                                                               Chapter- 1
Introduction
Rabbits are social, burrowing herbivores that are natural prey for a large number of carnivores. As a prey species they have evolved to be constantly vigilant, lightweight and fast-moving, with a highly efficient digestive system that enables them to spend the minimum time possible above ground and in danger of capture.
The domestic rabbit (Oryctolagus cuniculus) originated from the European wild rabbit.  The wild rabbit has long been hunted, but it is unclear exactly when domestication first took place. All domestic rabbits are the same species as the wild European rabbit (Oryctolagus cuniculus). Over centuries, man has used the rabbit for food, sport, clothing, as a scientific model and a hobby  known as the rabbit ‘fancy’.
The laboratory rabbit (Oryctolagus cuniculus) belongs to the family Leporidae of the order Lagomorpha. There are many other species of rabbit, and these, along with cottontails, pikas and hares make up the order Lagomorpha. Three breeds are commonly used in the laboratory- The Dutch Belted (1.5 to 2 kg); The White New Zealand (5 to 6 kg); and The Flemish Giant (8 to 9 kg). 
Bangladesh is a 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.
Now-a-days rabbit are being used in human related scientific researches like digestability trials, drug resistance trials in which digestive physiology, absorption criteria are very vital parameters. For doing these kind of research works, clear idea about topography and biometry of digestive tract is very much essential.

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. Inspite of having these promising demand of this animal in future, the anatomical performance of different systems have not been studied.  

Despite of being a very familiar one, few works has been reported on morphology, physiology and pathology of digestive system of rabbit (Anna Meredith, 2001, 2010; Nathan, 2006; Cathy, 2006; sarah goulter, 2009; Smith et al., 2009; Alessandro Zotti et al., 2009; Byanet Obadiah et al., 2011) in different countries. For this reason very little is known about the topography and biometry of digestive tract of  White New Zealand  rabbit.
To maintain a good nutritional status biometrical knowledge of the digestive organs of rabbit is necessary. The biometry of digestive tracts reveals the overall well being of the animals. The knowledge of the biometrical status of digestive tract is essential to gain desirable live weight and dealing with the digestive problems and  its treatment.
Therefore this study was carried out to find out-
        1) Topographical  location of different organs of  normal digestive  system of rabbit.
        2) Establishing  baseline data on the biometry of  different segments  of the digestive  tract of rabbit.
                                                 Chapter- 2
          Review  of  Literature
The abdomen of the White New Zealand rabbit is large in comparison to the chest cavity. The gastrointestinal tract is long, and the rabbit has a large stomach and cecum. The large stomach usually contains food (hay, pelleted feed, vegetation and fecal pellets that have been ingested at all times. Due to the unique anatomy of the rabbit's stomach, it is unable to vomit. If the stomach is distended by food, gas, foreign bodies or hair, or if the liver is very enlarged, this can prevent the stomach from emptying into the intestines. The last portion of the small intestines connects to the cecum and is an expanded area of the intestine called the sacculus rotundus, which has a honey comb external appearance, contains a large number of lymph follicles, and is sometimes referred to as the ileocecal tonsil. This is also a common site for foreign body impaction.
2.1.  The Esophagus:
The esophagus is the first part of the alimentary canal connecting the laryngeal part of the pharynx and the stomach. The tube is about 8 cm long and thin walled. The cervical part is longer than the thoracic part. It has a considerable length of abdominal part, which is little more than 1 cm (Ghosh, 2006). 
In the laboratory rat, the esophagus deviates slightly to the left only in the cervical region and runs mid-sagittally along the dorsal aspect of the trachea, with a total length of 7.5cm (Rudolf and Stromberg, 1976). 
The bovine esophagus is 90 to 105 cm long from its junction with the pharynx, on the lamina of the cervical cartilage, to the cardia. The length of the cervical part is 42 to 49 cm, and of the thoracic part, 48 to 56 cm. Because the stomach is in close contact with the diaphragm, no abdominal part of the esophagus can be distinguished. The smallest diameter of the bovine esophagus, about 3 cm, is in the caudal third of the neck. It gradually increases to 4 cm wide and 7 cm high in the caudal part of the thorax. In the sheep the esophagus is 45 cm long (Sisson and Grossman, 1967).

In horse the average lenth is about 140 cm. Cervical part is 75 cm and the thoracic part is about 63 cm. It has a small abdominal part which is about 2 cm  (Ghosh, 2006).
In the rabbit, the cervical part of the esophagus lie dorsal to the trachea and ventral to the ventral cervical muscles, extending from the pharynx to the thoracic inlet, measuring about 7 cm long (Timothy, 1990). At the thoracic inlet, it still maintained its position dorsal to the trachea and continues as the thoracic esophagus, until it reached the trachea bifurcation where it lay between the lung lobes (Timothy, 1990).

