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ABSTRACT 
The aim of this study is to determine the anatomical features and histological structures 

as well as some histochemical aspects of the liver of three species of birds that differ in their 
nutrition, habitat and classification, by using light microscope. The birds were Larus canus, 
Agaporins fischeri and Numida meleagris. The results showed that the liver of the three 
species of birds was a dense, large and bilobed organ, it differed in size, color, lobes shape 
and presence of secondary lobes among the three species. The liver tissue of the three 
species consisted of hepatocytes which were radially arranged around the central veins 
interconnecting laminae of one to two cell thickness. The hepatocytes differed in size 
among the three species. Lumen of sinusoids contained mainly erythrocytes, macrophages 
and lining by the Kupffer cells. Histochemically, the hepatic cells in the three species of 
birds were weakly positive to periodic acid Schiff and alcian blue reactions, while they were 
negative to bromophenol blue reaction and they were moderately positive to Sudan black B 
reaction.  
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 ــــــــــــــــــــــــــــــــــــــــــــــــــــ

   من الطيورأنواعفي ثالثة  ة مقارنة للكبدية وكيميائية نسجيدراسة تشريحية، نسج
  

  الملخص

هدفت الدراسة الحالية الى التعرف على الصفات التشريحية والتركيب النسجي فضالً عن بعض  

الثة انواع من الطيور التي تختلف في تغذيتها، بيئتها وتصنيفها الجوانب الكيميائية النسجية للكبد في ث

 Agaporins fischeri، الببغاء المتيمة Larus canusوهذه الطيور هي النورس . باستخدام المجهر الضوئي

 النتائج ان الكبد في الطيور الثالثة عضو ثنائي الفص، كبير أظهرت. Numida meleagrisودجاج غينيا 

نسيج . يختلف في الحجم، اللون، شكل الفصوص ووجود الفصوص الثانوية بين الطيور الثالثةوكثيف وهو 

الكبد في الطيور الثالثة يتكون من الخاليا الكبدية التي تترتب شعاعياً حول الوريد المركزي مكونة صفائح 
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اويف الجيبانيات تحوي تج. وتختلف الخاليا الكبدية في الحجم بين الطيور الثالثة. بسمك خلية الى خليتين

من الناحية الكيميائية . بصورة رئيسة على خاليا الدم الحمراء، الخاليا البلعمية الكبيرة وتبطن بخاليا كوفر

 - ة، فقد اظهرت الخاليا الكبدية في الطيور الثالثة تفاعالً موجباً ضعيفاً مع تقنية حامض البريوديكيالنسج

ما اظهرت تفاعالً سالباً مع ازرق البروموفينول وتفاعل موجب كاشف شيف وصبغة ازرق االليشان، بين

  .معتدل مع اسود سودان ب

  ــــــــــــــــــــــــــــــــــــــــــــــــــــ
INTRODUCTION  

 

The liver is the largest internal organ of the body and the largest gland tissue. Its 
functions include assimilation of nutrients, production of bile, detoxification and 
maintenance of the body metabolic homeostasis which includes the processing of 
carbohydrates, proteins, lipids and vitamins. The liver also plays a key role in the synthesis 
of plasma proteins, like albumin, fibrinogen, and complement factors (Genten et al., 2009). 

In avian species, the liver is a bilobed organ that lies in the mid-coelomic cavity of the 
body. The left and right lobes are joined at the midline. In most avian species, the left lobe 
is slightly smaller than the right lobe. Each lobe is drained by separate bile ducts into the 
distal ascending loop of duodenum. A gallbladder is an inconsistent finding, no gall bladder 
was identified in pigeons, many parrots (such as Amazons and Indian ringneck parakeets), 
and the ostrich. In those species with gallbladders (chickens, ducks, and geese), it was found 
on the visceral surface of the right lobe (Reavill, 2005; Coles et al., 2007).  

The histology of the liver varies among species, but there were general features that 
are common in the majority of species (Genten et al., 2009). The structural and functional 
unit of the liver is the acinus, in which are both the hepatic lobule and portal triad. The 
hepatic lobule consists of hepatocytes that are the functional center of the liver, and in 
which the hepatocyte-sinusoidal structures are formed. The sinusoids are capillary networks, 
and are localized in the space between hepatic plates in which the hepatocytes are arranged. 
The portal triad is located in the portal spaces between the hepatic lobules, and contains 
branches of the portal vein, hepatic artery, and bile duct, lymph vessels and nerves. These 
vessels and ducts are surrounded by a connective tissue (Motta,1984; Akiyoshi and Inoue, 
2004). 

