Chapter-1
    INTRODUCTION
Rabbits are unique creatures, members of the group of animals known as lagomorphs. They are not members of the rodent family, as is often thought. The laboratory rabbit (Orycotolagus cuniculus) belongs to the family Leporidae of the order Lagomorpha (Romer, 1960).
Bangladesh is developing country of the world. Using of laboratory animals like rabbits, rats and guinea pigs is increasing day by day for experimental purposes. Beside this, rabbits are excellent source of lean meat with high quality proteins. The knowledge of anatomical variations is important for radiological and surgical procedures in humans and animals due to its practical and theoretical significance for experimental research and surgical practice in experimental and domestic animals (Swindle et al., 1988) (Krotscheck  et al., 2007)
Rabbits have a very fast reproductive rate. The breeding season for most rabbits lasts 9 months, from February to October.(Rabbits, the Columbia encyclopedia,2007).  
So reproductive performance is economically important in rabbit because of its effect on the number of offspring produced in one season as because it is a standard laboratory animal in biomedical research and transgenic rabbits are used as animal models for a variety of human diseases both genetic and acquired. Classical experimental use of rabbits includes antibody production, development of new surgical techniques, physiology and toxicity studies for the testing of new drugs. (Bosze et al., 2005)
Now-a-days not only the rabbit considered as very economically important family of animals as mentioned above but it is practicing to rare this animal in farm condition. The rabbit has already become considered to add in the meat production in our country. With considering these promising demand of this animal in future, the anatomical performance of different systems should be studied.  

Various work on the morphology, physiology and pathology of reproductive organs of different species  were done by so many authors such as  Ali et al., (2010)  in African giant rat;  Gupta et al., (2010) in Black Bengal Goat;  Adigwe et al., (2005) in Red Sokoto  (Maradi) goats;  Bansal. et al., (2006) in Indian buffaloes;  Vishanath et al., (1979) in pig; Miller et al., (1964)  in dog has been reported in different countries. But very little is known about the morphology of the reproductive tract of White New Zealand  Rabbit.
To maintain a good reproductive performance morphometrical knowledge of the reproductive organs of rabbit is necessary. The biometry of genital tracts of the female reveals the overall well being of the animals. The knowledge of the biometrical status of female genital tract is essential to perform pregnancy diagnosis and dealing with the infertility problems  and  its treatment (Kunbhar et al., 2003). 

Therefore   this study was carried out with the following objectives that
1. To get basic information regarding the anatomical structure of normal reproductive organs of   White New  Zealand  rabbit.

2. To  establish the baseline data on the normal dimensions of different segments of the reproductive tract of the White New Zealand  rabbit.

Chapter-2

REVIEW OF LITERATURE

The reproductive organ of the female rabbit is considered as primitive. Indeed, the split two-horned system is only observed in monotreme egg lying mammals and in lagomorphs (pika, hare and rabbit). The organ is hold in place by a broad ligament that is anchored at 4 points under the vertebral column. (Pragg, 2003)

2.1. OVARY:
The ovaries, ellipsoid bodies that have a maximal length of 1-1.5 cm, are located at the end of the uterus, right under the kidneys. They are hidden by the mesometrium (portion of the broad ligament that separates and encloses the uterus) and fat. (Pragg, 2003)

The ovary (ovarium) is a small in young animals minute elongated structure of grayish  or yellowish coloration lying on the dorsal body wall some distance behind the kidney. It is readily distinguished by the circular translucent dots representing  the larger vesicular ovarian follicles. In some cases the darker radiant impressions (corpora lutea) left by extruded eggs are discernible.

The ovaries of goat are almond shaped and are about 1.5 cm long. There is no demarcation between the long tortuous uterine tube and horn of the uterus, the tube is very flexuous near the  infundibulam. The uterus resembles that of the cow (Getty, 1975).

Konig et al, (2008) stated that, in all the domestic species other than the horse, the ovaries are basically ellipsoidal in shape, while surface is characterized by large follicles and corpous lutea. The ovaries of mare have the shape of a kidney and their surface is relatively regular. They are about 4-5 cm in cow, 1.5-2 cm in small ruminant, 8-12 cm in the mare, 1-1.5 cm in the dog and 0.8-1 cm in cat during reproductively active stage of animal's life.

The ovaries are homologous with testes in male. They are two nodular bodies situated one on either side of the uterus in relation to the lateral wall of the pelvis and attached to the broad ligament of the uterus, dorsal and caudal to the uterine tubes. The ovaries are grayish  pink and either a smooth or a puckered, uneven surface. They are each about 4 cm long, 2 cm wide and about 8 mm thick and weight 2-3.5 gm in cow (Carmine, 1988). 
The ovaries of mare are bean shaped and are much smaller than testicle. They are about 
 7 to 8 cm long and 3 to 4 cm thick. The weight is about 70 to 80 gm. The average distance  from  ovaries to the  vulvar  orifice is about 50-55 cm in a mare of medium size (Sisson and Grossman, 1967).         

Ghosh, (2006) found that the size of the ovary is highly variable from animal to animal. Average length is 2-3 cm, width is 2 cm, thickness is 1 cm.Each ovary has two border, two surface and two ends. 

The ovaries of the cow are much smaller than those of the mare. They measure usually about  3.5-4 cm in length, 2.5 cm in width and little more than 1.5 cm thick in largest part; the weight is 15-20 gm. They are oval in form, pointed at the uterine end, and have no ovulation  fossa (Sisson and Grossman, 1967).