In dog it is comparatively wider. Length is variable. It has a very small abdominal part. There is a constriction at the beginning of the esophagus (Ghosh, 2006).
The rabbit esophagus has 3 layers of striated muscle (Goetsch, 1910). The striated muscle is semi-involuntary and extends into the cardiac part of the stomach (Alwarez, 1941).
In humans, the skeletal muscle extends only to the upper two-thirds of the esophagus, with the middle 3rd containing some smooth muscle and the lower 3rd consisting of all smooth muscle (Alwarez, 1941).  Esophageal striated muscle differs from other striated muscle  in the body in that it does not atrophy when the nerves are cut (Alwarez, 1941). The rabbit is one of those  species with no  mucous glands  in  the  esophagus (Goetsch, 1910).
2.2. The Cardia:
Control of the cardia (the opening from the esophagus into the stomach ) varies widely among species. In most species, including humans, the cardia is not a well-developed sphincter, but it is well developed in lagomorphs and rodents (Botha, 1958; Lendrum, 1947). In some species, the muscle surrounding the cardia is prominent and strong (e.g., bat, sloth) (Alwarez, 1941). In some species, the anatomic arrangement of the cardia prevents the animal from vomiting (e.g., rabbit, rat, horse). Epinephrine relaxes the cardia, but the effect is consistent only in the rabbit (Carlson, 1922).  In dogs, cats, and monkeys, epinephrine may constrict the muscles of the cardia, depending on its tonic state. Epinephrine has no effect on the cardia of humans (Cheeke PR, Amberg JW. 1973; Carlson, 1922).
2.3. Stomach:
The stomach in this study was observed to be the simply monogastric type. This result corresponded well with those of the previous study documented for man and rabbit (Harold, 1992; Cathy, 2006).
The stomach of the rabbit holds approximately 15% of the volume of the entire gastrointestinal tract (Adams, 1970). It is thin walled, J-shaped, and lies to the left of the midline (Adams, 1958).
The stomach of dog though simple monogastric is  in the form of a C-shape and rotated at 900 in a clock wise direction, with the divisions being similar to those of the monogastric animals (Millar, 1964).
Contrary to the stomach of rabbit and dog, those of the ruminants (ox, sheep and goat), have compound stomach (Frandson, 1981; Ojo et al., 1987), the first three compartments- rumen, reticulum and omasum are non-glandular, whereas, the fourth compartment, abomasum is glandular and contains typical cardiac, fundus and pylorus regions similar to that observed in monogastric stomach (Banks, 1993).
The ruminant stomach is very capacious. Nearly three fourth of the abdominal cavity is occupied by stomach. It has four compartments- rumen, reticulum, omasum and abomasum. They fill up the whole of the left half and a part of the right half of the abdomen. the  average capacity of the stomach in adult animals ranges from 100 to 230 litres, depending upon the size of the animal. Out of the total volume rumen occupies 80%, reticulum ocupies 5%  and omasum and abomasum occupy 7-8%  each (Ghosh, 2006).
In horse the stomach is in form of a simple saccular structure. Capacity is about 12 liters. It is curved and J-shape. The lesser curvature is short. The cardia and pylorus are very close. At the left extremity, close to the entrance of the esophagus, there is a rounded cul-de-sac known as saccus cecus. Pyloric end is comparatively smaller and the pyloric sphincter is well developed (Sisson and Grossman, 1967).

In dog the stomach is pyriform in shape. It has two surfaces, two orifices- cardiac and pyloric and two curvatures- lesser curvature and greater curvature. The pyloric part is narrow and the fundic part is large and rounded.There is no nonglandular area in the right part of the stomach of dog  (Ghosh, 2006).
The stomach of pig resembles a human embyo. Left part is large rounded and presents a conical diverticulum. The right narrow part is the pyloric portion and presents a ridge like prominence which projects from the wall of the lesser curvature and extends towards the lumen knows as Torus Pyloricus (Ghosh, 2006).
2.4. Small Intestine:
The small intestine starts from pylorus and terminates at the ileocecal orifice. It comprises of duodenum, jejunum and ileum.
It is approximately 12% of the gastrointestinal volume in the rabbit (O’Malley, 2005). In the dog, pig, or horse, the small intestine represents about 22% of the total GI tract (Nathan, 2006). 
2.4.1. Duodenum:
The duodenum is relatively long in the rabbit. At its origin, the duodenum forms an acute angle with the pylorus, lies close to the liver, and is subject to compression by the liver. The anatomic relationships compound the problems associated with spasms of the pyloric valve. The duodenum forms an irregular loop that subtends the pancreas. Unlike the situation in most mammals, the bile duct and the pancreatic duct enter the duodenum at widely separated points. The bile duct opens into the duodenum near its origin; the pancreatic duct opens into the duodenum near its terminus. The duodenum shares the duodenal artery and vein with the pancreas (Nathan, 2006).
It is a long tube of about 40 cm in length and represents a descending part, a caudal flexure and ascending part. The caudal flexure comprises of few U-shaped loops. Bile duct and pancreatic ducts open in to the duodenum seperately (Ghosh, 2006). 
The bile duct enters into the proximal duodenum. The right lobe of the pancreas is situated in the mesoduodenum of the duodenal loop. The left lobe lies between the stomach and transverse colon. There is a single pancreatic duct that opens at the junction of the transverse and ascending loops of the duodenum. The duct drains both pancreatic lobes. Technically this is the accessory pancreatic duct as the main pancreatic duct connection to the duodenum disappears during embryonic development (Harcourt-Brown, 2002).
In cattle the duodenum is about 1 meter in length. Beginning at the pylorus, the cranial part passes dorsally to the visceral surface of the liver, where it forms an S-shaped curve, the ansa sigmoidea. the descending part runs dorsocaudally almost to the tuber coxae, where it is continued by the caudal flexure. he ascending part passes cranially to its termination at the duodeno-jejunal flexure on the left side of the cranial mesenteric artery (Sisson and Grossman, 1967).
2.4.2. Jejunum:
The jejunum is composed of a number of close loops. It is the longest section of small bowel and appears convoluted. It has a length of about 2 meters.  the  jejunal  loops are situated above the cecum and behind the stomach and liver (Ghosh, 2006).  
In ruminants jejunum forms numerous close coils arranged in a festoon around the border of mesentery, it is prolonged by a U-shaped series of loops on an extension of the mesentery. It usually lies in the supramental recess on the right side of the rumen but is easily exposed by drawing the caudal fold of the greater omentum cranially. Occasionally it is found outside the supraomental recess, caudal and to the left of the ventral sac of the rumen (Sisson and Grossman, 1967).