In vertebrates, the liver has a primary array based on hepatocytes, bile canaliculi and 
sinusoids, and structural differences occur among species in stroma and parenchyma three-
dimensional organization (Petcoff et al., 2006). Three patterns of organization of vertebrate 
hepatic parenchymal have been described by Eurell and Haensly (1982) and approved by 
other authors (Petcoff et al., 2006; Seyrafi et al., 2009; Monsefi et al., 2010; El-Bakary and 
El-Gammal, 2010). The first pattern of hepatic parenchyma arrangement consists of 
hepatocytes, which are radially arranged around a central vein in interconnecting laminae of 
two cells thickness, sinusoids separating each lamina. Bile canaliculi are located between 
adjacent hepatocytes. This pattern corresponds to the muralium or trabecular type, originally 
established by Elias and Bengelsdorf (1952) for birds and mammals. In the second pattern, 
sinusoids form an extensive network around the periphery of hepatocytes tubules whereas  a 
bile canaliculus forms the center of the tubule. This pattern has been described in the 
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“hagfish” Myxine glutinosa (Mugnaini and Harboe,1967). In the third pattern, hepatocytes 
are arranged in anatomized laminae around the central vein. The bile canaliculi are 
intracellular (Chapman, 1981). 

The anatomical and histological structure of the liver has been investigated in a wide 
range of vertebrates species (Vicentini et al., 2005; Petcoff et al., 2006; Pérez and Lima, 
2007; Bertolucci et al., 2008; Alshamarry et al., 2010; Firmiano et al., 2011; Sayrafi et al., 
2011; Xie et al., 2011). Among the previously investigated birds, there were two different 
kinds of liver structure, the first kind is showing plates of two-cell thickness as in Gallus 
gallus, Anas acuta, Aix sponsa, Bonasa umbellus, Struthio camelus and Fulica americana 
whereas the second kind has uniformly one-cell-thick plates as in Sturnella magna, Sialia 
sialis, Spizella arborea and some other birds species (Elias and Bengelsdorf, 1952; Hickey 
and Elias,1954; Illanes et al., 2006; Stornelli et al., 2006). 

Because of the existence of two different kinds of liver structure in one class of 
vertebrates, this study was conducted to investigate the anatomical and histological, as well 
as some histochemical aspects in the livers of three species of birds that differ in their 
nutrition, habitat and taxonomy, using light microscope. The birds were omnivorous 
Numida meleagris, grainivorous  Agaporins fischeri and carnivorous Larus canus. 

 
MATERIAL AND METHODS 

 

The livers of ten Numida meleagris, six  Agaporins fischeri  and six  Larus canus from 
both sexes have been included in this study. The birds were collected from different areas in 
Mosul city, Iraq. 

The body cavity was opened through a midventral incision, the liver was immediately 
dissected out,  fixed in neutral buffered formalin (8%). liver pieces (5cm) were then 
dehydrated in ascending grades ethanol (70%, 80%, 90%, 95% and 100%), cleared in 2 
changes of xylene, embedded in paraffin wax and sectioned at (5 µm) (Drury and 
Wallington,1983). The sections were stained for general histological purposes with 
Delafieds Haematoxylin and Eosin (HE), Mallory's triple (TS), Toluidin blue (TB) and 
Azan (AZ) Stains (Bancroft and Stevens,1986). For carbohydrates histochemistry, sections 
were stained with Periodic Acid - Schiff technique (PAS) and Alcian Blue (AB) (pH 2.5), 
for proteins histochemistry, sections were stained with bromophenol blue (PB), and  for 
lipids histochemistry, sections were stained with Sudan black B (SB) (Pears,1985). 
Histological examination was done by using light microscope (Reichert Neovar Type 
300422) and photographed by using MDCE- 5A digital camera. 