Each ovary is a solid, basically ellipsoidal body commonly made irregular by the projection on the surface of large follicles and CL .The irregularity is naturally greatest in polytocous species, in which follicles ripen in batches. Those of the mare are relatively very large and also peculiar in being kidney shaped. 
Mature ovary of sow is  lobulated in appearance due to the presence of graffian follicle on the surface. They are generally situated close to pelvic brim and remain covered by ovarian bursa (Ghosh, 2006).

2.2. Uterine tube:

The uterine tube (tube uterina) the first portion of the oviduct distinguishable by its narrow caliber opens into the amdominal cavity through a broad funnel like expansions the ostium  abdominale  tubae  uterinae. The margin bears a large number of short folds and processes, the fimbrae  tubae which tend to enclose the margin of the ovary, a single cyst like hydatid may be seen in the funnel like expansion of the tube but in embalmed animals is usually found collapsed.

The oviduct (uterine-, Fallopian tube) ends in a fimbriated funnel which, assisted by a membranous hood, effectively envelops the ovary during life, so that it is almost impossible for any of the ova to escape into the coelom during passage from the ovary to the funnel and oviduct. (Crabb,1931)

There are two narrow flexuous tubes which are continuous with the pointed end of the corresponding uterine horn. Each have a length of about 20 to 30 cm in cow and is attached to the free cranial border of the broad ligament. The diameter is about 2-3 mm. It consist of three parts, isthmus,  ampula  and infundibulam (Ghosh, 2006).

The uterine or fallopian tube of cow is 20-25 cm and less flexuous than in the mare. They follow a course over a pouch, formed by a folding over of the free edge of the broad ligament, which envelops the ovary (Sisson and Grossman, 1975).

The fallopian tubes of mare are more flexiuous and the length is shorter. The fimbrae are more extensive. As the tubal end of the horn is blunt, the junction between the horn and the fallopian tube is abrupt (Ghosh, 2006).

The uterine tubes of mare are flexuous, eight to twelve inch (ca 20-30 cm) long, which extend from the extremities to the uterine cornua to the ovaries. The tube is very small at it’s uterine end (ca 2-3 mm in diameter), but towards the ovary it wides  considerably( 4-8 mm in diameter), forming the ampulla  tubae (Sisson and Grossmen,1967).

In bitch the fallopian tube is less flexuous. Length of each tube is about 5-7 cm. Uterine opening is small. A portion of the fimbrial end project into the horn and the fallopian tube is abrupt. The oviducts of sow are about 20 cm long, narrow flexuous tube. Abdominal opening of the tube is wide (Ghosh, 2006).

2.3. Uterus: 

The reproductive organ of the female rabbit is duplex: the uterus is formed by two independent horns, split over their whole length (± 7 cm). Each horn possess its own cervix.(Pragg, 2003)

The uterus  the second portion of the oviduct distinguished by its greater diameter and muscular walls. The size of this portion is enormously increased in animals which contain or have borne young. The two uteri (single in man, and having a single Os uteri) extend from the cranial end of the vagina laterocraniad to within three cm. of the kidneys, (Crabb,  1931)

The uterus of goat resembles that of the cow. The horns are 10-12 cm long and taper in such a manner to their junction with the uterine tubes that no clear distinction between the two exists. They are coiled in a close spiral and an inch or more of their posterior parts are united. The cotyledons are much smaller than those of the cow and have a depression on the free surface (Getty, 1975).

Horns of the uterus are two in number, right and left. Each horn is a spiral muscular tube tapered cranially to join the oviduct. Average length of a horn of cow is about 30 cm, in non-pregnant condition. They are directed downward, forward, outward, backward and finally upward and thus present spiral appearance like the horns of a ram and hence named as horns of the uterus. Body of the uterus is almost very small, 4 to 5 cm in length; it appears to be longer due to the presence of a common peritoneal covering on the caudal most parts of the horns before their union (Ghosh, 2006).

Sisson and Grossmen, (1967) stated that the uterus of cow lies almost entirely within the abdominal cavity in the adult. The body is only about 3-4 cm in length, although externally it appears to be five or six inches long. The horns of the uterus are, really more extensive than they appear externally and have an average length is 35-40 cm. 

The uterus of bitch has a very short body and extremely long narrow horns. In the bitch of medium size the body is 2-3 cm and cornua 12-15 cm long (Sisson and Grossmen, 1967).

The uterus of mare is hollow muscular organ. The horn of  the uterus are cylindrical when moderately distended and are about 25 cm in length. The body of the uterus is cylindrical but considerably flattened dorsoventrally, so that in cross section, it is ellipsoidal. Its average length is 18-20 cm and its diameter, when moderately distended about 10 cm. (Sisson and Grossmen, 1967).

Ghosh, (2006) found that in the uterus of mare the horns are short and their ends are blunt. The body of the uterus is longer and wider than that of the cow, cervical canal is straight. The endometrium is devoide of cotyledon .The body of the uterus of bitch is short and the horns are very long. The whole structure appears as a large V. The average length of the body and horns are 2.5 and 13 cm respectively. Horns are not tapered cranially. Cotyledons are absent. 

2.4. Cervix:

Getty, (1975) stated that the cervix of mare, cow, bitch and other small ruminant. According to him the neck or cervix of uterus (cervix uteri) of mare was constricted posterior part which joined the vagina. It was about 5.0 to 7.5 cm in length and 3.5 to 4.0 cm in diameter. Part of it (portio vaginalis uteri) projected into the cavity of the vagina, it was, therefore, not visible externally, but would be felt through the vaginal wall. 

