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      Abstract 
 

The present study investigated the histological features of the spleen and pancreas of the Egyptian Nile 

monitor lizard (Varanus niloticus). After gross observations the representative samples were collected from 

three adult male monitor lizards and were processed for histological examination. Grossly, the spleen was 

brownish in color and embedded in the mesentery near the stomach and pancreas. The pancreas was 

yellowish in color and consisted of a ventrally placed principal lobe which was pyramidal and extended in 

the mesentery, whereas the dorsally located splenic lobe was small and was attached to the spleen. a single 

duct was emerged from the pancreas. Histologically, the spleen was nodular and was encapsulated by the 

connective tissue capsule covered by mesothelium. it was composed of white and red pulps. Many 

ellipsoids, melano-macrophage centers, periarterial and periellipsoidal lymphatic sheaths (PALS and 

PELS; respectively) were observed. The pancreas demonstrated a thicker capsule covered by mesothelium 

and the exocrine portion was formed of tubule-acinar cells. Main pancreatic duct passed across the length 

of the pancreas and was lined by stratified cuboidal epithelium. The islets were found in the ventral lobe 

where it was in various sizes. This is the first report about the histological structure of the spleen and 

pancreas of the Egyptian Nile monitor lizard, where the spleen showed a unique structure while the 

pancreas was similar to what was described in other varanus species. The information in this study will be 

a baseline knowledge for future studies regarding endocrine or immune organs in this species.   
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Introduction 
 

During evolution, reptiles have been 

exposed to hundreds of millions of years of 

radiation which have affected their 

morphological, behavioral, ecological, life-

history and defensive strategies to adapt to 

the certain demands and harsh environment 

that they faced (Pianka and Vitt, 2003; Fry 

et al., 2006). The class Reptilia comprises 

of around 7500 species, including well 

known species as: alligators, turtles, lizards 

and snakes (Jacobson, 2007).   

Reptiles have been suggested as a useful 

future experimental animal model for 

studies focusing on the physiological 

regulation of the digestive process which 

may be more useful than other commonly 

used experimental animals such as rats, 

rabbits and pigs as reptiles have good 

responses to feeding (Secor and Diamond 

1998).  

The Egyptian Nile monitor lizard (Varanus 

niloticus) (Linnaeus, 1766); is considered 

one of the most voracious and largest 

predators in Africa.  It can be found along 

the river Nile and its surrounding water 

canals, swamps, pools and lakes (Capula, 

1990; Bennett, 1995; Smith et al., 2008; 

Ahmed et al., 2009; 2018; Awad and 

Mohamadain, 2020). The first report about 

the hematological and biochemical 

parameters of free-ranging female Nile 

monitor lizards in Egypt was reported by 

Moustafa et al. (2013). 

The morphological and histological 

structure of the skin, digestive tract, liver, 

renal tissue, ductus deferens and pancreas 

of some reptiles have been previously 

reported ( Ahmed et al, 2009; 2018; Hamny 

et al., 2016; Srichairat  et al., 2018; Awad 

and Mohamadain, 2020; Awad et al., 2021; 

Shaker and Ibrahim, 2021). 

The histological features of the reptilian 

spleen have been investigated before 

(Borysenko and Cooper, 1972; Wetherall 

and Turner, 1972; Borysenko, 1976; 

Hussein et al., 1978a,b, 1979a,b; Chen and 

Nie, 1993, 1995; Bao et al., 2009). The 

reptilian spleen was also reported to be 

similar to that of other vertebrates and plays 

key roles in hemopoiesis, antigen trapping, 

and initiation of the cellular immune 

responses (Kroese, 1983; Kroese et al., 

1985). Furthermore, due to the absence of 

other peripheral lymph organs, such as the 

Peyer’s patches and lymph nodes in 

mammals, or the Bursa of Fabricius in 

birds, the reptilian spleen has a great 

importance as a functional lymphoid organ 

in when compared to mammalian spleen 

(Rooney et al., 2003). 

The pancreas of lizards is more complex 

than snakes and have two or three lobes. 

