
NE  US
Academic                                      PublishersMay 2021 | Volume 9 | Issue 5 | Page 692

Advances in Animal and Veterinary Sciences

Introduction

The digestive system of vertebrates presents structural 
and functional adaptations to their various alimentary 

routine, in addition to the distinct conformational aspects 
between herbivores and carnivores (Secor, 2005). The Nile 
crocodile considered as one species of reptiles having a 
greater detectible variation in their gastrointestinal tract, 
making veterinary diagnostics difficult (Mitchell and Di-
az-Figueroa, 2005). Reptiles considered as useful simula-
tions for studding the regulation of gastrointestinal tract; 
they have extreme regulatory responses to feeding so they 
are better than experimental mammalian models (Secor 
and Diamond, 1998).The alimentary tract of crocodile 
reptiles is similar to that of higher vertebrates except for 
some structures showing adaptive modifications according 

to the nature of their feeding. 

There are little attention in the literature about descriptive 
anatomy of digestive system of the Nile crocodile and its 
arterial blood supply, the objective of this study was pre-
senting the anatomical and histological structures of gas-
trointestinal tract, including the distribution of its arteries 
with a defined nomenclature to improve the present infor-
mation and to compare our findings with the other rep-
tiles. Also this data was useful for learning the functional 
physiology of the digestive process. This knowledge would 
be necessary for veterinary medical diagnosis and medical 
experimentation (Vander Merwe and Kotze, 1993).
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columnar epithelium varied from secretory to absorptive, lamina propria was mostly fibroelastic connective tissue 
contains either glands or lymphocytes. Tunica musculosa frequently formed of inner circular and outer longitudinal 
smooth muscles excluding the fundic part of stomach had middle layer.
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Material and methods

The experimental protocol was approved by the ethical 
committee of the faculty of Veterinary Medicine Cairo 
University.  (The approval No: Vetcu16072020203).

Animals
The present study was conducted on four adult Nile croc-
odiles. The Nile crocodile  (Crocodylus niloticus) belong to 
family crocodylidae, native to freshwater habitats in Africa; 
it was obtained from Aswan, Nasser Lake. It was eutha-
nized by using sodium pentobarbital 60-120 mg/kg intra-
peritoneal cause death (Perry, 1990).  

Anatomical examination
One specimen for morphological study, where it was fixed 
in situ with 10% formalin then dissected to reveal the dif-
ferent parts either external or internal features of gastroin-
testinal tract. Two specimens were injected by colored latex 
neoprene through the heart for arterial study. The speci-
mens were left in a mixture of 10% formalin 4% phenol 
and 1% glycerin for two days before routine dissection. The 
obtained results were photographed. The nomenclature 
used in this study was that given by (Nomina Anatomica 
Veterinaria, 2017).

Histological examination
Other fresh specimen was sectioned into small pieces for 
histological investigation, theses sections were fixed in 
Bouin’s fluid and others soaked in neutral buffer formalin 
10%. The blocks dehydrated in ethanol, cleared by xylene 
and embedded in paraplast. Consecutive segments were 
cut at a thickness 5-6 μm using rotatory-microtome and 
stained with H&E (Bancroft and Gamble, 2008).

Results

Morphological study
The Esophagus: It was a straight muscular tube about 
7-8cm in length, began from  the short pharynx connected 
with aditus opesophagus, coursed dorsally to the trachea, 
passing between the tracheal bifurcation, the right and left 
lungs and two lobes of liver, then terminated vertically in 
the right side of stomach at level of 8-9th ribs (fig. 1, 2, 3/1). 
The mucous membrane of esophagus had straight 30-40 
muscular folds (fig. 2/1a). 

The Stomach: (fig. 1/2) it was formed by two portions; 
a large sac represented as c- shape which had a greater 
curvature facing to the left side while the lesser curvature 
formed a small angle between the cardia and pylorus (fig. 
2,3/2a). Small sac was spherical in shape located in the 
lesser curvature at the right side (fig. 2,3/2b). Two parts of 
stomach was connected by a strong sphincter (fig. 2/S).  It 

had two opening; the cardiac opening  (fig. 2/2c) presented 
in the cranial end of the stomach and pyloric opening (fig. 
2/2d) located between the small sac of the stomach and 
inner loop of the duodenum. The internal structure of large 
sac of stomach was formed by thick convoluted folds (fig. 
2/2e) while smooth mucosa in the small sac (fig. 2/2f ). 