 
RESULTS 

 

A gross examination of the liver of the three species of birds proved that it was a 
dense, large and bilobed organ that lied in the mid-coelomic cavity of the general cavity. 
The liver of the N. meleagris was larger than that the other two species and it was dark red 
in colour and consisted of left and right lobes which were joined cranially at the midline by 
an interlobar portion. The left lobe has concavity in its top where the heart stabilized, and it 
was split at the bottom into two secondary lobes, dorsal and ventral, the dorsal lobe was 
wider and shorter than the ventral lobe, while the right lobe has concavity from its ventral 
side where the gizzard was stabilized, and it didn’t contain the incision that divided it into 
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secondary lobes as it is in the left lobe. The gallbladder is well developed, has an elongated 
shape and attached to dorsal side of the right lobe and appears to be divided into secondary 
lobules at its bottom (Fig. 1a). The liver of the A. fischeri was light red in colour and 
consisted of left and right lobes like the liver of  N. meleagris  and has the same concavities 
in its lobes but it was smaller in size and there were no  secondary lobes in the left lobe as 
well as it lacks the gallbladder (Fig. 1b). The liver of the L. canus appears to be dark red in 
colour and it is smaller in size than that of the N. meleagris but it is larger than that of A. 
fischeri and it consisted of two lobes as in the other two species. The left lobe was smaller 
in size from the right lobe and it has concavity in its top where is the gizzard was stabilized 
and it didn’t have secondary lobules as in N. meleagris. The right lobe is greater and longer 
than the left lobe and didn’t contain any concavity. The gallbladder was present as in N. 
meleagris, it is also well developed, has an elongated shape and looks like a grain of 
pumpkins, it is attached to the middle dorsal side of  the right lobe (Fig. 1c). 
 
 

Fig. 1: Photograph of the liver of N. meleagris (a), A. fischeri (b) and L. canus (c). 
Showing the liver lobes (L) and gallbladder (GA).  

 
The histological examination of this study revealed that the liver in the three species 

of birds composed of a parenchyma covered by capsule which is composed of regular dense 
connective tissue that contains collagen and elastic fibers. This capsule appears to be thicker 
in the L. canus than the other two species. The capsule in the L. canus also contains 
lymphatic vessels, collagen fibers and fibroblasts which are not observed in the other two 
species. The bile ducts aren’t noticed within the capsule of the liver of the three species 
(Fig. 2a, b, c). 
        The parenchyma of the liver in the three species of birds consists of hepatocytes which 
are arranged in plates, its thickness was either one cell or two cells around sinusoids. The 
hepatocytes constitute parallel cords to the capsule whereas it was arranged radially inward 
composing small lobules and acini. The hepatocytes were more compact in N. meleagris 
and A. fischeri, while it was more rarefied in L. canus, thus the blood sinusoids were larger 
in L. canus  more than the other two species (Fig. 3a, b, c). The hepatocytes varied in shape 
among the three species, as well as, in the different portions of the liver in the same species. 
It appears to be polygonal, spherical, oval and irregular in N.meleagris, its thickness average 
was (11.462± 0.54 µm). Each hepatocyte contains a round, large and centrally situated 
nucleus, its diameter average (3.415 ± 0.17 µm) with a prominent dark nucleolus. The 
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Plasma membrane which separated the hepatocytes was clear and thick in some areas and it 
was not clear thereby wasn't be identified in other areas (Fig. 4a, b). The hepatocytes in A. 
fischeri varied in shape from square, elongated to irregular, its thickness average (10.803 ± 
0.43µm), each cell has a nucleus look  like that present in the N. meleagris and its diameter 
average (4.510 ± 0.19 µm). The plasma membrane between the cells was less clear than in  
N. meleagris (Fig. 5a, b), whereas most of hepatocytes in L. canus appeared polygonal. Its 
thickness average (13.902 ± 0.64 µm), each cell has a nucleus similar to those in N. 
meleagris and A. fischeri hepatocytes, its diameter average (4.998 ± 0.210 µm). The 
nucleolus located centrally and the chromatin substance seem to be more dense, the plasma 
membrane was very difficult to be distinguished (Fig. 6a, b). 

 

Fig. 2: Histological picture of the liver of N. meleagris (a) AB-4X, A. fischeri (b) AB-4X 
and L. canus (c) TS-40X. Show A, Artery ; B, bile duct; CA, Capsule; CF, 
collagen fibers; FB, fibroblast; H, hepatocyte; LYM, lymph vessel; S, sinusoid; 
V, Vein.  

 
Fig. 3: Histological picture of the parenchyma of the liver of N. meleagris (a)TS-10X, 

A. fischeri (b) TS-10X and L. canus (c) TS-10X. Show A, Artery; B, bile duct; 
CA, Capsule; H, hepatocyte; S, sinusoid; V, Vein.  

