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ABSTRACT

Quite recently, considerable attention has been paid to water buffalo species (Bubalus bubalis) and its
economic importance. Liver is complex organ and susceptible to many diseases. So, this paper concentrated on
the buffalo liver in terms of their anatomy, histology, histochemistry and immunohistochemical characteristics
of its cells, with regard to the functional importance. 20 samples of fresh buffalo liver selected, 5 injected by
latex for anatomical studies, 5 injected by urographine for radiograph pictures and the last 10 directly fixed in
neutral buffered formalin 10% and processed for histological, histochemical and immunohistochemical
examination. The result revealed that Portal vein divided into three main branches right, left and caudal
omental ones. The hepatic vein branches classified as right, middle and left branch. The common bile duct
formed by union of right hepatic duct, left hepatic duct and cystic duct. The liver of buffalo showed a well
fibrous capsule of Glisson's with high amount of collagen fibers by Masson's Trichrome stain. Reticular fibers
found to have dispersed characteristic shape with Gomori's method. PAS and Best's carmine stains gave
positive results. Perl's Prussian demonstrated the presence of hemosiderin and ferric salts in von kupffer cells.
These cells stained positive to CD68. Anti-insulin and anti-glucagon showed positive reaction. CK7 and CD10
were immune positive to biliary epithelium.CD34 gave positive to portal endothelial cells. Alfa smooth muscle
actin showed unique normal positivity along the hepatic tissue. The results obtained, not only contribute to
the knowledge of buffalo species; but also define a normal structure reference for the diagnosis and treatment
of liver diseases.
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INTRODUCTION

Buffaloes’ values increase day by day as they grow. They need no costly fuel, never rust, and they
reproduce. In Egypt, buffaloes play an important role in domestic economy and trade through their effective
and powerful participation in the largest proportion of dairy production especially since it is distinguished from
other animals by low cholesterol and higher total solids content (protein, fat, minerals). Not only milk
production is the only reason for their value, but also have a high proportion of the production of cheap and
high quality meat (tasty, lean, low fat content) (Ibrahim, 2012).

Buffalo liver is one of the vital organs of the body (Kelly, 1993) as it is a rich and economic source of
essential nutrients especially vitamin A, foliate, riboflavin, zinc, iron and etc. (Devatkal, 2003).

The functional venous vasculature of the ruminant liver is coming from hepatic portal vein and its
drainage is accomplished by the help of convergent sinusoidal system to the central vein and then to the
hepatic veins (Bank, 2007). The portal vein is formed by the union of tributaries draining the digestive tract,
pancreas and spleen in buffalo liver (Ranjbar and Ghadiri, 2011) while the hepatic veins returned functional
and nutritional blood of the liver and opened into the caudal vena cava in ruminant (Klages, 1962; Arnautovic
and Kremar, 1964; Abdalla et al., 1971; Habel, 1975; Anis, 1977; Mobarak, et al., 1979; Brikas and Tismatas,
1980; Hagras and Osman, 1986; Hagras and Swielium, 1990; Farag, 1990; Santos et al., 1991 and Awad, 2000).
Liver biliary system consisted of bile canliculi, intra hepatic bile ducts and extra hepatic bile duct (Abd El-Hady,
2002).

The mammals liver parenchyma is made up of a complex network of epithelial cells, supported by
connective tissue and supplied by portal vein and hepatic artery. The hepatic lobule is the structural unit of
liver. A roughly hexagonal arrangement of plates of hepatocytes separated by intervening sinusoids which
radiate outward from a central vein, with portal triads at vertices of each hexagon (Standring, 2008).

The mammalian liver is a morphologically and functionally complex organ, made up not only of the
largely predominant parenchymal cells; hepatocytes, but also non-parenchymal cells, including Ito, Kupffer and
sinusoidal endothelial cells as well as other cell types that reside in the sinusoidal compartment (Kmie¢, 2001;
Malarkey et al., 2005 and Uetsuka et al., 2006).

The perusal of literature revealed that a very limited work has been done on the normal buffalo
structure. With regard to this aspect, the present study has been done to elucidate the anatomical,
histological, histochemical and immunohistochemical characteristics of the Egyptian water buffaloes filling the
knowledge gap and supporting veterinarians in Egypt and all world with basic information to clarify the
pathogenesis of the hepatic diseases with its sequential changes on the animal liver preventing tragic loss of
livestock as well as their impact on human health.

