainly observed in the perivascular
spaces (Fig.5C). The negative reaction was observed around the brain sand (Fig.5D). Small clear vesicles were
observed, that were positive to the synaptophysin immunoreactivity (Fig.5E).The interstitial tissue shows negative
reaction (Fig. 5F).
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Fig 5:- Photomicrograph of pineal gland of camel showing the immunoreactivity of synaptophysin.

A: showing strong reaction in the periphery (arrows) of the gland and with moderate reaction in the other regions of
the gland. B: The reaction shows different degrees of density (arrows). C: The reaction (arrow) was mainly observed
in the perivascular spaces. D: The negative reaction (asterisk) was observed around the brain sand and positive
reaction around the pinealocytes (arrows). E: Strong positive reaction (arrows) and small clear vesicles were
observed (circle) that were positive to the synaptophysin immunoreactivity. F: the interstitial tissue gave negative
reaction (stars). Immunoperoxidase staining. x. 100 in (A&B), x.400 in (C-F)

Vimentin:-The positive reaction to vimentin immunoreactivity was distributed throughout the gland (Fig. 6A). It
was observed with strong reaction in the capsule and septa of the gland (Fig. 6B). The glia cells with its processes
were positively immunostained to vimentin in form of star shaped cells (Fig. 6C). The positive reaction was detected
in the endothelial cells of blood vessels and around the perivascular spaces forming network while in in most region
of the gland the reaction to vimentin was loose (Fig. 6C, D&E). Vimentin-positive immunoreactivity was observed
around the brain sand (Fig. 6F).
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Fig 6:- Photomicrograph of pineal gland of camel showing the immunoreactivity of vimentin.
A: The positive reaction to vimentin immunoreactivity was distributed throughout the gland (arrows). B: Strong
reaction in the capsule and septa (arrows) of the gland. C: The glia cells with its processes were positively
immunostained to vimentin in form of star shaped cells (stars) and the strong reaction around the blood vessels
forming network (arrows). D: The positive reaction around the perivascular spaces of blood vessels (B.V) forming
network (arrows). E: The positive reaction (arrows) was detected in the endothelial cells of blood vessels (B.V).F:
Vimentin-positive immunoreactivity (arrows) was observed around the brain sand (asterisks); (P) indicated the
pinealocytes. Immunoperoxidase staining. x. 100 in (A&B), x. 400 (C-F)

S-100 protein:-Immunohistochemical examination revealed that strong positive reaction was observed and
distributed all over the gland especially in the stalk and the proximal region of the gland that was denser than
vimentin immunoreactivity. The cytoplasmic processes forming network inbetween the pinealocytes (Fig. 7A).The
reaction was detected also around the perivascular space and around the brain sand (Fig. 7B).
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L5
I showing the immunoreactivity of S-100. A: The positive reaction
was observed and distribute all over the gland, the cytoplasmic processes forming network (arrow heads) inbetween
the pinealocytes (P), the perivascular spaces (arrows). B: The reaction (arrow heads) was detected around the
perivascular space (arrow) and around the brain sand and small clear vesicles were observed (stars).
Immunoperoxidase staining.x. 100 in (A), x. 400 in (B)

GFAP:-Immunoreactive cells were mainly distributed in the proximal region of the gland and little reaction in the
distal region. The reaction showed the same characters and distribution to the S-100-reactive cells, but less dense.
The strong positive reaction was observed around the perivascular spaces. The regions in which the pinealocytes
form aggregations, the reaction was moderate (Fig. 8A, B,C).

= 4 LS I WL <
Fig. 8:- Photomicrograph of pineal gland of camel showing the immunoreactivity of GFAP. A: The strong positive
reaction (arrows) was observed around the perivascular spaces of blood vessels (B.V), pinealocytes (P).B: A higher
magnification of the rectangle in figure (A). C: The regions in which the pinealocytes (P) form aggregations, the
reaction was moderate. Immunoperoxidase staining.x.100 in (A&c), x. 400 in (B).

Discussion:-

The shape of the gland was fusifrom and this finding was coincided with the statements of (Carvalho et al., 2009)
in buffalo, (Ebada, 2012) in donkey. The location of the camel pineal gland in this study was similar to that
described in other mammals, (Hendelman, 2000; Dyce et al., 2002, Frandson et al., 2007, Ebada, 2012 and
Nawal et al., 2012).
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The pineal gland secretes melatonin, which has role on adjustment of sexual development, sleep-wake cycle,
seasonal adaptation and ovulation in addition to its antioxidant activity (Uyar and Alan, 2008 and Pandi-Perumal
et al., 2008). This hormone is produced by the pineal gland and by other organs such as gonads and involved in the
regulation of the hypothalamic-pituitary-gonadal axis in photoperiodic species (El-Raey et al., 2011). Melatonin
blocks the secretion of gonadotropins (luteinizing hormone and follicle stimulating hormone) from the anterior
pituitary gland. These hormones are important for gonadal development and function (Lahmam et al., 2008).

