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Abstract | This study was conducted to evaluate the morphological and histological features of the liver in two species
of birds that vary in their food habitats; gull and mallard. Histomorphologically, the liver in these species is composed
of the left (small) and right (big) lobes and the right lobe in gull was subdivided into two parts. Histologically, fibrous
capsule covered the liver parenchyma without any clearly defined lobules in both species. The hepatic architecture
comprised of hepatic cells organized as irregular plates or cords, which radiated around the central vein and the blood
sinusoids distributed among those plates. The portal triads, enclosed by fibrous connective tissue, contains branch of
hepatic artery, bile duct andportal vein. Several histological structures shown variations in both species including;
capsule appeared thinner in mallard than in gull with mean thickness of 80.52±6.38µm and 86.23± 7.14µm respectively,
and the diameters of central veins differed where mallard has 461.15 ± 11.25 µm and gull carried 387.42 ± 9.06 µm
size. These morphological and histological features highlight fundamental differences in these species can be used as
species-identification markers.
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Introduction

et al., 2003). Hepatic parenchyma in birds showed similarity with that observed in most mammals except the
he liver is regarded as an essential and biggest gland variation in some histological characteristics (El-Zoghby,
of the body, and it plays a crucial role in numerous 2005). In coot birds, the hepatic parenchyma is subdivided
physiological processes such as synthesis of blood proteins, into defined lobules and the hepatocytes organized around
production and secretion of bile, detoxification, nutrients the central vein in radiation manner (Selman, 2013). The
absorption, metabolism of several substances and storing present study was carried out to investigate the morphometabolites (Saez et al., 2012; Odokuma and Omokara, logical and histological features of livers in two species of
2015). The bird liver is divided into two portions forming birds that vary in their food habitat including carnivorous
the right and left lobe (Al-Abedi, 2015). The size or subdi- and omnivorous represented by gull (Laruscanus) and malvision of these two lobes can vary among different species. lard duck (Anas platyrhynchos), respectively.
The right lobe appeared in more instance greater than the
left one as in ostrich and bustard (Stomelli et al., 2006; Bai- Materials and Methods
ly et al.,1997), however, some species of birds have an analogous sizes of the hepatic lobes as in galliformes (Schmidt Liver of forty birds, comprised a twenty gull (Laruscanus)
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and twenty mallard duck (Anas platyrhynchos), were used
in this comparative study. To represent diversification,
birds were obtained from different areas in Baqubah,
Diyala Province, Iraq. After measuring the body weight, all
birds were eusthanized using a combination of Diazepam
and Ketamine at dose rates of 5 mg/kg and 25 mg/kg
of body weight (intramuscular), respectively, (Schindala,
1999). Half of the liver from each sampled species was
examined grossly, whereas the other half underwent to the
histological study. A sensitive balance was used to estimate
the liver weight. The specimens from different lobes were
taken and immediately fixed in 10% neutral buffered
formalin for histological analysis and staining with
Hematoxline & Eosin stain (Bancroft and Stevens, 2013). Figure 1: The liver in mallard duck. Showing the left lobe
The histological structures were measured using ocular (LL), right lobe (RL) of the liver, heart (H), gizzard (G).
micrometer. Statistical analysis of the experimental results
was conducted using t-test in the Statistical Package for
the Social Sciences (SPSS) version 13.00 ( Joda, 2008).