MATERIALS AND METHODS

Apparently 20 healthy and fresh livers of adult water buffaloes of both sexes were selected from Munib
automated slaughter house in Giza during October 2015 to March 2016. The age of the animals and the weight
of their livers was between 3 -5 years and 4 -9 Kg respectively. The numbers of samples taken were 20 ones;
10 for anatomical studies and another 10 for histology, histochemistry and immunohistochemical studies.
Gross Anatomical Study
Corrosion casting

10 samples were selected, kept for about 48- 72 h in a refrigerator and casts of portal and hepatic

veins were made by injection with latex. The specimens were left in a mixture of 10% formalin and 1% glycerin
for seven days before the routine dissection.
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Radiography

By use a cannula into the gall bladder of the liver specimen, the radio opaque suspension (urographin
25%) was injected and the livers were radiographed.

General Histological Study

Ten adult sexually mature apparently healthy buffaloes were used in this study. After slaughtering,
the livers were immediately dissected out and sectioned into small pieces. Some of these specimens were
fixed in neutral buffer formalin 10% and others fixed in Bouin's fluid. The blocks dehydrated in ethanol,
cleared by xylene and embedded in paraffin wax. Serial and step serial sections of 5-6 um were obtained by
rotatory-microtome and stained with Hematoxylin and Eosin (H&E), Masson's trichrome stain for collagen
fibers and smooth muscles, Gomori's reticulin stain for reticular fibers, Aldhyde fuchsin stain for elastic fibers
(Drury and Wallington, 1980 and Bancroft and Gamble, 2008).

Histochemical Study

Previous paraffin blocks sectioned and stained with periodic acid Schiff (PAS) for detection of neutral
mucopolysaccharides, Perl’s Prussian blue stain for ferrous and ferric iron, Best's carmine stain for glycogen
and Hall's iodine stain for bile (Drury and Wallington, 1980 and Bancroft and Gamble, 2008). The stained
sections were observed by light microscopy to record the histological and histochemical features of buffalo
liver cells.

Immunohistochemical Study

Deparaffinized sections were autoclaved or incubated in 1% trypsin solution for antigen retrieval.
After that, sections were immersed in 0.3% hydrogen peroxide to block internal peroxidase, and in skimmed
milk to block non-specific antibody binding. Primary antibodies were PCNA for normal cell mitosis, CD68 for
von kupffer cell, CD34 for endothelial cell, CK7 and CK10 for biliary system, alpha smooth muscle actin (a-SMA)
for smooth muscle, Anti-glucagon and Anti-insulin for endocrine cells. Biotinylated anti mouse or rabbit
immunoglobulin G was applied as secondary antibody. The sections were incubated with peroxidase-labeled
streptavidin and visualized in diaminobenzidine-tetrahydrochloride solution then counterstaining was done
(Uetsuka et al., 2007).

RESULTS
Anatomical results
Portal vein

After latex injection, the results show that portal vein (Pv) divided immediately up on entering the liver into
three main branches right, left and caudal omental ones.

1. The right interlobar branch gave dorsal, ventral and intermediate interlobular veins. Dorsal
interlobular vein supplied dorsal part of right lobe, papillary lobe and at the caudate processes of
caudate lobe.

. The right dorsal branch (Rd) proceed for about 0.5 -1 cm then it divided into parietal and
visceral branches which along its course it gives 8 to 10 smaller branches which arborized in
the parenchyma of the process supplying it.

. Ventral interlobular vein (Rv) gives in the middle section of the right lobe the dorsal quadrate
branches which supplied the caudodorsal portion of the quadrate lobe and then divided into
caudal branches supplying the quadrate lobe and ventral branches supplying the right lobe.

. The intermediate interlobular vein (Ri) had horizontal course and distributed in the
diaphragmatic parts of right lobe and papillary process.
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The left interlobar branch could be considered as the direct continuation of the portal vein which runs
at first in the long axis of the liver from porta toward the left lobe and at the boundary between the
guadrate and left lobes it bends nearly sharply 80 degree toward the notch for round ligament. So, it
showed transverse and umbilical parts.

. The transverse part that extends from the porta to flexure was nearly 11-12 centimeters and

gives off several branches called the omental branches which supplying papillary process, the
dorsal border of the liver as well as the caudodorsal part of the left lobe and other quadrate
branches to supply quadrate lobe.

. The umbilical part of the left interlobar branch gave off 3 branches; the dorsal (Ld),

intermediate (Li) and ventral (Lv) interlobular branches that radiated into the left and
quadrate lobes.

The caudal omental branch (Co) supplied the caudodorsal part of papillary process as well as the
dorsal portion of the right lobe (Figure 1).

Hepatic vein

They extended from the caudal vena cava (Cv) towards the borders of the liver, generally run

perpendicular to the branches of the portal vein, hepatic artery and bile duct system and were embedded
deeply in the hepatic parenchyma nearer to the diaphragmatic surface than the visceral surface. In the buffalo,
hepatic veins (Hv) divided into; left and middle and right hepatic veins.