 
The sinusoids have an irregular shape and spread throughout the liver in the three 

species and appeared more wider in L. canus than in the other two species (Fig. 2a, 2b, 2c, 
3a, 3b, 3c). Lumen of sinusoids contains mainly erythrocytes appeared throughout the 
spaces between the hepatic plates and cords and also contains macrophages. These cells 
appear more in number and spread wider in L. canus than the other two species. Large cells  
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lining the luminal surface of the sinusoids with endothelial cells were present, these cells 
were known as Kupffer cells, which appeared larger in N. meleagris than in the other two 
species (Fig.4a, 4b, 5b, 6a, 6b). 

Veins were scattered through the liver parenchyma of the three species of birds without 
a defined arrangement, these veins have mostly a circular shape and its average diameter in 
N. meleagris (86.599 ± 8.63 µm), in A. fischeri (93.658 ± 10.22 µm) and in L. canus  
(128.101 ± 12.27µm),  and they are surrounded by hepatic parenchyma. These veins 
are lined by elongated cells, and seem to be more in number in A. fischeri than in the other 
two species. Sometimes the veins accompanied by either  an artery or a bile duct in N. 
meleagris and L. canus (Fig. 2a, 2b, 3a, 3b, 3c, 6b). Triads consisted hepatic vein, artery and 
bile duct were detected at the periphery of parenchymal lobules, these areas are hepatic 
areas which appeared more distinct in L. canus. These areas contain in addition to the 
previously mentioned, collagen fibers in the three species and fibroblasts in L. canus only 
(Fig. 7a, b, c). The bile ducts were present in a small and medium-size its average diameters 
in N. meleagris and in L. canus  44.265 ± 7.31 µm and 31.180 ± 7.09 µm respectively, 
whereas it was absent in A. fischeri. Bile ducts are lined by simple cuboidal epithelium and 
surrounded by a loose connective tissue. There are elastic fibers or smooth muscle around 
larger ducts (Fig. 2a, 3a, 3c, 7a, 7c). 
 

 
Fig. 4: Histological picture of the hepatocytes of N. meleagris (a)AB-40X, (b) PAS-40X. 
Fig. 5: Histological picture of the hepatocytes of  A. fischeri (a) PAS-40X,  (b) AB-40X. 
Fig. 6: Histological picture of the hepatocytes of L. canus (a) PAS-40X,  (b) AB-40X. 
            A, Artery; B, bile duct; CA, Capsule; CF, collagen fibers; ER, erythrocytes ; G, 

glycogen; H, hepatocyte;HA, hepatic area; K, Kupffer cells; M, macrophages ; 
N, nucleus; PL, plasma membrane; S, sinusoid; V, Vein.  
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Histochemically, the stains showed that the main stored substances in hepatocytes are 
glycogen and lipids but the amount of these materials varied among the three species of 
birds. The hepatocytes were weakly reactive to PAS reaction in the three species of birds 
but the interaction was stronger in N. meleagris than the other two species. The glycogen 
appears as pink-colour deposits as identified throughout the cellular parenchyma of the liver 
especially in N. meleagris, while glycogen appears less frequent in L. canus and then in A. 
fischeri (Fig. 4b, 5a, 6a).These results were  clarified  by AB interaction, which showed 
glycogen as a light green patches in the hepatocytes and the glycogen was denser in N. 
meleagris than in the other two species (Fig. 4a, 5b, 6b). The hepatocytes in the three 
species of birds showed a negative reaction with PB stain for the proteins which indicated 
the lack of aggregations of protein inside the hepatocytes. The examination for lipids in the 
hepatocytes showed moderate to weak reaction to SB and more obvious in L. canus than in 
the other two species which is indicated by the presence of lipid inside hepatocytes. The 
lipids appeared as black oil droplets identified throughout the cellular parenchyma of the 
liver especially in L. canus, while lipids appeared less frequent in A. fischeri (Fig. 8a, 8b, 
8c). 

 
Fig. 7:  Histological picture of the hepatic area of the liver of N. meleagris (a)TS-40X, 

A. fischeri (b) AB-40X and L. canus (c)TB-40X. Show A, Artery; B, bile duct; 
CF, collagen fibers; ER, erythrocytes; FB, fibroblast; H, hepatocyte; HA, 
hepatic area;S, sinusoid; V, Vein.  