Results and Discussion
The morphological examination of the liver in both species
of birds shown liver as a big gland situated in mid-coelomic cavity of the body. Anatomically, it was located in
closed correlation with the spleen and gizzard, and caudal
to the heart (Figure 1 and 2). It has dark brown color in
gull whereas the color of the liver in mallard was reddish
brown. This variation in the color of the liver between the
two species may be related to the difference in their nutrition as nutritional state of the birds may affect the liver
color (Clark, 2005).
The liver in those two species was composed of asymmetrical lobes (n=2), which were connected together cranially
at the midline. It appeared that the left lobe in two species
was smaller than right lobe (Figure 1 and 2). Consistently,
Hussein and Hussein,2016 shown similar findings in fowl
and common moorhen, however, (Ibrahim et al., 2016) noticed the left lobe of the liver was greater than the right one
in local moorhen. In our study, we observed that the left
lobe was undivided in two species of birds in disagreement
with (Stomell et al., 2006; Nickel et al.,1977). This study
revealed that the right lobe in mallard species was undivided, as that observed by (Al-AAaraji, 2015) in turkey,
whereas this lobe in gull species showed two divisions at
the caudal end (Figure 2).
It was observed that the relative liver weight to total body
weight was 2.08% in the gull, compared with 1.95% in
mallard. This significantly (p ˂ 0.05) higher relative liver weight in gull than those reported in mallard, could be
reflected by the negative correlation between liver weight
and body weight in birds. This explanation was coinciding
with (Else et al., 2004), who recorded relative weight of the
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Figure 2: The liver in gull. Showing the left lobe (LL),
right lobe (RL) which contains two parts, a presence Heart
(H).
liver was 2.71% of total body weight in zebra finches. The
change in the weight of the liver may be associated with
the type of food reception and higher metabolism rate in
the body (Ankney, 1977). Histologically, the current study
showed that the liver parenchyma in gull and mallard
species covered by a capsule, which consisted of irregular
dense connective tissue, comprised by the collagen fibers
and elastic fibers (Figure 3 and 4) as shown previously (Bacha and Wood, 1990; Subhan, 2009) in other avian species
such as chicken and geese. The capsule was noticed thinner
in mallard than in gull with mean thickness of 80.52 ± 6.38
µm and 86.23± 7.14µm, respectively.
In this study the liver lobules were not clearly identified
in the parenchyma of both species due to absence of indiscernible hepatic connective tissue septa. This finding
was not compatible with observations previously made
by Selman, (2013) in coot bird, but agreed with reports
of El-Zoghby, (2005) in quail, Bacha and Wood (1990) in
chicken, and Al-AAaraji (2015) in turkey. The hepatic parenchyma in both species of birds was consisted of hepatocytes that were organized as irregular plates or cords of thiNE
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Figure 3: Histological section of the liver in gull: Showing
the thick capsule (CA), hepatocyte (H), sinusoids (S). Figure 5: Histological section of the liver in mallard duck:
(H&E 40X).
Showing Central vein (CV), Hepatocyte Plates (HP),
Sinusoids (S). (H&E 40X).

Figure 4: Histologicalsection of the liver in mallard duck s:
Figure 6: Histological section of the liver in gull : Showing
Showing the capsule (CA), hepatocyte (H), sinusoids (S),
Central vein (CV), Hepatocyte plates (HP), Sinusoids (S)
vein (V). (H&E 100X).
Portal vein (PV), Hepatic artery (HA), Bile duct(Bd).
(H&E 20X).
ck cells, which radiated around the central vein, forming
small acini or lobules, and the blood sinusoids were dis- They were irregular in shape and lined by flattened entributed among those plates (Figure 5 and 6). This results dothelial cells with existence of large Kupffer’s cells. These
resembled description in the common moorhen (Hussein observations were agreed with Attia and Soliman (2005)
and Hussein, 2016), and differs with report of Hickey and in liver of ostrich.
Elias (1954) who reported that the hepatocytes arranged
in cords mostly with one cell thick in birds, in contrast to
just two thick cells formed hepatocyte plates in turkey and
chicken (Bacha and Wood, 1990; Bhatanagar and Singh,
1982).
The diameters of central veins differed between mallard
and gull with 461.15 ± 11.25 µm and 387.42 ± 9.06 µm,
respectively. The hepatocytes appeared large in both species
and their nuclei shown a large, rounded and centrally located dark distinct nucleoli (Figure 7 and 8).The shape of
these cells varied in the two species; they were polyhedral
in mallard, but irregular to oval in gull. This variation in
the shape of these cells could be related to the species differences. The blood sinusoids were distributed between hepatic plates throughout the hepatic parenchyma, and were
narrower in gull compared with those showed in mallard.
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Figure 7: Histological section of the liver in mallard
duck: Showing Vein (V), Hepatocyte (H), Sinusoids (S).
Nucleus of hepatocyte (N), kupffer cell (K), Endothelial
cell of sinusoid (E), Endothelial cells of Vein (EV). (H&E
100X).
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µm, respectively.