2.4.3.  Ileum:
The ileum is defined as the terminal part of the small intestine, from the free edge of the ileocecal fold to the ileocecal orifice. Its cranial part is adherent to the cecum and colon. It enters the junction of the cecum and colon obliquely on the medial surface (Sisson and Grossman, 1967).
This is the straightest part of the tube and has a length of about 15 cm  (Ghosh, 2006).
The distal end of the ileum has a spherical thick-walled enlargement known as the sacculus rotundus. This marks the junction between the ileum, cecum, and colon. The sacculus rotundus is often called the “cecal tonsil” because of its lymphoid tissue and macrophage composition. This organ is unique to rabbits (Harcourt-Brown, 2002).
An ileocolic valve controls movement of ingesta from the ileum into the sacculus and prevents reverse movement of ingesta back up into the ileum. The ileocolic valve opens into the ampulla coli at the junction of the ileum, colon, and cecum. There is a weak ileocecal valve that allows chyme to pass into the cecum (O’Malley, 2005).
The ileums of Le-Lapin Albinos (Alboghobeish and Zabiehy, 1996) and New Zealand rabbits (Yildiz et al., 2001) were recorded to be around 6 and 31 cm in length, respectively. Its length is about 27 cm in the Angora rabbit (Besoluk  et al., 2006).
The sacculus rotundus of the New Zealand rabbit emptied directly into the cecum (Yildiz et al., 2001) and Le-Lapin Albinos (Alboghobeish and Zabiehy, 1996) and in other domesticated rabbits (Snipes, 1978). The saccorotundocecal orifice of rabbit is surrounded laterally by two folds (Snipes, 1978).
Alboghobeish and Zabiehy (1996) pointed out that the wall of the sacculus rotundus was not of uniform thickness; the ventral wall is thin and the dorsal wall is very thick.
2.5. Large Intestine:
The total length of large intestine is about 100 cm (Ghosh, 2006).
Benjamin Arthur Bensley (1920)  investigated that its course starts at the sacculus rotundus, as follows: Its first portion, the blind intestine or cecum, distinguished by its great size, is connected with the large intestine proper only in the region of the sacculus rotundus. Its course is comparable to two turns of a spiral. Its closed end, formed by the vermiform  process, lies in a dorsal position, and is directed backward. The second portion, the colon, comprising the major portion of the large intestine proper, leaves the cecum in the region of sacculus rotundus, where it is distinguished by its greatly sacculated walls. The third potion, the straight intestine, or rectum, is a small terminal division situated in the middle line and enclosed for the most part by the  pelvis.  It is scarcely distinguishable  from the related portion of the colon.
The abdominal part of the large intestine was divided in ascending colon, transverse colon and descending colon. The cecum and the ascending colon were the most voluminous sections of the intestine of the rabbit (Perez et al., 2009).
2.5.1.  Cecum:
The large and sacculated rabbit cecum is characterized by a spirally arranged constriction related to the internal folding of the mucosa. 
Humans have a poorly defined cecal region, which is continuous with the colon. The pig cecum is several orders of magnitude larger than that of the human. In dogs, the cecum is a lateral appendage directly out of the line of intestinal movement. The rat cecum is also large. Guinea pig cecum is three times as large as their stomach and it is sacculated (Nathan, 2006).
The rabbit’s cecum is proportionally the largest of any mammal. It is twice the length of the abdominal cavity and 40–60% of the total volume of the gastrointestinal tract (Jenkins, 2000).
It is a blind sac that folds into four parts (gyri). The first gyrus passes from the umbilical region cranially and to the right across the abdominal floor.  It then flexes caudally and the second gyrus passes back, parallel to the first fold, caudally and to the left across the abdominal floor. The third gyrus then passes cranially along the ventral left flank, and runs again parallel to the other folds across the abdominal floor, this time cranial to the first fold and separated from it by the ascending colon (Ron Rees Davies et al., 2003).
The cecum had a coiled proximal part composed of the base and the body, and an elongated distal part that ended at the  apex  (Perez,  et al., 2009).
Ghosh (2006) stated that the rabbit cecum is a wide succulus long tube and occupies the whole of the ventral part and a part of the right half of the abdominal cavity. Length is about 55 cm and possesses about 25 succulations. It remains coiled on itself and therefore comprises of first, second, third and a blind terminal part. The terminal part is slender and devoid of succulation. This part is known as vermiform appendix. Average diameter of cecum is about 3 cm.
A long fold (the’ spiral valve’’) extends in spiral form from the cecocolic ampulla at the junction with the colon, along these first three folds, with 20–30 ‘‘turns.’’ These first three gyri have thin, translucent walls. The’ vermiform’’ appendix forms the final fold. It is a 5-inch blind tube that ends on the left flank dorsal to the first part of the cecum and has thick walls containing lymphoid tissue (Donnelly, 1997; Barone, Pavaux, Blin, et al., 1973; Brooks et al., 1997).
2.5.2.  Colon:
The first part of the rabbit colon is structured like a cecum and constitutes the ampulla caecalis coli. The colonis characterized by sacculations, or haustra (Harcourt-Brown, 2002).
Rabbit colon has a ascending part, a transverse part and a descending part. Ascending colon begins from the base of the cecum in the form of a succulated wide tube. First 8-9 cm of ascending  part bears teneae and succulations on its wall. Total length of ascending colon is about 25 cm. Transeverse colon is small (4-5 cm) and continues backward as descending colon. It is about 12 cm in length and have constrictions and dilatations due to the presence of faecal balls in it (Ghosh, 2006).
The colon of ox is about 10 m long and its diameter decreases in the course of the proximal loop from 12 cm to 5 cm.  In the sheep and  goat its length is 4 to 5 m and its diameter diminishes from 8 to 2 cm (Sisson and Grossman, 1967).

