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Variation in branches of the abdominal aorta in New Zealand white (Orictolagus cuniculus) rabbit
Abstract

Rabbits have been used as an experimental model in many diseases for the studies in biomedical molecular research. The study was conducted with an aim to give morphological aid by investigating major vascular variations of the abdominal aorta in New Zealand white rabbit (Orictilagus cuniculus) for supporting the experimental research and clinical practice in this animal. A total of 28 healthy adult New Zealand white rabbit (14 males and 14 females) of both sexes with an average (1.3 ± .5 kg) body weight were used in this research. Deep surgical anesthesia was done by using combination of xylazine and ketamine at the dose rate of 10 and 40 mg/kg body weight respectively. All the rabbits were sacrificed by bleeding through the right ventricle of the heart. Cannulation of the thoracic aorta and stained latex injection (Neoprene 450, Red carmine stain) were performed, followed by 10% neutral buffered formalin. Asymmetry of the even branches with their distribution and the way of departure of the arteries of abdominal aorta were observed. But, in single case double pair ovarian arteries were found. The diameter of caudal mesenteric artery showed significant (p< 0.05) difference between male and female. In case of male and female, the variability of the origin of testicular, ovarian and profound iliac circumflex arteries was also observed.
Keywords: Experimental model, Vascular Diseases, Vascular Anatomy, Abdominal aorta, Arteries, New Zealand white rabbit.
                                                                             Chapter 1
Introduction

A change in the way of life of animals may be reflected in their anatomy. Recent advances and refinements in radiological interventional procedures as well as in experimental model for vascular surgery have revived interest in vascular anatomy, since a thorough understanding of such anatomy is mandatory to perform such procedures safely and efficiently. But, the morphological variation in various structures of animal is a common observable fact.  There are a great number of experiments where laboratory animals like rabbit are using. The breed of rabbit most commonly used in applied research is the New Zealand white (Orictilagus cuniculus), an albino rabbit. Approximately 440,000 rabbits are used annually by biomedical research organizations including ophthalmology, atherosclerosis, teratology, cosmetics testing (eye and skin) and antibody production (http://www.lvma.org/rabbit.html).
 Different articles described widespread details attention to body structure and organ systems (Popesko et al., 1992;  Rajtová and Danko,  2001). In different breeds of rabbit shows variation in aortic arch as well as other animal species (Smith, 1891). The pattern and variation of the abdominal aorta and the aortic arch were described in different domestic animal species (Koch, 1970), rabbit (Dabanolgu, 2000; Brudnicki et al., 2007) and  leporids (Ding et al., 2006). The arteries descending from the abdominal aorta were described in detail in dog (Getty, 1975; Evans and Christensen, 1979), cat (Berg and Smallish, 1962), polar fox (Knasiecka, 1973) and mink ( Wiland, 1970). Organization of the celiac artery and its branches was discovered by separate research in rabbit and dog (Abidu-Figueiredo et al., 2005). Cranial and caudal mesenteric artery also described separately in rabbit (Mohiuddin and Rahman, 2012).Yokota et al. (2005) reported the distribution of renal artery in human, non human primates, fowl and reptiles.
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 for surgical practice in experimental and domestic animals (Krotscheck et al., 2007). Animals have become particularly important in atherosclerotic research and a large number of animal models have been developed due to limitations on studying atherosclerosis in humans. 
Rabbits were the first to be used as a model of atherosclerosis research (Fox, 1984).  It is well known that, atherosclerosis in rabbits particularly generalized fibrocalcific atherosclerosis, resembles human atherosclerotic lesions (Huang et al., 1993; Hong et al.,1997). Furthermore, the rabbit provides an excellent model system in which to study such situations as arterial injury

 (Kent et al.,1995; Parish et al.,1995),  aortic occlusion (Mackey et al.,1997), aortic aneurysm (Freestone et al.,1997), erectil dysfunction (Qiu et al.,2000; Maia et al.,2006), portal hypertension (Omanwar et al.,2004; Abraldes et al.,2006) and sepsis (Kang and Kim, 2006).  Also rabbits are widely used as an animal model for vascular research in pharmacology, toxicology, medicine and surgery (Hiromoto et al., 1996; Hong et al.,1997). So, particular attention has been paid to the dissective or angiographical study of the visceral vessels especially abdominal aorta because of the variations noticed among various animal species.

So the aim of the research was to give morphological aid by investigating the diameter, length and major vascular variation of the abdominal aorta in New Zealand white rabbit for supporting the experimental research and clinical practice in this animal.

                                                                                Chapter 2

Rivew of litarature

2.1. History of New Zealand white rabbit 

 2.1.1 Origin
The New Zealand white rabbit belongs to the family Leporidae of the order lagormorpha , which also includes the hares and pikas . Although they were originally classified within the Order Rodentia, lagomorphs are now considered to be an isolated offshoot of early eutherian stock, whose similarities to the rodents may only be superficial (Colbert, 1980). Electrophoretic studies on blood proteins confirm the phylogenetic distinction of lagomorphs, and show no relationship between lagomorphs and rodents (Walker, 1964). Actually White New Zealand rabbit was orginated in the United States and bred in 1916.  The original breeds that were used are unknown but it is thought to stem from wild New Zealand white rabbits and the texture and quality of the fur suggests the use of Angoras. They are kept for the meat and fur, as pets or laboratory animals for research (Gendron, 2000).

 2.1.2. Physical and Biological data

Healthy rabbits have sleek coats, clear, bright eyes and alert ears. The female has 4 or 5 pairs of nipples on the ventral surface of the abdomen and thorax but the buck has no nipples. In the buck, the penis, surrounded by the prepuce, is posterior to the scrotal sacs, as it is in all lagomorphs, thus differing from most mammals. The Average life span of New Zealand white rabbit is normally 5 - 8 yrs, they have been known to live upto 12 yrs. They become sexually mature at 18 - 22 wks of age and can be bred from 6-36 months of age and its gestation period is 30 - 33 days. It produces 4–10 offspring per gestation. 
Body temperature:  38 0C – 39 0C. Heart rate: 150-300 beats/minute (avg 220). Respiration rate: 32 - 65 breaths/minute (average 45). They can consume large quantities of food mainly pellets, small quantities of good-quality hay and well-washed vegetables are recommended as supplements. Rabbits can consume approximately 100mL of water per kilogram of body weight per day (http://www.lvma.org/rabbit.html.)

2.2 Handling and sexing
Rabbits need to be handled calmly and with care to prevent distress and injury to the animals and their handlers. Rabbits can, however, inflict serious bite injuries and painful scratches if stressed or not properly restrained. Never pick a rabbit up by its ears or hind legs: it may break its back. Always use both hands to lift and support a rabbit. Place one hand over the rabbit’s shoulders and the other under its rump and scoop it up. Difficult-to-handle rabbits may be grasped gently but firmly by the skin at the back of the neck and the handler’s other hand used to support the rump. Alternatively, rabbits may be wrapped in towels to reduce kicking and scratching. Always use two hands to carry a rabbit and ensure that its weight is supported at all times (McGreevy, 2002). 