A-

The left vein (L) collected blood from the left lobe by two radicles; lateral hepatic venule which
drained the narrow zone extending along the proximal two thirds of the left lateral border of the liver
and medial hepatic venule which along its course give off 4 to7 dorsal and 6 to 9 ventral branches that
ramified into the remaining dorsal portion of the left lobe.

The middle hepatic vein (M) give in its termination ventral quadrate branch which drained the
quadrate lobe and caudal right branch which drained the ventral part of the right lobe furthermore,
along its course, it release numerous collateral tributaries which drained the cranial portion of the
papillary process and the dorsal part of the quadrate lobe.

The right hepatic veins (R) which are, first right hepatic vein that divide into dorsal and ventral branch
draining the dorsal partion of the right lobe as well as the caudodorsal angle and the second right
hepatic vein that divide into caudate process vein and the caudal continuation of the right hepatic
vein draining from caudate process and the right lateral border of the liver respectively. Also buffalo
liver has small hepatic veins which receive blood from the dorsal part of the caudate lobe, papillary
process and right lobe (Figure 2).

Biliary system

Main bile duct (common hepatic duct) (CBD) is formed by the union of the right and left hepatic ducts

and then joins together with cystic duct which comes from gall bladder to form common bile duct that open in
the duodenum.

A-

The right hepatic duct (RHD) characterized by a shot trunk of about 2 cm long and formed by union of
right dorsal branch which drain bile from caudal portion of papillary process and the caudate process,
and cystic duct which receive bile from ventral part of right lobe and caudal portion of quadrate lobe.
Left hepatic duct (LHD) received along its course omental branches which collect bile from papillary
process and dorsal branch of quadrate lobe which collect bile from the dorsal part of caudal portion of
the quadrate lobe. Left hepatic duct has transverse part and umbilical part. The transverse part of the
left hepatic duct considered as direct continuation of the parent duct and divided into dorsal and
intermediate branch. The dorsal branch collects bile from dorsal portion of left lobe and cranial part
of papillary process while the intermediate branch receives bile from middle portion of left lobe. The
umbilical part of the left hepatic duct has 2 branches; the left ventral branch which collect bile from
ventral part of the left lobe and cranial quadrate branch which collect bile from ventrocranial part of
quadrate lobe.
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C- The cystic duct (CD) showed as direct continuation of the neck of the gall bladder which received
right ventral branch and caudal quadrate branch. (Figure 3)

Histological Results

Buffalo liver is composed of polygonal structures called hepatic lobules in which hepatocytes form
hundreds of irregular plates arranged radially in cord like pattern around a small central vein (Fig. 4) and
between hepatocytes, sinusoids are lined with their characteristic of fenestrated endothelium and their
content of von kupffer and Ito cells. Hepatocytes are large cuboidal or polyhedral epithelial cells with large
round central nuclei and esinophilic cytoplasm. At the periphery of each lobule; there are three to six portal
areas which contain branches of hepatic artery, portal vein and bile duct that comprise portal triad and also
contain lymphatic and nerve fibers (Fig.5). Binucleated hepatocytes were observed near the portal areas. It is
so difficult to distinguish between lobule boundaries because of scanty connective tissue that connect lobules
with each other. The results thus obtained are showing a moderate amount of collagen in the wall of the
central veins and dense connective tissue that formed mainly of collagen fibers in the portal areas of buffalo
liver than any other area in liver tissue, additionally the buffalo liver surrounded by well-developed
collagenous capsule. (Figs. 6&7). It is covered externally by visceral membrane from the peritoneum formed by
mesothelial flat cells, capsula serosa. Additionally in sub capsular zone, there were more collagen fibers. Also,
in these zones, the nuclei of the hepatocytes were hyper chromatic. The distribution of elastic fibers present
more in portal areas while its less amount in the other parts of the buffalo liver's tissue. Elastic fibers are
interspersed among collagen fibers (Fig. 8). These investigation provided that the reticular fibers of buffalo
liver have its own characteristic in its distribution between hepatocytes which arranged in two forms; one
network and the other appeared as black lines which are dispersed and not connected to each other. In
addition their spread is in high quantity between hepatocytes unlike their presence in the portal areas (Fig. 9).

Histochemical Results

The Liver of the water buffalo showed highly positive reaction with best's carmine stain which
represents the amount of the glycogen is huge (Fig. 10) and also to PAS (Fig. 11). The stellate macrophage (von
kupffer) cells of the buffalo liver showed positive reaction to the Perl's Prussian stain ((Fig. 12). Hall's method
demonstrated the staining of the bile in the buffalo liver cells by using the oxidizing action of fouchet's reagent
to convert bile pigment into an easily identifiable green biliverdin (Fig. 13) Which located in the bile canaliculi,
solitary bile duct which dispersed among hepatocytes and portal bile duct.