The ascending colon is mostly situated on the right side of the abdominal cavity and presented three parts. The first one, starting from the cecum and attached to it by the cecocolic fold presented sacculations on its external part. This could be named proximal loop (Ansa proximalis coli), having two parts, proximal and distal. The second part of the ascending colon is simple (Pars intermedia) and run from left to right side of abdomen. The last part of the ascending colon (Ansa distalis coli) extended from the intermediate part to the right colic flexure. The distal ansa is formed by two parts parallel to each other and joined by an apical flexure and the ascending mesocolon. The transverse colon is continued at the left flexure of the colon by the descending colon. The descending colon formed numerous circunvolutions from the left flexure of the colon, until it continued with the rectum, at the left side of the ascending duodenum (Perez et al., 2008).
In humans, the colon length ranges from 90 to 150 cm and consists of the ascending,  transverse, descending, and sigmoid sections. All sections of the colon in humans, monkeys, and pigs are sacculated. The dog colon does not have sacculations and the overall length is about 25 cm and the diameter is 2 cm. The dog colon is also divided into ascending colon 5 cm in length, transverse colon 7 cm in length and descending colon 12 cm in lengh. The ascending colon is 20 cm in humans. The pig ascending colon is longer than the dog and the monkey ascending colon. Guinea pigs have a complex colon. Proximal colon is enlarged and differentiated.  It is capacious and never empty. The rat colon is neither sacculated nor long (Nathan, 2006).
2.5.3. Rectum:
Rectum is a small,  little  dilated and  remains  surrounded  by  fat in  rabbit (Ghosh, 2006). 
The rectum of ruminants consists of a cranial part largely covered by peritoneum and a wider retroperitoneal part, the ampulla recti. The muscular coat is thicker than that of the colon. External longitudinal fibers from the dorsal surface of the rectum form the rectococcygeal muscle, attached to the second and third caudal vertebrae. Ventral longitudinal fibers turn ventrally decussate in the tendinous center of the perineum and pass into the smooth muscle of the labia and vestibule in female, to the urethra in the male  (Sisson and Grossman, 1967).
It is the terminal portion of the intestine and consiste of two portions. The cranial part is covered by peritoneum and the caudal part, which is little dilated is not covered by peritoneum. Its wall is thicker and presents constrictions and dilatations. The fibers of recto-coccygeal muscles are derived from the dorsal part of external longitudinal layer of the muscular coat of rectum. These muscle fibers insert  to the  2nd  and  3rd  caudal vertebrae   (Ghosh, 2006). 
2.6.  Recent works on biometry of digestive tract in   different  species of animal:
M. Michael Swindle (2004) worked on comparative anatomy of digestive tract of pig with other species of animals in South Carolina, USA. He observed that the anatomy of pig is quite different from other mammals. The stomach is typical of monogastric species except for a prominent muscular out pouching, the torus pyloricus, at the level of pylorus. The intestinal tract is quite long, measuring approximately 15 times the length of the body. The                                                                     mesenteric vessels of the small intestine form vascular arcades in the muscularis mucosa of the intestine and not in the mesentery, as in other mammals. The large intestine of the pig is quite different anatomically from that of other common laboratory animals. The cecum, the ascending and transverse colon and the proximal portion of the descending colon are arranged in a series of centrifugal and centripetal coils in the left upper quadrant of the abdomen. This structure is known as the spiral colon. The cecum has three longitudinal muscular bands (tenia) and the proximal portion of the spiral colon has two bands. These result in a series of sacculation (haustra).
Hussain  (2010) conducted a study on the biometry of digestive tract of indeginous goat in pakistan. He found that average total Length of the esophagus was  45 cm and average diameter at the pharynx (where it starts) 1.8 cm.  Average diameter at cardia of stomach (where it ends) 2.5 cm. He observed that the overall Contribution of Rumen was 71%, Reticulum 8 %, Omasum 2 % and Abomasum 19 % into the whole Stomach of goat. He found that total length of small intestine 25 meter, average diameter of small intestine 2-3 cm, average length of Caecum 30 cm, average diameter of Caecum 8 cm. He commented that the liver is the largest gland of the body, constituting  about 1-2 % of total adult body weight in goat. He measured that the weight of the liver is about 550 to 700 grams,weight of the spleen approximately 100 grams, llength of the spleen 12-15 cm and ggreatest width of spleen 7.5-10 cm.
Perez et al., (2008) conducted a study on the  intestine  and mesentery of the nutria (Myocastor coypus). In that study 30 adult nutrias were studied using  gross dissection. The small intestine was divided into the duodenum, jejunum and ileum as usual. The duodenum started at the pylorus with a cranial portion, which dilated forming a duodenal ampulla. The ileum was located within the concavity of the caecum and attached to the coiled caecum by means of the iliocaecal fold. The ascending colon had two ansae, one proximal and one distal. The proximal ansa was fixed to the caecum by the caecocolic fold. The base of the caecum and a short proximal part of the ascending colon belonging to the proximal ansa were attached to the mesoduodenum descendens. The distal ansa of the ascending colon had a proximal part which was sacculated and a distal part which was smooth. The two parts of the distal ansa of the ascending colon were parallel and joined by a flexure of variable localisation. The smooth part of the distal ansa of the ascending colon was attached to the initial portion of the descending colon by a peritoneal fold. The short transverse colon was directly attached to the mesoduodenum and greater omentum.