To determine sex by genitalia, gently press the skin back from the genital opening and stretch the perineum. In the male, this procedure will cause the penis to be everted. The vulva of the female has the appearance of a slit. This procedure is necessary when sexing young rabbit

[image: image1.emf]
                 Figure 1:– External genitalia in male and female rabbit
2.3. Embryological development of aorta
Paired ventral and dorsal aortae develop in the embryo. Bilaterally, ventral and dorsal aortae are connected by up to six aortic arches. Each aortic arch is situated within a pharyngeal arch. The pharyngeal arch arteries contribute to the normal pattern of the great arteries. The fourth aortic arch vessel survives in vertebrates as the arch of the aorta, the third aortic arch vessel persists as the brachiocephalic artery or the root of the internal carotid, and the six arches contributes to the pulmonary arteries. Caudal to the aortic arches, the paired dorsal aortae merge to form a single descending aorta, as found in the adult. Paired ventral aortae receive blood from the truncus arteriosus and fuse to form the adult brachiocephalic trunk. Right and left vitelline arteries arise from right and left dorsal aortae to supply the yolk sac. In the adult they are represented by the celiac, cranial mesenteric and derivatives of the foregut, midgut, and hindgut respectively. The left vitelline artery normally degenerates. Each dorsal aorta terminates in an umbilical artery that supplies blood to the allantois. In the adult, umbilical arteries persist to the urinary bladder and degenerate distal to the bladder. External and internal iliac arteries develop as outgrowths of the umbilical artery. In fact the smooth muscle within the abdominal aorta is derived from mesoderm ( Sadler, 1995).
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Figure 2:- Embryological development of aorta 
2.4. Major branches of the abdominal aorta

Nowicki et al. (2010) stated that abdominal portion of the aorta, described as the abdominal aorta extends from the hiatus aorticus of the diaphragm, where it is replaced by the paired common iliac arteries.
2.4.1 Celiac artery

The celiac artery, the first major ventral branch of the abdominal aorta, arose as a single artery. its first main branch, the splenic artery which gives off several splenic branches to that organ, and also several more short gastric arteries, to the greater curvature of stomach. The left gastric artery forms another short trunk with the hepatic artery the continuation of the coeliac, passes forward and to the right, giving of small branches to the pancreas. Its first main branch is the gastroduodenal artery. 
Abidu-Figueiredo et al. (2005) reported that, in rabbit celiac artery first branch was the lienal artery. the second branch was the left gastric artery, and the hepatic artery. Nowicki et al. (2010) found that celiac trunk in rabbit branched out into two vessels: common trunk for hepatic artery and common trunk for the let gastric and splenic artery.

Abidu-Figueiredo et al. (2005) showed that the left gastric artery arises from the celiac artery in dogs. In pigs, the left gastric artery arises directly from the lienal artery, while in horses and bovines the left gastric artery arises directly from the celiac artery. In carnivorous, bovines, swine and equines the hepatic artery arises directly from the celiac artery. In ovines, the left gastric artery arises from the hepatic artery (Schwarze, 1970; Nickel et al., 1983). According to Getty (1975) celiac artry in horses, divides on the dorsal surface of the pancreas into three branches-the left gastric, hepatic and spleenic artery.
2.4.2 Cranial mesenteric artery

Mohiuddin and Rahman (2012) described that, the cranial mesenteric artery in rabbit is a stout vessel that arise from the ventral aspect of the abdominal aorta at the level of the caudal border of the arch of the 2nd lumbar vertebra. Along its course, the cranial mesenteric artery detached the following main branches:- a) The caudal pancreaticoduodenal artery  a branch of the cranial mesenteric artery, enters the mesoduodenum from the left side and supplies the major portion of the loop, b) The middle colic artery , a small vessel (frequently two) arising from the left wall and passing to the transverse colon, c) The jejunal arteries, about eighteen to twenty in number, are given off from the cranial mesenteric artery after the ileocaecocolic artery has left it, and are distributed to the free portion of the mesenterial small intestine, d) The ileocaecocolic artery , a large branch, equaling in size the cranial mesenteric trunk, is distributed to the terminal portion of the ileum, the cecum (including the vermiform process) and the ascending colon.  

According to Getty (1975) in ruminants cranial mesenteric originates from the ventral aspect of the abdominal aorta slightly caudal to the origin of celiac artery, more frequently it arises by a common trunk with the celiac artery in sheep. The pancreatic branches numbering two to three arises from the cranial, lateral, caudal aspects of the cranial mesenteric artery. The caudal pancreaticoduodenal artery arises from the left and caudal aspect of the parent artery or may originate with the first jejunal artery. The middle colic artery passes cranially and after dividing into two to three branches, supplies the ascending colon. In horses, the cranial mesenteric artery arises from the ventral aspect of the abdominal aorta at the level of first lumbar vertebra. It is a large unpaired vessel, about 2 to 3 cm in length, which divided into: a) caudal pancreaticoduodenal artery, b) about 15 to 20 jejunal artrries, c) iliocecocolic artery, d)middle colic arteries.

2.4.3 Renal artery

Getty (1975) discuss that renal arteries both right and left arises from the abdominal aorta near the cranial mesenteric  artery. The right renal artery is the longer of the two, the left renal artery is short and usually arises caudal to the right renal artery.
2.4.4 Testicular or ovarian artery

According to Getty (1975) the testicular or ovarian artery arises from the abdominal aorta ventral to the fourth and fifth lumbar vertebrae cranial to the caudal mesenteric in sheep and somewhat caudal to same in goat. Variation in the origin of the testicular artery are common in horses, they may arise from the caudal mesenteric or from the renal or the two may arise by a short common trunk.
2.4.5 Caudal mesenteric artery

In accordance with Mohiuddin and Rahman (2012) the caudal mesenteric artery in rabbit arises from the ventral aspect of the abdominal aorta, opposite to the caudal border of the root of the 6th lumbar transverse process. It proceeded caudoventrally within the descending mesocolon for 2-3 cm, then divided into a cranial branch (left colic artery) and a caudal branch (cranial rectal artery). Caudal mesenteric artery arises from the ventral wall of the abdominal aorta between the fifth and sixth lumbar vertebrae in sheep and goat. The level of fourth lumbar vertebrae, i.e., about 12 to 15 cm caudal to the origin of the cranial mesenteric artery in horse (Getty, 1975).

2.4.6 External iliac artery

Craige (1948) described that the external iliac artery in rabbit is the larger, lateral branch, directed toward the inguinal ligament, over which it passes to the medial surface of the limb, becoming the femoral artery. Near its crossing with the ligament it gives off the internal iliac artery the main portion of which passes forward in the medial portion of the abdominal wall. Getty (1975) described that external iliac artery arises from the abdominal aorta ventral to the fifth lumbar vertebra and usually just cranial to the origin of internal iliac in horse. According to (N.A.V., 1968) abdominal aorta terminates in the common iliac arteries.