The cervix of the cow was about 10 cm long; its wall was very dense and about 3 cm in thickness. Its lumen or the cervical canal, was spiral, and ordinarily was tightly closed. It was clearly marked from the body of the uterus and the vagina, so that the external and internal orifices both were quite distinct (Getty, 1975).

(Miller et al., 1964) found that the cervix of bitch protruded 0.5 cm to 1 cm into the vagina and was about 0.8 cm in diameter. 

Mcleod et al., (1958) investigated that the cervix in bovine as the neck of the uterus and was situated in between the uterine body and vagina. Its external diameter was equal, to that of the body of the uterus. It lies on the anterior part of the pelvic floor, having a length of about 10 cm and remarkabley firm. Part of the muscular wall formed four anular fold or ring placed accentrically . The cervical canal was the passage through the cervix .Its direction was spiral due to the eccentric arrangement of the rings. The osteum uteri internum, often called the internal os, was the uterine opening of the cervical canal. The cavity of the uterus tapered to the opening. The osteum uteri internum was the vaginal opening of the canal, and was narrowed and was very difficult to dilate. At the estrum there marked a suffictent physiological dilatation of the canal to permit the passage of a small canula. 

The fold of cervical mucosa in cow, projected into the vagina. The cervical canal was very tightly closed due to presence of thick, tough longitudinal and circular fold in the canal. The rectogenital pouch extended caudad to about half length of the vagina. A rudimentary hymen was marked near the junction of the vagina and the vestibule, which was formed by the mucosal eminence of the vagina (Habel, 1958)

Frandson, (1974) stated that in the farm animals, the cervix or the neck of the uterus projected caudally into the vagina. It was provided with heavy, smooth muscle sphincter which was tightly closed except during estrus or at parturition. In the ruminants and to some extend in the swine the inner surface of the cervix was arranged in a series of circular ridge or rings called annular fold. During pragnancy the amount of muscle was increased like size and number of cells. 

Viswanath et al., (1979)  found that in pigs, the cervix did not protrude at all in the vagina. The cervical canal had 7 to 8 prominence (mucosal fold) which narrowed down the passage. The length of the cervix ranged from 10.47 to 15.54 cm. 

Lohachit et al., (1981) found the length and width of the cervix of Thai female swamp Buffalo. The width of the cervix was 2.88 ± 0.14 cm. The cervical fold were 2 to 4 in number. 

Chantaraproteep et al., (1981) investigated the diameter of the cervix by rectal palpation.They stated that the cervix os pregnant buffaloes enlarged progressively, from 2.54 cm at early pregnancy to 5 cm at full term. 

Masani, (1957) stated that the direction of cervix was generally downward and forward. The consistency of the normal cervix was firm, but it becomes soft during pregnancy. In a multiparous woman the opening of the external os would be circular. It might be conical in shape with a tiny pinpointed os in case of underdevelopment of the uterus. External os in a multiparous cervix was a transverse slit. 

Gardner et al., (1975) found that the cervix of women extended downward and backward from the isthmus to the opening within the vagina. It was the least freely moveable part of the uterus and was divided into two parts by anterior wall of the vagina, through which it passed. It was related laterally to the  ureter  and the uterine artery. 

The vaginal part of the cervix extended into the vagina. Its cavity communicated with that of the vagina by means of the uterus (formerly called as external orifice).The opening was a short depressed slit in the nulipara but in women, gave child birth; it was larger and more irregular in outline. The ostium had anterior and posterior lips, which usually reached the posterior wall of the vagina (Gardner et al., 1975)

2.5. Vagina:

In rabbit the vagina is a flattened median tube with muscular walls it receives anteriorly the apertures of the right and left uteri. The cranial end of the vagina lies against the craniodorsal end of the urinary bladder between the two ureters, and ventrad of the colon (Crabb, 1931)

The vagina does not present any particularities in rabbit. This part of the reproductive tract is large, with the urethra joining halfway, at the level of the vaginal vestibule. At the end of the vagina, the glands of Bartholin and prepucial glands can be recognized
 (Pragg, 2003)

In mare, it was tubular and was about 15 to 20 cm in length and when slightly distended it was about 10 to 12 cm in diameter. It's dilatability appeared to be limited only by the pelvic wall. There was no external line of demarcation between the vagina and the uterus or the vulva. It was related dorsally to the rectum, ventrally to the urinary bladder and urethra, and laterally to the pelvic wall. The rectogenital pouch of the peritoneum was commonly extended between the vagina and the rectum for a distance of about 5 cm and ventrally the vesico-genital pouch passed backward some what further between the vagina and the urinary bladder. Thus most of the vagina was retro-peritoneal and was surrounded by a quantity of loose connective tissue, a venous plexus and a variable amount of fat (Getty, 1975).

Getty, (1975) stated that, in cow the vagina some what longer and more roomy than that of the mare; its wall was also thicker. Its length in the non-pregnant animal was about 25 to 30 cm but in the pregnant cow the length increase some what. The rectogenital pouch of peritoneum extended backward about 5 cm. In the ventral wall of vagina between the muscular and mucous coats, there were commonly present the two canals of Gartner (Ductus epioophori longitunales). 

In the vagina of sow, the length of the vagina was recorded about 10 to12 cm of sow of medium size. It was small in caliber, and had a thick muscular coat. The mucous membrane was  plicated and was intimately united with the muscular coat (Getty, 1975).

