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GENERAL INTRODUCTION 

 
 Arteries spread throughout the body to supply oxygen and the nutrients 

required for its maintenance and functions (53, 55). There are species differences 

in the ramification pattern of the visceral arteries that corelate with the anatomical 

features of internal organs (53, 55). Therefore, it is considered that the pattern of 

the arterial supply to the viscera cannot simply be applied across the species even 

if they are phylogenetically closely related to each other. The rabbit (Oryctolagus 

cuniculus) is classified in the order Lagomorpha. Macroscopic anatomical 

characteristics of rabbit viscera apparently resemble those of rodents, which are 

phylogenetically closely related to the rabbit, but there are also several peculiar 

features in the rabbit (4, 6, 13, 21, 28, 36, 49, 61). For example, the rabbit has a 

well-developed colon that is divided into 4 segments, the right and left adrenal 

glands which show asymmetry in shape and location, and the uterus duplicated 

(4, 6, 36, 49, 61). This leads to an assumption that the ramification pattern of the 

arteries supplying these organs has peculiar features in the rabbit, however, the 

pattern of the arterial supply to the colon, adrenal glands, and uterus is still unclear 

in prior studies (4, 6, 36, 49, 61).  

 Besides the species differences, there are the individual variations in the 

pattern of the arterial distribution to the internal organs (2, 7, 13, 17, 18), and in 

a clinical field, such variations are considered as one of the most important 

prerequisites to perform surgery (2, 17, 32, 33, 40, 43, 47, 58). As rabbits are 

increasingly more popular as a companion animal, they will have more chances 

for medical treatments in veterinary hospitals (52, 67) where spaying is 

commonly performed to control sex behavior and to prevent the genital diseases 

(25). To cure some life-threatening diseases, such as the intestinal obstruction and 

tumor of the adrenal gland and female genital organs, the surgery is one of the 

most effective treatments (25, 26, 27, 37, 62). Although the knowledge about the 
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detailed arterial supplying pattern to these organs is fundamental to perform 

surgery precisely, the description of the arterial supply is insufficient and 

inconsistent in prior studies (4, 6, 36, 49, 61).   

 Therefore, the present thesis aimed at elucidating the detailed arterial 

supplying pattern to the rabbit lower digestive tract, adrenal glands, and female 

genital organs.  
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General Materials and Methods 

 
 All experimental procedures in the present thesis were approved by the 

Research Ethics Committee for Animal Experimentation of Tokyo University of 

Agriculture and Technology, Tokyo, Japan. A total of 34 male and 17 female 

New Zealand White (NZW) rabbits (aged 12-14 weeks, weighing 1.7-3.0 kg) 

which had been purchased from Tokyo Laboratory Animals Science (Tokyo, 

Japan)  and 15 female Japanese White (JW) rabbits (aged 1.5 years, weighing 3.0-

3.5 kg) which were obtained from the Laboratory of Veterinary Pharmacology, 

the Tokyo University of Agriculture and Technology at the end of a veterinary 

pharmacology practice class were used in the present thesis. The number of 

rabbits observed in each chapter is described later in each Materials and Methods 

section. Regardless of the area observed, the experimental procedures were the 

same. All NZW and JW rabbits were deeply anesthetized with an intramuscular 

injection of xylazine (10 mg/kg) and ketamine (50 mg/kg) and an intraperitoneal 

injection of sodium pentobarbital (60 mg/kg body weight), and then perfused 

transcardially with 0.9% saline followed by 10% phosphate-buffered formalin or 

4% paraformaldehyde, or 4% paraformaldehyde and 0.05% glutaraldehyde. For 

better visualization of the arteries, 3 to 10 ml of latex (neoprene latex 601A or 

842A, Showa Denko, Kanagawa, Japan) colored with red poster color (Turner 

Colour Works Ltd., Osaka, Japan) or red acrylic paint (Acryl Gouache, Turner 

Colour Works Ltd., Osaka, Japan or Liquitex, bonnyColArt Co., Ltd., Tokyo, 

Japan) were injected through a catheter inserted into the thoracic or abdominal 

aorta. Before observation, all rabbits were fixed for more than 7 days with 10% 

formalin, and then dissected under a surgical microscope (L-0950SDP, Inami & 

Co., Ltd., Tokyo, Japan). I took photographs of the dissected arteries and related 

structures using a digital camera (Nikon D5500, Nikon Corporation, Tokyo, 

Japan). Adobe Photoshop (Adobe Systems, San Jose, CA, USA) and Adobe 
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Illustrator (Adobe Systems) were, respectively, used to adjust the contrast and 

resolution of the images taken and to prepare schematic drawings. 

 The nomenclature of the arteries and related structures was based on 

terminology used in the Nomina Anatomica Veterinaria (45). In the cases where 

new or modified terms were required, they were described in the Materials and 

Methods in each chapter.
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Chapter 1 

Arterial supply to the rabbit lower digestive tract 

 

1.1 Introduction 

 The morphology of the intestine reflects the feeding habit and digestive 

and absorptive functions, and, thence, differs depending on each species (10, 49, 

63). The rabbit, which is a hindgut fermenter, has a very long coiled cecum and 

ascending colon (56, 57, 62). In particular, the cecum is the largest abdominal 

organ, with a high length ratio relative to the body length (41). The cecum coils 

up on itself one and half way round, so that it is divided oro–anally into the first 

cecal gyrus (FCeG), second cecal gyrus (SCeG) and third cecal gyrus (TCeG) 

(49). The ascending colon is divided physiologically into the proximal part, fusus 

coli and the distal part (41, 57, 62). The proximal ascending colon, furthermore, 

consists of the oral part having 3 teniae and haustra (first segment of the proximal 

colon, P1) and the aboral part having a single tenia and haustrum (second segment 

of the proximal colon, P2) (57). 

 In the rabbit, like other mammalian species, the cranial mesenteric artery 

supplies most of the lower digestive tract. Tsuzaki (61) has reported that the 

cranial mesenteric artery provides the middle colic, right colic, ileocecal, small 

intestine, caudal pancreaticoduodenal and appendicular arteries. However, 

Barone et al. (4) reported that the cranial mesenteric artery branches off in the 

order of the middle colic, caudal pancreaticoduodenal, right colic, ileocolic and 

jejunal arteries, and that the ileocolic artery ramifies into the ileal, appendicular 

and cecal arteries, and colic branches. Therefore, the terminology and 

descriptions about the ramification pattern of the cranial mesenteric artery are 

inconsistent, and, furthermore, little has been known about the anatomical 

variation of arterial branching in each animal.  
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 Rodents that are closely related phylogenetically to the lagomorph have a 

well-developed cecum similar to the rabbit. However, the pattern of arterial 

branching to the cecum differs in each rodent species. Therefore, it is considered 

that the findings in rodents cannot simply be applied to the arterial pattern in the 

rabbit. For example, in the rat (28), the ileocecocolic artery that arises from the 

cranial mesenteric artery gives the cecal artery that distributes to the lesser 

curvature of the cecum. However, in the guinea pig (54), the ileocolic artery is 

the main continuation of the cranial mesenteric artery, and the ileocolic artery 

sends the apical branch that supplies the apex and body of the cecum. Furthermore, 

the ileocolic artery gives off one to three small twigs to the body of the cecum. 

 Advanced treatments are now sometimes required due to a rapid increase 

in the number of rabbits kept as companion animals. Rabbits often suffer 

intestinal disorders such as bowel obstruction, and surgical intervention is one of 

the medical treatments to cure this serious intestinal dysfunction (62). To perform 

such surgery, detailed knowledge about the arterial supply to the lower digestive 

tract is an essential prerequisite, but published arterial descriptions are but a few.  

 Therefore, in this chapter, the anatomical variations of the distribution of 

the cranial mesenteric artery to the lower digestive tract were investigated by 

injecting colored latex into the arteries. 

 

1.2 Materials and Methods 

 A total of 28 male and 5 female NZW rabbits (13–14 weeks old; weight, 

2.0–3.0 kg) and 1 female JW rabbit (1.5 years old; weight, 3.2 kg) were dissected.  

 For terminology, the artery distributing to the cecum has been named the 

cecal branch of the ileocolic artery (4) or simply the ileocecal artery (57, 61). 

However, since the cecum is the largest organ in the rabbit, and the ascending 

colon is also supplied chiefly by this artery, we referred to it as the ileocecocolic 

artery, similar to the term used by Hebel and Stromberg (28) in the rat. Moreover, 

in the present study, we referred to the artery distributing to the P1 as the ventral 
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colic branch, the artery distributing to the P2 as the dorsal colic branch, and the 

artery distributing to fusus coli as the fusus branch. 

 

1.3 Results 

 In all the NZW rabbits observed, the cranial mesenteric artery distributed 

to the duodenum, jejunum, ileum, cecum, proximal colon, ascending colon, 

transverse colon, and initial portion of the descending colon (Fig. 1a). However, 

in 1 JW rabbit, the cranial mesenteric artery distributed to the duodenum, jejunum, 

and proximal portion of the ileum only (Fig. 1b). Such case may be exceptionally 

rare case, so in this chapter, the results of the NZW rabbits were described first, 

and then, those of JW rabbit were exhibited later. 

 

Ramification pattern of the cranial mesenteric artery in NZW rabbits 

 

 The cranial mesenteric artery arose independently from the abdominal 

aorta about 2.0 cm caudal to the origin of the celiac artery, and ran to the right, 

then turn to the left to cross the midline, and ran caudolaterally to the left to 

provide arteries in the most frequent order of the caudal pancreaticoduodenal, 

middle colic, ileocecocolic, jejunal and ileal arteries (Figs. 1a, 2). One or 

occasionally 2 caudal pancreaticoduodenal arteries, and one to three middle colic 

arteries were observed (Figs. 1a, 2). In 18 of 33 specimens (55%), the caudal 

pancreaticoduodenal artery was the first branch of the cranial mesenteric artery. 

In other cases, the caudal pancreaticoduodenal and middle colic artery arose at 

the same level along the proximodistal axis (8 cases; 24%) or the middle colic 

artery was the first branch (5 cases; 15%). In only 2 cases (6%), proximal to the 

origins of the pancreaticoduodenal and middle colic arteries, the cranial 

mesenteric artery provided a branch that anastomosed with either the cranial 

pancreaticoduodenal artery or the caudal mesenteric artery. 
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 The caudal pancreaticoduodenal artery ran to the right and caudolaterally 

to distribute to the descending and ascending duodenum, and anastomosed orally 

with the cranial pancreaticoduodenal artery along the descending duodenum, and 

aborally with the first jejunal artery along the ascending duodenum. 

The middle colic arteries supplied the transverse colon and initial portion of the 

descending colon (Fig. 1a). There were 2 middle colic arteries in 19 cases (58%), 

a single middle colic artery in 12 cases (36%), and 3 middle colic arteries in 2 

specimens (6%). The most proximal middle colic artery anastomosed with the 

left colic artery, which stemmed from the caudal mesenteric artery. 

 The ileocecocolic artery ran caudoventrally to provide the right colic, 

appendicular and ileocecal arteries, and ventral and dorsal colic, fusus and cecal 

branches (Figs. 1a, 2), in order to distribute to the ileum, cecum, appendix and 

proximal colon with various branching patterns (Fig. 3). As mentioned in the 

Introduction, the cecum and ascending colon are long and arranged in a complex 

manner, so that multiple arteries supplied these structures. Careful observation 

showed that the branching patterns of the ileocecocolic artery were categorized 

into 4 types based on the number of the branching level along the proximodistal 

axis of the ileocecocolic artery (Fig. 3). Six of 33 cases (18%) were categorized 

as Type 1 (Figs. 3a, 4a1, and 4a2), which has 1 branching level. The ileocecal and 

appendicular arteries and the ventral colic, dorsal colic and fusus branches arose 

independently or as a common trunk from the ileocecocolic artery (Figs. 3a, 4a1, 

and 4a2). 