One lobe runs along the bile duct towards 

the gall bladder, the other lobe runs to the 

small intestine, and typically a thin lobe 

runs to the spleen (Miller and Lagios, 

1970). Previous reports stated that there are 

little differences in the histological structure 

of the exocrine portion of the pancreas in 

reptiles in comparison to mammals. Miller 

and Lagios (1970) reported that the 

exocrine portion of the reptile pancreas 

consisted of branching tubules not acini as 

in mammals. The bipolar cells or zymogen 

cells function similarly to mammals in the 

processes of protein secretion; granule 

formation, and granule discharge. Other 

reports revealed that there is a great 

variation in the pancreatic islets' 

morphology between different reptile orders 

(Miller, 1962; Moscona, 1990). Available 

literature revealed that there is no 

information on the morphological and 

histological structure of the spleen and 

pancreas of the Egyptian Nile monitor 

lizard (Varanus niloticus). Therefore, the 

aim of this study was to investigate the 

histological features of the spleen and 

pancreas of the Egyptian Nile monitor 

lizard (Varanus niloticus). 

 

Material and Methods 
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Animals and Samples collection  

Three adult male monitor lizards were 

captured by the fishermen from local water 

canals originating from the River Nile 

around the city of Qena, Egypt during the 

summer of 2017 (June to August 2017). 

After euthanization of animals as 

previously described by Moustafa et al. 

(2013) and Ahmed et al. (2018), (Fig. 1A 

and B), the spleen and pancreas were 

removed, washed with normal saline 

solution and then fixed in 4% neutral 

buffered formalin (NBF) (Fig. 1C-F). The 

animals have been used for experimental 

procedures after the agreement of the 

Animal research and ethics Committee and 

endorsed by the University of South Valley 

Animal Welfare and Ethics Committee. 

Histological observations 

For histological observations, spleen and 

pancreas samples were washed in normal 

saline solution and then the representative 

samples were fixed in 4 % NBF for 48 hrs, 

dehydrated in ascending grades of alcohol, 

cleared in methyl benzoate and embedded 

in paraffin wax. Serial sections (3.5-4 μm in 

thickness) were cut by rotary microtome 

(Leica RM2235, Leica Biosystems) and 

stained with Mayer’s Hematoxylin and 

Eosin (H&E) stain, Crossman’s trichrome 

stain, periodic acid–Schiff (PAS) technique, 

Alcian blue (AB) stain and AB-PAS 

technique (Bancroft and Layton, 2013). The 

sections then were mounted by DPX and 

covered by cover slips. The histological 

analysis was carried out by Leitz Dialux 20 

Microscope supported with Canon digital 

camera (Canon Power shot A95). 

 

Semithin sectioning 

Small pieces from the splenic and 

pancreatic tissues of monitor lizards were 

collected for semithin sections. The 

specimens were fixed in 2.5% 

glutaraldehyde then post fixed in 1% osmic 

acid at 4°C for 2 hr. Then the specimens 

were dehydrated in ascending grades of 

alcohol then embedded in Epon 812 resin 

(Electron Microscopy Sciences; USA). 

Figure 1: Morphological features of the Nile monitor lizard and its spleen and pancreas. 

A and B show Nile monitor lizards; A alive and B scarified lizards. C, D and E show a partially dissected 

pancreas of the Nile monitor lizard fixed in NBF; red arrows indicate the main pancreatic duct. F shows the 

spleen of the Nile monitor lizard. 
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Resin-embedded samples were left to 

polymerize at 60ºC for 2-3 days. Semithin 

sections (0.5 µm) were cut using an 

ultramicrotome Ultracut E (Reichert‐Leica) 

and stained with toluidine blue (Burns, 

1978). 

 

Results 

The results of the anatomical observations 

showed that the spleen of the Nile monitor 

lizard was brownish in color with two ends; 

rounded and flat ends. It appeared granular 

and was embedded in the mesentery near to 

the pancreas and stomach (Fig. 1 D). 

Grossly, the pancreas of Nile monitor lizard 

consisted of two lobes, namely; the dorsal 

lobe (splenic lobe) and the ventral lobe 

(duodenal lobe). The dorsal lobe was oval 

and adhered with the spleen, while the 

ventral lobe was located in the cranial part 

of intestines as a triangular prismatic organ 

which appeared pyramidal in cross section 

(Fig. 1C-E). Both lobes of the pancreas 

were white-yellow to yellowish in color. 

The pancreas was spread out in the 

mesentery between the cranial part of 

intestine and the pyloric stomach. A single 

pancreatic duct emerged from the caudal 

edge of the pancreas and opened into the 

cranial part of small intestine near the 

openings of the common bile ducts from the 

liver and gallbladder. 