2.4.7 Internal iliac arteries

Internal iliac artery is the smaller, medial branch, directed backward on the dorsal wall of the pelvis.

2.4.8 Umbilical artery

The umbilical artery, a branch of the internal iliac artery, originates at the level of internal iliac artery.
2.5. Histological variation in aortic diameter and its thickness
According to (Getty, 1975) The aorta is an elastic artery, and as such is quite distensible. Vascular wall consists of tunica intima, media, and adventitia. Tunica intima comprises endothelium with squamous and round endotheliocytes, a subendothelial zone, and internal elastic lamina. Within the tunica media, smooth muscle and the extracellular matrix are quantitatively the largest components of the aortic vascular wall. The medial layer of the aorta consists of concentric musculoelastic layers (the elastic lamella) in mammals. The tunica media is made of concentric lamellae. Tunica adventitia is a fibro elastic jacket. According to de Mello (2004) the variation in aortic diameter and thickness and in the structure of different segments of the aortic wall have been correlated with the pattern of systolic arterial pressure, the mechanical, elastic and viscoelastic properties of the vessel wall, the myoelastic architecture and the relative elastin density in the aortic layers.
 2.6 Blood flow and velocity in aorta
The stiffness of the aorta is associated with a number of diseases and pathologies, and noninvasive measures of the pulse wave velocity are an independent indicator of hypertension. Measuring the pulse wave velocity (invasively and non-invasively) is a means of determining arterial stiffness
2.7 Blood pressure in aorta
Mean arterial blood pressure is highest in the aorta and mean arterial pressure diminishes across the circulation from aorta to arteries to arterioles to capillaries to veins back to atrium: The aorta consists of a heterogeneous mixture of smooth muscle, nerves, intimal cells, endothelial cells, fibroblast-like cells, and a complex extracellular matrix. The thickness of the aorta encourages an extensive network of tiny blood vessels called vas vasorum, which feed the outer layers of the aorta.  The aortic arch contains baroreceptors  and  chemoreceptors  that relay information concerning blood pressure and blood  pH and carbon dioxide levels to the medulla oblongata of the brain. This information is processed by the brain and the autonomic nervous system mediates the homeostatic responses (Mackey et al.,1997)
2.8 Various pathologic conditions related to aorta

2.8.1 Atherosclerosis

It denotes thickening and loss of elasticity of arterial wall. It is slowly progressive disease of arteries principally in the abdominal aorta,marked by elevated fibrofatty intimal plaques, formed by lipid diposition ,smooth muscle cell proliferation and synthesis of extracellular matrix in the intima (Mackey et al.,1997).
2.8.2 Atherosclerosis and hemodynamics
Kim et al. (2004) reported that, the hemodynamic factors in the region of arterial branches on two different geometries play an important role on the localization of early atherosclerotic lesions.

Texon (1996) reported that, atherosclerotic lesions appear most frequently in bends and junctions of medium to large arteries. Factors contributing to this degenerative disease include the individual’s genetic make-up, diet and lifestyle as well as the local arterial hemodynamics

Abnormal hemodynamic events, often labeled ‘‘disturbed flow’’, such as low wall shear stress (WSS) levels, high particle residence times, excessive arterial wall strains, and wall compliance mismatch, play important roles in the regulation of vascular biology and the localization of atherosclerosis. Of all the hemodynamic factors which act directly on the endothelium, the WSS and its derivatives as well as the transport and vessel wall uptake of monocytes and lipoproteins are the most important ones related to the onset and distribution of atherosclerotic lesions (Buchanan et al.,2003). Brudnicki et al. (2007)reported that  The flow field in the abdominal aorta with the left and right renal arteries is considerably more disturbed in rabbits exhibiting small spacing between these two branches Their study has shown that the fluid mechanical interactions between arterial branches depend on the distances among the branches and their relative orientations as well as on the various geometric and flow parameters that govern flow disturbance in  the presence of arterial branch and curvature.
2.8.3 Aortic aneurism

Aneurism are localized abnormal dilatation of vessels.most common are abdominal aortic aneurism.caus eof aneurism include atherosclerosis and cystic medial degeneration, trauma, 

 (Mackey et al.,1997). It is a well-documented fact that patients who have abdominal aortic aneurysms have an exceedingly poor prognosis (kent,1995.)

2.8.4 Aortic dissection (dissecting hematoma)

Dissection of blood along the laminar planes of the aortic media with the formation of intramural blood filled channel, It often ruptures, causing massive hemorrhage that may produce sudden death. It can be a complication of therapeutic or diagnostic arterial cannulation or other trauma      (Mackey et al.,1997) 

2.8.5 Arterial thrombosis

Arteritis leading to formation of thrombus which causes ischemia of the tissues supplied by the affected artery. Kleinstreuer, (2001)reported that aortic iliac thrombosis occur most commonly in race horses. 
2.8.6 Verminous mesenteric arteritis

Migration of larva of strongylus volgaris into the wall of the cranial mesenteric artery and its branches occurs commonly in horse and may cause thrombo emboli that restrict blood supply to intestine with subsequent ischaemia and dysfunction (white, 1985)

.

Chapter 3
Materials and Method

A total of 28 healthy adult New Zealand white rabbit (14 males and 14 females) of both sexes weighing (1.3 ± .5kg) body weight were collected from local market in Chittagong metropolitan, Bangladesh. The research was conducted according to the guideline and care for the handling and experimental procedure for laboratory animal at Chittagong veterinary and animal sciences university.

The rabbit was collected from market and provided comfortable place with adequate feed and water. Physical examinations of the rabbits were performed and the healthy rabbits were selected for this research. Deep surgical anaesthesia was performed by using Xylazine (Xylaxine®) at dose rate of 10mg/kg b.w. and ketamine (G-ketemine ®) at dose rate of 40mg/kg b.w. intramuscularly followed by the method describe by Dabanoglu (2000). Moreover, by positioning the rabbit in dorso-ventral position, thoracic cage were opened by longitudinal incision through costo-chondral junction to expose the heart. All the rabbits were sacrificed by removing blood through right ventricle of the heart. Almost 40 ml of blood per rabbit was removed on an average. After removal of blood, thoracic aorta were dissected in in situ condition and cannulated to fix them with an average 30ml of 10% formaldehyde in each rabbit and kept in room temperature for 1 hour. After that the arterial system was flushed with normal saline by making a counter opening in femoral artery. Average 5 ml of synthetic latex (Neoprene 450, Red carmine stain) was injected to filled the arteries via the thoracic aorta and the rabbits were kept in 4 0 C for 24 hour.