Figure 1: Photograph showing the gastrointestinal tract of 
crocodile.

Figure 2: Photograph showing structures of esophagus 
and stomach.

The small intestine: it was divided into three segments: 
the duodenum, jejunum and ileum which had no a macro-
scopic demarcation between them (fig. 1, 2, 3/3), (fig. 1, 2, 
3/4)  and (fig. 3/5) respectively. The duodenum was located 
on the right side, forming a double u-shaped loop, about 
12-13cm in length (fig. 1, 2, 3/3). The first inner loop of the 
duodenum (fig. 2, 3/3a) extended from the pyloric region 
of stomach to the second outer loop of the duodenum (fig. 
2, 3/3b). The duodenum was occupying the pancreas in its 
dorsal surface. The jejunum was formed by numerous coils 

https://en.wikipedia.org/wiki/Freshwater
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about 35- 45cm in length  that occupied the right and left 
side of the coelomic cavity and attached to the dorsal body 
wall by long mesentery (fig. 1, 2, 3/4)  ,it began from the 
outer loop of duodenum and terminated in the ileum with 
slightly narrowing in diameter.  The duodenum appeared 
externally thicker than the jejunum and the ileum (fig. 3/5). 

Figure 3: Photograph showing the structures of colorectum 
Legend of  figures (1 to 3):
1)Esophagus, 1a)Mucus membrane of esophagus, 2)
Stomach, 2a)Large sac, 2b)Small sac, 2c)Cardiac opening, 
2d)Pyloric opening, 2e)Convoluted folds of large sac, 2f )
Smooth mucosa of small sac, 3)Duodenum, 3a)Inner loop, 
3b)Outer loop, 4)Jejunum, 5)Ileum, 6)Colorectum,  6a)
Cranial chamber, 6b)Caudal chamber, 6c)Straight part of 
colorectum, 6d)Raised fold, 6e)Transverse fold, Sp)Strong 
sphincter, C)Internal crypt, P)phallus, H)Heart, Li)Liver, 
Lu)Lung, T)Trachea, V)Vent.

The large intestine represented as colorectum that appeared 
by sudden change in diameter of the narrow ileum (fig. 
1, 3/6).  The colorectum composed of two parts; started 
with s-shaped and terminated by a straight part extended 
to cloaca (fig. 3/6c). The s shaped of colorectum divided 
into two chambers with external constriction in between. 
The cranial chamber (fig. 3/6a) formed internally by crypt 
(fig. 3 /C) separated from caudal part (fig. 3/6b) by strong 
sphincter (fig. 3/ Sp), more over the caudal one lined first-
ly by 15-20 raised folded (fig. 3/6d) followed by smooth 
area. The s shaped and straight part of colorecum (fig. 3/6c) 
demarcated internally by transverse fold (fig. 3/6e). The 
straight part of colorectum included the phallus (fig. 3/P) 
internally and opening of ureter just caudally to transverse 
fold and it mucosa carried a small straight folded. 

Histological investigation (fig. 4):
The mucosal lining of the esophagus formed of simple co-
lumnar cells, its lamina propria was fibro elastic connective 
tissue with well-developed lamina muscularis mucosa. Tu-
nica sub mucosa composed of loose C.T. and tunica mus-
culosa arranged as inner circular and outer longitudinal 
smooth muscles (Fig. 4).

Stomach was divided into two parts; fundic (large sac) and 
pyloric part (small sac).  The fundic and pyloric surface was 
lined by simple columnar secreting epithelium. The propria 
sub mucosa of fundic region was fibroelastic c.t. contained 
abundant long, straight and branched gastric gland while 
it was simple and coiled in pyloric part. Tunica musculosa 
of fundic was thick formed from three layers outer, inner 
circular and middle longitudinal muscles, but in pyloric re-
gion it was inner circular and outer longitudinal muscle 
fibers (Fig. 4).

The duodenal mucosa carried intestinal villi lined by ab-
sorptive simple columnar epithelium. The lamina propria 
sub mucosa was fibro elastic connective tissue rich in du-
odenal glands. Tunica musculosa consisted of thick inner 
circular and outer longitudinal smooth muscle fibers (Fig. 
4).

