Histological and histochemical changes in the ovary of the rabbits at high altitude
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Summary
This study was done on 5 groups of female rabbits (does) representing the different physiological pattern of the female life. The female rabbits (does) were collected from the Taif governorates. The ovaries were collected for histological and histochemical examination. The ovary consisted of external cortex and internal medulla. The ovary covered by pseudostratified columnar epithelium in young age which changed to columnar epithelium then to cuboidal epithelium in the adult age. The medulla consisted of CT rich in blood vessels, lymphatic vessels and nerve fibers. The cortex filled with follicles at different stages of development, primordial follicle, primary follicles, secondary follicles, tertiary follicles and mature follicle. Corpus haemmorhgicum, corpus luteum and corpus albicans are ovarian structure located in the cortex according to the physiological, cyclic and age of the does.
CL consisted of light large and dark small lutein cells. CH consisted of reminant of the mature graffian follicle with blood ooze from the surrounding blood vessels. CA consisted of structure less destructed CA or CL with invading numerous CT.
Introduction
The productions of domestic rabbits are used for many purpose, meat, fur, laboratory diagnosis and research. Rabbit's meat of all ages shows high values for human consumption, it has a higher percentage of protein than other meats and the meat itself is highly digestible, for this reason it is often recommended for sick people (Sandford and Woodgate , 1974 and  Zotte, 2002).
[bookmark: _GoBack]The health effects of high altitude-induced hypoxia which affect a large number of people live at high altitudes and many others like to visit such areas for trekking, climbing or athletic training. The composition of the air stays the same but the total barometric pressure falls as altitude increases. As a result, the partial pressure of oxygen decreases and a state of hypoxia occurs (Michiels, 2004). Certain biochemical, physiological and microanatomical responses occur during acclimatization and adaptation to chronic hypoxia of high altitude (Ward et al., 1989). Therefore, the adaptive processes that occur in response to hypoxia indicate complex modifications in the homeostatic steady state of endocrine and metabolic functions (Michiels, 2004). The citizen which live in high altitude have the ability to modify  their body biochemistry and hormone status (Palinkas et al., 2007).
The ovaries are two in each side. It located on the lateral wall of the pelvis. It supported by the broad ligament. The ovary composed of cortex externally and medulla internally. The surfaces of the ovaries covered by simple cuboidal or columnar epithelium above CT fibers thick tunica albuginea. The cortex contain interstitial CT. The cortex parenchyma consists of primordial, primary, secondary, tertiary follicles, mature follicles, corpus luteum and atretic follicles. The medulla consists of loose connective tissue rich in blood and lymph vessels. The ovary functions as an organ of reproduction and also as a gland of internal secretion.. It secrete the mature graffian follicles (Exocrine function) and non-steroidal hormones that act locally (Endocrine function) (Hodges et al.,1985). 
Over the portions of the ovary covered by low columnar or cuboidal epithelium, cells frequently appeared to be detaching from the surface. Tunica albuginea, a poorly vascularized, dense, irregular collagenous connective tissue capsule. Each ovary was subdivided into the highly cellular cortex and medulla, which consisted mostly of a richly vascularized loose connective tissue. The cortex, which was surrounded on the outside by the surface epithelium, contained germ cell clusters, some primordial, primary, secondary, tertiary and atretic follicles, and dilated blood vessels (Bjersing et al,1981 and Ozdemir et al., 2005).
Bruin et al.,2002, reported that the primordial follicles located under tunica albuginea and extended deeply for a short distance into the cortical tissue. The primordial follicle consists of a primary oocyte surrounded by a single layer of  flattened follicular cells which are cuboidal in shape. Primary follicles consists of a primary oocyte surrounded by a simple cuboidal or columnar follicular cells.. Secondary follicles consists of a primary oocyte surrounded by a stratified epithelium of granulosa cells. Tertiary follicles were composed of a primary oocyte surrounded by a stratified epithelium of follicular cumulus cells. The stratum granulosum was surrounded by the theca, which in tertiary follicles differentiates into two layers: an inner vascular theca interna and an outer supportive theca externa. The theca interna cells were spindle-shaped and located in a delicate reticular fiber. The theca externa consisted of a thin layer of loose connective tissue with fibroblasts arranged concentrically around the theca interna. 