 Type 2 (18 specimens, 55%) had 2 branching levels (Figs. 3b, 4b1, and 4b2). 

The ileocecal and appendicular arteries and ventral colic, dorsal colic and fusus 

branches emerged from the ileocecocolic artery at 2 branching levels with various 

order and combinations. In most cases (12 of 18 cases, 67%), the ileocecal and 

appendicular arteries, and ventral and dorsal colic branches emerged 

independently or as a common trunk from the ileocecocolic artery at the proximal 
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branching level, and then the fusus branch stemmed from the ileocecocolic artery 

at the distal branching level (Figs. 3b, 4b1, and 4b2). 

 Eight specimens (24%) were classified as Type 3, which had 3 branching 

levels (Figs. 3c, 4c1, and 4c2). In this type, the ileocecal and appendicular arteries 

and ventral colic, dorsal colic and fusus branches emerged from the ileocecocolic 

artery at three branching levels with various order and combinations. In 4 of 8 

cases (50%), the appendicular artery arose from the ileocecocolic artery at the 

proximal branching level, then the ileocecal artery and the ventral and dorsal colic 

branches emerged independently or as the common trunk at the mid–

proximodistal level, and finally, the fusus branch arose at the distal level (Figs. 

3c, 4c1, and 4c2). 

 Type 4 (3%, n=1) had 4 branching levels (Figs. 3d, 4d1, and 4d2). The 

common trunk of the ventral and dorsal colic branches originated at the first 

branching level. The appendicular artery arose at the second level, the ileocecal 

artery arose from the third level, and the fusus branch arose from the final level 

(Figs. 3d, 4d1, and 4d2). 

 The right colic arteries arose from the ileocecocolic, appendicular arteries 

and/or a common trunk that consist of the appendicular artery and some of the 

ileocecal artery and dorsal/ventral colic branches (Figs. 1a, 3, and 4). The total 

number of the right colic arteries varied from 1 to 4 as shown in Table 1. The 

right colic artery supplied the distal ascending colon and anastomosed orally with 

the fusus branch, and aborally with the middle colic artery (Fig. 1a). The 

appendicular artery first ran to the right and then made a sharp turn toward the 

distal end of the appendix (Figs. 1a, 3, and 4). It supplied the proximal part of the 

ileum and the appendix. The ileocecal artery supplied the TCeG and the part of 

the ileum that ran along the TCeG (Fig. 1a). The ventral colic branch ran 

caudolaterally along the P1 to supply it and turned cranially to flow into the 

ileocecal and ileocecocolic arterial anastomosis, and the dorsal colic branch ran 

caudolaterally along the P2 to supply it, and the fusus branch ran caudoventrally 
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to supply fusus coli (Fig. 1a). The terminal branch of the ileocecocolic artery 

distributed to sacculus rotundus after providing cecal branches that supplied the 

FCeG and SCeG. 

 After branching off the ileocecocolic artery, the cranial mesenteric artery 

ran further caudally to provide jejunal arteries to distribute to the jejunum (Figs. 

1a and 2). The number of the jejunal arteries was 17 in 30% of the cases observed, 

varying from 11 to 21 as shown in Table 2. 

 Finally, the ileal artery issued from the cranial mesenteric artery to the right 

to supply the proximal ileum (Fig. 1a). One branch of the ileal artery ran orally 

to anastomose with the last jejunal artery. The other branch traveled aborally to 

anastomose either with the appendicular artery in 24 of 33 cases (73%) (Fig. 1a) 

or with the dorsal colic branch in nine cases (27%) along the distal ileum. 

 

Rare ramification pattern of the cranial mesenteric artery in a JW rabbit 

 

 In the rare case reported here, the cranial mesenteric artery emerged from 

the abdominal aorta, ran to the right, and then turned to the left and crossed the 

caudal side of the caudal mesenteric artery. Subsequently, it ran caudolaterally to 

distribute to the duodenum, jejunum and proximal ileum via the caudal 

pancreaticoduodenal, jejunal and ileal arteries (Figs. 1b, 5, and 6).  

 The caudal mesenteric artery arose from the abdominal aorta and ran 

cranially to supply the rectum, descending distal colon and transverse distal colon 

via the cranial rectal, left colic and middle colic arteries, respectively (Figs. 1b 

and 7). The caudal mesenteric artery then turned caudally and continued as the 

ileocecocolic artery (Figs. 1b and 5) which supplied the appendix via the 

appendicular artery, cecum and distal ileum via the ileocecal artery, the first and 

second segments of the proximal colon via the ventral and dorsal colic branches, 

the fusus coli via the fusus branch and ascending distal colon via two right colic 

arteries (Figs. 1b and 7). After giving off these branches, the ileocecocolic artery 
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supplied the cecum and ileocecocolic junction via the cecal and terminal branches 

of the ileocecocolic artery (Figs. 1b and 7). 

 

1.4 Discussion 

 This chapter showed the detailed distribution of the rabbit cranial 

mesenteric artery to the lower digestive tract and remarkable individual variations 

in the ramification pattern of its branches. 

 In all rabbits examined, the cranial mesenteric artery arose independently 

from the abdominal aorta, consistent with the prior research (4, 61). Also in the 

rat, the cranial mesenteric artery stemmed from the abdominal aorta 

independently (28). However, in the guinea pig, the cranial mesenteric artery and 

celiac artery arose as a common trunk named the celiacomesenteric trunk (54). 

The origin of the cranial mesenteric artery from the abdominal aorta was 2.0 cm 

caudal to the origin of the celiac artery in the rabbit. In previous studies, the 

cranial mesenteric artery stemmed 0.3–0.5 cm caudal to the celiac artery in the 

rat (28) and 0.5 cm caudal to the celiac artery in the dog (7), where such distance 

is constant independent of the dog’s breed, sex, age and body weight (15). 

Therefore, the cranial mesenteric artery in the rabbit originates from the 

abdominal aorta at a more caudal level than that in the rat and dog. This may be 

explained by the fact that the cranial mesenteric artery in the rabbit supplies the 

large cecum and colon that are located in the far caudal position in the large 

abdominal cavity (62) relative to the small thoracic cavity. 

 In the present chapter, the caudal pancreaticoduodenal artery, or the caudal 

pancreaticoduodenal and middle colic arteries were the first branch(es) that arose 

at the same level along the proximodistal axis of the cranial mesenteric artery. 

The number of caudal pancreaticoduodenal arteries was 1 or occasionally 2, 

depending on each specimen. Such variations in the branching level and the 

number of the caudal pancreaticoduodenal artery have not been reported 
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previously. In rodents such as the rat, the caudal pancreaticoduodenal artery is 

the single second branch of the cranial mesenteric artery (28). 

 The individual variations in the number of the middle and right colic 

arteries have not been described in prior rabbit studies (19). However, similar 

variation was observed by Nirmaladevi and Sudha (43) in humans, where the 

number of the middle and right colic arteries varied from 0 to 2, and the right 

colic artery arose from the cranial (= superior) mesenteric or ileocecocolic (= their 

ileocolic) artery. 

 The ileocecocolic artery branched off the right colic, ileocecal and 

appendicular arteries, and the ventral colic, dorsal colic and fusus branches. The 

ramification pattern of these arteries and branches are highly varied as shown by 

the present study for the first time. The ileocecocolic artery provided the ventral 

and dorsal colic branches that supply the P1 and P2 of the ascending colon in all 

cases. The individual variation in the origin and number of these colic branches 

has not been reported in a prior study (19). In rats (28) and guinea pigs (54), the 

single colic branch and colic artery, respectively, supplied the ascending colon 

with no individual variations in the origin and number. The ileocecocolic artery 

also provided the fusus branch, which was usually one and ran in the ano–oral 

direction to supply fusus coli. The vascularization pattern to fusus coli has not 

been reported previously. The fusus branch may carry prostaglandins and 

hormones such as aldosterone to influence the function of highly vascularized 

fusus coli to control cecal and colic motions (10, 62, 63). 

 Only a few species, such as rabbits and humans, have an appendix. In 

humans, the appendicular artery consists of small branches, with individual 

variations in the number and origin (44). However, in all rabbits examined, the 

stout appendicular artery emerged from the ileocecocolic artery as a single vessel. 

This difference may be explained by the difference in the function and 

morphology of the appendix between the species. In humans, the appendix is 

regarded as a vestigial organ (44), and its position and length vary frequently (44, 
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69). This may lead to the variation in the number and origin of the appendicular 

artery in humans. By contrast, in the rabbit, the appendix is large and its shape is 

invariable. This organ contains much gut-associated lymphoid tissue that is 

beyond 50% of the total lymphoid tissue in the rabbit body (62). Thus, it is 

considered that the origin and number of the appendicular artery are constant 

because of its immunological importance in the rabbit in comparison with that in 

humans. 

 The most frequent number of the jejunal arteries was 17 and the next 

frequent was 15. These numbers are less than those reported previously (19 by 

Barone et al. (4) and 20 by Tsuzaki (61)). The difference may be explained by the 

fact that these authors may have observed only one rabbit and/or there may be a 

difference in breed, which was not specified by these authors, however.  

 The ileal artery anastomosed orally with the last jejunal artery and aborally 

with the appendicular artery (73%) or dorsal colic branch (27%). Barone et al. (4) 

reported that the ileal artery anastomosed with the ileocolic artery, but this pattern 

was not observed in the present study. In rodents, the ileum is supplied only by 

the ileal artery in the rat (28), American beaver (8) and guinea pig (54), but the 

rabbit ileum is supplied by the ileal and ileocecal arteries. This distinctive feature 

of the arterial supply to the ileum may be due to the fact that the rabbit has a 

longer ileum that runs along the appendix orally, and runs between the SCeG and 

P1 along the P1 aborally (62), unlike in such rodent species. 

 In this chapter, a rare ramification pattern of the cranial mesenteric artery 

was observed. Such a rare mesenteric arterial ramification pattern may be 

explained by anomalies of the remaining anastomotic branches between the 

primitive mesenteric arteries and regressed their parent arteries during the 

developmental process. One of the embryological remnants of the anastomosis is 

referred to as the intermesenteric arteries, which have been observed between the 

middle and left colic arteries, or between the cranial mesenteric and left colic 

arteries, or between the cranial and caudal mesenteric arteries (48, 68). Abe et al. 
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(1) and Yamasaki et al. (70) reported that the intermesenteric arteries may give 

origin to the colic arteries and cause an anatomical variation in the branching 

pattern of the colic arteries depending on the regression pattern of the 

intermesenteric arteries and their parent arteries.  In the present case (Fig. 8), it is 

assumed that there were 2 intermesenteric arteries, which anastomosed between 

the ileocecocolic and middle colic arteries (blue line in Fig. 8), and between the 

middle colic and left colic arteries (green line in Fig. 8). Due to these residual 

anastomoses, the caudal mesenteric artery may have taken over the origins of the 

ileocecocolic and middle colic arteries from the cranial mesenteric artery, thereby 

leading to the regression of the roots of these arteries from the cranial mesenteric 

artery. As a result, the cranial mesenteric artery only gave rise to the caudal 

pancreaticoduodenal, jejunal, and ileal arteries, whereas the caudal mesenteric 

artery gave rise to the ileocecocolic, right colic, middle colic, left colic, and 

cranial rectal arteries. 

 The results showed that the branching patterns of the cranial mesenteric 

artery to the lower digestive tract are highly specialized and complex in the rabbit. 