In bitch the vagina, according to (Getty, 1975), was relatively long. It was narrow anteriorly and had no distinct fornix. The muscular coat was thick, the mucous membrane formed longitudinal folds. The canals of   Gartner were usually absent. 

The vaginal vestibule connected the vagina at the entrance of the urethra with the external genital opening. The vagina of small ruminant according to (Getty, 1975), in general was about 8 cm long. In ewe the vagina was 8 cm long. The vaginal vestibule was 2.5 cm to 3 cm in length. There was a very small diverticulum to the urethral orifice   which was similar in the goat. The major vestibular glands were inconstant; when present, they were about the size of a small bean in the sheep; but were absent in the goat.

Mcleod et al., (1958) found that the vagina in bovine was a tubular structure between the uterus and vulva. It was located in the pelvic cavity and was 21 cm to 25 cm long and 8 cm to 10 cm in diameter. Due to its elastic wall, its dilatability was limited only by the pelvic wall. The cervix uteri projected into the anterior end of the vagina and were on the floor of the cavity. The fornix vagina was a space in the anterior part of the vagina, lateral and dorsal to the posterior part of the cervix. A slight constriction was marked internally at the vagina and vulva. Ordinarily the vagina was collapsed and the cavity was small. The mucous membrane is pale, except during estrum and had longitudinal and transverse folds. 

The vagina of bitch was a musculomembranous  highly dilatable canal, extended from the uterus to the vulva. Cranially, the vagina was limited by the fornix and the intravaginal cervix. The fornix was slit like space cranioventral to the intravaginal part of the cervix. The length of the dorsal vaginal   wall was less than that of the ventral wall because of the oblique situation of the cervix. Caudally the vagina ended just cranial to the urethral opening. It was demarcated from the vestibule by a transverse mucosal ridge that extended 1 cm dorsally on each side of the midventral line. In a 25 pound dog, the vagina was 12 to 40 cm long and 1.5 cm in diameter. Both the length and the diameter of the vagina increased considerably during pregnancy and at parturition. The longitudinal fold of vaginal mucosa was high which allowed great expansion in diameter. Smaller transverse folds connecting longitudinal folds permitted craniocaudal stretching of the vagina (Miller et al., 1964).

(Habel, 1958) studied that in cow the fornix vaginae extended further craniad on the dorsal side of the cervix than on the ventral side. 

The vagina of farm animals was that portion of the birth canal which was located within the pelvis between the uterus cranially and the vulva caudally. The mucous membrane of the vagina was glandless except in the cow, where there were some mucous cells in the cranial part of the vagina next to the cervix. The caudal portion of the vagina was covered by pelvic fascia. The fornix of the vagina was the angle or reflection formed by the projection of the cervix into the vagina. The fornix in general formed a complete circle around the cervix but in pig it was completely absent. In the cow, sheep and goat only a dorsal fornix was well developed (Frandson, 1974).

(Viswanath et al., 1979) stated that the vagina of pig was a long tube with fleshy smooth inner surface and continued as vestibule with distinct valvo-vaginal junction. The vestibule  and urethra opening at its anterior border. The length of the vagina ranged from 10.52 to 15.61 cm, the length of the cervix and vagina were almost equal.

(Gardner et al., 1975) stated that, the vagina of women played various function as birth canal, the excretory duct for the products of menstruation and also as the female copulatory organ .The cavity of the vagina communicated with that of the uterus and opened into the vestibule of the vagina below. The vagina extended downwards and forward in a plan parallel to that of the pelvic inlet. The vagina in women was highly dilatable especially in part above the pelvic diaphragm. When the cavity was empty it was H. shaped in transverse section in most of its extent. It's anterior and posterior walls were in contact with each other below the entrance of the cervix. The anterior wall, which was pierced by the cervix, was about 7.5 cm long; the posterior wall was about 9 cm long. The walls were attached above to the lateral cervical ligaments and below to the pelvic diaphragm.

(Ghosh, 2006) stated that the recess between the vaginal part of the cervix and walls of the vagina was termed as the fornix of the vagina. Although it was continuous around the cervix, it was often subdivided into anterior, posterior and lateral fornices. The posterior fornix was the deepest and its wall was related to the peritoneum of the recto-genital pouch. 

2.6. Vulva:

The vulva of goat is 8 cm  in length. There is a very small demarcation below the urethral orifice which is similar in the goat. The glandular vestibulare  major are inconstant; when present, they may be about the size of a small bean. The labia are thick and the ventral commissure is pointed and projected downward (Sisson and Grossmen, 1967).

(Sisson and Grossmen, 1967) stated that the vulva or urogenital sinus of mare is the terminal part of the genital tract. It is continuous infront with the vaginal cleft is  5-7 cm below the anus. There is no external line of demarcation between the vagina & vulva. The tube is 10-12 cm in length measured from external urethral orifice to the commissure; dorsally it is considerably shorter. 

In the vulva of cow the external urethral orifice is 10 cm from the ventral commissure. It has the form of a longitudinal slit is 2-5 cm long (Sisson and Grossmen, 1967).

The vulva of bitch has thick labia which form a pointed inferior commissure. The mucous lining is smooth and red (Sisson and Grossmen, 1967)

In the vulva of mare, the clitoris is short & thick. The fossa  clitotoris is wide. Suburethral diverticulum is absent. Ventral commissure is thick. Mucous is red. Urethra is shorter than cow (Ghosh, 2006).