The zona pellucida is structureless layer which surround the oocyte. It is glycoprotein in nature and has fundamental role in during fertilization and early development (Dunbar et al., 1981; Sacco et al., 1981; Hedrick and Wardrip, 1987; Yurewicz et al., 1987 and Wassarman, 1988), such as species-specific attachment and binding of spermatozoa (O'Rand, 1988), induction of the acrosome reaction (Bleil and Wassarman, 1983 and Cherr et al., 1986) and the block to polyspermy (Braden et al., 1954). Zona pellucida is a potent heteroimmunogen and share common antigenic determinants . Zona antisera possess contraceptive activity in vitro and in vivo (Sacco, 1981; Dunbar, 1983; Maresh and Dunbar, 1987and Henderson et al., 1988). Human and porcine zona share common antigens (Sacco, 1977 and Koyama et al., 1985) and antiserum to porcine zona demonstrates contraceptive efficacy in humans (Trounsonet al., 1980 and Henderson et al, 1987a). 
In the ovary of unmated or un-stimulated rabbits, therefore, functional corpora lutea (CL) should not be present and, in circulating plasma, progesterone concentration should remain at basal level. (Boiti et al., 1996). 
Materials and Methods
The does were collected from Taif governorates and divided into 5 groups represented the ages and physiological state. At I month ( young), 5 months ( immature ) , 8 month (adult pregnant) , 12 months ( adult lactating ) and 24 months ( senile ). The  ovaries were removed from rabbits under ether anesthesia preserved in 10% formalin, bouin's solution, dehydrated, cleared in xylol and cut at 5micron . These techniques were done according to (Bancroft et al.,1994).


Results
The ovary of the young doe consisted of cortex and medulla. The cortex located in the outer part while the medulla located in the center of the ovary. The ovary lined by pseudo stratified columnar epithelium (Fig.1). The cortex consisted of numerous primordia cells surrounded by mesenchymal cells, it mainly represented the bulk of the cortex (Fig. 2). Fine collagen fibers extended between the cortical follicles (Fig. 3). Primary follicles were located at the edge of the cortex. The medulla consisted of CT rich in blood vessels, nerves and lymphatic in the center of the ovary (Fig. 4). The medulla, epithelium lining of the ovary and the granulosa cells were strong PAS positive reaction (Fig. 5), while the CT fibers between the follicle was faint PAS positive (Fig. 6).
The ovary of the immature doe covered by pseudo stratified columnar epithelium. The tunica albuginea located beneath the covering epithelium, it consisted of thick layer of CT (Fig.7). The secondary follicles were appeared and they consisted of ovum in the center surround by eosinophilic yolk material and surrounded by shiny eosinophilic structure (zona pellucida). One row of low columnar cells surrounds the zona pellucid that represented the (corona radiata), it characterized by acidophilic cytoplasm and basely situated basophilic nuclei . Small, round cells with centrally located basophilic nuclei surround the corona radiata that represented (granulosa cells) .Fine fibers appeared and surround the follicle in circumference manner might represent the primordia of the theca externa cells (Fig. 8). The tertiary follicles were appeared and characterized by well organized corona radiata cells and increased number of granulosa cells, increased number of theca cells and the theca cells were organized to differentiated into theca interna and theca externa. The antral cavity appeared and filled with antral fluid (Fig. 9). The antral cavities were appeared numerous and large in size, while the granulosa cells increased and fill the spaces between the antral cavities (Fig. 10). The zona pellucida was strong PAS positive reaction while the theca and the CT between the follicles were faint PAS reaction (Fig. 11). Some follicles showed atresia and surrounded by numerous CT with disruption and desquamation in the granulosa cells (Fig. 12). The epithelium lining of the ovary became high cuboidal epithelium. The mature follicles appear at the late stage of the immature age. It characterized by well organized, granulosa cells, theca cells and appearance of cumulus oophurus, which hanged up the oocyte inside the antral cavity. The mature follicle characterized by positive PAS reaction in the oocyte, granulosa and theca cells (Fig. 13).