Figure 8: Histological section of the liver in gull:
Showing Hepatocyte Plates (HP), sinusoids (S), Nucleus
of hepatocyte (N), kupffer cell (K), Endothelial cell of
sinusoid (E). (H&E 100X).
This study showed that the hepatic tissue in both species
encompassed several regions, which were enclosed by connective tissue and dispersed throughout the parenchyma
without a defined arrangement. These regions represented the portal triad, and each region contains the terminal
branches of portal vein, hepatic artery and bile duct (Figure 9 and 10), as that proved in many other domestic birds
and vertebrates (Elizabeth and Frye, 2001).

Figure 10: Histological section of the liver in gull:
Showing the portal triad. Portal vein (PV), Hepatic artery
(HA), Bile duct (Bd) Sinusoids (S), Hepatic plate (HP),
Endothelial cells of portal vein (E). (H&E 40X).
In conclusion, findings of this study highlight some of the
key morphological and histological differences in the major organ of the body in two avian species. These differences would be used as marker of species identification and
to be applied in comparative pathological investigations in
health and disease.
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Figure 9: Histological section of the liver in mallard duck :
Showing the portal triad. Portal vein (PV), Hepatic artery
(HA), Bile duct (Bd), Central vein (CV) Sinusoids (S),
Hepatic plate (HP)(H&E 20X).
The bile duct was lined with epithelium of simple cuboidal, while the portal vein had a large lumen with thin wall
and lined by endothelial cells. The hallmark of hepatic artery was thick wall, small and winding lumen lined by endothelial cells as shown by Hussein and Hussein (2016)
in the liver of moorhen and domestic fowl. These vessels
and ducts varied in diameters between the two species,
the mean diameter of bile duct, hepatic artery and portal
vein were 135.5± 4.85 µm, 231. 64 ± 7.08 µm and 786.15±
13.20 µmin mallard, respectively, whereas in gull they
were147.21± 3.16 µm, 201.75± 6.17µm and 625. 5 ± 12.23

July 2017 | Volume 5 | Issue 7 | Page 310

References
• Al-A’Aaraji A.S. (2015). Study of some anatomical and
histological characteristics in liver of male indigenous turkey
(Meleagris gallopava). Bas. J. Vet. Res. 14(2): 150-157.
• AL-Abedi S.J.H. (2015). Anatomical and histological study of
the liver in three species of adult Iraqi birds. M.Sc. Thesis.
University of Kufa. Najaf. Iraq.
• Ankney C.D. (1977). Feeding and digestive organ size in
breeding lesser snow geese. The Auk. 94(2): 275-282.
• Attia H.F., Soliman S.M. (2005). Histological and histochemical
studies on the ostrich’s liver. Benha Vet. J. 16(2):1-11.
• Bacha W.J., Wood G.L.M. (1990). Avian Digestive System.
Color Atlas of Veterinary Histology. William and Wikins,
Waverlly Company, Hong Kong, pp: 113-150
• Baily T.A., Mensah-Brown E.P., Samour J.H., Naldo J.,
Lawrence P., Garner A. (1997). Comparative morphology of
the alimentary tract and its glandular derivatives of captive
NE
Academic