The present study showed that, the camel pineal gland is surrounded by fibrous connective tissue capsule. The
connective tissue septa divide the parenchyma into indistinct lobules. The pinealocytes and glia cells are the two
types of parenchymal cells. This classification is according to shape, position and staining density. The pinealocytes
were oval to round in shape, with lightly basophilic cytoplasm and eucromatic nuclei with prominent nucleoli. The
glia cells are distributed in the interstitial space between the pinealocytes or around the perivascular spaces. These
cells are small containing long processes with dark stained cytoplasm and dark elongated nuclei. This confirm the
previous studies, (Junqueira and Carneiro, 2003), (Kus et al., 2004) in rat, (Gil et al., 2005) in the pregnant and
non- pregnant vizcachas, (Castro and Munoz 2009), (Ebada, 2012) in donkey and (Nawal et al., 2012) in camel.

The present work revealed that, the pineal gland of camel contains brain sand, This was also mentioned by some
authors in different mammalian species as dog (Abou-Easa, 1997 and Garma- Avina, 2000), buffalo (Lalitha and
Seshadri, 1992), and camel (Abbas and Ewais, 1982 and Nawal et al., 2012), the pig (Lewczuk et al., 1994), but
the concretions are extremely frequent in the gerbil (Krstic, 1986) and the human (Zimmerman and Bilaniuk,
1982).

In the human pineal, the brain sand arises from precipitation of calcium phosphates and carbonates on carrier
proteins which released into the cytoplasm when the pineal secretions are released by exocytosis. They are present
in childhood and increase in humber with age. Corpora aranacea are in two locations that are intrapineal in the
pineal parenchyma and extrapineal in the pineal capsule. (Koshy and Vettivel, 2001, and Urusopon et al., 2012).

In the present study, the brain sand is globular which present inbetween the pinealocytes. This was also mentioned
by some authors (Koshy and Vettivel, 2001 and Urusopon et al., 2012).The forementioned authors added that
there was another type which was a concentric lamellar type which seen around glial fibers.

The present study revealed that synaptophysin immunoreactive cells were observed with strong reaction in the
periphery of the gland and with moderate reaction in the other regions of the gland. The reaction of pinealocytes to
the synaptophysin immnoreactivity shows different degrees of density. These results are similar to the findings of
some authors Redecker et al. (1990), Redondo et al. (2001) and (Ebada, 2012) in donkey. (Sato et al. 1995 and
Feng et al. 1998) mentioned that the intercellular differences in the grades of synaptophysin immunostaining might,
therefore, reflect different states of a specific cellular activity. The presence of synaptophysin in pinealocytes of the
normal pineal, give emphasis to the paraneuronal character of these cells. The reaction was mainly observed in the
perivascular spaces. This was similar to that described in other mammals, Redondo et al. (2003) in sheep and
(Ebada, 2012) in donkey.

The negative reaction was observed around the brain sand and in the interstitial cells. Immunoractivity to
synaptophysin was less dense in the brain sand, may be due to increases number of interstitial cells and tendency of
pinealocyte to form island separated by aggregations of intersitial cells (Ebada, 2012).

The results of the present study showed that small clear vesicles were observed, that was positive to the
synaptophysin immunoreactivity, this was similar to that described in other mammals( Ebada. 2012). The
processes of pinealocytes, filled with accumulations of small clear vesicles, similar vesicles have a role in the
secretory activity of the gland, and or in the transport of calcium (Redecker et al., 1990).

The observation revealed that the positive reaction to vimentin immunoreactivity was distributed throughout the
gland. The positive reaction was detected in the endothelial cells of blood vessels and around the perivascular spaces
forming network while in in most region of the gland the reaction to vimentin was loose. These results are similar to
the findings of some authors (Suzuki and Kachi, 1995).
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The current study revealed that the presence of the three glial marker proteins (vimentin, S-100 and GFAP) has been
shown in the neuroglia cells of the pineal gland. These results were proved by some authors (Yamamoto et al.,
1990 and LOpez-Munoz et al., 1992). Also the presence of GFAP and protein S-100 in interstitial cells in non-
neoplastic pineal gland in human (Jouvet et al. 1994), in rat (Takada et al. 2006) and in donkey (Ebada, 2012).

In line with other previous studies, S100 immunoreactive cells showed similar morphological characteristics to those
of GFAP-reactivity, but their immunoreactivity more dense than GFAP-positive cells, (Ebada, 2012) in donkey.
While in rat, GFAP immunoreactive cells showed similar morphological 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
portion, GFAP-positive cells were not seen (Suzuki and Kachi 1995).

It can be concluded that there were differences between the proximal and distal region of the gland in the expression
of glia marker protein.
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