Furthermore, the branching pattern varies depending on each individual. These 

findings may be related to the fact that the rabbit ileum and large intestine are 

more complicated than in other mammals. The results suggest that such complex 

branching, courses and distribution, and individual variations should be carefully 

considered when performing intestinal surgery in rabbits.   
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Total Number of case

Ileocecocolic a. Appendicular a. Common trunk
0 1 0 1 8
0 0 1 1 3
1 0 0 1 3
1 0 1 2 7
1 1 0 2 5
2 0 0 2 1
2 1 0 3 3
2 0 1 3 2
3 1 0 4 1

Origin

Table 1. Origin and number of the right colic artery
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Number of cases (%)

Table 2. The number of the jejunal arteries

11
12

17

Number of the jejunal arteries

18

1 (3%)
1 (3%)
1 (3%)
9 (27%)
4 (12%)
10 (30%)
4 (12%)

14
15
16

19
20
21

1 (3%)
1 (3%)
1 (3%)
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Fig. 1. Schematic drawings of the most frequent branching pattern of the cranial 

mesenteric artery (a) and a rare ramification pattern observed in a JW rabbit (b) 

in the ventral view. The duodenum is pulled out to the right side, and the cecum, 

the distal part of the ileum and the first segment of the proximal colon are 

reflected to the right side. The cranial mesenteric artery and its branches are 

depicted in red line and the caudal mesenteric artery and its branches are depicted 

in orange.  
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Fig. 1
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Fig. 2. a1: Photograph showing the course and branching pattern of the cranial 

mesenteric artery. The right cranioventral view. a2: Schematic drawing of arterial 

branching in a1. 
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Fig. 2 
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Fig. 3. Schematic drawings of the branching pattern of the ileocecocolic artery in 

the ventral view. a, b, c, and d represent the branching pattern that is categorized 

as Type 1, 2, 3, and 4, respectively. Arrows indicate the branching level along the 

proximodistal axis of the ileocecocolic artery.  
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Fig. 3 
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Fig. 4. Photographs (a1-c1 and d1) and the corresponding schematic drawings (a2-

c2 and d2) of the branching of the ileocecocolic artery. The distal part of the ileum, 

the cecum and the first segment of the proximal colon are reflected to the right. 

This sometimes displaces the ileocecocolic artery caudally, so that the 

appendicular artery appears to turn cranially in a1, a2, d1, and d2. a1: Type 1 in the 

ventral view. a2: Schematic drawing of the arteries in a1. b1: Type 2 in the ventral 

view. b2: Schematic drawing of the arteries in b1. c1: Type 3 in the ventral view. 

c2: Schematic drawing of the arteries in c1. d1: Type 4 in the ventral view. d2: 

Schematic drawing of the arteries in d1. 
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Fig. 4
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Fig. 5. Photograph of the crossing point of the cranial (yellow arrows) and caudal 

(blue arrows) mesenteric arteries from a ventral view. The cecum and proximal 

colon are reflected to the right side. 
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Fig. 5 
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Fig. 6. a: Photograph of the branching pattern of the cranial mesenteric, caudal 

pancreaticoduodenal, jejunal, and ileal arteries from a ventral view. The cecum, 

distal portion of the ileum, and colon are reflected cranially. b: Schematic 

drawing of a. 
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Fig. 6
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Fig. 7.  a: Photograph showing the ramification pattern of the caudal mesenteric 

artery from a ventral view. The cecum, distal portion of the ileum, and proximal 

colon are reflected cranially, and the jejunum and proximal portion of the ileum 

are pulled out to the right side. b: Schematic drawing of a. 
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Fig. 7 
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Fig. 8. Schematic drawing showing presumable developmental causes of the 

present arterial anomaly. Intermesenteric arteries are depicted in green or blue, 

the cranial mesenteric artery is depicted in red, and the caudal mesenteric artery 

is depicted in orange. Broken lines indicate the arteries which regress during the 

development. 
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Fig. 8 
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Chapter 2 

Arterial supply to the rabbit adrenal glands 

 

2.1 Introduction 

 The adrenal gland is paired endocrine organ which plays an important role 

in the stress reaction (31). The macroscopic anatomical features of the adrenal 

gland, such as the shape and location, are different among species. For example, 

in the ox, the right adrenal gland is V-shaped and locates the medial surface of 

the cranial pole of the right kidney. The left gland is roughly C-shaped and locates 

on the medial face of the caudal vena cava approximately 5 to 8 cm cranial to the 

left kidney (64). In the pig, the right and left glands are long and cylindrical shape 

and situated on the medial surface of the kidney cranial to the hilus of kidney (65). 

In the rabbit, the right adrenal gland has oval shape and lies in a craniomedial side 

of the cranial pole of the right kidney, and the left gland is rounded and locates in 

an angle between the abdominal aorta and the left renal vessels (37). Such 

difference in the macroscopic anatomical features may cause the difference in the 

pattern of arterial supply to the adrenal gland, but the arterial supply to the rabbit 

adrenal gland is described insufficiently in prior studies. 

 Moreover, more advanced clinical treatments are required because exotic 

animals, including rabbits, have recently become major companion animals (62). 

Adrenalectomy is performed in rabbits to treat adrenal gland tumors (37, 50). For 

experimental or therapeutic surgical procedures involving the adrenal gland, it is 

essential to have detailed knowledge of the anatomical features of the adrenal 

arteries, namely, their origin, course, and number. 

 In the rabbit, a previous study reported that the adrenal arteries arise only 

from the renal artery (61); however, later studies demonstrated that the adrenal 

arteries originate not only from the renal artery, but also from the cranial 
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abdominal artery and the abdominal aorta (24), or the phrenico-abdominal artery 

and the abdominal aorta (5), or the abdominal aorta (49). In these studies, 

individual differences in the origin and number of adrenal arteries were not 

reported, and the cranial, middle, and caudal adrenal arteries were not clearly 

defined. However, in prior studies in other species such as the rat (35) and humans 

(17, 40, 58), the adrenal arteries that supply the cranial (=superior) third, middle 

third, or caudal (=inferior) third of the adrenal gland are referred to as the cranial 

(=superior), middle, or caudal (=inferior) adrenal arteries, respectively. Therefore, 

it is thought that the description of the branching pattern in the rabbit adrenal 

arteries is insufficient. 

 Compared to rabbits, there is a greater incidence of variation in the 

branching pattern of the adrenal artery in humans, and knowledge of the variation 

is regarded as an important prerequisite for performing adrenalectomy as well as 

surgery in the upper abdominal region (17, 58). Therefore, individual variation in 

the branching pattern and number of adrenal arteries in humans has been studied 

in greater detail (17, 40, 58). The most frequent origin of the cranial (=superior) 

adrenal artery is the caudal (=inferior) phrenic artery, whereas the major origin 

of the middle adrenal artery is the abdominal aorta, and that of the caudal adrenal 

artery is the renal artery (17, 40, 58). Moreover, Manso and DiDio (40) described 

the individual variation in the number of each adrenal artery. The number varied 

from 3 to 8 in the cranial, 1 to 3 in the middle and 1 to 4 in the caudal adrenal 

artery. 

 However, there have been no reports describing such individual variations 

in rabbits. Therefore, the present study aimed to elucidate the anatomical 

variations in the branching pattern of rabbit adrenal arteries in detail. 

 

2.2 Materials and Methods 

 In this chapter, 27 male and 11 female NZW rabbits (13–14 weeks old, 

weighing 2.5–3.0 kg) were dissected. 
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 The number of adrenal arteries was counted according to the same standard 

as the prior study in the rat adrenal arteries (35). All vessels that emerged from 

the parent artery and distributed to the adrenal gland were regarded as an adrenal 

artery and their numbers were counted to determine the total number of all adrenal 

arteries. 

 The cranial, middle, and caudal adrenal arteries were identified based on 

their distribution area, as previously defined in studies in rats (35) and humans 

(17, 40, 58). That is, the adrenal gland was divided with two virtual lines into the 

cranial, middle, and caudal third, each of which had the same craniocaudal 

thickness. Then, the arteries that enter to the cranial third, middle third, and caudal 

third were identified, respectively, as the cranial, middle, and caudal adrenal 

arteries. 

 The artery that arose from the renal artery to distribute to the adrenal gland 

and cranial abdominal wall was referred to as the cranial abdominal artery, in 

reference to Popesko et al. (49). This artery corresponds to the adrenolumbar 

artery (24), or the phrenico-abdominal artery (5), or the circumflex renal artery 

(62). 

 

2.3 Results 

 The adrenal arteries arose from up to four parent arteries, namely, the 

caudal phrenic, cranial abdominal, renal arteries, and the abdominal aorta, and no 

other arteries supplied the adrenal gland. In all rabbits examined, apparent sex 

differences were not observed in the branching pattern and the number of adrenal 

arteries; thus, regardless of the sex, we categorized the variations of the adrenal 

arteries into three major types (Types 1–3), based on the number of parent arteries 

that gave rise to the adrenal arteries (Fig. 9). Type 1 has a single parent artery 

providing the adrenal arteries (Fig. 9a1, a2), Type 2 has 2 different parent arteries 

(Fig. 9b1, b2), and Type 3 has 3 different parent arteries (Fig. 9c1, c2). 
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Type 1 

 

 Type 1, which was observed in 13 of 38 halves (34%) on the right side, 

was subdivided into Types 1a and 1b, based on the artery of origin of the adrenal 

arteries. Type 1a had the caudal phrenic artery and Type 1b had the cranial 

abdominal artery as the parent artery (Fig. 10). In 4 cases (11%) of Type 1a and 

three cases (8%) of Type 1b, the cranial, middle, and caudal adrenal arteries were 

observed (Fig 10a1, b1). In 4 cases (11%) of Type 1a and 2 cases (5%) of Type 

1b, there were the middle and caudal adrenal arteries, but not the cranial adrenal 

artery (Fig. 10a2 and 10b2). In Type 1a, 0 to 2 cranial, 1 or 2 middle, and 1 or 2 

caudal adrenal arteries were observed, and the total number was 4 or 6 (Table 3). 

In Type 1b, there were 0 to 2 cranial, 1 to 4 middle, and 1 to 5 caudal adrenal 

arteries, and in total, 4 to 9 arteries were observed (Table 3). 

 

Type 2 

 

 Type 2 was observed in 21 halves (55%) on the right and 29 halves (76%) 

on the left side and was subdivided into Types 2a to 2e. Subcategories a–e were 

defined according to the approximate rostral-to-caudal region of distribution of 

the parent arterial combination. That is, in Type 2a, the adrenal arteries arose from 

the caudal phrenic and cranial abdominal arteries. In Types 2b and 2c, they arose, 

respectively, from the caudal phrenic artery and renal artery, and from the renal 

artery and cranial abdominal artery. In Types 2d and 2e, the adrenal arteries 

emerged from the caudal phrenic artery and abdominal aorta, and from the cranial 

abdominal artery and abdominal aorta, respectively. Types 2a to 2d were 

observed only on the right side, and Type 2e was observed on both sides. 

 Eight of 38 cases (21%) were categorized into Type 2a (Figs. 11a1–a4, 12a1, 

a2, and 12b1, b2). In Type 2a (Fig. 11a1–a4), we observed 4 further branching 

patterns, where the cranial and middle adrenal arteries arose from the caudal 
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phrenic artery, and the caudal adrenal arteries emerged from the cranial 

abdominal artery (5 of 38 cases, 13%) (Figs. 11a1, 12a1, a2, and 12b1, b2). This 

branching pattern was the most frequent on the right side in the present study; 

therefore, this pattern was considered to be the common pattern of Type 2a. In 

comparison with the common pattern, in 1 of 38 cases (3%), the middle adrenal 

arteries did not arise from the caudal phrenic artery, but emerged from the cranial 

abdominal artery (Fig. 11a2). In another case (3%), the cranial adrenal artery was 

absent; instead, the middle adrenal arteries had 2 origins, one was the cranial 

abdominal artery and the other was the caudal phrenic artery (Fig. 11a3). In the 

remaining case (3%), the cranial and middle adrenal arteries did not emerge from 

the caudal phrenic artery, but arose from the cranial abdominal artery, while the 

caudal adrenal arteries had 2 origins, one was the caudal phrenic artery and the 

other was the cranial abdominal artery (Fig. 11a4). The variation in the number of 

each adrenal artery and the total number of all adrenal arteries in Type 2a is 

summarized in Table 4. In Type 2a, the number of cranial, middle, and caudal 

adrenal arteries varied from 0 to 3, 1 to 5, and 2 to 7, respectively, and there were 

5 to 10 arteries in total (Table 4). 