The ovary of the pregnant doe showed increased in size. The covering epithelium lining decreased in size to be simple cuboidal epithelium rest on thick tunica albuginea. The medulla characterized by well developed blood vessels (Fig.14). The corpus haemorraghicum was formed after ovulation. It consisted of rest cells of the mature graffian follicle except oocyte which emerge from the stigma in the wall of the graffian follicle. Some granulosa cells showed disruption (Fig. 15). The blood oozes from the blood vasculature and fill the antral cavity of the corpus haemmorhgicum (Fig. 16). After fertilization the corpus luteum ( CL) was formed. It formed from the cells of the granulosa and theca cells. It persisted during the period of pregnancy. It separated from the neighboring follicles by CT fibers (Fig. 17). The CL consisted of small and large lutein cells. The large lutein cells appeared pyramidal or oval in shape, large in size with faint basophilic cytoplasm and large basophilic nuclei while the small lutein cells appeared small ovoid cells with dark basophilic cytoplasm ( Fig. 18). The CL characterized well organized to light large lutein cells in the middle of the CL while the dark small lutein cells located in the periphery of the CL (Fig. 19). Strong PAS reaction in the tunica albuginea ovarian epithelium, CT fibers, zona pellucid and theca cells (Fig. 20), while faint PAS reaction in the granulosa cells. No metachromatic reaction was detected in the ovary (Fig. 21).
The lining epithelium of the ovary of lactating doe was cuboidal in shape rest on thick tunica albuginea (Fig.22). The blood vessels of the medulla showed thick wall and the CT fibers between the cortical follicle was  increased .The tunica albuginea and the covering epithelium of the ovary was PAS positive  while faint reaction in the CT of the cortex (Fig.23). Some follicles filled with 9-10 oocytes inside one follicle. It characterized by thick theca cells (Fig. 24). The cortex filled with numerous atretic follicles between the other developing follicles (Fig.25). The lutein cells, large and small showed vacuolation and sparsely desquamation in the cytoplasm with eccentric pyknotic nuclei (Fig.26). The reminants of the CL escape to the surface of the ovary and invaded by CT cells and fibers (Fig.27).
The ovary of the senile doe showed increase in the thickness of the tunica albuginea with increased CT fibers between the cortical follicles. Some cells of the covering epithelium showed desquamation (Fig.28). Numerous follicles showed disruption and atretic characters (Fig.29). The cytoplasm of the primordial cells showed sparsely degranulation and the nuclei showed pyknosis (Fig.30). Some follicles showed atresia with lymphocytic infiltration (Fig.31 and32). The other follicles showed normal pattern of development. The medulla blood vessels showed congestion (Fig.33). Numerous lymphocytic infiltrations occupy most of the medulla architecture. The corpus albicans located in the periphery of the ovary cortex under the tunica albuginea. It consisted of numerous CT that replaced the follicular cells. It was positive PAS reaction (Fig.34). All the atretic follicles, covering epithelium and tunica albuginea were positive PAS reaction (Fig.35 ). 
Discussion
The ovary of the rabbit was consisted of cortex externally and medulla internally. It covered by pseudostratified columnar epithelium in the young age and became cuboidal epithelium in the mature ages. The cortex surrounded by tunica albuginea which consisted of CT. The ovary had the same oriental structure in all rabbit species and other animals except mares. This finding was supported by the result of (Bjersing et al., 1981; Junqueira,  and Carneiro,2003 and Ozdemir et al., 2005).  In contrast to this finding (Ozdemir and Dinc, 2002 and 2003) reported that the surface epithelium was simple cuboidal in young animals and simple squamous in older animals.
The changes in the epithelial shape in the covering epithelium from pseudostratified to cuboidal epithelium in the young and adult age due to cyclic changes and mitotic divisions during estrous cycle. This result was supported by the findings of (Ozdemir and Dinc, 2002 and 2003) in guinea pig and  (Weakley, 1969) in hamster.