Immunohistochemistry Results

In the water buffalo liver, von kupffer cells were demonstrated by CD68 antibodies, and showed
immunopositive cells characterized by more abundant in periportal areas. Unlike centrilobular areas, in which
low reaction were detected (Fig.14). Sinusoidal endothelial cell (EC) continuously expressed CD34 in the
periportal area only. On the other hand, the centrilobular sinusoids being mostly negative (Fig. 15). Normal
mitosis of the hepatic cells exhibited by using PCNA (proliferating cell nuclear antigen) (Fig. 16). Sections of
water buffalo liver tissue expressed CD10 positivity along the bile canaliculi and the luminal borders of bile
ducts. Also the buffalo liver bile ducts gave positive reaction with CK7 (cytokeratin 7) antibodies to
demonstrate biliary system (Figs. 17&18). Around the terminal and sublobular hepatic veins positive staining
of pericytes and smooth muscle cells was observed by alpha smooth muscle actin antibodies while, endothelial
cells were consistently negative. Portal areas showed strong positivity around the bile ducts and in the arterial
tunica media and moderate positivity in the wall of the portal veins. Slightly irregular moderate staining to Alfa
smooth muscle observed in the perisinusoidal spaces throughout the hepatic parenchyma, additional positive
reaction observed bounding the hepatic stellate cells (HSC) 'von kupffer' and Ito cells ' Vitamin A-storing cells'
(Figs. 19 &20). Positive reaction to insulin and glucagon anti bodies were detected which characterized by their
distribution in the hepatic parenchyma (Figs. 21&22).
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Fig.1 Photomicrograph of water buffalo liver .showed branches of Fig.2 photomicrograph of water buffalo liver demonstrated the main
portal vein (Pv) ; right ,left and caudal omental ones (Co). Right branches of the hepatic vein (H v) which classified as; right branch (R),
branch divided into; right dorsal (Rd), right intermediate (Ri) and middle branch (M) and left one (L).

right ventral (Rv) while the left branch divided into left dorsal (Ld),
left intermediate (Li) and left ventral (Lv).

Fig.3 photomicrograph of a radiograph of the liver of water buffalo
showing biliary system branches; right hepatic duct (RHD), left
hepatic duct (LHD), cystic duct (CD) which are connected to each
other forming the common bile duct (CBD).

% - S e o
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Fig. 4: photomicrograph of water buffalo liver showing the central Fig. 5: photomicrograph showing portal area of water buffalo liver in
vein (cv) arising from it sheets of hepatocytes and sinusoids which branch of portal vein (PV), hepatic artery (HA) and bile duct
inbetween. (H&E X100) (BD) are present and surrounded by interlobular connective tissue in

the periphery of the lobule. (H&E X100)
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Fig. 6: photomicrograph of the portal area of the water buffalo liver
to clarify the collagen fibers which stained blue (CF) moreover, the liver to demonstrate collagen fibers (CF) with its blue staining. Notice
cytoplasm of hepatocytes are stained red. (Masson’s Trichrome X40) hyper chromatic nucleus of hepatocyte (N) (Masson’s Trichrome X1000)

1
Fig. 8: photomicrograph of a portal vein in the water buffalo liver, Fig. 9: photomicrograph of liver water buffalo tissue showing the
showing elastic fibers stain deep violet (EF). (Aldehyde Fuchsin x400) reticular fibers ( RF) in a dispersion manner of black lines between

hepatic cells. (Gomori's Reticulin X1000)

!

Fig. 10: photomicrogfaph of water buffalo liver demonstrat‘ed the Fig.11: photomicrographs of water buffalo hepatic cells showed intense
bright red granules (*) in the cytoplasm of the hepatic cells are reactivity to PAS (*). (PASX1000)

glycogen deposits. (Best’s carmine X1000)
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Fig. 12: photomicrograph of water buffalo liver demonstrated the
dark blue coarse granules (arrow) of hemosiderin and ferric salts
inside the von kupffer cells between hepatic cells. (Perl's Prussian

Fig.14: photomicrograph of water buffalo liver showed the
positive reaction of von kupffer cells to the CD68 antibodies and
clarified the spreading of the cells more in portal areas (arrows)

in the form of specific lobe shape unlike, its fewer amounts in
centrilobular areas. (CD68 X40)

Fig. 16: photomicrograph of normal liver of water buffalo
showed expression of the PCNA gene (arrow) to the hepatic
cells in a normal case. (PCNA X1000)
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Fig.13: photomicrograph of the water buffalo liver in which, the bile
pigments appear green (arrow) against yellow background. (Hall’s
lodine X1000)

Fig.15: pl
CD34 expression showing focal positivity of the sinusoids,
restricted to the periportal area (arrow). (CD34 X100)