 Two of 38 cases (5%) were categorized as Type 2b (Fig. 11b1, b2). In 1 

case (3%), the cranial adrenal artery was absent and the middle adrenal arteries 

arose from the caudal phrenic artery, while the caudal adrenal arteries arose from 

both the caudal phrenic and renal arteries (Fig. 11b1). In the other case (3%), the 

cranial adrenal artery arose from the caudal phrenic artery, and the middle and 

caudal adrenal arteries emerged from both the caudal phrenic and renal arteries 

(Fig. 11b2). The former pattern had 3 middle and 2 caudal adrenal arteries; 

therefore, the total was 5 adrenal arteries (Table 4). In the latter pattern, 1 cranial, 

2 middle, and 7 caudal adrenal arteries were observed; therefore, the total number 

was 10 in this pattern (Table 4). 

 Type 2c included 4 of 38 cases (11%) (Fig. 11c1–c3). In 2 of 38 cases (5%), 

the cranial and middle adrenal arteries arose from the cranial abdominal artery, 
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and the caudal adrenal arteries emerged from both the cranial abdominal and renal 

arteries (Fig. 11c1). In comparison with this pattern, the cranial adrenal artery was 

lacking in 1 case (3%) (Fig. 11c2), and the cranial adrenal artery and one of the 

caudal adrenal arteries that originated from the cranial abdominal artery were 

lacking in 1 case (3%) (Fig. 11c3). In Type 2c, 0 to 2 cranial, 1 to 4 middle, and 

2 or 11 caudal adrenal arteries were observed, and the total number was 3 to 16 

arteries (Table 4). 

 Type 2d included 3 of 38 cases (8%), and in 2 of these 3 cases (5%) (Fig. 

11d1), the cranial and middle adrenal arteries emerged from the caudal phrenic 

artery, and the caudal adrenal arteries emerged from both the caudal phrenic 

artery and the abdominal aorta. In the remaining case (3%) (Fig. 11d2), the 

branching pattern was the same as in the former case, except that the cranial 

adrenal artery was absent. In Type 2d, 0 or 1 cranial, 2 or 5 middle, and 4 to 9 

caudal adrenal arteries were observed, and the total number varied from 6 to 15 

(Table 4). 

 Type 2e was found in 4 of 38 cases (11%) on the right side and 29 of 38 

cases (76%) on the left side, and included 10 further branching patterns (Fig. 13). 

In 1 case (3%) on the right side, the cranial adrenal artery was lacking, the middle 

adrenal arteries arose from the cranial abdominal artery, and the caudal adrenal 

arteries emerged from both the cranial abdominal artery and the abdominal aorta 

(Fig. 13a). In 1 case (3%) on the right side, the cranial adrenal artery was lacking, 

the middle adrenal arteries had an additional origin from the abdominal aorta, and 

the caudal adrenal artery emerged from the cranial abdominal artery (Fig. 13b). 

In 2 cases on the right (5%) and 8 cases on the left (21%) side, the cranial and 

middle adrenal arteries arose from the cranial abdominal artery, and caudal 

adrenal arteries originated from both the cranial abdominal artery and the 

abdominal aorta (Fig. 13c). 

 In 10 of 38 cases (26%) on the left side in Type 2e (Figs. 12c1, c2, 12d1, d2, 

and 13d), the cranial and the middle adrenal arteries arose from the cranial 
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abdominal artery, and the caudal adrenal arteries emerged directly from the 

abdominal aorta. In the present study, this pattern was the most frequent on the 

left side, and therefore was regarded to be fundamental among the branching 

patterns observed on the left side in Type 2e. In comparison with this common 

pattern, the middle adrenal arteries in 3 of 38 cases (8%) had an additional origin 

from the abdominal aorta, and the caudal adrenal arteries did not arise from the 

abdominal aorta, originating from the cranial abdominal artery instead (Fig. 13e). 

In 2 of 38 cases (5%), the middle adrenal arteries had an additional origin from 

the abdominal aorta (Fig. 13f), and in 2 other cases (5%), the middle and caudal 

adrenal arteries had an additional origin from the abdominal aorta and the cranial 

abdominal artery, respectively (Fig. 13g). In 2 other cases (5%), the branching 

pattern was the same as the former case (Fig. 13g), except that the cranial adrenal 

arteries had an additional origin from the abdominal aorta (Fig. 13h). In 1 case 

(3%), the cranial and caudal adrenal arteries arose from the cranial abdominal 

artery, and the middle adrenal arteries originated from the abdominal aorta (Fig. 

13i). In the remaining case (3%) (Fig. 13j), the caudal adrenal arteries had an 

additional origin from the abdominal aorta in comparison with the former case 

(Fig. 13i). The individual variation in the number of adrenal arteries in Type 2e 

is summarized in Table 3. There were 0 to 5 cranial, 1 to 10 middle, and 1 to 9 

caudal adrenal arteries, and in total, 3 to 18 adrenal arteries were observed (Table 

5). 

 

Type 3 

 

 In Type 3, the adrenal arteries arose from 3 parent arteries, with one of 

these always being the abdominal aorta. Type 3 was subdivided into Types 3a to 

c, based on the combination of the other 2 parent arteries under the same rule as 

Type 2. Cases with the caudal phrenic and cranial abdominal arteries as the 

remaining parent arteries were categorized into Type 3a, those with the caudal 
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phrenic and renal arteries were categorized into Type 3b, and those with the 

cranial abdominal and renal arteries were categorized into Type 3c. 

 Type 3a was observed only on the right side in 1 case (3%), where the 

cranial adrenal artery was lacking, the middle adrenal arteries arose from the 

caudal phrenic artery, and the caudal adrenal arteries originated from both the 

cranial abdominal artery and the abdominal aorta (Fig. 14a). In Type 3a, there 

were 3 middle and 5 caudal adrenal arteries, and 8 arteries in total (Table 6). 

 Two cases (5%) on the right side were categorized as Type 3b. The cranial 

and middle adrenal arteries arose from the caudal phrenic artery, and the caudal 

adrenal arteries emerged from the caudal phrenic and renal arteries and the 

abdominal aorta (Fig. 14b). In Type 3b, there were 2 cranial, 1 middle, and 4 

caudal adrenal arteries in one case, and 1 cranial, 3 middle, and 4 caudal adrenal 

arteries in the other case. Therefore, the total number of adrenal arteries was 7 or 

8 (Table 6). 

 Nine of 38 cases (24%) on the left and 1 case (3%) on the right were 

categorized into Type 3c, where 5 further branching patterns were observed (Fig. 

14c1–c5). On the right side in 1 case (3%) and on the left side in 3 cases (8%) (Fig. 

14c1), the cranial and middle adrenal arteries arose from the cranial abdominal 

artery, and the caudal adrenal arteries arose from the cranial abdominal and renal 

arteries and the abdominal aorta. This pattern was the most frequent in Type 3c; 

thus, the other patterns, which were found on the left side only, are described in 

comparison with this basic pattern. In 2 other cases (5%) (Fig. 14c2), one of the 

origins of the caudal adrenal arteries from the cranial abdominal artery was 

lacking. In 1 case each (3%), the cranial adrenal arteries had an additional origin 

from the abdominal aorta (Fig. 14c3), or the middle adrenal arteries had an 

additional origin from the abdominal aorta (Fig. 14c4). In the remaining 1 case 

(3%) (Fig. 14c5), the middle adrenal arteries did not have an origin from the 

cranial abdominal artery, but had another origin from the abdominal aorta. In 

Type 3c, the number of cranial, middle, and caudal adrenal arteries varied from 0 
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to 4, 1 to 8, and 3 to 8, respectively, and there were 7 to 17 adrenal arteries in 

total (Table 6). 

 

Combination of right and left patterns in each case 

 

 Combinations of the right and left branching patterns are summarized in 

Table 7. In the most frequent cases (7 of 38 cases, 18%), the right side was Type 

1b, where the adrenal arteries arose only from the cranial abdominal artery (Fig. 

10b1, b2), while the left side was Type 2e, where the adrenal arteries emerged 

from the cranial abdominal artery and the abdominal aorta (Fig. 13, Table 5). The 

total number of adrenal arteries in each specimen was 11 in 8 of 38 cases (21%), 

varying from 9 to 30, as summarized in Table 8. 

 

2.4 Discussion 

 This is the first report to show the remarkable individual variation in the 

origin and number of rabbit adrenal arteries, with a clear distinction of the cranial, 

middle, and caudal adrenal arteries, and to categorize the ramification patterns 

into three major types. In prior studies, such anatomical features of the rabbit 

adrenal artery have not been described (4, 5, 24, 49, 61, 62). 

 

Cranial adrenal arteries 

 

 In the present study, the right cranial adrenal arteries arose from the caudal 

phrenic and cranial abdominal arteries, while the left cranial adrenal arteries 

emerged from the cranial abdominal artery and the abdominal aorta. In prior 

studies in rabbits, the origin of the cranial adrenal arteries is described to be the 

cranial abdominal artery on the left side (no description of the right side) (24), the 

abdominal aorta on both sides (49), and the caudal phrenic artery on both sides 

(5). These previous findings conflict with those in the present study, in which the 
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cranial adrenal arteries did not emerge from the abdominal aorta and were lacking 

in 37% of cases on the right, and did not stem from the caudal phrenic artery on 

the left. 

 Rodents, such as the rat and guinea pig, are phylogenetically closely related 

to rabbits; however, they have different patterns of arterial supply to the adrenal 

gland. In the rat, the cranial adrenal arteries arise chiefly from the caudal phrenic 

artery (21, 24, 35, 38) or from both the caudal phrenic artery and the abdominal 

aorta (28). In the guinea pig (13), the cranial adrenal arteries arise from the caudal 

phrenic artery, although guinea pigs have a cranial abdominal artery like rabbits 

(13). In other mammals, such as the ferret, pig, pampas deer, and sheep (18, 23, 

29, 59), the origin and incidence of the cranial adrenal arteries differ between 

individual species as well as between rabbits and these species. For example, in 

the ferret (29), the most predominant origin of the cranial adrenal artery is both 

the abdominal aorta and the cranial abdominal artery in 60% of cases on the right, 

and the abdominal aorta in 80% of cases on the left. In humans, the origin and 

incidence of the cranial (=superior) adrenal artery are closely similar to those in 

the rat (21, 24, 35, 38) and guinea pig (13), but differ from those in the rabbit. For 

example, the predominant origin of the cranial adrenal artery in humans is the 

caudal (= inferior) phrenic artery in 83.3 to 100% of cases on the right side and 

76 to 100% of cases on the left side (17, 40, 58). 