The medulla consisted of highly vascularized CT rich in blood vessels, lymph vessels and nerve fibers. This finding was in agreement with (Numazawa and Kawashima, 1982) in mouse , (Ozdemir and Dinc, 2002), in guinea pig and (Hafez, 1970 and Dellmann and Brown, 1981) in domestic animals.
The cortexes contain different follicles at different stages of development. Primary, secondary, tertiary and mature graffian follicles. Corpus luteum , corpus albicans and corpus haemmorrhgicum were prominent in the cortex. Numerous polyovular follicles were demonstrated in the cortex of the lactating does. Similar findings were evident in many animals as the ovaries of some rodents and hamster (Bodemer et al., 1959; Bodemer and Warnick, 1961 and Weakley, 1969), guinea pig (Collins and Kent, 1964). In contrast to these results no polyovular follicles not detected in guinea pig  (Ozdemir and Dinc 2002), and (Odor and Blandau 1968). 
The oocytes surrounded by follicular cells, these cells appeared cuboidal or columnar in shape (corona radiata layer and granulosa cell layers ). Zona pellucida was PAS positive materials. Similar findings have also been observed in rat ( Sotelo and Porter,1959), in  mouse (Odor and Blandau, 1968) and guinea pig (Ozdemir and Dinc, 2002).
The primordial follicles represented about a third of the follicles.  While the majority of the follicles represented by the developing follicles up to the mature one. The sizes of oocytes, oocyte nuclei, and their ratios did not change with follicle stage up to the primary stage. Most of the follicles in the does rabbits were in the intermediary stages as that of the bovine ovaries, more than 80% of follicles were found to be at the intermediary or primary stage (Van Wezel and Rodgers, 1996).

The corpus luteum was formed after induced ovulation in does. It consisted of small and large lutein cells. The large cells were located externally, large in size with granular cytoplasm, while the small ones were located internally, small in size with small nucleus. These cells originated from theca and granulosa cells as that reported by (Buffet and Bouchard, 2001). The corpus luteum has a principal role in production of steroidal hormones, including estradiol, progesterone and androgen (Buffet and Bouchard, 2001).

The corpus luteum give progesterone hormone which is responsible for calming of the uterus during pregnancy and maintenance of embryos during pregnancy and differentiation between fertile and infertile cycles ( Niswender et al.,2000).  The steroidogenic cells in the luteum body are denominated large lutein cells (LLC) and small lutein cells (SLC), which can be distinguished by their size and other functional and structural characteristics (Alila and Hansel, 1984 and  Fields and Fields, 1996). 

Many atretic follicles were reported in the contour of the rabbit cortex. These follicles were strong PAS positive reactions. The atretic follicles represented different failed follicles to reach maturity (O’shea, 1970). Signs of atresia remained obscure, similar findings of a low rate of atresia have been reported (Himelstein-Braw et al.,1976). Apparently, resting follicles accumulate little damage, which may be associated with their low metabolic rate (Okatay et al.,1997). The increase in atresia may occur only after the initiation of rapid follicle growth.
The granulosa cells surround the oocyte and the antrum cavities. It was polyhedral to polygonal in shape with centrally located basophilic nuclei and acidophilic cytoplasm. Similar results were stated by (Nottola et al., 2006). While (Dhar et al., 1996; Gersak and Tomazevic, 1999 and Whitman et al., 1989), identified different granulosa cell subpopulations, corresponding to different stages of luteal differentiation 
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List of Figures
Plate.1: photomicrograph of the young rabbit’s ovary showing; in fig.1, the ovary consisted of outer cortex ( C ) and inner medulla  (M), the covering epithelium is pseudostratified columnar epithelium (P) . H&E.X10. In.2, numerous primordial follicles surrounded by mesenchymal cells ( arrow). H&E X40. In 3, fine collagen fibers extended between the cortical follicles ( arrow) . Crossmon’s trichrome X10. In 4, primary follicles were located at the edge of the cortex ( o ). The medulla consisted of CT rich in blood vessels, nerves and lymphatic ( arrow). Crossmon’s trichrome. X10. In 5, the medulla, epithelium lining of the ovary and the granulosa cells were strong PAS positive reaction ( arrow).PAS.X10.In 6, the CT fibers between the follicle was faint PAS positive ( arrow ).PAS.X40.