Lengths and diameters of the major branches of the abdominal aorta were measured in this experiment. The diameters of celiac trunk, cranial mesenteric artery, renal arteries, cranial abdominal arteries, testicular arteries, ovarian arteries, caudal mesenteric artery, median caudal artery, profound iliac circumflex arteries, external iliac arteries, internal iliac arteries were measured appropriately by using digital slide calipers. Besides, the measurements of diameter, we also took the length of the celiac trunk (before dividing into common trunk for hepatic, gastro duodenal and right gastric artery and common trunk for splenic and left gastric artery) , cranial mesenteric  trunk (up to the level of origin of jejunal artery and iliocecocolic artery), length of the abdominal aorta from the aortic hiatus to bifurcation of common iliac artery, total length of aorta from the aortic arch to bifurcation of common iliac arteries, distance between celiac trunk and  cranial mesenteric artery, distance between renal arteries and the distance between cranial and caudal mesenteric arteries, Distance between testicular and ovarian artery. Photograph of the different arteries were taken by using a digital camera (Sony, Cybershot, 12 Mega Pixel) with the capacity of 4×zoom.
The obtained data were imported and stored in Excell-2000 and analyzed by using software-STATA/IC-11.0. The mean and SEM with 95% CI were calculated to expressed the different variables. The comparisons of variables between male and female were done and p < 0.05 were considered for significant.
                                                              Chapter 4

                                                                  Result

Abdominal aorta enters into the abdomen by the aortic hiatus of the diaphragm and ends by the paired common iliac arteries. (Fig: 3).The mean diameter of the abdominal aorta at the place of descent of the celiac trunk was (3.21± 0.35) mm, which ranged from 2.37mm to 4.07mm. 
                               [image: image2.jpg]



Fig. 3: Shows the pattern of abdominal aorta with branches in a male rabbit: 1– abdominal aorta, 2 – celiac trunk , 3--common trunk for hepatic, gastroduodenal and right gastric artery, 4– common trunk for spleenic and left gastric artery, 5--cranial mesenteric artery, 7 – Right renal artery , 7'– sinister renal artery, 6 –right cranial abdominal artery,  7' – left  cranial abdominal artery, 8 and 8” – testicular artery,  9 – caudal mesenteric artery, 10 – median caudal artery, 11– right profound iliac circumflex artery, 11' – left profound iliac circumflex artery, 12–right external iliac artery, 12' –left external iliac artery, 13– right internal iliac artery, 13' –left  internal iliac artery,14—right umbilical artery,14” –left umbilical artery.
The first branch of the abdominal aorta in New zealand white rabbit is celiac artery (fig.1) which divided into two trunk namely common trunk for hepatic, gastrodoudenal and right gastric artery and common trunk for the splenic and left gastric artery (Fig.4a,4b). celiac artery (1.75±.34) mm ranged from 1.19 mm to 2.92mm.but there was no significant differences at(p<.o5) in male and female
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 Fig. 4a,4b: Photograph Shows the branches of celiac trunk: 1-celiac trunk, 2—common trunk
 for hepatic,gastroduobenal and right gastric artery,3—common trunk for splenic and right gastric artery,  4-hepatic branch, 5—gastrobuodenal, 6—right gastric, ** Splenic artery ,* left gastric artery. 

Behind the celiac trunk there descends cranial mesenteric artery(2.25 ±.33)from the abdominal aorta. It is an asymmetrical vessel and its diameter is biggest of all. It always descends as a separate branch which gives rise to caudal pancreatic-duodenal artery, middle colic artery, jejunal artery, Ileocecocolic artery. The length of the cranial mesenteric trunk up to the level of origin of ileocecocolic artery and jejunal artery (Fig.5) ranged from 15.11 mm to 24.64 mm. 
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 Fig.5. Photograph demonstrating the cranial mesentaric trunk (1) ileocecocolic artery (2) and jejunal artery (3).     

Renal arteries descended as single branches of the abdominal aorta below the cranial mesenteric artery in 28 (100%) cases. Right renal artery(1.26±.24) was also descending first and then the left(1.32±.28) one. In all dissected rabbits there was variable distance between renal arteries except a single case, where both the renal arteries were origined at the same level from the abdominal aorta. (Pic.3, 6) 
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Fig 6. Photograph pointing out the origin of renal arteries both right (1) and left (1’) at the same level from the aorta. The origin of cranial abdominal artery both right (2) and left (2’).
In 27 cases, the right and left cranial abdominal arteries normally descended from the right and left renal arteries respectively. The differences concerned only the place of descent from the renal artery against the abdominal aorta .But in a single case only the left cranial abdominal from abdominal aorta (fig.6). The mean diameter of cranial abdominal arteries shows very similar values(Rt: 0.44±0.11; Lt: 0.45±0.11)
In male, testicular arteries descended from the abdominal surface of the aorta below the renal arteries in 14(100%)cases. Among 14 males, both testicular arteries descended above caudal mesenteric artery in 7(50%) cases and both testicular arteries originated below the caudal mesenteric artery in 4(28.57%) cases. In case of two individual, one individual (3.57%) shows that, the left testicular artery descended above the caudal mesenteric artery and the right testicular artery descended below the caudal mesenteric artery and another individual (3.57%) shows that, the left testicular artery descended at the level of caudal mesenteric artery and the right testicular artery descended below the caudal mesenteric artery. But In a single individual (3.57%) there was no distance between right and left testicular arteries. (Fig 7 ). In 13 cases, these arteries were asymmetrically descended from each other and the distance between them ranged from 0.21mm to 13.45 mm. The average mean distance between two testicular arteries were (.33±1.03)
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Fig.7. Photograph showing the origin of Right testcular artery(Rt.test.art)and (Lt.test art) at the same level
Among 14 cases in females, both right and left ovarian arteries descended above the caudal mesenteric artery in 4 (28.57%) cases and in 7 (50%) cases both ovarian arteries descended below the caudal mesenteric artery. In these 11 cases the distance between the ovarian arteries ranged from 0.97mm to 11.17 mm. But in two individual there was no distance between right and left ovarian arteries and in a single individual there was two pair right and left ovarian arteries. They were symmetrically originated and the distance from one pair to next pair is 15.4 mm (Fig.8).The mean distance(5.133±1.167)mm of the ovarian arteries were not statistically significant in compare to testicular arteries in male(table:2)
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Fig.8- Photograph demonstrating the double pair ovarian arteries, above the caudal mesenteric artery (Cau.m.a). 
The median caudal artery (0.69±0.19mm) descended on the dorsal surface of the abdominal aorta above the bifurcation of external iliac arteries. But, there is a large variation in the distance between the bifurcation of external iliac and median caudal artery which ranges from 3.77mm to16.72mm.(table:1). In a single individual, median caudal artery descended just opposite to the level of caudal mesenteric artery. on the other hands it originate at various distance from caudal mesenteric artery
The abdominal aorta in all the cases divides symmetrically into two common iliac arteries in lumbar region. The average diameter of the external iliac arteries (Right 1.79±o.29 mm: left 1.724±0.35 mm).
Right (0.65±.11)mm and left(0.64±0.12) profound iliac circumflex arteries showed small variation in their diameter and origination from external iliac artery. Among 28 cases, the left profound iliac circumflex artery descended at the same level of bifurcation of abdominal aorta in 2 cases. Both right and left profound iliac circumflex arteries descended symmetrically from right and left external iliac arteries in 7 cases (Fig.9). Right profound iliac circumflex artery descended first in relation to left profound iliac artery in 5 cases. In Another 14(50%) cases, the left profound iliac circumflex artery descended first then right one. 