The epithelial lining of jejunum and ileum was absorptive 
simple columnar with goblet cells; except the intestinal 
villi in ileum was lower than jejunum. The lamina propria 
contained fibro elastic connective tissue with heavy infil-
trations of lymphocytes. Tunica musculosa formed of inner 
circular and outer longitudinal muscles (Fig. 4).

The colon mucosa was highly folded and branched lined 
by simple columnar epithelium with numerous goblet 
cells. Lamina propria had abundant mucous gland. Tunica 
submucosa formed of loose connective tissue with nerve 
plexus. Tunica musculosa was thick coat of circular smooth 
muscles (Fig. 4).

Figure 4: Photograph showing the histology of gastro-
interstinal tract.
A, tunica mucosa ; B, tunica submucosa; B1, fundic gland; 
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B2, pyloric gland; B3, duodenal gland;  gc, goblet cell ; LC, 
lymphocyte; mg, mucous gland.

Arterial blood supply
The left ventricles gave at the heart base; the aorta and 
the brachiocephalic artery (fig.5 /1). The latter one divid-
ed into the common carotid (fig.5/2) and the subclavian 
artery (fig.5/3). The common carotid artery gave several 
esophageal branches to esophagus (fig.6/4). 

The left and right aorta (fig. 5, 6, 8/5, 6 respectively)  
formed the aortic arches  at the level of the tracheal bi-
furcation  then ran caudally to unite by a short communi-
cating branch just cranial to the right side of the stomach 
(fig. 6,8/7) . 

 
Figure 5: Photograph showing the origin of the right and 
left aorta.

Figure 6: Photograph showing the branches of 
celiacomesentric artery.

The right aorta continued as the dorsal aorta while the left 
aorta gave 5-6 branchesto the terminal part of esophagus 
(fig.6, 8/8) then, continued as the celiacomesentric artery 
(fig.5, 6, 7, 8/9) which gave up three branches; the right 
gastric (fig.6,7, 8/10), the intestinal (fig.6, 7, 8, 9/11) and 
the gastro duodenal arteries (fig.6, 8, 9 /12). The last two 
arteries arose by common trunk.    

Figure 7: Photograph showing the branches of right 
gastric artery.

Figure 8: Photograph showing the branches of 
gastroduodenal artery.

Figure 9: Photograph showing the arterial supply of 
duodenum and jejunum.

Legand of  figures (5 to 9):
1)Brachicephalic A., 2)Common Carotid A., 3)Subclavian 
A., 4)Esophageal branches of common carotid A., 5)
Left aorta, 6)Right aorta, 7)Short communicating 
branch, 8)Branches to the terminal part of esophagus, 9)
Celiacomesentric A., 10)Right gastric A., 10a)Branch to 
cardiac region of stomach, 10b)Branch to body of stomach, 
10c)Branch to caudal end of stomach, 11)Intestinal A., 
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11a) Branch to1st part of duodenum and outer loop, 
11b) Hepatic branch, 11c)Dorsal jejunal branch,  12)
gastroduodenal A., 13)Splenic A., 14)duodenal A., 14a) 
Branch supplied the 2nd loop of duodenum., 14b)Fine 
branches of duodenal artery to the small sac of stomach, 
14c) branches to ventral wall of initial part of jejunum 15)
Pyloric A., 16)left gastric A., 16a) branches of left gastric 
artery to cardiac region, 16b) branches of left gastric artery 
to small portion of stomach, 16c) branches of left gastric 
artery to pyloric region, 16d) Twigs of left gastric artery to 
the body of stomach, 17) Jejunal A., 18) Colic branches.
H) Heart, Lu)Lung, T)Trachea, L)Larynx, O)Esophagus, 
St)Stomach, D)Duodenum, J)Jejunum, C)Colorectum, V)
Vent, S)spleen, Li)Liver, G)Gonad.    
 
The Right gastric artery gave splenic artery (fig.6, 7/13)  
then split into three main branches on right face of stom-
ach; branch to the cardiac region,  one to the body and oth-
er to the terminal caudal end of stomach (fig. 7 /10a,10b 
and 10c respectively).

