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Abstract: The regressive changes of pineal tissue in buffalo and camel were not studied before. The signs of 

involution in the form of calcium deposit or brain sand seemed curious in the buffalo pineal. Calcium deposit started 

early after birth but it was few. Calcium infiltration increased by age where the highest level was reached at the ages 

of 1 - 10 years. The calcium precipitation occurred within the walls of blood vessels and inside it and increased 

gradually leading to complete calcification of some blood vessels. Therefore the structure that was so called brain 

sand in the past not more than completely calcified blood vessels and indicating involution of the pineal. This will 

decrease the blood supply of the pineal and directly affecting its growth and function. The involution features in the 

camel pineal, including a striking physiological degeneration and hyalinization of blood vessels and accumulation of 

melanin pigment in all samples of all ages. The degeneration and hyalinization were moderate and usually happen in 

the smaller blood vessels. However high extent of hyalinization including large blood vessels sometimes occurred at 

the ages of 3-10 years; it was associated with severe depletion of pinealocytes. Blood vessels were lost by 

hyalinization. It is supposed that the function and growth of the pineal will be reduced. The regressive changes of 

the pineal may refer to that its main function is carried out during the prenatal life. [Nature and Science. 

2009;7(9):35-44]. (ISSN: 1545-0740).  

 

Key words: Pineal; Involution; Brain sand; Hyalinization; Buffalo; Camel   

 
 
1. Introduction 

Any attempt to summarize the confusing features 
of pineal tissue of different species and its relation to the 
pineal role is fraught with perils (Golan et al., 2002; 
Nimmagadda et al., 2006). This is because papers may 
simply not be able to draw any convincing conclusions 
in that respect. Also the most commonly encountered 
information was concluding that the pineal is 
fundamentally involved in nearly many functions in the 
postnatal life through its melatonin hormone (Hales and 
Fawcett, 1993; Miguez et al., 1996; Guimaraes et al., 
1997; Khan et al., 1997; Pacchierotti et al., 2001; 
Lewczuk et al., 2004; Kus et al., 2004) on the other side 
pinealectomy in sheep seemed to be not serious 
(McCloghry et al., 1992; Regodon et al., 2001). itself as 
a hormone was studied with many biological functions 
(Omer et al., 2004; Claustrat et al., 2005; Jaworek et al., 
2005, Maertroni et al., 2005, Peters et al., 2005). Light 

photoperiod was still a field of interest of some 
scientists in the last decade (Tosini et al., 2000; Engel et 
al., 2005). Brain sand or corpora arenacea was 
considered as one of the landmarks of the pineal tissue 
of mammals (Vigh et al., 1998; Koshy and Vettivel 
2001). Brain sand or calcium deposit was also found in 
buffalo (Lalitha and Seshadri, 1992). Moreover it was 
found as excretory plugs in the cerebrospinal fluid of 
dog (Garma - Avina, 2000). Structure of camel pineal 
was also studied (Taher et al., 1975; Abbas and Ewais, 
1982). There were no study could be obtained clarifying 
the role of brain sand and other features of blood vessels 
in pineal involution in animals. So the present 
investigation selected two species as an example of 
ruminants, the buffalo and camel to study that respect 
which will indicate indirectly when the pineal show its 
main function.  
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2. Materials and methods 
The pineals of 18 males of both buffalo (Bos 

bubalis L.) and camel (Camelus dromedarius) were 
obtained from Damanhour and Kom-Hamada abattoirs 
in winter. All animals were living under natural light 
conditions. After slaughter the head was removed then 
dentition was applied according to Miller and Robertson 
(1959) and Banerjee (1991). The ages of the buffaloes 
were 1- 6 months, 1 - 3 years and age of 7 - 10 years. 
The ages of camels were 1 year, 2 years, 3 years, 5 
years, 7 years, and 10 years. The brain was dissected 
and 2 pineals were collected for each age. The pineals 
were fixed in neutral buffered formalin, and then 
processed. Paraffin serial sections of 4-5 micrometers 
(μm) were prepared and stained by Harris Hematoxylin 
and Eosin (H&E), Tungsten Hematoxylin (PTAH), 
Modification of von Kossa's method for calcium with 
counterstaining by Van Gieson and Masson Trichrome 
and Dimethylaminobenzaldehyde - Nitrite method 
(DMAB-Nitrite method) for tryptophan the raw material 
of melatonin. Bleaching with hydrogen peroxide was 
carried out to confirm melanin. The average weight of 
the pineal was obtained. All the methods were reported 
by Woods and Ellis (1994). 