 

 

 
Fig. 8:  Histological picture of the hepatocytes of the liver of N. meleagris (a)SB-40X, A. 

fischeri (b) SB-40X and L. canus (c) SB-40X. Show ER, erythrocytes; H, 
hepatocyte; HA, hepatic area; LI, lipids ; S, sinusoid; V, Vein.  
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DISCUSSION  
A gross examination of the present study showed that the liver of the three species of 

birds was a red bilobed  and large organ that lied in the mid-coelomic cavity, these results 
are companied with the description of  others birds (Whittow, 1998; Schmidt et al., 2003) 
such as captive bustards (Bailey et al., 1997), ostrich (Illanes et al., 2006; Stornelli et al., 
2006) and other vertebrates (Petcoff et al., 2006; Seyrafi et al., 2009; Monsefi et al., 2010; 
El-Bakary and El-Gammal, 2010; Alshamarry et al., 2010). The size, weight and colour of 
the liver are dependent on the breed, age and nutritional status of the individual bird (Bailey 
et al., 1997). Also these results showed that the liver of the N. meleagris was larger than the 
other two species and this is probably relative to body size and omnivorous nutrition. The 
type of food consumed appears to have an important correlation with liver size, with 
insectivores and piscivores having the largest livers relative to body size (Bailey et 
al.,1997). One of the encouraging anatomical results that appeared in this study is the  
presence of two secondary lobes in the bottom of the left lobe of the liver of N. meleagris 
which wasn’t noticed in the other two species.  The later result also documented in the 
ostrich where the left lobe of the liver was subdivided into three secondary lobes while the 
right lobe was undivided (Stornelli et al., 2006). The gallbladder was noticed and appeared 
well developed in N. meleagris and L. canus whereas it was missed in A. fischeri. The 
gallbladder is usually present in many birds species with the exception of most parrots, 
pigeons and the ostrich. In the cockatiel (Nymphicus hollandicus), rheas, hoatzin and 
penguins, its presence is variable. In woodpeckers (Picidae), toucans (Ramphastidae) and 
barbets (Capitonidae) the gallbladder is exceptionally long in some individuals extending as 
far as the cloaca (Whittow, 1998; Stornelli et al., 2006; Coles et al., 2007). 

The results of the current study also showed that the liver was surrounded by capsule 
composed of regular dense connective tissue, which appears thicker in the L. canus. This 
capsule also reported in other birds and vertebrates (Sheybani and Adibmoradi,2002; 
Schmidt et al., 2003; Illanes et al., 2006; Firmiano et al., 2011; Xie et al., 2011). While this 
capsule appeared consisting of loose connective tissue in some fishes (Alboghobeish and 
Khaksar-Mahabady, 2005; Sayrafi et al., 2011) 