US
Publishers

bustards. J. Anat. 191, 387-398. https://doi.org/10.1046/
j.1469-7580.1997.19130387.x
• Bancroft J.D., Stevens A. (2013). Theory and Practice of
Histology Techniques. 8th ed. Churchill Livingstone, pp:
127-129.
• Bhatnagar M.K., Singh A.A. (1982). Ultrastructure of
turkey hepatocytes. Anat. Rec. 202: 473-482 https://doi.
org/10.1002/ar.1092020406
• Clark F.D. (2005). Normal bird, a review of avian anatomy.
Avian Advice. 7: 1-3.
• Elizabeth A., Frye F.L. (2001). Comparative veterinary histology
with clinical correlates. Manson Publishing, the Veterinary
Press, London.
• Else P.L., Brand M.D., Turner N., Hulbert A.J. (2004).
Respiration rate of hepatocytes varies with body mass in
birds. J. Experiment. Biol. 207: 2305-2311. https://doi.
org/10.1242/jeb.01017
• El-Zoghby I.M.A. (2005). Pre and post hatching developmental
studies of the quail’s liver. Zag. Vet. J. 33(1): 185-193.
• Hickey J.J., Elias H. (1954). The structure of the liver of the
birds. Auk. 71: 458-462. https://doi.org/10.2307/4081541
• Hussein A.J., Hussein D.M. (2016). Morphological and
histomorphological comparative study of the liver in adult
female domestic fowl (Gallus gallus), common moorhen
(Gallinulachloropus) in south Iraq. Kufa J. Vet. Med. Sci. 7(1):
36-45.
• Ibrahim R.S., Hussein A.A., Al-kelaby W.J. (2016).
Histomorphological study of the liver in local moorhen birds
(Gallinulachloropus). Kufa J. Vet. Med. Sci. 7(2): 187-192.
• Joda M. (2008). The Progressive Statistical Analysis by using
SPSS. 1st ed.,Churchill Livingstone, Edinburgh

July 2017 | Volume 5 | Issue 7 | Page 311

Advances in Animal and Veterinary Sciences

• Nickel R, Schummer A, Seiferle E (1977). Anatomy of the
domestic birds. 1st Ed., Berlin, Hamburg, Verlag Paul Parey.
PP: 50-86.
• Odokuma E.I., Omokaro E.I. (2015). Comparative histologic
anatomy of vertebrate liver. Ann. Bioanthropol. 3:1-5.
https://doi.org/10.4103/2315-7992.160728
• Schindala M.K. (1999). Anesthetic effect of ketamine with
diazepam in chicken. Iraqi Vet. J. Sci. 12: 261-265.
• Schmidt R.E., Reavill D.R., Phalen D.N. (2003). Pathology of
pet and aviary birds. A Blackwell Publishing Company. P.
67. https://doi.org/10.1002/9780470376836
• Selman H.A. (2013). Morphological and histological study for
liver local coot birds (Fulicaatra). Bas. J. Vet. Res. 12 (1):
152-158.
• Saez L., Zuviae T., Amthauer R., Rodriguez E., Krauskopf
M. (2012). Fish liver protein synthesis during cold
acclimatization: Seasonal changes of the ultrastructure of
the carp hepatocyte. J. Exp. Zool. 230:175-86. https://doi.
org/10.1002/jez.1402300203
• Stornelli M.R., Ricciardi M.P., Giannessi E., Coli A. (2006).
Morphological and histological study of the ostrich
(Struthio camelus L.) liver and biliary system. It. J. Anat.
Embryol. 111(1): 1-7.
• Subhan S.N. (2009). Anatomical, histological and radiological
study of the liver, gall bladder and biliary duct system of
male local breed geese (Anser anser) (Greylag Goose). Thesis
of M.Sc. University of Sulaimani, College Vet. Med.
• Whitlow G.G. (2000). Gastrointestinal Anatomy and
Physiology. Avian Physiology. 5th ed. Academic Press,
Honoiula, Hawaii, pp: 299-304.

NE
Academic

US
Publishers