 
3. Results 
3.1. Buffalo  

The pineal of buffalo was roughly pea-shaped in 
young animals with slight elongation in older ones (Fig. 
1). It is situated in the deep mid-depression between the 
two thalami cranially and rostral colliculi caudally. The 
average weight of buffalo pineal was about 110 mg in 1- 
6 months, 337.5 mg in 1- 3 years and 160 mg in 7-10 
years. The size of the buffalo pineal quantitatively did 
not increase widely by age however it was variable and 
sometimes seemed to be regressed (Fig.1). Generally 
the cells of buffalo pineal were including pinealocytes 
and glial cells occasionally astorcytes. The pinealocytes 
had pale stained cytoplasm; the prominent euchromatin 
and the presence of several nucleoli were characteristic 
(Fig. 2). The astrocytes nuclei were smaller and with 
darker chromatin (Fig. 2). Cell processes were of the 
characters of the cellular elements of the pineal (Fig. 
12).  

The signs of involution in the form of calcium 
deposit or brain sand seemed curious in the buffalo 
pineal. Sometimes the amount of calcium showing great 
differences even within the same age. Calcium deposit 

started so early at 1-6 months age after birth but it was 
few (Fig. 3). Calcium infiltration increased by age 
where the highest level was reached at the ages of 1-10 
years (Figs. 4 & 5). 

The calcium precipitation occurred within the 
walls of blood vessels associating its collagen fibers in a 
manner exhibiting a correlation (Figs. 6 & 7). The 
calcium deposit started by formation of small calcium 
granules then the granules increased gradually in 
number and size (Fig.7). The granules coalesced with 
each other resulting in complete calcification of the 
walls of some blood vessels (Fig. 8). The calcification 
progressed till cluttering up such blood vessels 
completely (Fig. 9). In some cases calcification started 
inside the lumen of blood vessels hence calcium masses 
appeared attached into the internal walls of blood 
vessels (Fig. 10). Then the calcium masses increased in 
size until partially or fairly obliterating such blood 
vessels (Figs. 2, 10 & 11).   

Therefore the calcium deposit appeared in the form 
of patches and elongated well identifiable structures in 
the same locations and courses of blood vessels. Hence 
the structure that was so called brain sand in the past not 
more than completely calcified blood vessels and 
indicating involution of the pineal. This will decrease 
the blood supply of the pineal and directly affecting its 
growth. The pineal function is suggested to be affected.  

Occasionally the blockage of blood vessels by 
brain sand was associating with decrease of 
pinealocytes amount. So the amount of pinealocytes 
decreased by age because they were crowded at the ages 
of 1-6 months but loosely arranged at the ages of 1-10 
years (Figs. 6, 8 & 12). The pigment granules could not 
be observed in buffalo pineal.  

The cytoplasm of pinealocytes was showing 
neither characteristic elements nor reaction of 
tryptophan the raw material of melatonin (Fig. 13).  
3.2. Camel  

The average weight of camel pineal were 90, 300, 
130 mg at the ages of 1-3, 5 and 7-10 years. The 
quantitative characters of size, shape, situation and basic 
cellular elements  of camel pineal were not far differ 
than those of buffalo, however the nuclei of camel 
pinealocytes may be more primitive. The involution 
features were including a striking physiological 
degeneration and hyalinization of blood vessels and 
accumulation of melanin pigment in all samples of all 
ages. 
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The degeneration and hyalinization were in the 
form of foci in crossly cut blood vessels or extend along 
with the direction of blood vessels (Fig. 15). Firstly 
dissolution of the wall of blood vessel and its content of 
blood cells occurred (Fig. 14) and then hyalinization 
started (Fig. 15). Hyalinization began at the center of 
the dissolute blood vessels and could be seen 
surrounded by remnants of the degenerated wall (Fig. 
15). Blood vessels were lost as in buffalo, but with a 
new method, the degeneration and hyalinization. The 
quantity of degeneration and hyalinization was 
moderate at the age of 1 year (Fig. 14). However areas 
of high extent of hyalinization occurred by advancement 
of age, at 3 - 10 years; these areas elaborated severe 
depletion of pinealocytes (Fig. 16). Occasionally small 
intermittent areas showing few or even free from 
pinealocytes were recognized at all ages (Fig. 14 & 15). 
Generally the amount of pinealocytes decreased by age 
concomitantly with the lost of blood vessels (Figs. 15 & 
16). So it is supposed that the pineal function and 
growth are reduced actually.  