Internal iliac arteries showed a high variation in their location for in origination from the external iliac artery. In 5(17.85%) cases, right/Right and left/Left internal iliac arteries descended from external iliac arteries at the same level of right and left profound iliac circumflex arteries. But  In another 23 (82.15%) cases internal iliac arteries descending from external iliac arteries at various level in relation to right and left profound iliac circumflex arteries. The average diameters of internal iliac arteries were right 0.80 mm and left 0.79 mm respectively. 
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Fig:9 shows terminal branches of the abdominal aorta in a female New Zealand white rabbit
Umbilical arteries showed no variation in their location. In all the cases, umbilical artery originated at the level of internal iliac arteries.(Fig.9.10)
Almost in all the cases the diameter and length of major branches of abdominal aorta in male and female individual showed different values, but they were not statistically significant that are mentioned in (Table-2). The diameter of the caudal mesenteric artery only showed significant (p< 0.05) difference in both sexes.
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Fig.10—Photograph demonstrating the terminal portion of abdominal aorta:1—testicular artery,2—caudal mesenteric artery,3—median caudal artery,4—right profound iliac circums tance artery,4—left profound iliac circumstance artery,5— right external iliac artery,5—left external iliac artery,6—right umbilical artery,6--left umbilical artery,7—right internal iliac artery,7—left internal iliac artery
Table-1. Measurements of abdominal aorta and its branches
	Variables
	(Mean ±  SD)
	(Min    Max)

	Body weight (kg)
	1.30 ±   
	0.21
	0.80
	1.8

	Abdominal aorta (at the place of descent of celiac trunk)(mm)
	3.21 ±  
	0.35       
	2.37       
	4.07

	Celiac artery diameter (mm)   
	1.75  ±
	0.34     
	1.19       
	2.92

	Cranial mesenteric artery diameter(mm)
	2.25 ±   
	.33      
	1.38       
	2.92

	Right renal artery(mm) 
	1.26  ± 
	.24      
	.63       
	1.74

	Left renal artery (mm)
	1.32 ±    
	.28       
	.71       
	1.88

	Right cranial abdominal artery(mm)
	0.44±   
	.11
	.26        
	.66

	Left cranial abdominal artery(mm)
	0.45  ± 
	.11        
	.31        
	.74

	Caudal  mesenteric artery(mm)
	0.56  ±   
	.13      
	.37        
	.87

	Median caudal artery(mm)
	0.69 ± 
	.19        
	.42       
	1.32

	Right profound iliac circumflex artery (mm)
	0.65  ±
	.11       
	.26
	.26

	Left profound iliac circumflex artery (mm)
	0.64  ±
	.12        
	.42        
	.92

	Right external iliac artery  (mm)                      
	1.79  ±
	.29   
	1.09       
	2.25

	Left external iliac artery (mm)               
	 1.72 ±   
	.35       
	.97        
	2.4

	Right internal iliac artery(mm)
	0.80  ±
	.21        
	.49       
	1.32

	Left internal iliac artery (mm)
	0.78  ±
	.19       
	.51      
	1.28

	celiac trunk length  (mm)
	4.96  ±  
	1.65    
	2.57       
	8.18

	Mesenteric artery length (mm)       
	19.08± 
	2.59      
	15.1      
	24.64

	Abdominal aorta length up to bifurcation   of common iliac  (mm)
	99.31±
	6.97      
	82.8     
	112.8

	Total length of aorta  (aortic arch to bifurcation of common iliac)(cm)
	19.11±   
	1.22      
	15.5       
	21.4

	Distance between Celiac Trunk and cranial mesenteric artery(mm)    
	10.29±  
	1.50     
	7.37      
	13.11

	Distance between renal artery (mm)             
	4.68 ±   
	2.31         
	0  
	8.77

	Distance between cranial and caudal mesentric artery(mm)   
	62.54±    
	6.52       
	48.1      
	75.77


Table-2. Analysis of measurements of abdominal aorta and its branches in compare with male and female (Mean values, SEM, upper, lower value with confidence interval)
	Variables
	Sex


	 Mean  ±    SEM
	                95%  CI

       Lower            Upper 

         limit            limit               
	P.value

	Body Weight (kg)

	Male 
	1.39±
	0.045
	         1.29    
	1.49
	0.077

	
	Female


	1.20  ±  
	0.059
	          1.07    
	1.33
	

	Abdominal aorta (at the place of descent of celiac trunk)(mm)
	Male 
	3.13  ±
	0.127    
	          2.86   
	3.41
	0.616      

	
	Female
	3.21 ±
	0.060    
	          3.08    
	3.34
	

	Celiac Artery (mm)
	Male
	 1.75 ±
	0.054    
	          1.63    
	1.87
	0.995         

	
	Female
	1.75  ± 
	0.121    
	           1.49    
	2.01
	

	Cranial mesenteric artery(mm)
	Male
	2.18  ± 
	0.058
	           2.05    
	2.30
	0.221          

	
	Female
	2.33  ±
	0.108   
	           2.09   
	2.56
	

	Right renal artery(mm)

	Male
	1.32  ±
	0.089     
	           1.12    
	1.51
	0.634          

	
	Female


	1.26  ±  
	0.068     
	           1.11    
	1.41
	

	Left renal artery(mm)

	Male
	1.38 ±
	0.085    


	           1.19   
	1.56
	0.345          

	
	Female
	1.27  ± 
	0.065    
	           1.13    
	1.41
	

	Right cranial abdominal artery(mm)
	Male
	0.47  ± 
	0.031    
	           0.40    


	0.53
	0.119          

	
	Female
	0.41  ±
	0.026    
	           0.35   
	0.41
	

	Left  cranial abdominal artery(mm)

	Male


	0.49  ±
	0.034    
	           0.42    
	0.52
	0.046          

	
	Female
	0.41  ±  
	0.026    
	.          0.36     
	0.47
	

	Caudal mesenteric artery(mm)
	Male
	0.62  ±
	0.029
	           0.55    
	0.63
	0.008          

	
	Female
	0.49  ± 
	0.032
	           0.42    
	0.56
	

	Median caudal artery(mm)

	Male
	0.71±
	0.059     
	           0.58   
	0.84
	0.482
      

	
	Female
	0.66  ±  
	0.046    
	           0.56    


	0.76
	

	Variables
	Sex


	 Mean  ±    SEM


	            95%  CI

  Lower           Upper 

    limit            limit               
	P.value

	Right profound iliac circumflex artery(mm)
	Male
	0.66 ±
	0.025
	  0.61
	0.72
	0.736          

	
	Female
	0.65  ± 
	0.036     
	0.57
	0.73
	

	Left profound iliac circumflex artery(mm)
	Male
	0.66  ±
	0.032    
	0.59    
	0.74
	0.243          


	
	Female


	0.65  ± 
	0.036     
	0.54    
	0.70
	

	Right external iliac artery(mm)