Fig. 17: photomicrograph of water buffalo liver showed positive
reaction along the biliary system (CD 10 X1000)
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Fig. 18: photomicrograph of water buffalo liver clarified positive
reaction of bile ducts to the Cytokeratin 7 antibodies. (CK 7
X1000)

Fig. 20: photomicrograph of water buffalo hepatic cells in which,
HSC stain positive. A positive cell containing one large vacuole
(arrow-head) and a dislocated nucleus seen. (a- SMA X400)

Fig. 22: photomicrograph of water buffalo liver clarified
reaction of the extra hepatic bile ducts to the glucagon
antibodies. (Anti Glucagon X1000)
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Fig.19: photomicrograph of Portal areas of water buffalo liver
stained showing positive reaction to a-SMA around the bile
ducts, in the arterial tunica media, and in the wall of the portal

veins. There is slightly irregular moderate staining in per

sinusoidal spaces throughout the parenchyma. (a-SMA X100)
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Fig. 21: photomicrograph of water buffalo liver showed immune
positive reaction to the insulin antibodies as demonstrated in a

brown color (Anti Insulin X1000)
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DISCUSSION

The present study of buffalo liver, recorded that portal vein divided immediately up on entering the
liver into three main branches right, left and caudal omental ones in contrast to Anis (1977), El-Gaafary et al.
(1979) and Abd-Elhady (2000) who demonstrated that in the buffalo portal vein was divided into three
branches; left, right and right dorsal while, Dyce et al. (2002) stated that the portal vein after entering the liver
divided into right and left branches that supply the liver chiefly. Anuradha & Singah (2004) agreed that in
Indian water buffaloes the portal vein divided into right (dorsal) and left (ventral) interlobar veins. In cow, the
portal vein in cow divides into a very short right branch and a long left branch (Zanco et al., 1994). Nickel et al.
(1973) and Habel (1975) in the ox, recorded that portal vein gives two branches; left and right. However,
Klages (1962) demonstrated three branches of the portal vein and Barone (1976) described four intra hepatic
branches in the ox and mentioned that portal vein when reaching the porta hepatis, gave off the right dorsal
branch, the vein of the caudate process and then divided into a right and a left branch. Happich (1961) and
Klages (1962) in sheep, reported three intra hepatic branches of the portal vein, and designated them as; left,
right and right dorsal. However, Heath (1968) and Hagras & swielim (1990) mentioned that in the same animal,
the portal vein enters the liver porta and immediately receives a small vein from the gallbladder and the cystic
duct and then divides into the left and right branches. Horowitz & Venzke (1966) in the goat recorded two
intra hepatic branches of the portal vein, a short right and a long left branch. However, Hagras & Osman (1986)
in the same animal, demonstated three branches; left, right ventral and right dorsal. In contrast to Awad
(2000) who described four main branches R.sinister, R. dexter, R. dorsalis dexter as well as R. omentalis
caudalis. Abdalla et al. (1971) in the camel, observed the division of the portal vein into three main branches,
cranial, ventral and caudo dorsal. Hagras & Osman (1986), Tadjalli & Akhavan (2003) and Farag (1990)
recorded nearly similar observations.

Our investigation revealed that in buffalo liver, the right interlobar branch of portal vein gave dorsal,
ventral and intermediate interlobular veins. Dorsal interlobular vein supplied dorsal part of right lobe, papillary
lobe and at the caudate processes of caudate lobe, the right dorsal branch proceed for about 0.5 -1 cm then it
divided into parietal and visceral branches which along its course it gives 8 to 10 smaller branches which
arborized in the parenchyma of the process supplying it. Ventral interlobular vein gives the dorsal quadrate
branches which supplied the caudodorsal portion of the quadrate lobe and then divided into caudal branches
supplying the quadrate lobe and ventral branches supplying the right lobe. The intermediate interlobular vein
had horizontal course and distributed in the diaphragmatic parts of right lobe and papillary process. Nearly
similar results clarified by Anis, (1977), El-Gaafary et al. (1979), Abd-Elhady (2000) and Ranjbar & Ghadiri
(2011) in the same animal. Similar results in sheep recorded by Happich (1961), Klages (1962), Heath (1968)
and Hagras & swielim (1990). Heath (1968) added that the right branch proceeds ventrally and gives rise to
three or four major branches and a variable number of minor branches which supply a wedge shaped segment
of the liver tissue. The same result in camel discussed by Hagras & Osman (1986), Farag (1990) and Tadjalli &
Akhavan (2003). The right branch in cow gives off four or five secondary branches that supply the right and
caudate lobes (Zanco et al; 1994).