In the vulva of bitch the clitoris is flat .Labia are thick. ventral commissure is pointed. Mucous membrane is red. Urethra is about 5 cm in length. The constrictor vestibule muscle is strong (Ghosh, 2006)

2.7. Recent works on Morphometry of female genital tract in different species of animal: 

Ogbuewu  et al., (2010) carried out a study on linear body growth and reproductive tract morphometric characteristics of rabbit does fed graded levels of neem leaf meal (NLM) based diets for 16 weeks. Thirty-six does were divided into 4 treatment groups of 9 rabbits each and the groups were randomly assigned to the 4 treatment diets in a completely randomized design experiment. The investigation showed that inclusion of NLM up to 15% in female rabbits’ diet does not have any visible deleterious effect on the body linear growth and reproductive tract morphometry.
Bitto et al., (2006) utilized 16 female grower rabbits were randomly assigned to any of 4 isonitrogeneous and iso-caloric diets containing 0%, 10%, 20% and 30% pawpaw meal (PPM) such that to each dietary treatment were 4 does. After 7 weeks of ad libitum feeding, all the animals were sacrificed and evaluated for reproductive tract morphometry and some haematological characteristics. The results showed similarities between the diets for all the parameters evaluated. The results suggest that dietary PPM up to 30% level of inclusion may support normal body functions and the physiology of reproduction in female rabbits.

Crabb, (1931) stated that in rabbit the cranial end of the vagina lies against the craniodorsal end of the urinary bladder between the two  ureters, and ventral of the colon. The two uteri (single in man, and having a single Os uteri) extend from the cranial end of the vagina laterocraniad to within three cm. of the kidneys, where the oviduct (uterine-, Fallopian tube) ends in a fimbriated funnel which, assisted by a membranous hood, effectively envelops the ovary during life, so that it is almost impossible for any of the ova to escape into the coelom during passage from the ovary to the funnel and oviduct. The ovary, oviduct, and uterus are suspended from the dorsum of the abdominal cavity by the mesovarium, mesosalpinx, and mesometrium respectively. These three mesenteries, composed mainly of continuous folds of the peritoneum, comprise the broad ligament.

Chandrahasan and Rajasekaran, (2004) conducted a study on ovaries of buffaloes. Ovaries from non-descript pluriparous buffaloes collected from slaughterhouse were grouped into four stages based on the characteristics of the corpus luteum and morphometry of the ovary were recorded during different stages of the oestrous cycle. Follicles were grouped according to the diameter as <=2, 3-5, 6-10 and >10 mm. Biometry of ovaries on the left and right sides were not significantly different and also between stages of the cycle. However, length, diameter and weight of the corpus luteum showed high significant differences during the four stages of the cycle. The mean number of visible follicles between right and left ovaries did not differ significantly. The number of follicles of <=2 mm diameter size increased at two times of the cycle indicating two waves of follicular growth in buffalo ovaries.  

Sangha and Sharma, (2006) undertook a study to find a correlation between quality and morphometry of retrieved oocytes with the ovarian status and follicular size. Goat ovaries collected from the local slaughterhouse were used to harvest the oocytes. Maximum percentage of good quality oocytes was recovered from medium (2-5 mm) and large (>5 mm) size follicles. Bad quality oocytes were more in small (<2 mm) and medium follicles. The mean diameter of the oocytes increased with increasing size of the follicle. Diameter of retrieved large oocytes was significantly more in ovaries without CL as compared to luteal phase ovary with CL. The diameters of small and medium follicle's oocytes did not vary significantly with physiological status of the ovary. Maximum average recovery of oocytes was obtained from ovary without CL although the good and fair quality oocytes were more during the follicular phase ovary with CL. The study reports a direct relationship between the physiological status, stage of estrous cycle of ovary and follicular size, with the quality of retrieved oocytes in goat ovary. 

Honparkhe et al., (2007) exploited of ultrasonography in bovines as a valuable aid to understand various reproductive aspects of research and academic interest. The reproductive organs of 18 normal cycling (group 1) and 10 repeat breeder (group 2) buffaloes of varied parity were scanned at the time of oestrus to compare the size and to visualize any abnormality in the genitalia. The mean size of the cervix, uterine body, right uterine horn, left uterine horn, right ovary and left ovary of repeat breeder buffaloes (group 2) were comparable to that in normal cycling buffaloes (group 1). Group 2 buffaloes were suffering from either endometritis (n=5) or ovaro-bursal adhesions (n=4) or cervical fibrosis (n=1) detected by rectal palpation and ultrasonography. Ultrasonographically, at oestrus, normal tubular genitalia of buffaloes in both groups appeared as heterogenous grey shades reflecting oedema around the non-echogenic (black) central area of the lumen. Ultrasonography was able to detect the presence of pus flakes and tissue debris as hyperechoic shades within the non-echoic lumen of tubular genitalia in endometritic buffaloes. Ovaro-bursal adhesions were visualized as hyperechoic band-like structure around the ovary. Fibrosed mass of cervix was revealed by ultrasonography as a hyperechoic (white) irregular structure around constructed non-echoic central lumen. Ultrasonography is, therefore, advantageous to visualize the abnormal conditions like endometritis, ovaro-bursal adhesion and cervical fibrosis, which impair the cyclicity and fertility of buffaloes. 