	Male
	1.83  ±  
	0.069
	1.61     
	1.98
	0.513         


	
	Female
	1.75  ± 
	0.087    
	1.56    
	1.93
	

	Left external iliac artery(mm)

	Male
	1.71 ±
	0.088     
	1.52    


	1.90
	0.897          

	
	Female
	1.73 ±   
	0.105    
	1.50   
	1.96
	

	Right internal iliac artery(mm)
	Male
	0.83 ± 
	0.0535    
	0.71    
	0.94
	0.448          

	
	Female
	0.76 ±   
	0.061    
	0.63    
	0.90
	

	Left internal iliac artery(mm)

	Male
	0.79  ±  
	0.049    
	0.68    
	0.89
	0.927          

	
	Female
	0.78  ± 
	0.057    
	0.65     
	0.90
	

	celiac trunk length (mm) 

	Male
	5.25 ±  
	0.526   
	4.11    
	6.39
	0.386          

	
	Female
	4.65  ±  
	0.340    
	3.91    
	5.38
	

	Mesenteric artery length (mm)   

	Male
	19.07±
	0.819   
	17.30     
	20.84
	0.968          

	
	Female
	19.02±   
	0.606    
	17.71   
	20.33
	

	Abdominal aorta length up to bifurcation(mm)

	Male
	100.5±    
	1.585   
	97.30  


	103.84
	0.434          

	
	Female
	98.0±   
	2.169   
	93.35   
	102.72
	

	Total length cm

	Male
	19.38±  
	0.254   
	18.83     


	19.94
	0.413          

	
	Female
	18.95    
	0.362    
	18.15  
	19.75


	

	Distance between CT and cranial mesenteric artery(mm)

	Male
	10.67    
	0.421    
	9.75   
	11.59


	0.512          

	
	Female
	10.19    
	0.423   
	9.27    
	11.10


	

	Variables
	Sex


	 Mean  ±    SEM


	            95%  CI

  Lower           Upper 

    limit            limit               
	P.value

	Distance between renal artery(mm)

	Male
	3.82 ± 
	0.556    
	2.62    
	5.027


	0.029          

	
	Female
	5.54 ± 
	0.616    
	4.21   
	6.86


	

	Distance between cranial and caudal mesenteric(mm)

	Male
	62.66±  
	1.755    
	58.88    
	66.45
	0.912          

	
	Female
	62.38± 
	1.79 3   
	58.51    
	66.26
	

	Distance between testicular artery(mm)

	Male
	3.3   ±    
	1.03 4   
	1.13
	5.61  
	0.237          

	Distance between  ovarian artery(mm)

	Female
	5.13±    
	1.167    
	2.60  
	7.65
	


                                                            Chapter 5
                                                           Discussion

In present study, the first major branch of the abdominal aorta is celiac artery which descended as a single artery in all examined rabbits. The number of researcher also showed the similar results regarding the abdominal aorta in mammals (Bednarova and Malinovsky, 1984; Abidu-Figueiredo et al., 2005). However, variations in the celiac artery have been reported in many mammals such as in caprine, celiac-mesenteric trunk formed by the celiac artery and cranial mesenteric artery (Langenfeld and Pastea, 1977). On the other hands, presence of celiac-mesenteric trunk in human is formed by the celiac artery and the superior mesenteric artery in (Çiçekcibaoi et al., 2005). In present study, celiac artery was divided into common trunk for hepatic, gastrodoudenal and right gastric artery and common trunk for splenic and left gastric artery in all dissected rabbit. Such pattern was described in dog (Abidu-Figueiredo et al., 2005), 41% in cat (Berg, 1961). According to Nickel et al. (1983) the celiac artery arouses at the level of the 17th and 18th thoracic vertebra in equines, at the level of the 1st lumbar vertebra in bovines and carnivorous. However, Abidu-Figueiredo (2005) showed that the celiac artery arouses between the 1st and 2nd lumbar vertebra or at the level of the 2nd lumbar vertebra in carnivores. Present study reported that the celiac artery arose between the 12th and 13th thoracic vertebra in 8 (28.57%) rabbits, at the level of the 13th thoracic vertebra in 5 (17.86%) rabbits, between the 13th thoracic vertebra and the 1st lumbar vertebra in 13 (46.43%) rabbits, and at the level of the 1st lumbar vertebra in 2 (7.14%) rabbit . Our findings showed that the left gastric and splenic artery arose as a common trunk from celiac artery and another trunk was formed by the hepatic, gastrodoudenal and right gastric artery.  Nickel et al. (1983) reported that the left gastric artery aroses directly from the splenic artery in cats, dogs and pigs; from the celiac artery in horses and bovines; from the hepatic artery in ovines, but  Abidu-Figueiredo et al. (2005), showed that the left gastric artery arises from the celiac artery in dogs. Our study observed that hepatic artery, gastroduodenal artery and right gastric artery make another common trunk from the celiac artery in all the dissected rabbits. However, the hepatic artery of carnivores, bovines, swines and equines arises directly from the celiac artery (Nickel et al.,1983; Abidu-Figueiredo et al., 2005).

The cranial mesenteric artery descended as a second major branch from the abdominal aorta. The mesenteric artery is a unique vessel that comes out of the aorta artery a little caudal to the origin of the celiac artery (Nickel et al., 1977; Getty, 1981). This vessel is responsible for irrigating the largest part of small intestine (Sisson, 1959). In all the cases it was a single descending vessel and descended on average 1.99cm below the celiac trunk. The similar findings were reported by Mohiuddin and Rahman (2012). However, It aroses 1 cm caudal to the celiac artery in cat (Reighard and Jennings, 1966), 12 cm in the camel (Smuts and Bezuidenhout, 1987), and just caudal to the celiac artery and sometimes by a common trunk with celiac artery in the ruminants (Habel, 1975). Our study reported that the cranial mesenteric artery arose between 1st and 2nd lumbar vertebra in 3(3.57%) cases, at the level of 2nd lumbar vertebra in 12(42.85%) cases and in between 2nd and 3rd lumbar vertebra in 13(46.42%) cases. On the other hands, cranial mesenteric artery was originated at the level of first lumbar vertebra in the dog (Adams, 1986), pig and horse (Schummer and Wilkens, 1981),as well as goat (Yousef, 1991).) In all the cases we noticed that cranial mesenteric artery gives four major branches such as caudal pancreatico-duodenal artery, middle colic artery, ileocecocolic arteries and jejunal arteries. Caudal pancreatico-duodenal artery arose from the cranial mesenteric artery as a first  branch  in red fox, cat, and horse (Ghoshal, 1975 ;Hudson and Hamilton, 1993; Hatem Bahgat, 2007) which was similar with our findings. According to Schummer and Wilkens (1981) caudal pancreatico-duodenal artery arises distal to the ileocolic artery In carnivores. On the other hand, in the camel, it arises from the jejunal artery that supplies the initial part of the jejunum (Smuts and Bezuidenhout, 1987) and in goat, caudal duodenal artery and pancreatic branches are given separately from the cranial mesenteric artery (Yousef, 1991). However, only one pancreaticoduodenal artery that arises from the gastroduodenal artery of the celiac artery anastomoses with the jejunal arteries was described in the sheep (May, 1970). As seen presently, the New Zealand White rabbit possessed eighteen to twenty jejunal arteries. Their number is 15-19 in carnivores (Thamm, 1941), 18- 28 in sheep (Happich, 1961), 15-22 in the horse (Ghoshal, 1975), 6 or 7in camel ( Smuts and Bezuidenhout, 1987), 24 in goat (Yousef, 1991), 8 in red fox (Hatem, 2007). However the number of the jejunal arteries varies from species to species (Schummer and Wilkens 1981). Jejunal arteries of all dissected White New Zealand rabbit arose from the cranial mesenteric artery, at nearly regular intervals that agreed with Hatem Bahgat (2007) in red fox and  in the domestic animals except horse (Schummer and Wilkens ,1981),  On the other hand, they form a common trunk in carnivores (Koch, 1970). 