The intestinal A. supplied 1st part of duodenum (fig. 6, 
9/11a) with its second loop (outer loop) included pancreas 
and gave hepatic branches (fig. 6/11b)  to right and left 
lobe of liver. It ran on the dorsal wall of jejunum (1st dilated 
part about 4cm) as dorsal jejunal branch (fig.9/11c).

The gastro duodenal artery gets out duodenal A., Pyloric A. 
and left gastric A. (fig. 6, 8, 9 /14, 15 and 16 respectively). 

A) Duodenal A. (the largest branch) (fig. 6,8,9 /14)  sup-
plied the 2nd loop of duodenum (inner loop) (fig.9/14a), 
pancreas and gave several fine branches to the small sac of 
stomach (fig. 9/14b). It also gave ventral jejunal branch (fig. 
9 /14c) to the ventral wall of initial part of jejunum. 

B) Pyloric A. (fig. 6, 8 /15) supplied the terminal part of 
stomach (pyloric region) then continued to the right lobe 
of liver.

 C) Left gastric A. (fig. 6, 8, 9 /16) passed to the left face of 
stomach giving several fine branches (fig. 8 /16a) to cardiac 
region,  small portion of stomach (fig. 8 /16b) and pyloric 
region (fig.  8/16c), also gave few twigs (fig. 8 /16d) to the 
body of stomach. 

Right aorta (fig. 6, 7, 8/6) gave jejunal A. (fig. 7/17) which 
divided into 5-6 primary jejunal branches which gave sec-
ondary jejunal branches and finally terminated as intestinal 
arches.

Splenic artery (fig. 6, 7/13) was a branch from the right 
gastric artery which gave proper splenic branch in its hi-
lus then anastomosed with last jejunal artery supplying the 

terminal part of jujenum (ileum before change in diameter 
from narrow to wide) then passed on the dorsal aspect of 
colon giving colic branches (fig. 7 /18) to supply the dorsal 
aspect of colorectum till the cloaca. 

Discussion

Morphological study
The esophagus was straight muscular tube, began from the 
pharynx, passing between the tracheal bifurcation that our 
results as mentioned by Lahsik (2012) in Uromastyx ae-
gyptiaca and Chamaeleon africanus, Romao et al. (2011) 
in Caiman crocodilus, Melanosuchus niger and Paleosuch-
us palpebrosus and  Sartori (2009) for Hemidactylus ma-
bouia. The mucous membrane of esophageus had muscular 
folds that agreed with the studies on Alligator mississippi-
ensis, other crocodilians and mammals (Uriona et al., 2005; 
Theodoropoulos & Ledford, 2000).

The Stomach was formed by two portions; large sac in left 
side and small spherical one in right side, that result differ-
ing from that given by Lahsik (2012) in Uromastyx aegyp-
tiaca and Chamaeleon africanus; Romao et al. (2011) in 
Caiman crocodilus, Melanosuchus niger and Paleosuchus 
palpebrosus, whom stated that whole stomach was single 
sac situated at the left side of the abdominal cavity.  Also 
Mitchell & Diaz-Figueroa (2005) in Nile crocodile re-
ferred to the presence of pyloric dilatation. The large sac of 
stomach represented as C shape while in snakes and lizards 
(Goin & Gain, 1971) was elongated.

The duodenum located as a double U shaped loop with 
the pancreas in its dorsal surface as described by (Stahl, 
2003;  Van der Merwe and  Kotze, 1993) in Nile croco-
dile, whereas in Alligator mississippiensis (Evans, 1986) it 
had  only a single loop.  Our study revealed that the jeju-
num was formed by numerous coils occupied the right and 
left side of the coelomic cavity and attached to the dorsal 
body wall by long mesentery and terminated in the ileum 
without external demarcation between them, these similar 
to  Romao et al. (2011) in Caiman crocodilus, Melanosu-
chus niger and Paleosuchus palpebrosus, Van der Merwe 
and  Kotze (1993) in Nile crocodile and  Alligator missis-
sippiensis (Evans 1986). 
 
In accordance with Romao et al. (2011) and Leonardi et 
al. (2002), the wall of the duodenum was visibly thicker 
than the other parts of small intestine. Also Van der Mer-
we and  Kotze (1993) in Nile crocodile reported that ileum 
and jejunum were of equal length, but it not recorded in 
our result. Lahsik (2012) reported that the small intestine 
composed of two part; duodenum and ileum.