 Nandi and Kumar, (2007) conducted a study on ovaries obtained from slaughterhouses.A total of 664 ovaries obtained from Bangalore slaughterhouse were processed for oocytes aspiration and collection. The collected oocytes from preantral follicles were measured. Results revealed that there was a significant increased in the oocyte diameter as the follicle mature its sized. The mean diameter of oocytes observed from small, medium and large antral follicles were 100.42± -2.39, 112.07 ± 2.61 and 132.7 ± 1.88 micro m, respectively. On the other hand, the mean oocyte diameter in small and large  preantral follicles were 68.42 ± 1.17 and 81.03 ± 2.23 micro m, respectively. It is suggested that the measured ovine oocyte diameters are smaller than the published values and is associated with faulty or incomplete in vivo maturation of oocytes.

Islam, (2007) conducted a study on goat ovaries. From the local slaughter houses, goat ovaries were collected and recorded as right and left. On the presence or absence of corpus luteum (CL) they were also categorized as CL present or-absent group. Among 220 ovaries CL was found in 65 ovaries with the remaining 155 ovaries having no CL. In different categories of ovaries the mean weight, length and width were distinctly higher in right ovaries were (0.66 ± 0.02) g, (1.17 ± 0.02) cm and (0.77 ± 0.02) cm respectively. The mean weight, length and width in this study were found higher in right ovaries than those of left ovaries. 

Ali  et al., (2010)conducted a study on different segments of the reproductive tract of 100 adult, non-pregnant, female African giant rats (AGR) were carefully examined, weighed, and measured. The ovaries were observed to be small, pinkish, and kidney-shaped. The uterus of the AGR was found to be uterus duplex. The live weight of the AGR was 999.7 ± 16.86 g. The weight, length, and width of the ovary were 0.095 ± 0.003 g, 0.750 ± 0.01 cm, and 0.01 ± 0.02 cm, respectively. The length of the oviduct, uterus, and vagina/vestibule were 4.44 ± 0.06 cm, 4.877 ± 0.11 cm, and 4.345 ± 0.07 cm, respectively. The weight and length of the entire tubular organs were 3.171 ± 0.01 g and 13.559 ± 0.18 cm with corresponding range values of 1.61–7.10 g and 7.80–17.40 cm, respectively.

Chapter-3

MATERIALS AND METHODS

3.1 Study area and time period 
The study was conducted on 5 adult clinically healthy female White New Zealand  rabbit which were purchased from local market of Chittagong district in Bangladesh during November 2011 to February 2012.
3.2 Killing of animal

Overdose of diazepam (10mg/kg body weight) was introduced through external jugular vein to kill the animals.
3.3 Laboratory preparation  

Before taking the measurement following appliances were made available in the laboratory. A metric ruler, an electronic balance, a large dissection tray and hand gloves were collected.

3.4 Dissection of the rabbits

The rabbits were cut from the anus free from the caudal vertebrae and continued to craniad loosen the entire mass of pelvic viscera and evert it ventrocraniad through the incised ischial and pubic symphyses into the abdominal cavity, so that the rectum and vagina may be easily  opened  and examined. 

3.5 Specimen Examination and Morphometric measurement 

Length of different parts of  the female genital tract were recordrd  in centimeter (cm) and ovary, cervix and vulva in millimeter (mm) using a calibrated scale. Along with the length the weight was recorded in gram (gm) using the sensitive electronic balance           The organs were cleaned and freed from adhering tissues and placed on a table in normal position. Different segments of the tracts i.e. vulva, vagina, cervix, uterine horns, oviducts and ovaries were measured. The reproductive tracts were measured using metric rule, thread and hand lens. The ovaries were removed at their junction with the ovarian ligament -as close to the ovarian tissue as possible after the fimbria was removed. The length of ovary was taken along the excision from the ovarian ligament and the width as the greatest line perpendicular to the length line. The weight of the ovary was measured using electrical balance. The follicles and corpus luteum were countinued in each ovary using magnifying glass. The oviducts were dissected out, and a measurement taken on their extended length from the top of the fimbriae to the tubal uterine horn junction. The lengths of the oviducts were taken from the utero-tubal junction to the fimbriae and the diameters calculated from the circumferences.
The uterine horns were dissected free of their ligamentous attachments, and extended their full length for measurement. Each uterine horn was incised along its dorsal surface to expose its lumen from the oviduct tubal junction to the cervix. This method of exposure gave the relative thickness of the walls of the uterine horns, cervix and vagina. The length and condition of the cervix were recorded. 

The length of the vagina was taken as the distance from the external os of the cervix to the ventral commissure of the vulva. A measurement of the vaginal width was regularly taken. from the external os of the cervix, prior to extending the dorsal incision through the vagina The length of the vulva was taken from the external vulva opening to the vestibule and that of the vagina from vestibule to the external cervical.
For measurement of length and breadth metric system was followed by using scales. Photograph and diagram were made for proper illustration of the observation. All measurements were taken with a thin, flexible, graduated steel tap.
3.6. Statistical Analysis: 

All measurements were recorded in a tabular form. The tabulated data were entered into computer using Microsoft excel worksheet and analyzed for descriptive statistics. Th significance between both right and left ovaries treatment were tested using STATA/IC-11.

Chapter-4

RESULTS AND DISCUSSION

The mean length, width, weight, number of follicle and number of Corpus Luteum per ovary in White New Zealand Rabbit are presented in Table 1. Table 2 and Table 3 shows the mean length and width of tubular part of reproductive tract of White New Zealand rabbit.
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Fig 1: Reproductive Organ of Female Rabbit
4.1. Ovary:

 The ovaries of mature rabbit were ellipsoidal in shape whereas in all the domestic species other than the horse, the ovaries are basically ellipsoidal in shape while surface is characterized by large follicles and corpous lutea (Konig et al., 2008)

In cow they are oval in form, pointed at the uterine end, and have no ovulation fossa (Sisson and Grossman, 1967), greyish pink and either a smooth or a puckered, uneven surface reported by (Carmine, 1988).