Our study observed that cranial abdominal arteries descended from renal arteries in 27(96.43%) cases but in a single case only left cranial abdominal arteries arose from the abdominal aorta directly. Cranial abdominal artery which was descended from renal arteries or directly from the abdominal aorta in carnivores  (Fjedorow and Smysłow, 1981; Brudnicki et al.,1986). 

Renal arteries descend from the abdominal aorta in all dissected rabbit. Although the origin of both renal arteries from the abdominal aorta varied, right renal artery descended cranial to the left renal arteries in 27(96.43%) cases. According to Eri yokota et al. (2004), similar relation was observed in 14 species (Human, Chimpanzee, Baboon, Pig tailed monkey, Stump faced monkey, Capuchin, greater Japanese shrew mole, lesser Japanese mole, rat, mongoose ,mouse ,rabbit, dog, hippopotamus). But in a single case both renal artery originated at same level in our experiment. Yokota et al. (2004 ) also reported the same relation in gibbon, marmoset, loris and pig. 
Ovarian and testicular arteries descended asymmetrically from the abdominal surface of the aorta above or below the caudal mesenteric artery. In males, 6(42.86%) cases right testicular arteries descended first then left and in 7(50%) cases left testicular arteries descended first then right. But in a single case there was no distance between two testicular arteries. Many authors described the position of ovarian artery. Craigie (1969) reported that, it originated immediately behind the origin of the inferior mesenteric artery in rabbit, similar structures were observed in our study. Berg  and Smollich (1962) also observed the same pattern of origin In carnivores. But in guinea pigs, the ovarian artery originated either from the aorta at about the level of origin of the renal arteries, direct branches of renal arteries , or common trunks with renal arterie and in some cases formed anastomoses with branches of the renal arteries (Hossain and O'Shea, 1983). whereas it left the abdominal aorta slightly caudal to the renal arteries  and rat (Walker and Homberger ,1998 ).
In females, 8(57.45%) cases right ovarian arteries descended first then left and in 5(35.42%) cases left ovarian arteries descended first then right. Double pair ovarian artery was observed in a single case in this study.

Profound iliac circumflex arteries show a variation in their origin. Most often symmetrical profound iliac circumferential arteries descended from external iliac arteries which were observed in cat (Berg, 1961). Our study observed that, caudal mesenteric artery descended from the abdominal aorta, opposite to the caudal border of 5th lumbar vertebra in 5 (17.86%) cases, at the level of 6th lumbar vertebra in 10 (35.71%) cases, in between 6th and 7 lumbar vertebra in 13 (46.43%) cases.  A finding which agrees with Hatem Bahgat (2007) in red fox and partially agrees with Adams (1986) in the dog-who stated that it arises at the level of 5th to 6th  lumbar vertebra. But  Schummer  and Wilkens (1981), mentioned that it arises at the level of the 5th lumbar vertebra in carnivores,  about at the level of the last lumbar vertebra in cat (Reighard and Jennings, 1966 ). External iliac arteries in all the cases descended symmetrically from the abdominal aorta. The occurrence of symmetrical descent of external iliac arteries can be identified in 87.5% of dogs (Berg and Smollich, 1962) and 58% of cats (Berg,1961). Internal iliac arteries descended from external iliac arteries at different height. Umbilical artery descended at the level of internal iliac artery in all the experimental cases
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                                  CHAPTER 7

                                Annex

Table 1. Measurements of abdominal aorta and its branches     
	Character researched  
	R1
	R2
	R3
	R4
	R5
	R6
	R7
	R8
	R9
	R10
	R11
	R12
	R13
	R14
	R15

	Sex


	F
	M
	M
	M
	M
	M
	F
	F
	F
	M
	m
	f
	f
	m
	f

	Body weight

kg
	1.5
	1.1
	1.3
	1.5
	1.3
	1.3
	1.2
	1.05
	1.6
	1.5
	1.4
	1.35
	1
	1.2
	1.2

	Abdominal aorta diameter  mm                            


	3.04
	2.97
	2.37
	2.78
	2.99
	3.59
	3.19
	3.25
	3.76
	3.12
	3.16
	3.27
	3.13
	2.65
	2.85

	Celiac trunk diameter                                    


	1.34
	1.46
	1.56
	2.01
	1.62
	1.84
	1.91
	1.74
	2.39
	1.98
	1.93
	1.87
	1.67
	1.49
	1.71

	Cranial mesenteric artery diameter
	2.32
	2.08
	1.98
	2.69
	2.30
	1.98
	2.92
	2.74
	2.89
	2.14
	2.15
	2.62
	2.18
	2.01
	2.34

	Right renal artery diameter                              


	1.11
	1.21
	1.19
	1.48
	1.46
	1.51
	1.46
	1.45
	1.74
	1.46
	.63
	1.11
	1.27
	1.26
	1.1.

	Left renal artery diameter                                 


	1.17
	1.13
	.99
	1.71
	1.34
	1.66
	1.50
	1.65
	1.70
	1.70
	.71
	1.13
	1.21
	1.56
	1.29

	Right cranial abdominal artery diameter          


	.31
	.26
	.59
	.64
	.58
	.66
	.61
	.4
	.46
	.46
	.39
	.45
	.61
	.35
	.42

	Left cranial abdominal artery diameter          


	.34
	.38
	.61
	.70
	.74
	.49
	.64
	.52
	.32
	.54
	.45
	.41
	.48
	.32
	.39

	Caudal mesenteric artery diameter                        


	.65
	.61
	.56
	.87
	.64
	.68
	.79
	.52
	.38
	.64
	.44
	.42
	.61
	.59
	.43

	Median caudal artery diameter                                 


	1.01
	.59
	.60
	1.01
	.54
	.6
	.92
	.85
	.61
	.79
	.42
	.54
	.61
	.59
	.65

	Right profound iliac circumflex artery diameter          
	.82
	.64
	.51
	.64
	.78
	.61
	.66
	.72
	.69
	.76
	.50
	.41
	.72
	.59
	.65