Our study approved that the caecum was absent in the 
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Nile crocodile and carnivores reptilian species as reported 
in (Abdeen et al.,1994) but herbivores reptiles as in liz-
ards (Uromastyx aegyptiaca) and  snakes Chamaeleon af-
ricanus  had  a caecum in right side beside the colon  that 
mentioned by  (Lahsik, 2012; Goin and Gain 1971)  that 
correlated to mode of feeding. The large intestine appeared 
by sudden change in diameter of the narrow ileum, agreed 
with Romao et al. (2011) in Paleosuchus palpebrosus and 
Van der Merwe and  Kotze (1993) in Nile crocodile. The 
large intestine represented as colorectum that result similar 
to (Ibrahim, 2013; Shaker, 2013) in fish but Shaker (2010) 
reported in dog, the large intestine composed of colon and 
rectum. Our result added it composed of two parts started 
with S shaped and terminated by a straight part extended 
to cloaca.

Histological investigation 
The esophageal mucosa formed of simple columnar cells. 
That result approved by Elliott (2007) in reptiles and fish 
species (Parillo et al., 2004), while Ahmed et al. (2009) in 
Varanus niloticus and Lahsik (2012) in lizard, it was ciliat-
ed simple columnar cells. However the lining was stratified 
squamous epithelium in mammals (Eurell and Frappier, 
2006) and was keratinized stratified squamous epithelium 
in fowl (Hamdi et al., 2013). In agreement with Lahsik 
(2012), the tunica musculosa organized as inner circular 
and outer longitudinal smooth muscles; in contrast with 
fowl (Hamdi et al., 2013) as the two layers was inner lon-
gitudinal and outer circular layer.

In line with Ahmed et al. (2009) in Varanus niloticus, the 
stomach was divided into fundic and pyloric part and its 
surface epithelium was secreting simple columnar cells. 
Tunica musculosa of fundic region formed from three lay-
ers outer, inner circular and middle longitudinal muscles,  
although it was reported by (Lahsik, 2012 in lizard and 
Ahmed et al., 2009 in Varanus niloticus) as two layers; in-
ner circular and outer longitudinal muscle fibers. 

As similar as Ahmed et al. (2009); Elliott (2007) in Nile 
crocodile the duodenal mucosa was in the form of long 
abundant villi covered by absorptive simple columnar epi-
thelium, tunica musculosa consisted of thick inner circular 
and outer longitudinal smooth muscle fibers. The epithelial 
lining of ileum was absorptive simple columnar with gob-
let cells. Lamina propria has heavy lymphocytic infiltra-
tions. Tunica musculosa formed of inner circular and outer 
longitudinal muscles, that finding agreed with Ahmed et 
al. (2009) and Elliott (2007).  

The colon mucosa was lined by simple columnar epithe-
lium with several goblet cells. Tunica submucosa formed 
of loose connective tissue with nerve bundles and blood 
vessels. That investigation was mentioned by Ahmed et 

al. (2009) in Varanus niloticus. The Tunica musculosa was 
thick coat of circular smooth muscle, although Ahmed et 
al. (2009) detected that, it was inner thick circular and out-
er thin longitudinal.
 
Arterial blood supply
The present study was investigated that Nile crocodile had 
heart with four chambers like bird and mammal and differ 
from other reptiles as lizards, turtles and snakes had three 
chambers; two atrium and one ventricle that agreed with 
Bekdemir (2013). In accordance with Farmer et al (2008) 
in American alligator, Kardong (2006) and Grigg (1991), 
our result noted that the left and right aorta formed the 
aortic arches then united caudally by a communicating 
branch just cranial to the right side of the stomach and the 
right aorta continued as the dorsal aorta. 

In our study we documented that, esophagus was supplied 
by several branches from common carotid artery and left 
aorta that agreement with (Dyce et al., 2010) who said the 
oesophagus supplied by oesophageal branches from com-
mon carotid artery, thoracic aorta and abdominal aorta. 
Otherwise Maher and Reem (2018) reported in Guinea 
pig that parietal branch of left gastric artery responsible for 
supplying esophagus.

Regarding to our observation, the celiacomesentric ar-
tery supplied the gastrointestinal of crocodile that similar 
to (Santos et al., 2007) in fishes.  This asimilar to Farmer 
2008 reported the celiac artery was supplied the stomach, 
spleen, liver, pancreas and duodenum. While the dorsal 
aorta (right aorta) gave the mesenteric artery supplied the 
intestine.  