The melanin pigment were scattered allover the 
cellular elements of pineal tissue. They were more 
frequent in the periphery of the pineal and around the 
blood vessels. Most of the pinealocytes of all ages had 
melanin pigment. Some pinealocytes, glial cells and 
even fibroblasts were so packed with the pigment 
granules that they obscure the nuclei (Fig. 17). 
Aggregations of pigment granules may be observed in 
the intercellular spaces (Fig. 17), they may be for 
degenerated pinealocytes. Melanin pigment was 
confirmed by bleaching method. Heretofore no 
functional role has been assigned to the pineal pigment, 
so it may indicates non specialization of pinealocytes or 
a function regression. Calcium deposit was rare and the 
reaction of tryptophan did not differ than that of buffalo. 
The early regressive changes of the pineal may refer to 
that its main function is carried out during the prenatal 
life. 

 

Fig. 1: Buffalo pineal at the age of 1 month (A); 2 years (B) 
and 7 years (C). The shape can be recognized. Regression 
seemed at the age of 7 years. 
 

 
 
Fig. 2: Buffalo pineal at the age of 1 month showing 
pinealocytes (white arrow head), astrocytes (black arrow head) 
and partially obliterated blood vessel (C) by a calcium mass 
(arrow). (von Kossa's method & Van Gieson; x 1000). 
 

 
Fig. 3: Buffalo pineal at the age of 1 month showing few 
calcium deposits (arrows).        (von Kossa's method & Van 
Gieson; x 100). 
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Fig. 4: Buffalo pineal at the age of 1 year showing highest 
level of calcium infiltration (arrows). (von Kossa's method & 
Van Gieson; x 100). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Buffalo pineal at the age of 10 years showing highest 
level of calcium infiltration (arrows). (von Kossa's method & 
Van Gieson; x 100). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6: Buffalo pineal at the age of 1 month showing calcium 
precipitation (arrows) within the wall of blood vessel, the 
pinealocytes are crowded. (von Kossa's method & Masson 
trichrome; x 400). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7: Buffalo pineal at the age of 2 years showing increased 
calcium granules in number and size (arrows) associating the 
collagen of blood vessel wall. (von Kossa's method & Van 
Gieson; x 400). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8: Buffalo pineal at the age of 2 years showing complete 
calcification of blood vessel's wall (arrows); the amount of 
pinealocytes decreased. (von Kossa's method & Van Gieson; x 
400). 
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Fig. 9: Buffalo pineal at the age of 2 years showing 
calcification cluttering up some blood vessels completely 
(arrows). (von Kossa's method & Van Gieson; x 400). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10: Buffalo pineal at the age of 1 month showing calcium 
masses in the internal wall of blood vessel (arrows) and partial 
obliteration. (von Kossa's method & Van Gieson; x 400). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11: Buffalo pineal at the age of 6 months showing 
completely obliterated blood vessels (arrows) by calcium 
masses. (von Kossa's method & Van Gieson; x 400). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12: Buffalo pineal at the age of 3 years showing loosely 
arranged pinealocytes and cell processes (arrows) (PTAH,x 
400). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 13: Buffalo pineal at the age of 2 years showing no 
reaction of tryptophan. (DMAB-Nitrite method; x 400). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 14: Camel pineal at the age of 1 year showing dissolute 
blood vessels (arrows) and intermittent areas free from 
pinealocytes (asterisks). The quantity of degeneration is 
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moderate. (H & E; x 400).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 15: Camel pineal at the age of 3 years showing hyalinized 
crossly cut blood vessels (arrow head) surrounded by 
remnants of degenerated wall; degeneration extends along 
with the direction of blood vessel (arrow); intermittent areas 
free from pinealocytes (asterisks), the amount of pinealocytes 
decreased. (H & E; x 400).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 16: Camel pineal at the age of 10 years showing high 
extent of hyalinization (arrows) with severe depletion of 
pinealocytes. (H & E; x 400).  
 