	Left profound iliac circumflex artery diameter        
	.80
	.66
	.53
	.69
	.79
	.56
	.66
	.74
	.72
	.92
	.48
	.42
	.70
	.55
	.46

	Right external iliac artery diameter                         
	1.98
	1.54
	1.56
	1.74
	1.98
	2.06
	2.09
	
	1.81
	2.09
	1.52
	1.81
	1.64
	1.61
	1.79

	Left external iliac artery diameter                


	1.90
	1.41
	1.47
	1.85
	1.83
	2.01
	2.16
	
	1.92
	1.91
	1.19
	1.76
	1.61
	1.41
	1.81

	Right internal iliac artery diameter                    


	1.08
	.76
	.78
	.79
	.72
	1.16
	1.27
	1.08
	.71
	.94
	.65
	.67
	.74
	.74
	.60

	Left internal iliac artery diameter                 


	1.23
	.74
	.75
	.76
	.65
	.69
	1.09
	1.01
	.75
	.96
	.64
	.70
	.70
	.69
	.56

	celiac trunk length  mm                                          


	4.02
	8.03
	4.12
	4.77
	4.31
	2.82
	6.68
	4.14
	6.59
	8.18
	
	4.52
	2.57
	
	2.86

	Abdominal aorta length up to bifurcation mm
	95
	94.34
	109.08
	102.06
	97.44
	97.59
	94.40
	93.61
	112.89
	103.43
	100.21
	99.74
	93.56
	88.32
	101.93

	Total length cm
	21
	17.7
	19.1
	20.4
	18.3
	19.1
	19.5
	19.2
	20.6
	20.2
	19.1
	19.2
	17.5
	
	18.6

	Distance between CT and cranial mesenteric mm
	9.97
	7.37
	11.98
	12.37
	10.21
	9.04
	8.01
	9.98
	11.21
	13.11
	11.11
	7.71
	11.98
	9.13
	9.12

	Distance between renal artery mm
	8.45
	no
	5.27
	2.58
	2.20
	3.15
	5.8
	7.48
	.89
	4.75
	6.58
	5.26
	5.39
	1.69
	5.88

	Distance between cranial and caudal mesenteric mm
	75.77
	62.2
	48.56
	59.01
	63.09
	57.51
	61.47
	60.67
	66.38
	66.83
	70.74
	66.61
	61.04
	54.26
	64.45


	Character researched  
	R16
	R17
	R18
	R19
	R20
	R21
	R22
	R23
	R24
	R25
	R26
	R27
	R28

	Sex


	M
	f
	f
	M
	f
	f
	M
	m
	f
	m
	f
	f
	m

	Body weight

kg
	1.4
	1.4
	1
	1.4
	1.3
	1.3
	1.3
	1.5
	1.2
	1.8
	1
	.8
	1.5

	Abdominal aorta diameter  mm                            


	3.50
	3.55
	3.22
	3.84
	3.15
	3.09
	3.15
	3.51
	3.26
	4.07
	3.26
	3.00
	3.24

	Celiac trunk diameter                                    


	1.86
	1.43
	1.38
	2.09
	1.87
	2.92
	1.79
	1.63
	1.72
	1.56
	1.42
	1.19
	1.75

	Cranial mesenteric artery diameter
	2.48
	2.29
	1.98
	2.37
	2.35
	2.49
	2.23
	1.97
	2.25
	2.23
	1.88
	1.38
	1.97

	Right renal artery diameter                              


	1.35
	1.16
	1.08
	1.07
	1.22
	1.65
	1.32
	1.03
	1.46
	1.52
	1.15
	.78
	1.1

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Left renal artery diameter                                 


	1.46
	.99
	1.11
	1.47
	.91
	1.24
	1.39
	1.17
	1.38
	1.88
	1.42
	.99
	1.19

	Right cranial abdominal artery diameter          


	.48
	.41
	.29
	.47
	.41
	.39
	.39
	.52
	.28
	.36
	.38
	.38
	.43

	Left cranial abdominal artery diameter          


	.43
	.45
	.31
	.42
	.54
	.37
	.40
	.46
	.32
	.64
	.41
	.34
	.41

	Caudal mesenteric artery diameter                        


	.59
	.37
	.42
	.45
	.39
	.55
	.60
	.71
	.40
	.69
	.54
	.44
	.74

	Median caudal artery diameter                                 


	.68
	.61
	.42
	.65
	.51
	.54
	.83
	.69
	.58
	1.32
	.88
	.62
	.69

	Right profound iliac circumflex artery diameter          


	.65
	.44
	.81
	.65
	.65
	.6
	.71
	.73
	.85
	.82
	.64
	.46
	.60

	Left profound iliac circumflex artery diameter         


	.71
	.45
	.80
	.61
	.66
	.6
	.74
	.73
	.72
	.76
	.61
	.43
	.57

	Right external iliac artery diameter                         


	2.01
	2.19
	1.69
	1.55
	1.24
	1.57
	2.15
	1.92
	2.02
	2.25
	1.48
	1.09
	1.66

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Left external iliac artery diameter                


	2.09
	2.40
	1.75
	1.56
	1.28
	1.28
	1.95
	1.94
	1.91
	2.18
	1.38
	.97
	1.20

	Right internal iliac artery diameter                    


	.95
	.77
	.51
	.64
	.65
	.64
	.65
	.87
	.86
	1.32
	.69
	.49
	.71

	Left internal iliac artery diameter                 


	.98
	.82
	.65
	.63
	.64
	.64
	.85
	.85
	1.01
	1.28
	.66
	.51
	.60

	celiac trunk length  mm                                          


	6.09
	5.4
	5.52
	7.6
	4.90
	3.09
	2.95
	5.63
	4.21
	7.87
	5.51
	5.12
	3.44

	Mesenteric artery length    mm                   


	21.32
	21.84
	17.10
	15.12
	18.08
	16.11
	17.45
	21.01
	19.11
	24.64
	16.25
	18.32
	22.62

	Abdominal aorta length up to bifurcation mm
	99.19
	101.26
	98.4
	101.65
	105.90
	107.07
	101.51
	100.13
	100.88
	111.55
	85.38
	82.86
	101.56

	Total length cm
	19.1
	18.1
	19.2
	20
	19.8
	19
	19.8
	19.9
	19.6
	21.4
	17.1
	15.5
	18.8

	Distance between CT and cranial mesenteric mm
	9.34
	11.19
	11.18
	9.58
	8.24
	10.51
	11.81
	11.29
	11.08
	11.55
	8.78
	9.75
	11.57

	Distance between renal artery mm
	5.53
	2.83
	5.60
	7.09
	8.02
	4.23
	1.99
	2.77
	2.75
	4.33
	8.77
	6.22
	5.67

	Distance between cranial and caudal mesenteric mm
	66.75
	59.89
	68.56
	68.25
	65.30
	62.92
	60.48
	68.39
	60.69
	71.26
	52.04
	48.1
	60.04
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