Nzalak et al., (2010) carried out a study on Gross Anatomical Studies of the Esophagus of the African Giant Rat (AGR) (Cricetomys gambianus-Waterhouse, 1840). Forty African Giant Rats (AGRs) were used for the studies. The mean weight and length of the esophagus were 1.39 g (± 0.08) and 11.78 cm (± 0.53) respectively. These values accounted for 0.13% and 5.5% of the weight and length of the gastrointestinal tract, respectively. Grossly the esophagus was observed to lie dorsal to the trachea throughout its length.
Byanet Obadiah et al. (2011) conducted a study on morphology of the gastrointestinal tract of domesticated Grass cutter (Thyronomys swinderianus) in Northern Nigeria. The gastrointestinal tract was dissected from twelve matured domesticated grass cutters of both sexes. The stomach was J-shaped, simple monogastric relatively small in relation to the size of the animal. Its morphological studies revealed three regions (cardiac, fundus and pylorus). Simple structure of the intestine; duodenum, jejunum and ileum and well developed large intestines; cecum, colon and rectum were also observed. The cecum with coma-shaped blind ended sac had three regions (base, body and apex) and Teniae with intervening haustra (sacculations) was the largest organ in the abdominal cavity and the largest segment of the intestine. The colon was the widest portion of the intestine and had fecal balls which were the indigestible portion of the fed that  will  pass through the rectum.
                      Chapter- 3

   Materials  and  Methods
3.1. Study location and time period:
The study was conducted on 5 adult clinically healthy White New Zealand  Rabbit (Oryctolagus cuniculus) of both sexes (Figure-1) which were purchased from local market of Chittagong city during November 2011 to February 2012. The animals were transported using laboratory rabbit cages from the local market to the Department of Anatomy and Histology, CVASU. The animals were acclimatized for one day prior to the research and had access to green grass, commercial feed supplement and water.
3.3. Laboratory preparation: 