 The results of the present study show that the cranial part of the right 

adrenal gland receives less direct arterial distribution in comparison with the 

middle and caudal parts, because in 37% of cases, the cranial adrenal artery is 

lacking on the right side. This may be caused by the positional relationship 

between the adrenal gland and the surrounding structures. Since the right adrenal 

gland is located more craniolaterally than the left one, the cranial part of the right 

adrenal gland is far from the cranial abdominal and renal arteries, and the 

abdominal aorta in comparison with the middle and caudal parts. Furthermore, 

on the right side, the adrenal gland and the abdominal aorta have the right crus of 
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the diaphragm in-between. Therefore, the adrenal arteries that arise from the 

abdominal aorta must surmount or circumvent the right crus of the diaphragm to 

distribute to the adrenal gland. These positional differences between the right and 

left adrenal gland may be the reason for the frequent loss of cranial adrenal 

arteries. 

 The origins of the cranial adrenal arteries elucidated in the present study 

are inconsistent with those presented in prior studies (4, 49, 61, 62). In the present 

study, 38 New Zealand White rabbits (76 halves) were observed, whereas, in prior 

studies, the number of cases studied was either not reported (4, 49, 61, 62) or too 

small (4 cases in Harrison’s study (24)). Moreover, the rabbit strain was not 

described in all of these cited papers. Therefore, it is suggested that the difference 

between the previous and present findings may be attributable to an insufficient 

number of specimens in prior studies as well as strain differences. Such 

differences may also affect the branching pattern of the middle and caudal adrenal 

arteries as discussed below. 

 

Middle adrenal arteries 

 

 The origins of the middle adrenal arteries on both sides are closely similar 

to those of the cranial adrenal arteries, except that a right middle adrenal artery 

arises directly from the abdominal aorta. In the rabbit, Popesko et al. (49) 

described that the middle adrenal artery is lacking on the right side and arises 

from the abdominal aorta on the left side, and Bavaresco et al. (5) reported that 

the middle adrenal artery emerges from the caudal phrenic artery on both sides. 

These findings are inconsistent with those in the present study, where the right 

middle adrenal arteries were always observed, and the left ones did not emerge 

from the caudal phrenic artery. As discussed above, differences between the 

previous and present findings may be attributable to differences in rabbit strain 

and numbers. 



 

 44 

 In the rat, the origin of the middle adrenal artery is described inconsistently 

among prior studies as arising only from the abdominal aorta on both sides (24), 

or from either the caudal phrenic artery or the abdominal aorta on both sides (38), 

or from the caudal phrenic artery on both sides (35). In humans, Sushma et al. 

(58) described that the most frequent origin of the middle adrenal arteries was the 

abdominal aorta on both sides (80% of cases on the right and 90% of cases on the 

left). Therefore, the origins of the middle adrenal arteries are different among 

rabbits, rats, and humans. In any other mammalian species, such individual 

variations in the origin of the middle adrenal arteries have not been reported 

previously. 

 

Caudal adrenal arteries 

 

 In the present study, the origins of the caudal adrenal arteries frequently 

varied. The caudal adrenal arteries originate from the caudal phrenic, cranial 

abdominal, and renal arteries, and the abdominal aorta on the right side, but not 

from the caudal phrenic artery on the left side. In prior studies in the rabbit, the 

caudal adrenal arteries arise from the renal artery on both sides (49), or the renal 

and caudal phrenic arteries on both sides (5). Our findings differ from these prior 

studies in that the caudal adrenal arteries also arise from the cranial abdominal 

artery and the abdominal aorta, and the left caudal adrenal arteries did not arise 

from the caudal phrenic artery. The origins from the cranial abdominal artery and 

the abdominal aorta have not been reported previously. In rodents, some of the 

same parent arteries as observed in our rabbits give rise to the caudal adrenal 

arteries, but with a different combination. For example, in the rat, the caudal 

adrenal arteries on the right side arise from the caudal phrenic artery in almost all 

cases, and those on the left side emerge from the caudal phrenic artery or the renal 

artery or the abdominal aorta, each at one-third incidence (35). Other studies 

showed that they originate from the caudal phrenic or renal artery on both sides 
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(21, 24, 28, 38). There are no adrenal arteries issued from the cranial abdominal 

artery in rats. In humans (40), the caudal (= inferior) adrenal artery arises from 

the renal artery (50.0% on the left and 70.0% on the right) or the abdominal aorta 

(36.7% on the left and 26.7% on the right). The origin of the caudal phrenic and 

cranial abdominal arteries is not described. These previous and present findings 

also show that the origin of the caudal adrenal arteries varies more in rabbits than 

in other species. This peculiar feature in rabbits may be explained by the fact that 

the rabbit adrenal glands are located more caudomedially than those of other 

mammals (49). This means that the distance between the caudal part of the 

adrenal gland and the parent arteries in rabbits is shorter than that in other 

mammals. This may allow up to four parent arteries to provide the caudal adrenal 

arteries distributing to the caudal part of the adrenal gland. 

 

Right and left differences 

 

 The position of the adrenal gland relative to the surrounding parent arteries 

may be the cause of the variety of difference between the right and left side. In 

the rabbit, the right adrenal gland is located more laterally than the left one (4, 49, 

62). Therefore, the distance between the adrenal gland and the parent arteries, 

such as the renal artery and the abdominal aorta, is longer on the right side than 

on the left. Moreover, the right caudal phrenic artery arises from the renal artery 

and runs near the adrenal gland, while the left caudal phrenic artery emerges 

directly from the abdominal aorta at the level of the aortic hiatus of the diaphragm 

in the rabbit (4, our unpublished data). Therefore, the right adrenal gland may be 

reachable by four parent arteries such as the caudal phrenic, cranial abdominal, 

and renal arteries, and the abdominal aorta, whereas the left adrenal gland may 

be reachable by three parent arteries such as the cranial abdominal and renal 

arteries and the abdominal aorta. Since it is thought that the adrenal arteries may 

arise from the parent arteries that run near the adrenal gland on each side, the 
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adrenal arteries on the right side are assumed to originate from four parent arteries 

with greater variety of combinations than those on the left side, where the parent 

arteries are three. This may explain why the vascularization pattern of the right 

adrenal gland is more complicated than that of the left adrenal gland in the rabbit. 

 

Variation in the number of adrenal arteries 

 

 In the present chapter, the total number of adrenal arteries varied from 3 to 

16 on the right side and 3 to 18 on the left. Such variations have not been reported 

previously in the rabbit (5, 24, 49, 61). In the rat, there were 3 to 12 adrenal 

arteries on each side (35), and in cats (60) and dogs (7), the total number of 

adrenal arteries on each side is 15 and 20 to 30, respectively. Together, these 

findings indicate that the number of adrenal arteries varies according to the 

species. 

 

Conclusions 

 

 The anatomical variations in the origin and number as well as differences 

between the left and right sides of the adrenal arteries demonstrated in the present 

investigation are highly informative in reducing the risks of experimental and 

therapeutic treatments in rabbits, such as ligation of the adrenal artery and 

adrenalectomy, which may be performed to investigate adrenal gland function 

(42) and to treat adrenal tumors (50). As shown in the present study, the rabbit 

adrenal gland receives rich arterial supply with remarkable individual variations; 

thus, there is a high risk of bleeding from damaged adrenal arteries during surgery. 

Therefore, the findings in the present study may contribute to refine the 

experimental and therapeutic surgical treatments of the rabbit adrenal gland. 
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CrA MA CaA Total 1a 1b
1 1 2 4 1
2 1 1 4 1
0 2 2 4 2 1
0 3 1 4 1
1 1 3 5 1
0 3 2 5 1
2 2 2 6 1
1 1 5 7 1
0 4 3 7 1
1 3 4 8 1
2 4 3 9 1

Table 3. Number of adrenal arteries in Type 1

Number of arteries Number of cases in each type

CrA, cranial adrenal artery; MA, middle adrenal artery; CaA, caudal adrenal artery.
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CrA MA CaA Total 2a 2b 2c 2d
0 1 2 3 1
1 1 3 5 1
1 2 2 5 1
0 3 2 5 1 1
1 3 2 6 1
0 2 4 6 1
0 4 2 6 1
1 2 5 8 1
3 3 2 8 1
1 2 6 9 1
2 5 2 9 2
1 2 7 10 1
2 1 7 10 1
1 5 9 15 1
2 3 11 16 1

Table 4. Number of adrenal arteries in Types 2a, b, c, and d

Number of arteries Number of cases in each type

CrA, cranial adrenal artery; MA, middle adrenal artery; CaA, caudal adrenal artery.
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CrA MA CaA Total Right Left

1 1 1 3 2

0 1 2 3 1

1 2 1 4 1

2 1 2 5 1

1 3 2 6 1

2 1 3 6 1

2 2 2 6 2

1 1 5 7 1

1 1 3 7 1

3 2 2 7 2

1 5 2 8 2

2 2 4 8 1

2 3 3 8 1

3 4 1 8 1

2 3 4 9 1

0 7 2 9 1
1 5 4 10 1

1 6 3 10 1

2 7 2 11 1

4 4 3 11 1
2 5 5 12 1

3 4 5 12 1

2 8 3 13 1
2 10 2 14 1

3 4 7 14 1

3 7 5 15 1

3 10 2 15 1

5 5 5 15 1

4 5 9 18 1

CrA, cranial adrenal artery; MA, middle adrenal artery; CaA, caudal adrenal artery.

Table 5. Number of adrenal arteries in Type 2e

Number of arteries Number of cases
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CrA MA CaA Total 3a 3b
Right Right Right Left

1 3 3 7 1
2 1 4 7 1
1 3 4 8 1
2 1 5 8 1
0 3 5 8 1
2 2 5 9 1
2 4 4 10 1
3 2 5 10 1
4 2 4 10 1
3 4 4 11 1
2 3 7 12 1
2 7 4 13 1
1 8 8 17 1

CrA, cranial adrenal artery; MA, middle adrenal artery; CaA, caudal adrenal artery.

Table 6. Number of adrenal arteries in Type 3

Number of arteries Number of cases in each type

3c
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Number of cases (%)

Right Left
1b 2e 7 (18%)
2a 2e 6 (16%)
1a 2e 4 (11%)
2e 2e 4 (11%)
2d 2e 3 (8%)
2c 3c 3 (8%)
3b 2e 2 (5%)
2a 3c 2 (5%)
1a 3c 1 (3%)
1b 3c 1 (3%)
2b 2e 1 (3%)
2b 3c 1 (3%)
2c 2e 1 (3%)
3a 2e 1 (3%)
3c 3c 1 (3%)

Table 7. Combination of the type of branching pattern

Type
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Number of arteries Number of cases (%)
9 1 (3%)
10 3 (8%)
11 8 (21%)
13 2 (5%)
14 3 (8%)
15 1 (3%)
16 3 (8%)
17 5 (13%)
18 1 (3%)
19 2 (5%)
22 2 (5%)
23 1 (3%)
24 2 (5%)
27 1 (3%)
29 1 (3%)
30 1 (3%)

Table 8. Total number of adrenal arteries in each specimen
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Fig. 9. Photographs and schematic drawings of the 3 major branching patterns of 

the adrenal arteries in the ventral view. a1: Type 1, where the adrenal arteries arise 

from 1 parent artery: the cranial abdominal artery. a2: Schematic drawing of a1. 

b1: Type 2, where the adrenal arteries emerge from 2 parent arteries: the cranial 

abdominal artery and the abdominal aorta. b2: Schematic drawing of b1. c1: Type 

3, where the adrenal arteries originate from 3 parent arteries: the cranial 

abdominal artery, the renal artery, and the abdominal aorta. c2: Schematic 

drawing of c1.  
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Fig. 9 
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Fig. 10. Schematic drawings of the branching patterns categorized as Type 1. a1 

and a2: Type 1a in the ventral view. b1 and b2: Type 1b in the ventral view. In this 

figure and Figures 11, 13, and 14, the illustrations display only the pattern of 

branching from the parent artery, not the number of adrenal arteries. The 

drawings depicted on the right side are the patterns observed only on the right 

side, and those depicted on the left side are the patterns observed on the left side 

or both sides, in this figure and Figures 11, 13, and 14.  
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Fig. 10 
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Fig. 11. Schematic drawings of the branching patterns of Types 2a to d in the 

ventral view. a1–a4: Type 2a. b1 and b2: Type 2b. c1–c3: Type 2c. d1 and d2: Type 