The left interlobar branch of the portal vein runs at first in the long axis of the liver from porta
toward the left lobe and at the boundary between the quadrate and left lobes. So, it showed transverse and
umbilical parts. The transverse part gives off several branches called the omental branches which supplying
papillary process, the dorsal border of the liver as well as the caudodorsal part of the left lobe and other
quadrate branches to supply quadrate lobe. The umbilical part of the left interlobar branch gave off 3
branches; the dorsal, intermediate and ventral interlobular branches that radiated into the left and quadrate
lobes. The caudal omental branch supplied the caudodorsal part of papillary process as well as the dorsal
portion of the right lobe. Similar results are shown by Anis, (1977), El-Gaafary et al. (1979), Abd-Elhady (2000)
and Ranjbar & Ghadiri (2011) in buffalo; Hagras & Osman (1986) and Awad (2000) in goat; Hagras & Osman
(1986), Farag (1990) and Tadjalli & Akhavan (2003) in camel.

This study of buffalo liver's hepatic vein showed that hepatic veins divided into; left and middle and
right hepatic veins. Similar results in the same animal resulted by Anis (1977), Mobarak et al. (1979), Abd-
Elhady (2000) and Shirai et al. (2005); in ox by Habel (1975); in sheep by Hagras & swielium (1990); in the goat
by Hagras &0Osman (1986) and Awad (2000) while in the cattle, recorded two large hepatic veins; right and
intermediate, in addition to 12 to 35 minor veins (Passafaro et al., 1997). In the camel, Fahmy et al. (1971),
Osman & Ragab (1986) and Farag (1990) reported that presence of two large hepatic veins; left and middle.
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The medium sized veins, were represented by the V.processus caudati, the V. omentalis caudalis as well as 2 to
4 Vv. Dorsales lobi dextri. In addition to a large number of small sized veins.

The left vein of buffalo liver collected blood from the left lobe by; lateral hepatic venule and medial
hepatic venule which along its course give off 4 to7 dorsal and 6 to 9 ventral branches that ramified into the
remaining dorsal portion of the left lobe. The middle hepatic vein give ventral quadrate branch and caudal
right branch furthermore, along its course, it release numerous collateral tributaries, while the right hepatic
veins which are first right hepatic vein that divide into dorsal and ventral branch and the second right hepatic
vein that divide into caudate process vein and the caudal continuation of the right hepatic vein. Also buffalo
liver has small hepatic veins which receive blood from the dorsal part of the caudate lobe, papillary process
and right lobe. The similar results was discussed by Habel (1975), Anis (1977), Mobarak, et al. (1979) and Abd-
Elhady (2000) in buffalo; Hagras and Osman (1986), Hagras &Swielium (1990) and Awad (2000) in the small
ruminant and Farag (1990) in the camel. In bovine liver, the same result and also, the hepatic veins drained
three major areas, such as the left lobe, right lobe, and between the two lobes, as the left hepatic vein, right
hepatic vein and intermediate hepatic vein, respectively (Shirai et al., 2005) . Dyce et al. (2002) added that, the
venous blood from the liver sinusoids reaches the center of the liver hepatic veins, which at the dorsal border
of the liver; open into the embedded caudal vena cava.

This study clarified that in buffalo liver, the main bile duct (common hepatic duct) is formed by the
union of the right and left hepatic ducts and then joins together with cystic duct which comes from gall
bladder to form common bile duct that open in the duodenum. The same results are described by Anis (1977)
and Abd-Elhady (2000) in the buffalo, Derrico (1976), Hagras and Osman (1986), Hagras &Swielium (1990) and
Awad (2000) in the small ruminant and added that, in such cases the cystic duct opens into the right duct. On
the other hand, in ox the common hepatic duct was formed by the union of the right and left hepatic duct,
while the cystic duct either opened directly into the common hepatic duct to form the common bile duct as
demonstrated by Raghavan & Kachroo (1964), Bevandic et al. (1967), Nickel et al. (1973), Habel (1975) and
Dyce (1996) as well as reported in sheep by May (1964). According to Bevandic et al. (1967) and Derrico
(1976) in sheep as well as Hagras and Osman (1986) in some cases of the goat, demonstrated that the
formation of the bile duct by the triple convergence of the right, left and cystic ducts. While in the camel, the
common hepatic duct was formed by the union of three main trunks; cranial, ventral and caudodorsal as
reported by Arnautovic et al. (1964).on the other hand Osman &Ragab (1986) and Farag (1990) recorded
similar observations and named these branches as left, rightdorsal and right ventral.

The right hepatic duct characterized by a short trunk and formed by union of right dorsal branch ( R.
dorsalis dexter) and cystic duct ( ductus cysticus). Similar results are observed by Anis (1977) and Abd-Elhady
(2000) in the buffalo, Hagras and Osman (1986) in the goat, Hagras &Swielium (1990) in sheep and Bevandic et
al. (1967) in the ox. Shirai et al. (2005) added that in the bovine liver, the right branch of the hepatic duct was
short and very complex.