 
 
 
 
 
 
 
Fig. 17: Camel pineal at the age of 5 years showing packed 
pinealocytes with pigment granules (arrows) and pigment in 
the intercellular space. (H & E; x 1000).  
 

4. Discussion 
Involution of the pineal was not studied on a large 

scale except very few papers in the past and it was 
restricted to morphometric data of some species, where 
involution was stated to occur periodically during the 
months of july and august, however the statistical 
weight study of the human pineal body was indicating 
that involution nearly inexistent (Legait and Legait, 
1980). In the present study the size of the buffalo and 
camel pineals quantitatively did not increase widely by 
age however it was variable and sometimes seemed to 
be regressed. In addition the weight of the pineal 
increased in the middle aged animal and decreased in 
older ages which in a line with that recorded by Venzke 
(1975) in ruminants.   

Brain sand or concretions was considered one of the 
familiar structures of pineal of many mammals 
including buffalo (Kawamura et al., 1986; Lalitha and 
Seshadri, 1992). Pinealocytes were shown to have a role 
in the start point of progressive steps of concretion in 
gerbil (Milin, 1998). The results of some investigations 
suggested that the cell organelles were involved in the 
genesis of the concretion (Welsh, 1984; Humbert and 
Pévet, 1995 b). Krstic (1986) explained the steps of 
concretion where the initial intracellular calcification 
sites occur in the cytoplasmic matrix, vacuoles, 
mitochondria and the endoplasmic reticulum of certain 
pinealocytes. These loci and particularly those within 
the cytoplasmic matrix, transform into acervuli 
(concretion) by further addition of hydroxyapatite 
crystals. The cells gradually degenerate, die, break 
down, and the acervuli reach the extracellular space. 
Galliani et al., (1989) suggested another idea that the 
cytoskeleton has a possible role to promote the brain 
sand. The intracellular calcium concentration is evoked 
by noradrenergic and cholinergic receptors resulting the 
release of calcium from the intracellular stores and by 
the influx of calcium from the external medium (Marin 
et al., 1996; Korf et al., 1997). So there are data 
suggesting that sympathetic impute to the pineal is 
necessary for the formation of pineal concretion 
(Vaughan et al., 1986). The present study described the 
brain sand in the pineal of buffalo as a curious signs of 
involution. This is because the calcium precipitation 
occurred within the wall or inside the lumen of some 
blood vessels; started by formation of small calcium 
granules which increased gradually in number and size, 
coalesced and progressed till cluttering up such blood 
vessels completely. Therefore the calcium deposit 
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appeared in the form of patches and elongated well 
identifiable structures in the same locations and courses 
of blood vessels, this will decrease the blood supply of 
the pineal and directly affecting its growth. The findings 
of Nikonorov and Makarov (1990) that during the 
pineal involution in human, the volume of its 
intraorganic vascular bed decreases essentially support 
the present study. The association of calcium with the 
collagen fibers of blood vessels wall in buffalo pineal, 
exhibiting a manner of correlation. This correlation was 
accorded by Humbert et al., (1997) where they suggest 
that collagen fibrils are involved in the genesis and 
growth of extra cellular concretion located in the 
connective tissue. The involution signs in camel 
including a striking physiological degeneration and 
hyalinization of blood vessels. Firstly dissolution of the 
wall of blood vessel and its content of blood cells 
occurred then hyalinization started at the center of 
dissolute blood vessel and could be seen surrounded by 
remnants of the degenerated wall. Blood vessels were 
lost by dissolution and hyalinization and this is shown 
as a new method of involution. In human the cause of 
decrement of vascular bed was the sclerosing process; 
this results in certain disturbances of blood supply and 
affects functional activity of the organ (Nikonorov and 
Makarov, 1990). 