2d.  
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Fig. 11 
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Fig. 12. Photographs and schematic drawings of a case with the most frequent 

branching pattern of the adrenal arteries and related structures on the right side (a 

and b) and those on the left side (c and d). a1: One cranial and 2 middle adrenal 

arteries that arise from the caudal phrenic artery, and 6 caudal adrenal arteries 

that emerge from the cranial abdominal artery in the ventral view. The middle 

adrenal arteries and one of the branches of the caudal adrenal arteries that 

distribute to the caudal end of this gland are not seen in this view. a2: Schematic 

drawing of a1. b1: The dorsal aspect of the same adrenal gland as shown in a1 and 

a2, when the right adrenal gland is reflected laterally. Two middle adrenal arteries 

that originate from the caudal phrenic artery, and the trifurcating caudal adrenal 

arteries that emerge from the cranial abdominal artery are observed in the dorsal 

aspect of this gland. b2: Schematic drawing of b1. In this scheme, the right crus of 

the diaphragm is not illustrated. c1: Ventral view of the branching pattern of the 

left adrenal arteries. There are 2 cranial and 3 middle adrenal arteries that arise 

from the cranial abdominal artery, and 4 caudal adrenal arteries that emerge from 

the abdominal aorta. The branching of the cranial and middle adrenal arteries is 

not seen in this ventral aspect of the adrenal gland. c2: Schematic drawing of c1. 

d1: Dorsal aspect of the same adrenal gland as shown in c1 and c2. The left adrenal 

gland is reflected medially, so that the bifurcating cranial adrenal arteries and the 

trifurcating middle adrenal arteries are observed in the dorsal aspect of the adrenal 

gland. d2: Schematic drawing of d1.  
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Fig. 12 
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Fig. 13. Schematic drawings of the ventral view of the branching patterns 

categorized as Type 2e. This type contains 10 further branching patterns. a and b 

are present only on the right side, c is on both sides, and d to j are only on the left 

side.  
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Fig. 13 
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Fig. 14. Schematic drawings of the branching patterns of adrenal arteries 

categorized into Type 3. a: Type 3a in the ventral view. b: Type 3b in the ventral 

view. c1–c5: Type 3c in the ventral view. a and b are present only on the right side, 

c1 is on both sides, and c2–c5 are only on the left side. 
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Fig. 14 
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Chapter 3 

Arterial supply to the rabbit female genital organs 

 

3.1 Introduction 

 The increased popularity of rabbits as a companion animal has led to an 

increase in medical treatments in veterinary hospitals (52, 67). Female rabbits 

frequently suffer uterine disorders, such as adenocarcinoma and endometrial 

hyperplasia (52, 62, 67). In particular, uterine adenocarcinoma occurs in 60% of 

female rabbits aged four years and over (62). Although ovariohysterectomy is one 

of the most effective ways to cure or prevent these uterine disorders, this precise 

surgery should only be performed by personnel with a sufficient knowledge of 

the pattern of the arterial supply to the ovary, uterus, and vagina in order to avoid 

any inadvertent bleeding during the operation. However, even though previous 

studies have attempted to describe the arterial supply to the ovary, uterus, and 

vagina in the rabbit, a definitive anatomical map is far from complete (3, 4, 6, 9, 

14, 16, 22, 34, 36, 39, 46, 49, 61, 66). 

 The ovary, uterus, and vagina in the rabbit receive their main arterial 

supply via the ovarian, uterine, and vaginal arteries, respectively (4, 6, 36, 46, 49, 

61). The ovarian artery is the paired visceral artery that branches from the 

abdominal aorta (4, 14, 36, 49, 61). Krause (36), Tsuzaki (61), Del Campo and 

Ginther (14), and Barone et al. (4) reported that the right ovarian artery emerged 

more cranially than the left artery, while Popesko et al. (49) stated that the left 

artery emerged more cranially than the right artery. Moreover, the distribution of 

the ovarian artery is described inconsistently in prior studies (3, 9, 14, 16, 22, 39, 

61, 66). For example, Tsuzaki (61) and Burr Jr and Davis (9) reported that the 

ovarian artery divided into cranial and caudal branches, the former of which 

supplied the ovary and uterine tube, while the latter distributed to the uterine horn. 
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In contrast, Macchiarelli (39) reported that one branch supplied the ovary, and 

the other distributed to the uterine tube and uterine horn. Del Campo and Ginther 

(14) and Verco (66) reported that the ovarian artery bifurcated into two branches 

that supplied the ovary and uterine tube, and the uterine tube and uterine horn, 

respectively. These inconsistent descriptions of the origin and distribution of the 

ovarian artery suggest the presence of individual variations, which have not been 

reported in the prior studies mentioned above. 

 The description of the origin of the uterine artery is also inconsistent among 

these prior studies (3, 6, 11, 12, 16, 22, 34, 36, 46, 61). Although Bensley (6), 

Orsi et al. (46), and Barone (3) reported that the uterine artery arose from the 

umbilical artery, Carter et al. (11), Göthlin and Carter (22), and Carter et al. (12) 

reported that the uterine artery emerged from their “urogenital artery” (see the 

Discussion below), which originated from the common or internal iliac arteries 

and also gave rise to the cranial vesical artery. Other studies stated that the uterine 

artery originated directly from the common iliac artery (36, 61), the internal iliac 

artery (34), or the common or internal iliac artery (16). As to the branches of the 

uterine artery, Orsi et al. (46) reported that the uterine artery gave rise to the 

vaginal, urethral, vesical, and rectal branches via various branching patterns. In 

other studies, however (6, 11, 12, 16, 22, 34, 36, 61), the branches from the uterine 

artery were not described in detail. 

 The vaginal artery has been reported to arise from the internal iliac artery 

(3, 4, 49) or emerge from the middle rectal artery, which originates from the 

internal iliac artery (22, 36, 61). Orsi et al. (46) reported the variation in the 

branching pattern of the vaginal artery, which arose from the internal iliac artery 

or in other cases was bilaterally or unilaterally absent. When found to be absent, 

branches from the umbilical artery were shown to supply the vagina. Orsi et al. 

(46) also reported that the vaginal artery gave off the uterine, vesical, vaginal, 

urethral, and rectal branches, although their descriptions of the ramification or 

distribution patterns of these branches were insufficient. 
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 As discussed above, descriptions of the branching pattern of the ovarian, 

uterine, and vaginal arteries in the rabbit are inconsistent in these prior studies, 

with the individual variation in the origin and distribution of these arteries not 

described in detail (3, 4, 6, 9, 11, 12, 14, 16, 22, 34, 36, 39, 46, 49, 61, 66). 

Therefore, the goal of the present study was to elucidate the detailed ramification 

pattern of the ovarian, uterine, and vaginal arteries and its individual variations 

in the rabbit. 

 

3.2 Materials and Methods 

 In this chapter, 15 female NZW rabbits (aged 12-14 weeks, weighing 1.7-

2.3 kg) and 15 female JW rabbits (aged 1.5 years, weighing 3.0-3.5 kg) were 

dissected.  

 The artery that gave rise to the uterine artery and continued as the cranial 

vesical artery, which was referred to as the umbilical artery, as per the studies of 

Bensley (6), Orsi et al. (46), and Barone (3). The ovarian artery branched off the 

3 branches which distributed to the ovary, uterine tube, and uterus, so in the 

present thesis, we referred to them as the ovarian, tubal, and uterine branch, 

respectively, similar to the terms used by Greene (21) in the rat. Moreover, in the 

present study, we referred to the branches which originated from the vaginal 

artery and distributed to the vagina, urethra, rectum, as the vaginal, urethral, and 

rectal branch, respectively, as par the study of Orsi et al. (46). 

  

3.3 Results 

 Figure 15 shows the overview of the most frequent branching pattern of 

the ovarian, uterine, and vaginal arteries supplying the female genital organs. 

There were 18 halves (60%) observed on the right and 11 halves (37%) observed 

on the left. There was no noticeable strain difference in the artery branching 

patterns between the NZW and JW rabbits. 
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 The ovarian artery arose from the abdominal aorta and ran laterally to give 

rise to the uterine, ovarian, and several tubal branches, which then supplied the 

cranial uterus, the ovary, and the uterine tube, respectively (Figs. 15 and 16). The 

uterine artery usually arose from the umbilical artery and ran in a caudoventral 

direction, giving origin to branches that ran cranially and were distributed to the 

uterus. The uterine artery subsequently gave rise to the vaginal branch, which ran 

caudally to supply the cranial portion of the vagina (Figs. 15 and 17b1, b2). The 

vaginal artery usually originated from the internal iliac artery and ran in a 

caudoventral direction, with distribution to the caudal portion of the vagina via 

the vaginal branch and the vaginal vestibule via the vestibular branch (Figs. 15 

and 18). 

 The ramification patterns of the ovarian, uterine, and vaginal arteries varied 

frequently in each specimen, and were thus categorized as several different types. 

To distinguish the categorization of the ovarian, uterine, and vaginal arteries, the 

term “Ov-Type”, “Ut-Type”, and “Va-Type” was used. Since there was no clear 

correlation between the ramification patterns of the ovarian, uterine, and vaginal 

arteries in the individual specimens, the individual variations in the ramification 

patterns of these arteries have been described separately. 

 

Ramification pattern of the ovarian artery 

 

 There were 3 patterns of the combination for the branching level of the 

right and left ovarian arteries that ran along the craniocaudal axis of the 

abdominal aorta. In 15 cases (50%), the left ovarian artery arose at a more cranial 

level than the right artery, while in 13 cases (43%), the right ovarian artery 

emerged at a more cranial level than the left artery. In the remaining 2 cases (7%), 

the ovarian arteries on both sides originated at the same craniocaudal level. 

 The ovarian artery branched off the uterine, ovarian, and tubal branches 

independently or as a common trunk. In the present study, cases where all three 
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branches arose independently from the ovarian artery were categorized as Ov-

Type 1 (Fig. 16a1, a2), while cases where the uterine and ovarian branches or the 

ovarian and tubal branches originated as a common trunk were categorized as 

Ov-Type 2 (Fig. 16b1, b2, c1, c2). Ov-Type 2 was subdivided into Ov-Types 2a 

and 2b, which was based on the branching level of the common trunk along the 

proximodistal axis of the ovarian artery. Since the common trunk of the uterine 

and ovarian branches arose at a more proximal level than observed for the ovarian 

and tubal branches, the former cases were categorized as Type 2a, while the latter 

cases were categorized as Type 2b. 

 In Ov-Type 1, which included 20 halves on the right (67%) and 19 halves 

on the left (63%) (Fig. 16a1, a2), the uterine, ovarian, and tubal branches emerged 

independently from the ovarian artery in this order, with the exception for 1 rare 

case in which the ovarian branch was the last branch from the ovarian artery. 

 Ov-Type 2a included 1 half on the right side (3%), for which the ovarian 

branch originated as a common trunk with the uterine branch, and the tubal 

branches arose separately (Fig. 16b1, b2). 

 Ov-Type 2b consisted of 9 halves on the right (30%) and 11 halves on the 

left (37%). In this type, the uterine branch first arose separately, with the ovarian 

branch arising secondly as a common trunk with the most proximal tubal branch. 

Finally, the other tubal branches then emerged separately from the ovarian artery 

(Fig. 16c1, c2). 