The liver in the three species of birds showed a hepatic parenchymal arrangement 
consisting of hepatocytes, which were arranged in either cords or plates of either one cell or 
two cells thickness around sinusoids. This histological structure of the liver didn’t resemble 
that for many birds described by Hickey and Elias (1954), they founded that hepatocytes 
cords consisted of one cell thickness and little birds had either one or two cells. While it 
resembled the results of the studies that  have described for many vertebrates that have 
hepatocytes cords consisted of one - two cell thickness (Stornelli et al., 2006; Bertolucci et 
al., 2008; El-Bakary and El-Gammal, 2010; Sayrafi et al., 2011; Xie et al., 2011).  Akiyoshi 
and Inoue (2004) showed that the hepatocytes cords of the liver can be classified into three 
different types: (a) cord-like form (one-cell-thick plate type), (b) tubular form (two-cell-
thick plate type), and (c) solid form (several cell-thick plate type). The hepatocytes vary in 
shape among the three species, the reason of that may due to the genotype difference of each 
animal species (Alshamarry et al., 2010). The hepatocytes appeared larger in L. canus than 
in N. meleagris and A. fischeri sequentially, the large hepatocytes could be referred to the 
metabolic importance of these cells in the animal and they contributed more effectively in 
the metabolic processes. 
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The sinusoids appear to be of irregular shape in the three species but it was wider in 
L. canus than the other two species. The hepatocyte-sinusoidal structure is physiologically 
important, not only because hepatocytes take up large molecules from the sinusoid, but also 
because of the abundant of macromolecules (e.g., lipoproteins, albumin, fibrinogen) are 
secreted into the sinusoid. In the cord-like form, hepatocytes are closely contacted with 
sinusoidal capillaries that form a dense network as in fishes and mammalian livers (Elias 
and Bengelsdorf, 1952; Motta, 1984; Akiyoshi and Inoue, 2004; El-Bakary and El-Gammal, 
2010; Xie et al., 2011). Lumen of sinusoids contained erythrocytes and macrophages, the 
extrasinusoidal macrophages were first mentioned in the adult avian liver (Ohata et 
al.,1982; Kanai et al., 2007). Also the wall of sinusoids contained Kupffer cells that appears 
larger in  N. meleagris than the other two species, Kupffer cells are important for the 
maintenance of liver functions under physiological and pathological circumstances 
(Wardle,1987). They play an important role in the modulation of immune responses via 
antigen presentation and suppression of cell activation and proliferation of T-cells (Sun et 
al., 2003). Kupffer cells specifically endocytose foreign particles and other noxious 
substances, including bacterial endotoxins, cause cell activation and the subsequent 
production of oxygen-derived free radicals, nitric oxide, eicosanoids, peptide leukotrienes, 
prostaglandins, as well as various cytokines, including TNF-alpha, IL1, IL6 and others 
(Decker,1998). Kupffer cells are also involved in the pathophysiologic response of liver 
injury (Arii and Imamura, 2000). Kupffer cells are major producers of cytokines in hepatic 
ischemia/reperfusion, play  a stimulatory role in liver regeneration, which can reverse liver 
fibrosis (Takeishi et al.,1999; Mosher et al., 2001; Sakaida et al., 2003), and are critical for 
the progression of alcoholic injury (Enomoto et al., 2002). Kupffer cells and their products 
are also involved in modulating cell death by apoptosis of hepatocytes and other cell types 
(Deaciuc et al., 2002; Pagliara et al., 2003). 

  Our results showed that veins are scattered through the liver parenchyma of the three 
species of birds and appeared larger in diameter in L. canus. Sometimes the veins were 
accompanied either by an artery or a bile duct in N. meleagris and L. canus formed hepatic 
area, this arrangement also appeared in the other vertebrates (Petcoff et al., 2006; Seyrafi et 
al., 2009; Alshamarry et al., 2010; El-Bakary and El-Gammal, 2010; Monsefi et al., 2010). 
The bile ducts were present in a small and medium-size  in N. meleagris and in L. canus 
whereas it were absent in A. fischeri. The biliary tree is a complex network of conduits that 
begins with the canals of Hering and progressively merges into a system of interlobular, 
septal, and major ducts which then coalesce to form the extrahepatic bile ducts, which 
finally deliver bile to the gallbladder and to the intestine. The biliary epithelium showing a 
morphological heterogeneity that is strictly associated with a variety of functions performed 
at the different levels of the biliary tree. The epithelial cells lining the bile ducts are actively 
involved in bile production by performing both absorbitive and secretory functions. More 
recently, other important biological properties restricted to cholangiocytes lining the smaller 
bile ducts have been outlined, with regard to their plasticity (i.e., the ability to undergo 
limited phenotypic changes), reactivity (i.e., the ability to participate in the inflammatory 
reaction to liver damage), and ability to behave as liver progenitor cells (Strazzabosco and 
Fabris, 2008). 

Histochemically, current results showed that the hepatocytes were weakly reactive to 
PAS and AB reaction and negative reaction with PB and moderate reaction to SB in the 
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three species of birds. These results confirm the importance of the liver in the metabolism of 
carbohydrates, fats and other nutrients and this also are comely with the results of previous 
studies on the liver in different vertebrates (Akiyoshi and Inoue, 2004; Petcoff et al., 2006; 
Seyrafi et al., 2009; El-Bakary and El-Gammal, 2010; Immanuel and Palavesam, 2010; 
Firmiano et al., 2011; Sayrafi et al., 2011; Xie et al., 2011). 

Form these results, one could conclude that the liver structure in the three species of 
birds was resembled its structure in other birds and vertebrates. It is an important reservoir 
of glycogen and lipids in these birds, as well as it has an important protective effect by 
containing macrophages and Kupffer cells and this indicated the important role that the liver 
played in the immunological aspects in these birds especially in N. meleagris. The liver in 
the L. canus was more developed than the other two species followed by N. meleagris and 
perhaps the reason for that is due to the type nutrition of this bird. 
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