Histologically, the spleen was covered 

externally be visceral peritoneum formed of 

mesothelial and sub-mesothelial layer 

attached to a thin layer of collagenous 

connective tissue that surrounded numerous 

lymphatic nodules (Fig. 2A-H). A part of 

the splenic lobe of the pancreas was 

observed as it adhered to the spleen (Fig. E 

and F). Each splenic nodule was 

encapsulated and formed of follicular 

Figure 2: Photomicrographs of the spleen of the Nile Monitor Lizard (Varanus niloticus) showing: 

(Black arrows) Capsule, (Pa) Splenic lobe of the pancreas, (Sl) Splenic follicle, (ct) Connective tissue 

separating the follicles and contains blood vessels and diffuse lymphocytic infiltration, (mmc) Melano-

macrophages center, (wp) white pulp of the spleen, (rp) Red pulp  of the spleen, (Black arrow heads) 

Follicular arteriole, (pals) Periarterial lymphatic sheath, (pels) Periellipsoidal Lymphatic sheath, (Yellow 

arrows) Melano-macrophages, (e) Ellipsoid, (dl) Diffuse lymphocytic infiltration. A-D stained with H and E 

stain while F-L stained with Crossman’s trichrome stain. 
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arteriole and several ellipsoids surrounded 

by lymphatic cells forming the white pulp 

of the spleen whereas the red pulp (Fig. 2 I 

and J) was formed of the other portion of 

the follicle and included lymphatic cells, 

dendritic cells, macrophages, red blood 

cells and the melano-macrophages (Fig. 2K 

and I) which were found in both red and 

white pulp. 

 

 The lymphoid tissue of the spleen was 

arranged around the arterioles as ellipsoids 

forming periarteriolar (PALS) and 

periellipsoidal lymphatic sheaths (PELS) 

(Fig. 2, 3 and 4), respectively. Ellipsoids 

consisted of an endothelial cell layer 

surrounded by reticular cells and collagen 

fibers in which enclosed erythrocytes were 

found occasionally. In some follicles 

melano-macrophage centers were also 

observed. The red pulp comprised the 

splenic cords and the splenic sinuses (Fig. 3 

A-I and Fig. 4 A-F). There was no clear 

demarcation between red and white pulps of 

the spleen of the Nile monitor lizard. 

The histological observations of the 

pancreas of the Nile monitor lizard 

revealed that the pancreas was 

encapsulated by a thin connective tissue 

capsule covered by mesothelium. The 

exocrine pancreas formed of the tubulo-

acinar cells, ducts, and blood vessels in 

Figure 3: Photomicrographs of the spleen of the Nile Monitor Lizard (Varanus niloticus) showing: 

(Black arrows) Capsule, (Sl) Splenic follicle, (ct) Connective tissue separating the follicles and contains 

blood vessels and diffuse lymphocytic infiltration, (mmc) Melano-macrophages center, (wp) white pulp of 

the spleen, (rp) Red pulp  of the spleen, (Black arrow heads) Follicular arteriole, (pals) Periarterial lymphatic 

sheath, (pels) Periellipsoidal Lymphatic sheath, (Yellow arrows) Melano-macrophages, (e) Ellipsoid, (ss) 

Splenic sinusoid, (sc) Splenic cord, (Green arrow) Lymphocyte, (Red arrow) Branched dendritic cells, (Grey 

arrow) Red blood cell. A-D and G-I stained with H and E stain while E stained with Crossman’s trichrome 

stain and F stained with AB-PAS techniques. 
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both pancreatic lobes. Typical pancreatic 

acini with pyramidal cells, zymogen 

granules forming apical acidophilia at the 

apical portion of the cells and basal 

basophilia can be observed representing 

the ergastoplasm.   

Several intercalated ducts and interlobular 

ducts that were lined by low to high 

cuboidal epithelium and were observed 

scattered among the exocrine pancreatic 

tissue (Fig. 5). The main pancreatic duct 

was found in the center of the triangular 

shape of the pancreas and run across the 

length of the pancreas from head to tail. 

The main pancreatic duct of the Nile 

monitor lizard was lined by stratified 

cuboidal epithelium. The endocrine 

portion or Langerhans islet which could 

only be detected at the ventral lobe of 

pancreas. The shape and size of the islets 

of Langerhans was of various forms. It was 

spread in small cords, large cord or 

rounded areas enclosing blood vessels 

among the exocrine of the pancreas (Fig. 

6). 