Plate.2: photomicrograph of the immature rabbit’s ovary showing; in fig.7, the tunica albuginea (arrow) which consisted thick layer of CT. H&E.X10. In.8, in secondary follicle , zona pellucida ( z), corona radiata ( c) , granulosa cells ( g) and theca externa primordia ( arrow). H&E X40. In 9, the tertiary follicles characterized by well organized corona radiata (c) and increased number of granulosa cells (g). The antral cavity appeared and filled with antral fluid ( f) . H&E X10. In 10, the antral cavities were appeared numerous and large in size ( f), while the granulosa ( g) cells increased and fill the spaces between the antral cavities Crossmon’s trichrome. X10. In 11, the zona pellucida was strong PAS positive reaction ( zp ) while the theca and the CT between the follicles were faint PAS reaction ( arrow).PAS.X40.In 12, no metachromatic granules were detected. Toulidine blue X40. In 13, some follicles showed atresia and surrounded by numerous CT with disruption and desquamation in the granulosa cells (arrow). Crossmon’s trichrome.X40.In 14, mature follicle characterized by positive PAS reaction in the oocyte, granulosa and theca cells ( arrow ).PAS.X40.
Plate.3&4: photomicrograph of the pregnant rabbit’s ovary showing; in fig.15, well developed blood vessels in the ovary medulla ( arrow). Crossmon’s trichrome.X10. In.16, the rest of the mature follicle forming the CH ( arrow). H&E X40. In 17, fully developed CH ( ch) . H&E X40. In 18, the CL separated from the ovarian structure by CT ( arrow) . H&E X10. In 19, The CL consisted of small and large lutein cells ( CL) . In 20 , the large lutein ( L) cells appeared pyramidal or oval in shape, large in size with faint basophilic cytoplasm and large basophilic nuclei while the small lutein ( S) cells appeared small ovoid cells with dark basophilic cytoplasm. H&E X40. In 21, mature follicle characterized by positive PAS reaction in the oocyte, granulosa and theca cells ( arrow ).PAS.X40. In,22, no metachromatic granules were detected in the ovary.TB.X40.

Plate.5: photomicrograph of the lactating rabbit’s ovary showing; in fig.23, thick tunica albuginea( arrow) and thick blood vessels in medulla (bv). Crossmon’s trichrome.X10. In.24, the epithelium was positive PAS ( arrow) while the CT was faint reaction (f). PAS X40. In 25, some follicles contains  numerous oocytes ( o) with thick theca cells ( arrow) . H&E X40. In 26, numerous atretic follicles between the other follicles (arrows). H&E X10. In 27, The CL showed vacuolation ( v) and sparsely desquamation ( d ) in the cytoplasm with eccentric pyknotic nuclei .Masson trichrome.X40.In 28, CT fibers invade the CL (arrow). H&E.X40. 

Plate.6: photomicrograph of the senile rabbit’s ovary showing; in fig.29, thick tunica albuginea( arrow) and desquamated some cells of the covering epithelium (d). H&E.X10. In.30, atretic follicles between the other follicles (arrows) . H&E X40. In 31, the cytoplasm of the primordial cells showed sparsely degranulation ( sd) and the nuclei showed pyknosis. H&E X40. In 32, Some follicles showed lymphocytic infiltration (L). H&E X40. In 33, Some follicles showed atresia ( arrows) .H&E.X40.In 34, medullary blood vessels showed congestion (arrows). H&E.X40. 35, positive PAS reaction in the atretic follicles (arrows). PAS.X40. 36, positive PAS reaction in the covering epithelium atretic follicles (arrows). PAS.X10.
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