According to our investigation,  the left aorta continued 
as celiacomesentric artery which gave up the right gastric, 
intestinal and gastro duodenal arteries, this results differed 
from Santos et al. (2007) the celiacomesenteric artery of 
bony fishes emerged from the dorsal aorta (Axelsson et al., 
1991) in estuarine crocodile (Crocodylus porosus) the celiac 
artery was derived from the right aorta  and Farmer et al. 
(2008) in American alligator stated that celiac artery was 
the direct continuation  of the left aorta which gave sple-
no-intestinal,  gastro hepatico-intestinal and pancreo-in-
testinal artery. 

The intestinal tract was supplied by the celiacomesentric 
artery, through the intestinal artery and gastro-duode-
nal artery this study was disagreement with Farmer et al. 
(2008) in American alligator mentioned that, it was sup-
plied by the right aorta through the mesenteric artery. Our 
result recorded the right aorta gave jejunal arteries. More-
over splenic artery, after emerged from its hilus, anasto-
mosed with last jejunal artery supplying the terminal part 
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of jujenum and the dorsal aspect of colorectum as colic 
branches that a similar to Dyce et al. (2010) in domestic 
animals mentioned the jejunal arteries derived from the 
cranial mesenteric artery  while colic artery come from 
caudal mesenteric artery.

Conclusion

Our study investigates that gastrointestinal tract of Nile 
crocodile differs from other reptiles, especially herbivores 
and carnivores’ ones; moreover it helps veterinarians to col-
lect data and publish baseline materials for the anatomy of 
Nile crocodile.  

Acknowledgments

The authors thank Dr. Yasmine H. Ahmed at Department 
of Histology for preparing the histological specimens and 
helping in reading slides. 

Conflict of interest

The authors declare no conflict of interest.

Ethical statement 
This study was performed in accordance to Institutional 
Animal Care and Use Committee (IACUC) of Faculty of 
Veterinary medicine Cairo University. (The approval No: 
Vetcu16072020203).

authors contribution

NAS and AMI designed the study and wrote the manu-
script equally. NAS reviewed the result. NAS and AMI 
edited and approved the final manuscript.

References

•	Abdeen AM, Zaher MM, Abdel Kader IY, Abdel-Rahman 
AA (1994). Anatomical, histological and morphometrical 
characterization of the gut mucosa of the colubrid snakes, 
Malpolon monspessulanus, Coluber florulentus and Tarbophis 
obtusus. Journal. Union Arab Biologists. 2(A): 283-337.

•	Ahmed YA, El-Hafez  AAE, Zayed AE (2009). Histological 
and Histochemical Studies on the Esophagus, Stomach and 
Small Intestines of Vara-nus niloticus. J. Vet. Anat.  2(1), 35 
– 48. https://doi.org/10.21608/jva.2009.45136

•	Axelsson M., Fritsche R., Holmgren S, Grove, DJ, Nilsson S 
(1991).  Gut blood flow in the estuarine crocodile, crocodylus 
porosus. Acta Physiol. Scand. 142: 509–516. https://doi.
org/10.1111/j.1748-1716.1991.tb09187.x

•	Bancroft JD, Gamble M (2008). Theory and practice of 
histological techniques. 6th edition, Churchill livingstone, 
Elsevier, China.

•	Bekdemir, Mirac (2013). Extraordinary blood circulation in 

crocodiles. Retrieved from: http://www.fountainmagazine.
com/Issue/detail/extraordinary-blood-circulation-in-
crocodiles-

•	Dyce KM, WO Sack, Wensing CJG (2010). Textbook of 
Veterinary Anatomy. Published in China library of Congress 
Catalouging in WB Saunders Comp.

•	Elliott JR (2007). Overview of Reptile Biology, Anatomy, and 
Histology. Infectious Diseases and Patho-logy of Reptiles. 
Elliott., J. R. Brooklyn, New Y ork, Taylor & Francis Group: 
1-25. https://doi.org/10.1201/9781420004038.ch1

•	Eurell JN, Frappier BL (2006). Dellmann’s textbook of veterinary 
histology. Ames, Iowa, Blackwell Pub. 