 Table 9 shows the combination of the ramification patterns of the right and 

left ovarian arteries in each specimen. The most frequently observed cases (n=13, 

43%) were Ov-Type 1, in which the uterine, ovarian, and tubal branches emerged 

independently from the ovarian artery on both sides (Table 9). 
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Ramification pattern of the uterine artery 

 

 One or occasionally 2 uterine arteries originated from the umbilical or 

common iliac artery. Since the number and origin of the uterine artery varied, the 

cases that had 1 uterine artery were categorized as Ut-Type 1 (Fig. 17a1, a2, b1, 

b2), and the cases that had two uterine arteries were categorized as Ut-Type 2 (Fig. 

17c1, c2). Ut-Type 1 was subdivided into Ut-Types 1a and 1b, based on the 

branching level of the uterine artery relative to the origin of the umbilical artery. 

Type 1a included cases where the uterine artery emerged from the common iliac 

artery proximal to the umbilical artery (Fig. 17a1, a2), whereas the cases where 

the uterine artery emerged from the umbilical artery were categorized as Type 1b 

(Fig. 17b1, b2). 

 In Ut-Type 1a (Fig. 17a1, a2), which consisted of 1 half on the left (3%), 

the uterine artery emerged directly from the common iliac artery, ran in a 

ventrocaudal direction to supply the uterus, and branched off the vaginal branch. 

Since the umbilical artery did not branch off the uterine artery in this case, the 

umbilical artery became the cranial vesical artery without any apparent border 

(UmA/CrVeA in Fig. 17a1, a2). 

 In Ut-Type 1b (Fig. 17b1, b2), which included all halves on the right and 

25 halves on the left (83%), the uterine artery arose from the umbilical artery and 

ran in a caudoventral direction to branch off the arteries that coursed cranially 

and supplied the uterus, with the uterine artery finally branching off the vaginal 

branch (Fig. 17b1, b2). The direct continuation of the umbilical artery was 

distributed to the urinary bladder as the cranial vesical artery (Fig. 17b1, b2). 

 Ut-Type 2 included 4 halves on the left (13%), with 2 uterine arteries 

emerging from the umbilical artery. The first artery ran caudally to supply the 

uterine cervix and caudal portion of the uterus, and it then gave rise to the vaginal 

branch. The second artery ran cranially to distribute to the cranial portion of the 
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uterus (Fig. 17c1, c2). After branching off the uterine artery, the umbilical artery 

distributed to the urinary bladder as the cranial vesical artery (Fig. 17c1, c2). 

 Table 10 summarizes the combination of the branching types for the right 

and left uterine arteries in each of the individuals. In 25 specimens (83%), the 

branching pattern of the uterine artery was of the Ut-Type 1b on both sides (Table 

10). 

 

Ramification pattern of the vaginal artery 

 

 The vaginal artery arose from the umbilical, internal iliac, or internal 

pudendal artery and gave rise to the vaginal, urethral, rectal, and vestibular 

branches (Fig. 18). Since the origin of the vaginal artery varied in each specimen, 

the ramification patterns were categorized as Va-Types 1 to 3 based on the 

branching level of the vaginal artery along the proximodistal axis of the common 

and internal iliac arteries (Fig. 18). However, there was 1 rare case on the left side 

(3%) in which the vaginal artery was lacking. Therefore, this case was not 

included in this categorization. In Va-Type 2, three further branching patterns, 

Va-Types 2a to 2c, were classified based on the branching level of the vaginal 

artery along the proximodistal axis of the internal iliac artery relative to the origin 

of the obturator artery. Va-Type 2a included cases with 2 vaginal arteries, the 

proximal of which emerged proximal to the origin of the obturator artery. Cases 

where the vaginal artery emerged as a common trunk with the obturator artery 

were categorized as Va-Type 2b, and cases where the vaginal artery originated 

distal to the origin of the obturator artery were categorized as Va-Type 2c. 

 In Va-Type 1, which included 1 half on the left side (3%), the common 

trunk of the vaginal and uterine arteries emerged from the umbilical artery, which 

emerged from the common iliac artery (Fig. 18a1, a2). 

 Va-Type 2a was found in 1 half on the left side (3%) and had 2 vaginal 

arteries. Between these 2 arteries was the obturator artery, which arose from the 
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internal iliac artery. Therefore, in this case, the first vaginal artery emerged at a 

more proximal level than the obturator artery. 

 In Va-Type 2b, which included 1 half on the right side (3%), the vaginal 

and obturator arteries originated at the same branching level as a common trunk.  

 In Va-Type 2c, which included 28 halves on the right (93%) and 26 halves 

on the left (87%) (Fig. 18b1, b2), the vaginal artery independently arose from the 

internal iliac artery distal to the obturator artery. This was the most frequently 

observed pattern in the present study. 

 In Va-Type 3, which included 1 half each on the right and left sides (3% 

each), the vaginal artery originated from the internal pudendal artery that 

originated from the distal end of the internal iliac artery (Fig. 18c1, c2). 

 Table 11 summarizes the combination of the origin of the vaginal artery in 

each specimen. In most cases (n=25, 83%), both sides were Va-Type 2c. 

 

3.4 Discussion 

 The current study elucidated the ramification patterns and individual 

variations of the arteries supplying the rabbit female genital organs in much 

greater detail than has been presented in previous studies. Tables 12 to 14 

summarize the incidence of the variations in the branching patterns of the ovarian, 

uterine, and vaginal arteries as the sum of both the right and left sides, reported 

in the present and prior studies. As shown in these tables, the individual variations 

in the branching pattern of these arteries have been documented in the present 

study for the first time, but they were not reported in prior studies (3, 4, 6, 9, 11, 

12, 14, 16, 22, 34, 36, 39, 46, 49, 61, 66). 

 

Patterns of the ovarian artery 

 

 In all of the rabbits examined, the ovarian artery arose from the abdominal 

aorta. This origin of the ovarian artery is consistent with the descriptions reported 
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in prior studies in the rabbit (4, 6, 14, 36, 46, 49, 61). In contrast, in rodents such 

as the rat (21, 28) and guinea pig (13, 30), the ovarian artery was reported to arise 

from the abdominal aorta or renal artery in various combinations on the right and 

left sides. The latter origin of the ovarian artery was not observed in the present 

study. Therefore, this suggests that the origin of the ovarian artery in the rabbits 

varies less than that observed in rodents. 

 The combination of the origin of the right and left ovarian arteries along 

the craniocaudal level of the abdominal aorta exhibited 3 patterns. In 50% of the 

cases, the left ovarian artery emerged more cranially than the right artery, and in 

43% of the cases, the origin of the right and left ovarian arteries was inverted in 

contrast to the former cases. In 7% of the cases, both ovarian arteries exhibited 

similar branching levels. Popesko et al. (49) reported that the left ovarian artery 

arose more cranially than the right artery, while Krause (36), Tsuzaki (61), Del 

Campo and Ginther (14), and Barone et al. (4) reported that the right ovarian 

artery arose from the abdominal aorta at a more cranial level than seen for the left 

artery. There have been no previous studies that have reported the right and left 

ovarian arteries originating at the same craniocaudal level. These previous 

different descriptions may be due to an incidental pattern found in small numbers 

of rabbits in each of the previous studies. 

 The arterial branching pattern for the ovarian branch was shown to vary in 

each specimen. The ovarian branch either emerged as an independent branch 

from the ovarian artery or arose as a common trunk with the tubal or uterine 

branches. These variations have not been reported in prior studies in the rabbit 

(Table 12) (3, 4, 6, 9, 14, 16, 36, 39, 49, 61, 66), rat (21, 28), and guinea pig (13, 

30). 

 

 

 

 



 

 74 

Patterns of the uterine artery 

 

 In previous studies in the rabbit, it was reported that the uterine artery arose 

from the umbilical (3, 6, 46), “urogenital” (11, 12, 22), common iliac (36, 61), 

internal iliac (34), or common or internal iliac artery (16). However, Dickson et 

al. (16) and Janson and Svendsen (34) did not describe the detailed branching 

pattern of the uterine artery. In the present study, the uterine artery usually arose 

from the umbilical artery, rarely from the common iliac artery, and never from 

the internal iliac artery. The difference in the description of the origin of the 

uterine artery may be due to inconsistencies in the nomenclature of these arteries. 

Bensley (6), Orsi et al. (46), and Barone (3) reported that the umbilical artery 

branched off the cranial vesical and uterine arteries and vaginal branch, whereas 

Carter et al. (11), Göthlin and Carter (22), and Carter et al. (12) reported that these 

branches emerged from the “urogenital artery”. Krause (36) and Tsuzaki (61) 

stated that the uterine artery branched off the cranial vesical artery and the vaginal 

branch. Therefore, the umbilical artery in the studies of Bensley (6), Orsi et al. 

(46), and Barone (3), the urogenital artery in the study of Carter et al. (11), 

Göthlin and Carter (22), and Carter et al. (12), and the uterine artery in the studies 

of Krause (36) and Tsuzaki (61) may all be the same artery. According to the 

nomenclature, which is based on the studies of Bensley (6), Orsi et al. (46), and 

Barone (3) and was applied in the present study, the origin of the uterine artery is 

consistent among the present and prior studies (3, 6, 11, 12, 22, 36, 46, 61). 

Therefore, these previous findings suggest that the uterine artery in the rabbit 

usually emerges from the umbilical artery and rarely emerges directly from the 

common or internal iliac artery. This was confirmed in the present study. 

 In the present study, the number of uterine arteries also varied in each of 

the specimens. The branching pattern of the uterine artery in prior rabbit studies 

may be categorized as the present Ut-Type 1b, with only one uterine artery (Table 

13). In the present study, this type was found in all halves on the right and in 87% 
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of halves on the left. However, the Ut-Type 2 was not found in previous studies 

in the rabbit (Table 13) (3, 4, 6, 11, 12, 14, 16, 22, 36, 46, 49, 61) or in other 

mammals (3, 13, 21, 28, 30, 49, 53, 55). In contrast, variations in the number of 

uterine arteries have been reported in humans, with 1, 3, or 4 uterine arteries 

reported to arise from different parent arteries (47). Rott and Boecker (51) also 

reported that, although duplication of the uterine artery was present in humans, 

the incidence of such variation was quite low. Since the incidence of the variation 

in the number of uterine arteries was relatively low in the present study (7% of 

the halves), this suggests that variation in the number of uterine arteries may not 

be common in the rabbit, similar to that seen in humans. 

 

Patterns of the vaginal artery 

 

 The origin of the vaginal artery exhibits 3 patterns, with the most 

predominant pattern being an independent origin from the internal iliac artery. 

Origins from the umbilical artery in one half (3%) and from the internal pudendal 

artery in 2 halves (6%) were rare. In 1 half (3%), the vaginal artery was found to 

be absent (Table 6). Barone (3) reported that the vaginal artery arose from the 

internal iliac artery, whereas Orsi et al. (46) indicated that the vaginal artery as 

originated from the internal iliac artery or was occasionally absent, in which case 

it was replaced by branches from the umbilical artery (Table 14). The current 

study found that the vaginal artery usually gave rise to the vaginal, urethral, 

vestibular, and rectal branches. With the exception of the uterine branch, which 

was not observed in the present study, the existence of these branches from the 

vaginal artery was consistent with that reported in a prior study (46). 
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Embryologic consideration 

 

 The variations in the origins and ramification patterns of the ovarian artery 

that were demonstrated by the present study may be explained by the 

developmental process for this artery. In humans (20), the genital organs receive 

the arterial supply via several mesonephric arteries, one of which becomes 

predominant as the ultimate ovarian artery. Thus, the difference in the 

craniocaudal branching level of the right and left ovarian arteries may depend on 

which mesonephric artery on either side becomes predominant and persistent 

during the angiogenic process. Moreover, in humans, the mesonephric arteries 

form the arterial network, which is called the “rete arteriosum urogenitale” (20). 