Before the measurement all logistics were collected and prepared in the laboratory. A metric ruler, thread, a sensitive electronic balance, a large dissection tray and hand gloves were collected. The tray and balance were placed on laboratory table in bright light area. Surgical equipments like as scalpel, scissors, forceps were sterilized.
3.4.  Killing of the animal:
The animals were observed to be in good nutritional status on physical examination before euthanasia. They were all euthanised using overdose of Diazepam (Sedil®) @ 10 mg/kg intravenously introduced through the external jugular vein.
3.4 Dissection of the rabbits:
All animals were weighed, euthanised and promptly dissected (Figure-3). The dissection was performed via one median-longitudinal incision of the soft ventral abdominal wall to expose the thoracic and abdominal viscera (Figure-2). The entire digestive tract of each animal was dissected out (Figure-5) by giving ventral longitudinal incision (Figure-4). 
3.5. Topographical examination and Biometrical measurement:

Length of different parts of the digestive tract were recordrd in centimeter (cm) using a calibrated scale and thread. 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. After the observation of the topography of the organs, the intestinal tract was separated. The pylorus was sectioned just before the duodenum and separated from its attachments to the dorsal abdominal wall. The rectum was tied off at its union with the canal-anal and transected. After removal of all mesenteric attachments (Figure-6), the lengths of the different sections of the intestinal tract on the anti-mesenteric side were taken with a standard ruler. Stomach (Figure-7) and intestine contents were measured by weighing the unopened organs and re-weighing it after been opened and contents were rinsed with tap water and dried with paper towels. Examination of the digestive tract was carried out under bright light. The results were recorded and tabulated.
The findings were documented with a digital 14.2 megapixel photo camera Canon Powershot A3200IS. Photograph and diagram were made for proper illustration of the observation.
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. All of the data were tested using SPSS (version-16).
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                                        Figure-1: A live White New Zealand Rabbit
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                               Figure-2:  Abdominal viscera of White New Zealand rabbit
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                      Figure-3: Ventral longitudinal Incision through the abdominal wall
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                    Figure-4: Dissected out whole digestive tract of White New Zealand Rabbit
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                      Figure-5: Removal of mesenteric attachments from intestinal tracts
                                  [image: image6.jpg]



                                          Figure- 6: Measurement of weight of stomach
                                                                           Chapter- 4
Results
The mean length, diameter weight in New Zealand White rabbit are presented in Table 1. Table 2 shows mean weight and circumference of stomach. Table 3 displays the mean length, diameter , weight of small intestine and Table-4 shows the mean length, diameter , weight of large  intestine of  New Zealand White rabbit.
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 Figure-7 : Schematic diagram of digedtive        Figure-8: Dissected out digestive system of 
 system of White New Zealand rabbit                                        White New Zealand rabbit
4.1.  Esophagus:
Esophagus is a muscular tube which extends from pharynx to stomach. It is the first part of the digestive tract. 

It was investigated that the cervical part of the esophagus situated dorsal to the trachea and ventral to the ventral cervical muscles. It extended from the pharynx to the thoracic inlet. At the thoracic inlet, it maintained its position dorsal to the trachea and runs as the thoracic esophagus, until it reached the trachea bifurcation and laid between the lung lobes.
The mean length of esophagus was recorded as (9.62 ± 1.64) cm in White New Zealand rabbit (Table-1). and (Figure-8 ).  

The mean weight of esophagus was (1.57 ± 0.278) gm  in White New Zealand rabbit (Table-1).

The mean diameter of  esophagus  was recorded  (1.16 ± 0.12) cm during the study.
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                                        Figure -9: Esophagus with stomach
Table-1: The mean length, diameter and  weight  of esophagus of White New Zealand rabbit.
	Organ
	Parameter
	Mean ± SD

	Esophagus
	Length (cm)


	9.62 ± 1.64



	
	Diameter (cm)


	1.16 ± 0.12



	
	Weight (gm)


	1.57 ± 0.278


4.2. Stomach:
The rabbit stomach was observed of simple monogastric type. It was J-shaped, thin walled and lied to the left of the median plane. The fundic part was comparatively big. The pyloric part was found well developed and connected with the fundic part. Esophagus opened into the almost middle part of lesser curvature. 
The pylorus was anteriorly extended to the plane that passed through the 7th intercostal area. The pylorus was directed dorsolaterally and contacted to the dorsal part of the rib wall. The cardia was situated at the level of the 4th to 5th rib and the horizontal line, passing through the coxal tuberosity. This may be due to the specific location of the caecum that occupies a relatively significant part of the abdominal cavity and displaces the stomach in a craniodorsal direction. In the angle between the cardia and the lesser gastric curvature, the papillary process of the liver was positioned. The greater curvature of the stomach was descending ventrocaudally, without touching the soft abdominal wall.
On the left, the stomach was restricted between the transverse planes passing cranially through the 9th intercostal space and caudally through the 12th intercostals space. The stomach contacted to the visceral surface of the liver and from the 10th to the 12th intercostals space, was adjacent to the rib wall. Dorsally, it communicated with the diaphragmatic crura and the proximal part of ribs.

In this study the mean weight of stomach with content was recorded as (48.114 ± 20.9) gm and without content was (24.44 ± 12.04) gm (Table-2).