•	Evans HB, (1986). Reptiles, introduction and anatomy, in Zoo 
and Wildlife Medicine, 2nd edition, edited by M.E. Fowler. 
Philadelphia: W.B. Saunders Co.

•	Farmer CG, Uriona TJ, Olsen DB, Steenblik M,  Sanders K 
(2008). The Right-to-Left Shunt of Crocodilians Serves 
Digestion, Physiological and Biochemical Zoology. 
81(2):000–000 by the University of Chicago. https://doi.
org/10.1086/524150

•	Goin CJ, Gain OB (1971). Introduction to herpetology. San 
Francisco: W.H. Freeman & Co.

•	Grigg  GC (1991). Central cardiovascular anatomy and function 
in Crocodilia. Pp: 339-354 in «Physiological Adaptations 
in Vertebrates: Respiration, Circulation and Metabolism». 
Lung Biology in Health and Disease, Volume 56. Eds. 
Wood S.C., Weber, R.E., Hargens, A.R. and Millard, R.W. 
New York, Marcel Dekker.

•	Hamdi  H, El-Ghareeb AW,  Zaher M, AbuAmod F (2013). 
Anatomical, Histological and Histochemical Adaptations 
of the Avian Alimentary Canal to Their Food Habits: II- 
Elanus caeruleus. Int. J. Scient. Eng. Res. 4(10): 1355-1364. 
ISSN 2229-5518.

•	Hanover(Germany),Ghent(Belgium),Columbia,MO(U.S.A), 
Rio de Janeiro (Brazil) with permission of the world 
Association of veterinary Anatomists (W.A.V.A.).

•	Ibrahium AM (2013).  Construction Of Anatomical Learning 
Modules Of Some Fresh Water Fish Obtained From The 
Egyption Zone Of The River Nile, M.V.SC. Thesis, Cairo 
University.

•	Kardong, Kenneeth V (2006). Vertebrates: comparative anatomy, 
function, evolution, 4th edition, McGraw-Hill companies, 
newyork.

•	Lahsik SMA (2012). Anatomical, Histological and 
Histochemical Adaptation of the Reptilian Alimentary 
Canal to their food Habits, MS.C. Thesis faculty of science, 
Cairo University.

•	Leonardi L, Grazioli O, Mechelli L,  Frye FL (2002). Gastric 
mucinous adenocarcinoma in a diamond python (Morelia 
spilotes spilotes). Proc. Arav. Reno, p.p. 63.

•	Maher MA, Reem RT (2018). Comparative Anatomical and 
Radiographic Variations of Celiac Trunk in Guinea pig 
(Cavia porcellus) and White rat (Rattus norvegicus) Inter. J. 
Vet. Sci. 7(3): 145-152.

•	Mitchell, Diaz-Figueroa (2005). Clinical Reptile 
Gastroenterology. Vet. Clin. North Am. Exot. Anim. Pract., 
8:277-298. https://doi.org/10.1016/j.cvex.2005.01.008

•	Nomina Anatomica Veterinaria (2017). 6th ed.published by 
the Editorial Committe Shaker N (2013). Construction of 
Anatomical Modules in Some Types of Fish with Special 
Reference to Reproductive System,   Ph.D. Thesis, Cairo 
University. 

•	Parillo F, Gargiulo AM,  Fagioli O (2004). Complex 

https://doi.org/10.21608/jva.2009.45136 
https://doi.org/10.1111/j.1748-1716.1991.tb09187.x 
https://doi.org/10.1111/j.1748-1716.1991.tb09187.x 
http://www.fountainmagazine.com/Issue/detail/extraordinary-blood-circulation-in-crocodiles 
http://www.fountainmagazine.com/Issue/detail/extraordinary-blood-circulation-in-crocodiles 
http://www.fountainmagazine.com/Issue/detail/extraordinary-blood-circulation-in-crocodiles 
 https://doi.org/10.1201/9781420004038.ch1 
https://doi.org/10.1086/524150 
https://doi.org/10.1086/524150 
https://doi.org/10.1016/j.cvex.2005.01.008 


NE  US
Academic                                      PublishersMay 2021 | Volume 9 | Issue 5 | Page 699