The present study denied some papers (Welsh, 1984; 
Galliani et al., 1989) and we reported new information 
wherethrough the structure which was so long termed 
brain sand in the past is completely calcified and 
blocked blood vessels and indicating involution of the 
buffalo pineal. Although, our results, were in 
accordance with recent investigations (Humbert and 
Pévet, 1995 a; Vigh et al., 1998; Luke, 2001) wherewith 
the calcification (brain sand) process is interpreted as 
being as age-related phenomenon. Hence we stated the 
beginning of calcium infiltration in buffalo to be as 
early as 1-6 months age after birth and the highest level 
was reached at the age of 1-10 years. Consequently the 
degree of degeneration and hyalinization of blood 
vessels in camel was moderate at the age of 1 year 
however areas of high extent of hyalinization occurred 
at the ages of 3-10 years. On the contrary the brain sand 
and calcium an ion in Mongolian gerbil and human does 
not appear to be age related and its involvement in the 
secretory activity rather than in gland atrophy is also 
suggested (Krstic, 1986; Galliani et al., 1989, Redecker 
et al., 1996).  

Occasionally the lost of blood vessels in buffalo and 

camel was associating with decrease of pinealocytes 
amount. So the amount of pinealocytes decreased by 
age because they were crowded at the ages of 1-6 
months but loosely arranged at the ages of 1-10 years in 
buffalo. Also in camel, severe depletion of pinealocytes 
was elaborated in the areas of high extent of 
hyalinization in advanced ages (at 3-10 years). The 
degeneration that was apparent in the parenchymal cells 
of buffalo pineal (Lalitha and Seshadri, 1992) potentiate 
the present study. Moreover similar features of 
pinealocytes number were recorded in rat (Humbert and 
Pévet; 1995 a). Also in human pineal an age related 
phenomena were studied (Luke, 2001). On the other 
side no important difference between pineals of young 
and advanced aged rats were found (Prosenc and Cervós 
- Navarro, 1994) and the human pineals do not 
necessarily degenerate progressively after involution 
(Hasegawa et al., 1987). 

Pigment cells were usually found in the pineal body 
of the dromedary and also its fetus (Taher et al., 1975). 
In addition the pigment granules were constant elements 
of the dog pineal in both puppies and adult (Abou-Easa, 
1997). Ultrastructurally the pigment cells were 
identified as a special type of pinealocytes (Calvo et al., 
1988). The pineal pigment was histochemically 
identified as melanin (Calvo et al., 1992). These data 
support the present study that the melanin pigment were 
scattered allover the cellular elements of pineal tissue of 
camel. Most of the pinealocytes of all ages had 
contained melanin pigment. According to the species, 
the pigment-containing cells increase in number with 
increasing age in goat pineal (Ohshima and Matsuo, 
1987). Some pinealocytes, glial cells and even 
fibroblasts in camel were so packed with the pigment 
granules that they obscure the nuclei, but no pigment 
granules could be observed in buffalo. Melanogenesis 
was attributed to the multipotency of the pineal cells 
(Orii et al., 1994). Also the multipotency of pinealocytes 
may be proved by the presence of striated muscle fibers 
in the pineal of some domestic animals, e. g. swine 
(Hayano et al., 1976) and rat (Prosenc and Cervós- 
Navarro, 1994). Heretofore no functional role has been 
assigned to the pineal pigment, so it may indicates non 
specialization of camel pinealocytes. It was known that 
pineal hormone, melatonin is biologically active 
derivative of tryptophan (Devlin, 1986) but we could 
not detect tryptophan.  

The involution signs of pineal in buffalo and camel 
will decrease the blood supply of the pineal and directly 
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affecting the pineal growth and it is strongly 
hypothesized to reduce its function. The same 
hypothesis was accomplished in rat (Humbert and 
Pévet, 1995 a) and human (Nikonorov and Makarov, 
1990). Therefore we affiliate to Redondo et al., (1996) 
who had suggested in a prenatal study of sheep pineal, 
that the pineal has a secretory function in uterine life).  
Some more recent study try to find the function of 
certain genes in the camel pineal (El Allali et al., 2008). 
But also some recent studies interested in the relation of 
the pineal function and melatonin to brain (Lahiri et al. 
2004; Yun et al., 2004; Engel et al., 2005; Kim et al., 
2005; peters et al., 2005).  

Finally the present findings suggesting that the main 
function of the pineal is still doubtful; if the main 
function of the pineal is ever carried out in the postnatal 
life, it should not showing any sign of involution. So we 
suggest that the main function of the pineal may be in 
the prenatal life and may be related to maturation of 
neurons.  
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