The mean circumference on cardiac part was (13.811 ±1.029) cm, on fundus part (10.50 ± 0.466) cm and on pylorus part (10.04 ± 0.349) cm (table-2).

The wall of the pyloric part was found comparatively thicker and few transverse folds were found on that part.

Table-2: The mean weight and circumference of stomach of  White New Zealand rabbit.
	Organ
	Parameter
	Mean ± SD

	Stomach
	Weight (gm)

· With content
· Without content

	48.114 ± 20.09

24.44 ± 12.04



	
	Circumference (cm)

· Cardiac

· Fundus

· Pylorus
	13.811 ±1.029

10.50 ± 0.466

10.04 ± 0.349
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                       Figure -10: Relative position of various parts of digestive system
4.3. Small Intestine:
The small intestine originates from pylorus and terminates at the ileocecal orifice. It consists of three parts- Duodenum, jejunum and Ileum.
4.3.1. Duodenum:
The duodenum was found comparatively longer in White New Zealand rabbit. It began at the pylorus, passed dorsally and caudally at the visceral surface of liver. It was found to form a “S” shaped curve. Then it passed further caudally to the level of coxal tuber which called the descending duodenum. Then it again turned cranially by forming a caudal flexure and atlast continues as the ascending duodenum.

In this study the mean length of duodenum was found (41.26  ± 4.06) cm. The mean diameter was recorded (1.71 ± 0.11) cm and mean weight was found (9.682  ± 1.95) gm.
4.3.2. Jejunum:
It consists of most the length of the small intestine and comprises of a good number of close coils, attached to the border of mesentery.

The close coils were found constricted and dilated and formed U-shaped tubular loops by the attachment of the mesentery. The loops were inserted towards the ventral margin of the liver together with the gall bladder. The jejuna loops were observed to be situated above the cecum and behind the stomach. Network of blood vessels was found arranged in few layers of arches in the mesentery.
In this study the mean length of jejunum was (106.60 ± 14.64) cm and diameter was (1.70 ± 0.05). The mean weight was noted as (31.00 ± 4.64) gm (Table-3).

4.3.3. Ileum:
It is the terminal part of small intestine and a thick tube. It is attached with caecum at its cranial part. It terminates at the medial surface of the cecum at the cecocolic junction
It was found as a straight muscular tube. At the distal end of ileum, a thick-walled enlargement was found called the succulus rotundus which was specific for the species. It is also known as the “cecal tonsil”. It directly drains into cecum.

The mean length of ileum was (21.64 ± 6.32) cm and diameter was (1.73 ± 0.05) cm. The mean weight was recorded as (2.99 ± 0.143) gm (Table-3).
Table-3: The mean length, weight and diameter of small intestine of White New Zealand rabbit.
	Organ
	Parameter
	Mean ± SD

	Duodenum


	Length (cm)


	41.26  ± 4.06



	
	Weight (gm)

· With content
	9.682  ± 1.95



	
	Diameter (cm)
	1.71 ± 0.11



	Jejunum


	Length (cm)


	106.60  ± 14.64



	
	Weight (gm)

· With content


	31.00  ± 4.64



	
	Diameter (cm)
	1.70  ± 0.05



	Ileum
	Length (cm)


	21.64 ± 6.32



	
	Weight (gm)

· With content


	2.99  ± 0.143



	
	Diameter (cm)
	1.73 ± 0.05


4.4. Large Intestine:
It comprises of Cecum, Colon and Rectum. Its diameter is greater than that of small intestine.

During the study it was found that the course of  large intestine started at the cecal tonsil. Most of its part were situated at the dorsal aspect of right side of the abdominal cavity, enclosed by the common mesentery.
4.4.1 Cecum:

Cecum was found sacculated, spirally arraged and attached to the internal mucosal fold. It occupied the whole of the ventral abdominal cavity. Rabbit cecum was found extensively large and prominent. It had a coiled anterior part which posseses the base and the body. The elongated slender distal part ended at the apex. This part had no succulation and known as vermiform appendix.

The study result showed the mean length of cecum was (41.14 ± 2.82) cm and diameter was (5.47 ± 0.15) cm. The mean weight of cecum was recorded (90.69 ± 45.09) gm with content and (23.27 ± 12.40) gm while empty (Table-4).
4.4.2. Colon:
The first part of the rabbit colon was observed as similar to the cecum. Colon had three major parts- a ascending part, a transverse part and a descending part . Ascending part started from the base of the cecum. Transeverse colon was observed small and directed backwards as descending colon. 

The mean length of colon was (83.16 ± 13.74) cm and diameter was (3.36 ± 0.16) cm (Table-4).

The mean weight was recorded (29.98 ± 4.99) gm with content and (12.24 ± 1.71) gm while empty (table-4).
4.4.3. Rectum:
It is the terminal part of the intestine and consists of a cranial and a caudal part.It was found as  a small, slightly dilated tube. It was surrounded by fat content.