Advances in Animal and Veterinary Sciences
carbohydrate occurring in the digestive apparatus of 
Umbrina cirrosa(L.) fry. Vet.Res.Commun 28(4):267-278. 
https://doi.org/10.1023/B:VERC.0000026671.88218.08

•	Perry SF (1990). Gas exchange strategy in the nile crocodile: a 
morphometric study. J. Comparat. Physiol. B. 159: 761-796. 
https://doi.org/10.1007/BF00691722

•	Romao MF, Santos ALQ, Lima FC, De Simone SS, Silva  JMM, 
Hirano, LQ,  Vieira  LG, Pinto JGS (2011).  Anatomical 
and topographical description of the digestive system of 
Caiman crocodilus (Linnaeus 1758), Melanosuchus niger 
(Spix 1825) and Paleosuchus palpebrosus (Cuvier 1807). Int. 
J. Morphol., 29(1):94-99. https://doi.org/10.4067/S0717-
95022011000100016

•	Santos ALQ, Brito FMM, Bosso ACS, Vieira LG, Silva Jr L M., 
Kaminishi APS, Silva JMM, Pinto JGS, Moura MS,  Rosa MA 
(2007). Anatomical behavior of the celiamesenteric artery of 
pirarucu Arapaima gigas Cuvier, 1817 (Osteoglossiforme, 
Arapaimidae). Int. J. Morphol., 25(4):683-687. https://doi.
org/10.4067/S0717-95022007000400003

•	Sartori SSR (2009). Morfologia do tubo digestivo da Lagartixa 
Hemidactilus mabouia (Moreau de Jonnez, 1818) 
(Squamata: Gekkonidae). Tese, Vicosa, MG,Universidade 
Federal de Vicosa, pp.109.

•	Secor SM, Diamond J (1998). A vertebrate model of extreme 
physiological regulation. Nature. 396: 659-662. https://doi.
org/10.1038/27131

•	Secor SM (2005). Evolutionary and cellular mechanisms 
regulating intestinal performance of amphibians and reptiles. 
Integr. Comp. Biol., 45:282–94. https://doi.org/10.1093/
icb/45.2.282

•	Shaker N (2010).  Construction of Anatomical Learning Carrels 
of the Digestive System and Osteology of the Dog, M.V.SC. 
Thesis, Cairo University.

•	Shaker N (2013). Construction of Anatomical Modules in 
Some Types of Fish with Special Reference to Reproductive 
System,   Ph.D. Thesis, Cairo University. 

•	Stahl S J (2003). Diseases of the reptile pancreas. Vet. Clin. 
North Am. Exot. Anim. Pract., 6:191-212. https://doi.
org/10.1016/S1094-9194(02)00054-3

•	Theodoropoulos  DS, Ledford D K  (2000). Is GERD a factor 
in your patient’s asthma? gastroesophageal reflux disease. J. 
Respir. Dis., 21:238-52.

•	Uriona T J, Farmer CG, Dazely J, Clayton F, Moore J  (2005).
Structure and function of the esophagus of the American 
alligator (Alligator mississippiensis). J. Exp. Biol., 208:3047-
53. https://doi.org/10.1242/jeb.01746

•	Van der Merwe NJ,  Kotze SH (1993). The topography of 
the thoracic and abdominal organs of the Nile crocodile 
(Crocodylus niloticus). Onderstepoort. J. Vet. Res.  60(3): 
219-222.

https://doi.org/10.1023/B:VERC.0000026671.88218.08 
https://doi.org/10.1007/BF00691722 
https://doi.org/10.4067/S0717-95022011000100016 
https://doi.org/10.4067/S0717-95022011000100016 
https://doi.org/10.4067/S0717-95022007000400003 
https://doi.org/10.4067/S0717-95022007000400003 
https://doi.org/10.1038/27131 
https://doi.org/10.1038/27131 
https://doi.org/10.1093/icb/45.2.282 
https://doi.org/10.1093/icb/45.2.282 
https://doi.org/10.1016/S1094-9194(02)00054-3 
https://doi.org/10.1016/S1094-9194(02)00054-3 
https://doi.org/10.1242/jeb.01746 
https://doi.org/10.1242/jeb.01746 
https://doi.org/10.1242/jeb.01746 
https://doi.org/10.1242/jeb.01746 
https://doi.org/10.1242/jeb.01746 
https://doi.org/10.1242/jeb.01746 