The cystic duct showed as direct continuation of the neck of the gall bladder which received right
ventral branch and caudal quadrate branch. Same observations were given by Anis (1977) and Abd-Elhady
(2000) in the buffalo, Hagras & Osman (1986) and Awad (2000) in the goat, Hagras &Swielium (1990) in sheep
and Bevandic et al. (1967) in the ox.

The left hepatic duct has transverse part and umbilical part. The transverse part of the left hepatic duct
considered as direct continuation of the parent duct and divided into dorsal and intermediate branch. The
umbilical part of the left hepatic duct has 2 branches; the left ventral branch and cranial quadrate branch.
similar results were discussed by Anis (1977) and Abd-Elhady (2000) in the buffalo, Hagras and Osman (1986)
in the goat, Hagras &Swielium (1990) in sheep. However Awad (2000) in the goat, reported that the left dorsal
branch arose independently, but the intermediate and ventral branches originated by a common trunk. While,
Shirai et al. (2005) reported that in bovine liver, the bile ducts of the left lobe generally consisted of four ducts,
of which the left intermediate superior bile duct was the best developed.

In this observations the connective tissue which cover the liver of water buffalo is well fibrous Glisson's
capsule consisting of great quantity of the collagen fibers and connective tissue cells and it covered externally
by visceral membrane from the peritoneum formed by mesothelial flat cells, capsula serosa and this approved
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with Ekataksin (2000) in ox and Prunescu (2002) in buffalo, suborders Suiformes and Ruminantia. So, the
capsule of Glisson contributed high degree of arterial vascularization and resistance structure for supporting
the great amount of hepatic parenchyma. While this capsule is thinner and less vascularized in domestic
animals and man (Trautmann and Fiebiger, 1957) and in Carnivora (Prunescu, 2002)

In this investigation intra lobular connective tissue consisted of reticular fibers while in the portal areas
were dense collagenous tissue rich in elastic fibers and no demarcation of the lobule this in line with Banks
(2007) and disagreement with Ham (1969) and Barone, (1976) whose considered that the connective septa
separating more or less completely the hepatic lobules began from the capsule of Glisson and met the
perivascular connective tissue marking the limits of the numerous hepatic lobule. Such a connective
superstructure of the main hepatic vessels in the portal area formed an inner resistant and elastic skeleton
capable of maintaining the funiction of the great mass of hepatic parenchyma Prunescu (2002) in ox and bison.

This result describe that inbetween hepatocytes, reticular connective tissue appeared in a unique form;
dispersed and not connected to each other and this distribution may contribute in continuous supply between
hepatic sinusoids. The connective tissue around portal triad was well and had; prominent thickness of the
collagen sheath around large and medium sized vein, hepatic artery and portal bile ducts. This observation was
demonstrated by Prunescu (2002) in buffalo, Banks (2007) in man and domesticated animals, Carollo et al.
(2012) in giraffe, scimitar oryx and Mrs Gray’s lechwe livers and Madhan and Raju (2014) in cow, sheep and
goat; while Carollo et al; (2012) discussed that in the cattle, goat and reindeer livers, the connective tissue was
represent by few quantities in the capsule, portal areas, and delineating the lobular septa.

Similar to Paunch (2002) result, Other independent vessels which travel long lines through the buffalo
hepatic lobules were the hepatic arterioles or capillaries. They were protected towards the neighbouring
hepatocytes and sinusoids by thick positive coats of collagen fibers. The central veins presented a moderate
amount of collagen in its wall.

Large polyhedral hepatocytes with round and centrally located nuclei were observed in the liver of water
buffalo as recorded by Madhan and Raju (2014) in cow, goat and human and Singh et al. (2014) in goat. While
the former author demonstrated that hepatocytes were larger in sheep. Binucleated hepatocytes were
observed near the portal areas, while the nuclei of the hepatocytes were hyperchromatic in the subcapsular
zone. These differences may be due to the phylogenical or evolutional and/or developmental. The same
results confirmed by paunch 2012 in the same animal, Hall (1996) in rat, Endo et al. (2000) in camel, Galletti
and Jauregui (2000) in human and Eroschenko (2008) in mammalian liver.

Liver buffalo showed high reactivity to the amount of glycogen by best's carmine method and PAS which
also stained the neutral mucopolysaccharide and this referred to the normal function of the liver in synthesis
of glycogen from glucose and storing it in the hepatocytes upon somatic demand. These results were discussed
by Lillie (1947) and Banks (2007). Doley et al; (2006) added that strong reaction was observed in buffalo foetii.