In case of mare the ovaries have the shape of a kidney and their surface is relatively regular. The ovaries of mare are bean shaped and are much smaller than testicle(Sisson and Grossman, 1967).on the contrary the mature ovary of sow is lobulated in appearance due to the presence of graffian follicle on the surface (Ghosh, 2006).

The mean length of right ovary was recorded as (12.6 ± 0.8) mm and left ovary was (11.8 ± 0.75) mm. in White New Zealand Rabbit (Table-1). and (Figure-2).  In comparison with other species the ovaries are about 4-5 cm in cow, 1.5-2 in small ruminant, 8-12 cm in the mare, 1-1.5 cm in the dog and .8-1 cm in cat during reproductively active stage of animal's life (Konig et al., 2008)

The mean weight of the right and left ovary was (0.084 ± 0.02) and (.096 ± 0.005) gm respectively in White New Zealand Rabbit (Table-1). Whereas in cow the weight is 2-3.5 gm reported by (Carmine, 1988), 15-20 gm reported by (Sisson and Grossman, 1967). In goat it was investigated and found that, right ovary is heavier (0.90 g) than the left ovary (0.85 g) by (Rahman et al., 1977). In case of mare of medium size the weight is about 70 to80 gm reported by (Sisson and Grossman, 1967)

	Organs
	Variable
	Mean ±  SEM
	95%CI(Confidence interval)

	Left ovary
	Length
	11.8   ±  0.37      
	10.76- 12.84

	
	Width
	4.36   ±  0.16
	3.92 - 4.79

	
	Weight
	.084  ±  .009
	0 .06  - 0.11

	
	No. of follicle
	12.4  ±  1.20
	9.045 - 15.75



	
	No.of CL
	2.8   ±  0.49
	1.44 - 4.16



	Right ovary
	Length
	12.6  ±   0.4    
	11.49-13.71

	
	Width
	3.52   ±  0.33
	2.59 - 4.44

	
	Weight
	0 .096  ±  0.002
	0 .09 - 0.10

	
	No. of follicle
	10.6 ±   1.83
	5.51 - 15.69

	
	No.of CL
	3.6 ± 0.75
	1.52 - 5.68


Table-1: The mean length, width, weight, number of follicle, and number of CL  in each ovary of White New Zealand rabbit.
.
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Fig: 2 Measuring of the length of the ovary

.

In this study the mean number of follicle in the surface of per ovary was 4.14 ± 1.705 in the right ovary  and  in the left ovary in White New Zealand Rabbit (Table-1).

In case of  goat  the mean number of follicle in the surface of per ovary is (4.14 ± 1.705) in the right ovary and (3.892 ± 1.691) in the left ovary reported by (Gupta et al.,2010) and this value is little higher than the value (4.40 ± 0.17) reported by (Islam et al., 2007).On the other hand, the mean number of CL in the surface of per ovary was  in the right ovary and in the left ovary.

4.2 Oviduct:

The oviducts are paired convoluted tubes connecting the uterus to the ovaries. The mean length of the right oviduct was (9.48 ± 0.07) cm and left oviduct was (9.68 ± 0.07) cm in White New Zealand Rabbit (Table-2) and (Figure-3).

In cow the uterine tubes are two narrow flexuous tubes where each have a length of about 20 to 30 cm  and is attached to the free cranial border of the broad ligament. The diameter is about 2-3 mm. It consist of three parts, isthmus, ampula & infundibulam (Ghosh, 2006). The mean length of the oviduct was (10.08 ± 1.697) cm in Black Bangle goat reported by (Gupta et al., 2010).Whereas the uterine tubes of mare are flexuous, 20-30 cm long, which extend from the extremities to the uterine cornua to the ovaries and towards the ovary it width is considerably (4-8 mm in diameter), forming the ampulla tubae (Sisson and Grossmen, 1967). In bitch the fallopian tube is less flexuous. Length of each tube is about 5-7 cm (Ghosh, 2006). The oviducts of sow are about 20 cm long, narrow flexuous tube. Abdominal opening of the tube is wide (Ghosh, 2006)
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Fig: 3 Measuring of the length of the oviduct

Table-2: The mean length and width of tubular part of reproductive tract of White New Zealand rabbit.

	Organ


	Variable
	
	Mean ±  SEM
	95%CI(Confidence interval)

	Oviduct
	length
	Left


	9.68  ± 0.037
	9.58-9.78

	
	
	Right
	9.68  ±  0.037
	9.38-9.58

	Horn of uterus
	length
	Left
	7.62 ± 0.92 
	5.07-10.17

	
	
	Right
	7.8  ±  0.95
	5.17-10.43

	
	diameter
	Left
	13.4  ± 0.4 
	12.29-14.51

	
	
	Right
	12.8  ±  0.58
	11.18-14.42
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      Fig: 4 Measuring the length of the uterine horn

4.3. Uterus:

4.3.1Horn of the uterus:

The uterus of rabbit is ‘Y’ shaped and having two horns only where there is is absence of body of uterus like other domestic species. These horns taper in such a manner to their junction with the oviduct that no clear distinction between the two exists. The mean length of right horn was 7.8 ± 1.89 cm and left horn was 7.62 ± 1.84 cm in White New Zealand rabbit (Table-2) and (Figure-4).
The uterus of goat resembles that of the cow. The horns are 10-12 cm long coiled in a close spiral and an inch or more of their posterior parts are united. The cotyledons are much smaller than those of the cow & have a depression on the free surface (Getty, 1975). The uterus of bitch has a very short body & extremely long narrow 12-15 cm long (Sisson and Grossmen, 1967).