Its mean length was recorded as (8.0 ± 1.08) cm and mean diameter was (2.81 ± 0.24) cm (Table-4).
Table-4: The mean length, weight and diameter of large intestine of White New Zealand rabbit.

	Organ
	Parameter
	Mean ± SD

	cecum


	Length (cm)


	41.14 ± 2.82



	
	Weight (gm)

· With content

· Without content
	90.69 ± 45.09

23.27 ± 12.40



	
	Diameter (cm)
	5.47 ± 0.15

	Colon


	Length (cm)


	83.16 ± 13.74



	
	Weight (gm)

· With content

· Without content


	29.98 ± 4.99

12.24 ± 1.71



	
	Diameter (cm)
	3.36 ± 0.16

	Rectum
	Length (cm)


	8.0 ± 1.08



	
	Weight (gm)


	1.48 ± 0.356



	
	Diameter (cm)


	2.81 ± 0.24


                                                                 Chapter- 5
Discussion
The stomach is located in the intrathoracic part of the abdominal cavity. During the initial anatomical inspection, the identification of the various parts of the stomach was impeded by the specific location of the caecum that occupied a considerable part of the dextroventral half of the abdominal cavity. The longitudinal axis of the stomach was placed under an angle in relation to the body axis, confirmed by the data of Terentiev, (1952) and Barone, (1997). 
The bigger part of the stomach lay to the left of the median plane. On the right side, only the pylorus was located. This is in accordance with numerous recognized anatomical data (Gadjev,  1995; Barone et al., 1973; Popesco, 1980). 
The available literature does not however give details about the topographic features and relationships of the various gastric parts. The location of the stomach in rabbits is specific for the species. The pylorus is directed dorsolaterally and contacts the dorsal part of the rib wall. The cardia is situated on the level of the 4th to 5th rib and the horizontal line passing through the coxal tuberosity. The body of the stomach does not touch the soft abdominal wall. The spleen is situated on the caudomedial surface of the stomach. Similarly, Perez et al. (2005) stated that the anatomy of rabbit is not well known on the anatomical nomenclature. 
The knowledge of the normal anatomy of rabbit liver is necessary not only for medical experimentation purposes, but also for diagnostic imaging techniques (Roth et al., 1995; Seo, 2001). It is commonly accepted that the liver is situated just behind the diaphragm. Two-third is situated on the right and one-third on the left of the median plane (Gadjev, 1995; Barone et al., 1973; Popesco, 1980). This present study showed that the liver was situated almost perpendicularly to the longitudinal axis of body. The right lateral lobe was pushed forward from the gastric pylorus. The right lateral and the left medial lobes were found the most developed liver lobes. They were well divided. The quadrate lobe was located behind the xiphoid cartilage. The gall bladder extended outside the ventral margin of the liver. It was found inserted between the stomach on one side and the xiphoid cartilage on the other.
The spleen occupied the middle third of the intrathoracic part of the abdominal cavity. The organ was with an elongated, fusiform body with a length of 4-7 cm and width of 1-3 cm depending on the age and body weight. It was situated on the caudomedial surface of the stomach and this information is supported by Gadjev, (1995) and Baron, (1997). Dorsally, it was extended up to the duodenum and the pancreas without contacting the lumbar musculature. Laterally and ventrally to it, the loops of the jejunum were observed.
In the rabbit, the ileum, cecum and a part of the ascending colon were found coiled together. They formed a spiral coil with one and a half loops which is also confirmed by Barone, 1997.

The cecum of rodents has been divided into ampulla ceci (Basis ceci), corpus ceci and apex ceci (Snipes, 1979; Perrin and Curtis, 1980; Snipes, 1981, 1982; Snipes et al., 1988; Snipes, 1990), which is similar to the present study. The cecum was found voluminous which agrees with the general trend in rodents (perrin and Curtis, 1980; Kotze et a , 2006).
 It was found by this experiment that the parts of the colon were well differentiated topographically. The ascending colon of the rabbit had two ansae, with a proximal and a distal part and an intermediate part. But in the nutria (Myocastor coypus), there is two ansae, a proximal and a distal (Perez et al., 2008). 
The transverse colon was found well differentiated in the present study; but Snipes et al. (1988) did not mention the transverse colon in their study about the nutria (Myocastor coypus) and Alogninouwa et al., (1996) in the grass cutter (Thryonomys swinderianus).
The differences between the results in this study and published results in rabbits might be due to breed difference. Differences in size and weight of digestive tracts may also be due to age, food habit and with the effects of the climate.
Chapter- 6
Conclusion
It was concluded that the location of the stomach in White New Zealand rabbit is specific for the species. The succulus rotundus was found as a unique structure camparing to other species. This study also confirm that the cecum occupies almost all the ventral abdominal cavity and is extensively large. These study results might have established the baseline dimensions of the different segments of the digestive tract of the White New Zealand rabbit rabbit and possibilities of diagnosis of various abnormalities of digestive tract. The differences between the results in this study and published results in other animal might be due to species differences. It needs further research of White New Zealand rabbit in Bangladesh for more conformation.
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