The buffalo liver is a morphologically and functionally complex organ, made up not only of the most
predominant parenchymal cells (hepatocytes), but also non-parenchymal cells (N-PCs), including Ito, Kupffer
and sinusoidal endothelial cells (SECs), as well as other cell types that reside in the sinusoidal compartment
and this confirmed by Neyrinck et al., (2000) and Kmiec¢ (2001). These non-parenchymal cells play an important
role in the regulation of many hepatocyte functions (Kmie¢, 2001and Parker & Picut 2005) as well as in the
immune biology of the liver, in both normal and pathological conditions (Carollo et al., 2012).

In buffalo, the perisinusoidal stellate cells (Kupffer) presented great vacuoles distorting the nucleus.
Perls-positive secondary lysosomes containing ferric ion accumulations demonstrated. This reaction was
positive for small groups of hepatocytes scattered in the liver parenchyma. Same results in the same animal
observed by paunch (2002).

In this investigation the sinusoids arranged between cords like hepatocytes. This hepatic sinusoidal
arrangement has been largely attributed to evolutionary trends of vertebrates for metabolic functions (such as
synthesis of plasma proteins, fibrinogen and prothrombin and the regulation of blood glucose and lipids)
(Beresford and Henninger, 1986 and Barbara et al; 2014).
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In this study a-SMA observed in perisinusoidal, Kupffer and Ito cell. This was recorded in normal
manner by lJzer et al., (2006) in canine and Uetsuka’s (2007) in ruminants as they excluded fibrosis. While the
former author in human and rats recorded this expression as pathological feature to increase the contractility
of the kupffer cells. On the other hand, Uetsuka’s (2007) and Carollo et al., (2012) not observed this expression
in Ito cells as absence of its activation and not transformed into myofibroblast like cells. It may be due to
species-specific expression pattern.

In water buffalo, kupffer cells show positive to perl's Prussian, the indicator for haemosiderin pigment.
This is considered as haemopoietic function (Doley et al., 2006 and Singh et al., 2014). Also Kupffer cells
showed positive reaction to CD68 and more distribution in portal areas than in central areas in accordance
with Parker & Picut, (2005) and Carollo et al. (2012) in ruminant. This apparent immuno- histochemical
heterogeneity was expected, differently tissue localizations and species. Also due to intensity of staining for
these markers decreases with decreasing cell size, suggesting that these cells display a more immature
phenotype. As large Kupffer cells located in periportal regions appear to have more active metabolically and
more scavenging functions (Hall, 1996 and Naito et al., 2004) and phagocyte the great majority of bacterial
products coming from the gut, and consequently are responsible for the onset of the acute phase response
(Motta, 1984, Prunescu et al., 2002, Lopez et al., 2011, Carollo et al., 2012) in other mammals and (Carollo et
al., 2012) in ruminant.

In this study immuno- reactive cytokeratins 7 and CD10 are expressed in normal bile duct epithelium of
water buffalo while Hall (1996) recorded cytokeratins 7 and 19 in rats and humans and referred these
cytokeratins provide part of the skeletal structure of the biliary cell responsible for transport of hepatocyte-
secreted materials across the canalicular cell to its lumen (Hall, 1996). Interesting structure was the solitary
bile duct encountered sometimes in the liver parenchyma. These solitary bile ducts were formed by typical
biliary cells and making the connection between the bile canaliculi with the portal bile ducts Prunescu (2002) in
buffalo.

Buffalo liver expressed positive reaction to anti-insulin and anti-glucagon antibodies which referred to the
presence of pancreatic endocrine cells in liver. This explained the presence of genes which can express
endocrine cells of the pancreas. This result come in touch with what discussed about; it is possible to
transdifferentiate the liver to pancreas (Rao et al; 1986). Recently showed that cells derived from a population
of human fetal liver cells could be induced to acquire certain cell properties after the expression of the
transcription factor pancreatic duodenal homeobox 1 (PDX-1) (Zalzman et al; 2005). In mice Insulin mRNA and
Protein-Producing Cells are present in the liver of diabetic mice (Kojima et al; 2004).

PCNA (proliferating cell nuclear antigen) demonstrated in liver of water buffalo which is gene encodes an
essential DNA replication accessory protein hence; it has been used to express the cell regeneration condition
(Dervan et al., 2000) to increase metabolic demands (Singh et al; 2014).

CONCLUSION

Inspection at abattoirs, for hygienic quality, involves both ante and postmortem examination which
include gross and microbiological investigation. Liver is one of the most important organs as it is involved in
many metabolic disorders and parasitic diseases. It may harbor pathogens which are dangerous for human
consumption when passed with localized or mild infection. In addition the aim was to identify the
fundamentals of the normal liver structure in buffaloes that to date have not been fully investigated, in order
to improve the present structural framework, to which one can refer for describing possible hepatic diseases.
This might then lead to a better quality of care and management of these animals.
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