The uterus of mare is hollow muscular organ. The horn of the  uterus are cylindrical when moderately distended & are about 25 cm in length. The body of the uterus is cylindrical but considerably flattened dorsoventrally on the other hand it was  found that in the uterus of mare the horns are short and their ends are blunt (Ghosh,2006)

Table-3: The mean length and width of tubular part of reproductive tract of White New Zealand rabbit.

	Organ


	Variable
	Mean ±  SEM
	95%CI(Confidence interval)

	Cervix(mm)


	Length
	10.8 ± 0.37
	9.76-11.84

	
	Width
	8.2 ±  0.49
	6.84-9.56

	Vagina(cm)


	Length
	9.4 ± 0.35
	8.66-10.62

	
	Width
	12 ± 0.45
	10.76-13.24

	Vulva(mm)
	length
	6.2  ±  0.20
	5.62-6.78


4.4. Cervix:

Cervix is a sphinter, muscle like structure, which form a physiological barrier between the vagina and uterus. The mean length and width was recorded as 10.8 ± 0.75mm and 8.2 ± 0.98 respectively in White New Zealand Rabbit ( Table-3).

It was investigated that the cervix in bovine as the neck of the uterus and was situated in between the uterine body and vagina. Its external diameter was equal to that of the body of the uterus. It lies on the anterior part of the pelvic floor, having a length of about 10 cm and remarkabley firm. Part of the muscular wall formed four annual fold or ring placed accentrically (Mcleod et al.,1958)

 The cervix of bitch protruded 0.5 cm to 1 cm into the vagina and was about 0.8 cm in diameter investigated by (Miller et al., 1964). It was found that in pigs, the cervix did not protrude at all in the vagina. The cervical canal had 7 to 8 prominence (mucosal fold) which narrowed down the passage. The length of the cervix ranged from 10.47 to 15.54 cm. ( Viswanath  et al.,1 979).On the other hand it was found that the cervix of women extended downward and backward from the isthmus to the opening within the vagina. It was the least freely moveable part of the uterus and was divided into two parts by anterior wall of the vagina, through which it passed. It was related laterally to the ureter and the uterine artery (Gardner et al., 1975)

4.5. Vagina:

Vagina is a tubular sheath like structure, which extends from cervix to the urethral opening. The mean length and width of vagina was recorded as 9.64 ± 0.70 cm and 11.8 ±.98 cm, respectively in White New Zealand Rabbit ( Table-3). 
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Fig: 5 Measuring the length of the vagina
In cow the vagina some what longer and more roomy than that of the mare; its wall was also thicker. Its length in the non-pregnant animal was about 25 to 30 cm but in the pregnant cow the length increase some what. (Getty, 1975)

The vagina of bitch was a musculomembranous  highly dilatable canal, extended from the uterus to the vulva. Cranially, the vagina was limited by the fornix and the intravaginal cervix In a 25 pound dog, the vagina was 12 to 40 cm long and 1.5 cm in diameter. Both the length and the diameter of the vagina increased considerably during pregnancy and at parturition (Miller et al., 1964).

The vagina of pig was a long tube with fleshy smooth inner surface and continued as vestibule with distinct valvo-vaginal junction. The length of the vagina ranged from 10.52 to 15.61 cm, the length of the cervix and vagina were almost equal (Viswanath et al., 1979).

The vagina of women played various function as birth canal, the excretory duct for the products of menstruation and also as the female copulatory organ. The vagina in women was highly dilatable especially in part above the pelvic diaphragm. When the cavity was empty it was H. shaped in transverse section in most of its extent. It's anterior and posterior walls were in contact with each other below the entrance of the cervix. The anterior wall, which was pierced by the cervix, was about 7.5 cm long; the posterior wall was about 9 cm long (Gardner et al., 1975)

4.6. Vulva:

Vulva is external portion of the reproductive tract that extends from vagina to the exterior opening. The mean length of vulva was 2.658 ±.467 mm in White New Zealand rabbit (Table-3).

The vulva of goat is 8 cm in length. There is a very small demarcation below the urethral orifice which is similar in the goat.(Sisson and Grossmen, 1967).

The vulva or urogenital sinus of mare is the terminal part of the genital tract. The tube is 10-12 cm  in length measured from external urethral orifice to the commissure; dorsally it is considerably shorter.(Sisson and Grossmen,1967).

In the vulva of bitch the clitoris is flat .Labia are thick. ventral commissure is pointed. Mucous membrane is red. Urethra is about 5 cm in length. The constrictor vestibule muscle is strong (Ghosh, 2006)

Chapter-5
CONCLUSION

It was concluded that the Right ovary was larger in length and heavier in weight as compared to left one. This may conform the fact of right ovary being more active than the left one. These results might have established the baseline dimensions of the different segments of the female reproductive tract of the of White New Zealand  Rabbit. and possibilities of diagnosis of various abnormalities of female reproductive tract.  The differences between the results in this study and published results in other animal might be due to species differences. Differences in size of reproductive tract may also be due to the effects of the first dry season when growth may be retarded. It needs further research of White New Zealand  Rabbit in Bangladesh for more conformation.
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