As the developmental process progresses, part of this arterial network randomly 

degenerates, with the net result that various parts remain to become the final 

uterine, ovarian, and tubal branches of the ovarian artery. It is thought that a 

similar developmental process may also occur in the rabbit, which causes a 

variation in the branching pattern of the uterine, ovarian, and tubal branches of 

the ovarian artery. 

 In the present rabbit study, the uterine artery was found to arise from the 

umbilical artery, with the vaginal artery emerging from the internal iliac artery in 

most cases. The origins of these arteries have been reported to differ among 

species (3, 21, 28, 53, 55). This may be due to the extent of the umbilical artery 

regression that occurs during the embryonic period. For example, since the 

umbilical artery only regresses to a limited extent in the rat (21, 28), this can 

provide origins for both the uterine and vaginal arteries. Since the umbilical artery 

in ruminants may regress to a larger extent than observed in the rat (3, 55), the 

umbilical artery branches off the uterine artery, which supersedes the mainstream 

umbilical artery for further distal blood supply. Consequently, the vaginal artery 

has a separate origin from the internal iliac artery. As the umbilical artery almost 

completely regresses in the dog (2, 3, 53) and horse (3, 53), the uterine artery in 
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the dog becomes one branch originating from the vaginal artery that emerges 

from the internal pudendal artery (2, 3, 53), whereas the uterine artery in the horse 

emerges from the external iliac artery and the vaginal artery arises from the 

internal pudendal artery (3, 53). Therefore, the umbilical artery during the 

developmental process may play a key role in forming the pattern of the 

branching of the uterine and vaginal arteries. 

 

 Conclusions 

 

 In the present chapter, the ramification patterns and individual variations 

of the rabbit ovarian, uterine, and vaginal arteries were elucidated in great detail 

for the first time. In female rabbits, the broad ligament of the uterus encompasses 

fat, which covers the branches from the ovarian and uterine arteries. Thus, 

knowledge of the individual variation in the arterial supply to the female genital 

organs, which was elucidated in the present study, may be one of the most 

important prerequisites for improving surgical procedures and avoiding 

unexpected bleeding during gynecologic surgeries in the rabbit. 
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Table 9. Combinations of the ramification patterns of the ovarian artery in each specimen 

Ov-Type  Number of cases (%) 

Right  Left   

1  1  13 (43%) 

1  2b  7 (23%) 

2b  1  6 (20%) 

2b  2b  3 (10%) 

2a  2b  1 (3%) 

Ov-Type 1 includes cases where the uterine, ovarian, and tubal branches independently emerge from the 

ovarian artery, Ov-Type 2a includes cases where the tubal branch and a common trunk of uterine and 

ovarian branches emerge from the ovarian artery, and Ov-Type 2b includes cases where the uterine 

branch and a common trunk of the ovarian and tubal branches emerge from the ovarian artery. 
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Table 10. Combinations of the ramification patterns of the uterine artery in each specimen 

Ut-Type  Number of cases (%) 

Right  Left   

1b  1b  25 (83%) 

1b  2  4 (13%) 

1b  1a  1 (3%) 

Ut-Type 1a includes cases where one uterine artery emerges from the common iliac artery proximal to the 

umbilical artery, Ut-Type 1b includes cases where one uterine artery emerges from the umbilical artery, 

and Ut-Type 2 includes cases where two uterine arteries emerge from the umbilical artery. 
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Table 11. Combinations of the ramification patterns of the vaginal artery in each specimen 

Va-Type  Number of cases (%) 

Right  Left   

2c  2c  25 (83%) 

2b  2c  1 (3%) 

2c  2a  1 (3%) 

2c  3  1 (3%) 

2c  absent  1 (3%) 

3  1  1 (3%) 

Va-Type 1 includes cases where the vaginal artery arose from the umbilical artery. Va-Type 2a includes 

cases where two vaginal arteries emerge from the internal iliac artery. Va-Type 2b includes cases where a 

common trunk of vaginal and obturator arteries emerges from the internal iliac artery. Va-Type 2c 

includes cases where the vaginal artery emerges from the internal iliac artery distal to the obturator artery. 

Va-Type 3 includes cases where the vaginal artery emerges from the internal pudendal artery. 



  
81 

        

 

Table 12. Com
parison of the rabbit strain and num

ber used and the incidence of the ovarian arterial ram
ification patterns betw

een the present and prior studies 

A
uthor 

 
Strain 

 
N
um
ber of cases 

 
O
v-Type 

 
 

 
 

 
 

1 
 

2a 
 

2b 

Present study 
 

N
ew
 Zealand W

hite, Japanese W
hite 

 
30 

 
65%

 
 

2%
 

 
33%

 

Tsuzaki, 1935 
 

N
ot m

entioned 
 

N
ot m

entioned 
 

100%
 

 
 

 
 

Burr Jr and D
avies, 1972 

 
N
ot m

entioned 
 

111 
 

100%
 

 
 

 
 

D
el Cam

po and G
inther, 1972 

 
N
ot m

entioned 
 

8 
 

100%
 

 
 

 
 

D
ickson et al., 1974 

 
N
ew
 Zealand W

hite 
 

20 
 

100%
 

 
 

 
 

Janson and Svendsen, 1974 
 

Sw
edish Land 

 
7 

 
100%

 
 

 
 

 

O
ur classification of ram

ification patterns is applied to the patterns reported in prior studies. For the definition of O
v-Types, see the footnote of Table 9. 
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Table 13. C
om
parison of the rabbit strain and num

ber used and the incidence of the uterine arterial ram
ification patterns betw

een the present and prior studies 

A
uthor 

 
Strain 

 
N
um
ber of cases 

 
U
t-Type 

 
 

 
 

 
 

1a 
 

1b 
 

2 

Present study 
 

N
ew
 Z
ealand W

hite, Japanese W
hite 

 
30 

 
2%
 

 
91%

 
 

7%
 

Tsuzaki, 1935 
 

N
ot m

entioned 
 

N
ot m

entioned 
 

 
 

100%
 

 
 

B
ensley, 1948 

 
N
ot m

entioned 
 

N
ot m

entioned 
 

 
 

100%
 

 
 

C
arter et al., 1968 

 
Sw
edish L

and 
 

10 
 

 
 

100%
 

 
 

G
öthlin and C

arter, 1969 
 

Sw
edish L

and 
 

30 
 

 
 

100%
 

 
 

C
arter et al., 1971 

 
Sw
edish L

and 
 

20 
 

 
 

100%
 

 
 

O
rsi et al., 1979 

 
N
orfolk 

 
20 

 
 

 
100%

 
 

 

O
ur classification of ram

ification patterns is applied to the patterns reported in prior studies. For the definition of U
t-Types, see the footnote of Table 10. 
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Table 14. Com
parison of the rabbit strain and num

ber used and the incidence of the vaginal arterial ram
ification patterns betw

een the present and prior studies 

A
uthor 

 
Strain 

 
N
um
ber of cases 

 
Va-Type 

 
 

 
 

 
 

1 
 

2a 
 

2b 
 

2c 
 

3 
 

A
bsent 

Present study 
 

N
ew
 Zealand W

hite, Japanese W
hite 

 
30 

 
2%
 

 
2%
 

 
2%
 

 
89%

 
 

3%
 

 
2%
 

O
rsi et al., 1979 

 
N
orfolk 

 
20 

 
 

 
 

 
 

 
70%

 
 

 
 

30%
 

Barone, 2011 
 

N
ot m

entioned 
 

N
ot m

entioned 
 

 
 

 
 

 
 

100%
 

 
 

 
 

O
ur classification of ram

ification patterns is applied to the patterns reported in prior studies. For the definition of Va-Types, see the footnote of Table 11. 
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Fig. 15. Schematic drawing of the overview of the ramification patterns of the 
ovarian, uterine, and vaginal arteries. Ventral view. Broken line indicates the 

border between the vagina and vestibule. 
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Fig. 15
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Fig. 16. Photographs and schematic drawings showing the three different 
ramification patterns of the ovarian artery, which are categorized as Ov-Types 1 

and 2 (a and b). Ventral view. a1: Photograph showing Ov-Type 1 on the right 

side, where the uterine, ovarian, and tubal branches arise independently from the 

ovarian artery. a2: Schematic drawing of a1. b1: Photograph showing Ov-Type 2a 

on the right side, where the common trunk of the uterine and ovarian branches 

originates from the ovarian artery, and the tubal branches independently emerge. 

b2: Schematic drawing of b1. c1: Photograph showing Ov-Type 2b on the left side, 

where the uterine branch arises separately, and the ovarian and the most proximal 

tubal branches emerge from the ovarian artery as a common trunk. The more 

distal tubal branches emerge separately from the ovarian artery. c2: Schematic 

drawing of c1. 
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Fig. 16 
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Fig. 17. Photographs and schematic drawings showing the branching patterns of 

the uterine artery that were categorized as Ut-Types 1a, 1b, and 2. Left 

ventrolateral view. a1: Photograph showing Ut-Type 1a, where 1 uterine artery 

arises directly from the common iliac artery. a2: Schematic drawing of a1. b1: 

Photograph showing Ut-Type 1b, where 1 uterine artery emerges from the 

umbilical artery. b2: Schematic drawing of b1. c1: Photograph showing Ut-Type 

2, where 2 uterine arteries originate from the umbilical artery. c2: Schematic 

drawing of c1.  
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Fig. 17
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Fig. 18. Photographs and schematic drawings showing the ramification patterns 

of the vaginal artery. The vaginal, urethral, vestibular, and rectal branches emerge 

from the vaginal artery. a1: Photograph showing the left ventrolateral view of the 

Va-Type 1, where the vaginal artery originates from the umbilical artery as a 

common trunk with the uterine artery. a2: Schematic drawing of a1. b1: 

Photograph showing the right ventrolateral view of Va-Type 2c, where the 

vaginal artery arises from the internal iliac artery. b2: Schematic drawing of b1. 

c1: Photograph showing the right ventrolateral view of Va-Type 3, where the 

vaginal artery originates from the internal pudendal artery. Broken line indicates 

the internal iliac artery, which runs outside of the pelvic cavity. c2: Schematic 

drawing of c1. 
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Fig. 18 
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General Discussion 

 The present thesis revealed the detailed patterns of the arterial supply to 

the rabbit lower digestive tract, and female genital organs and their frequent 

individual variations. As expected, the arteries supplying these organs showed 

the peculiar anatomical feature in the rabbit. 

 For example, chapter 1 elucidated that the distal ileum, cecum, and 

proximal colon, which run long and complex course in the rabbit, are supplied by 

the ileocecocolic artery with remarkable individual variations. Chapter 2 revealed 

the right and left adrenal glands, which locate on the different position relative to 

the surrounding parent arteries, receives the adrenal arteries from the different 

number of the parent arteries (up to 4 on the right and up to 3 on the left side). 

Moreover, chapter 3 showed that the rabbit uterus is supplied by the uterine artery 

which mainly emerged from the umbilical artery. It is considered that those 

anatomical features in the arterial distribution to these rabbit organs, which were 

observed in the present thesis, are important comparative anatomical knowledge. 

 Moreover, the anatomical variations in the arterial supplying pattern to the 

rabbit lower digestive tract, adrenal glands, and female genital organs, which 

elucidated in the present thesis, have not been reported in rabbit prior studies. In 

the near future, the more number of rabbits may have surgery, which should be 

performed with detailed anatomical knowledge of the visceral arteries. The 

results in the present thesis are highly beneficial to the refinement of the surgical 

procedures and reducing the risk of the unexpected bleeding during the surgery 

in the rabbit. 
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