 

Figure 4: Photomicrographs of the semithin sections of the spleen of the Nile Monitor Lizard 

(Varanus niloticus) showing: (Black arrows) Capsule, (ct) Connective tissue separating the follicles and 

contains blood vessels and diffuse lymphocytic infiltration, (wp) white pulp of the spleen, (rp) Red pulp  of 

the spleen, (pels) Periellipsoidal Lymphatic sheath, (Yellow arrows) Melano-macrophages, (e) Ellipsoid, 

(rbcs) Red blood cells. A-F stained with toluidine blue stain. 
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Discussion 

 

In the current study we report the 

histological description of the spleen and 

pancreas of the Nile monitor lizard 

(Varanus niloticus) for the very first time. 

 

The major findings of this study were; (1) 

the spleen was encapsulated and formed of 

numerous encapsulated follicle that 

composed of red and white pulps; (2) 

Figure 5: Photomicrographs of the spleen of the Nile Monitor Lizard (Varanus niloticus) showing: 

(Black arrows) Capsule, (pa) Pancreatic acini, (il) Islets of Langerhans, (icd) intercalated duct, (id) 

interlobular duct, (md) Main pancreatic duct, (ep) stratified cuboidal epithelium, (lp) Lamina propria, (bv) 

blood vessel. A-D, K and L stained with H and E stain while E-J stained with Crossman’s trichrome stain. 

 

Figure 6: Photomicrographs of the semithin sections of the pancreas of the Nile Monitor Lizard 

(Varanus niloticus) at different directions showing: (Black arrows) Capsule, (pa) Pancreatic acini, 

(Yellow arrows) Zymogen granules, (bv) blood vessel, (rbcs) Red blood cells. A-F stained with toluidine 

blue stain. 
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numerous melano-macrophages, melano-

macrophage centers, PALS and PELS were 

observed in the spleen; (3) the exocrine 

pancreas was tubule-acinar gland; (4) islets 

of Langerhans could not be detected in the 

splenic lobe of the pancreas and the main 

duct was lined by stratified cuboidal 

epithelium. The structure of the white pulp 

of the spleen of the Nile monitor lizard was 

similar to some extent to what was 

described by Leceta and Zapata (1991) in 

the turtles.  

 

Melano-macrophages were frequently seen 

in both the red and white pulps of the 

spleen. Earlier reports on melano-

macrophages were occasionally seen among 

the hepatocytes (Ahmed et al., 2018), or in 

the spleen and kidney of other species 

(Leknes, 2007) tallied with the observations 

of present study. Melano-macrophage cells 

might be a type of the defense system 

against totoxic substances and their higher 

number may be an indication of the rate of 

pollution (Fenoglio et al. 2005; Leknes, 

2007). The number of these cells varied 

among non-mammalian vertebrates. They 

were numerous in amphibians (Moura et al. 

2017; Gutierre et al., 2018) and form 

melano-macrophages centers in the splenic, 

renal and hepatic tissue of teleost (Agius 

and Roberts, 2003).  

Previous studies reported that the 

histological structure of the exocrine 

pancreas in reptiles was similar to that of 

mammals (Hamny, 2016) with some 

differences where the exocrine parenchyma 

of the reptile pancreas consists of tubule-

acinar glands rather than typical acini seen 

in mammals (Miller, 1970). In this study, 

typical acini can be found in the ventral 

lobe more than the splenic lobe and in the 

periphery of the pancreas more than the 

center area. The islets of Langerhans could 

not be detected in the splenic lobe similar to 

the report of Hamny (2016) in the water 

monitor. Previous report by Miller (1960) 

stated that most reptilian endocrine tissue 

lacked a clear demarcation from exocrine 

portion of the pancreas. Miller (1962) 

reported that the islets of Langerhans in 

turtle were smaller and diffusely 

distributed, while crocodilian islets were 

larger and highly branched. Our results 

showed that the pancreatic islets of the Nile 

monitor lizard could be found as diffuse, 

branched or rounded islets. The results of 

the current study and the previous studies 

on various species of reptiles revealed that 

there was a great difference in the 

morphology and histology of the pancreatic 

islet between different reptilian orders. 

In conclusion, the spleen in Nile monitor 

lizard was formed of numerous 

encapsulated follicles that contained red 

and white pulps without a clear demarcation 

between them. The pancreas was consisted 

of two lobes which varied in their location. 

The ventral lobe was larger than the dorsal 

lobe. Both lobes had similar histological 

structure except the fact that islets of 

Langerhans could only be detected in the 

ventral lobe. This study will provide 

information for wildlife veterinarians and 

researchers to understand the structure and 

function of these endocrine and immune 

organs of this species.  
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