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ABSTRACT

The present work was carried out on 50 chick embryo of Dandarawi chicken collected from Assiut
University Farm at a 3, 7, 9, 11, 13, 15, 17 and 19 day of prehatching life. At the 3™ day of
incubation, the hepatic diverticulum gave dorsal and ventral parts in relation to the ductus
venosus. At the 7th day, the dorsal and ventral parts became the left and right lobes respectively
where the gall bladder was located on visceral surface of the right lobe and a transverse fissure
dividing the left lobe into dorsal and ventral parts. Also, the vitelline veins caudal to the liver
anastomosed together forming the portal vein, which gave off left portal branch to the left lobe of
liver and continued as right portal branch to the right lobe. At the 9th day, the right lobe was
longer and higher than the left one where the right lobe was in contact dorsally with the
mesonephros and the left one was separated from the mesonephros by the glandular stomach. At
the 11th day, the interlobar fissure was occupied mainly by the umbilical vein. At the 13th day, the
parietal surface of the two lobes was related to the heart and body wall and the gall bladder
increased in size and extended laterally. At the 15th day, the cranial end of the right lobe had three
processes dorsal, middle and ventral but the cranial end of the left lobe had two processes dorsal
and ventral. The duct system of the right lobe was hepatocystic and cystoenteric, but that of the
left was hepatoenteric duct.
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INTRODUCTION the vitelline veins, umbilical vein, portal vein, caudal
vena cava and hepatic cavities.

The liver is a large digestive organ and its

development is very interest. The liver develops from
the hepatic diverticulum, an out-pocket of ventral gut
epithelium. The hepatic diverticulum gives rise to the
liver, the gall bladder and bile ducts [1].

The vasculogenesis of the developing liver
occurs through differentiation of the portal vein, the
hepatic artery, and the sinusoids [2, 3]. The chick
embryo represents an  excellent model for
developmental biology and gene expression analysis. It
is also uses in recent researches applications for stem
cell and cancer research [4]. Studies of liver
development in the chick have not progressed well,
causing a lack of the fundamental data now needed to
initiate development studies. The development of liver
in the chick embryo is similar to that of the mammalian
embryo [5, 6]. Therefore, any knowledge about chick
liver development will be applicable to humans and
have medical relevance. Dandarawi chickens are
characterized by highly resistance to diseases and heat
stress [7].

The aim of the present work is to study and
describe; primordial of the liver, the vasculogenesis of

MATERIALS AND METHODS

We collected 50 incubated eggs of Dandarawi
chicken from Assiut University Farm of a 3, 7, 9, 11,
13, 15, 17 and 19 day of prehatching life. For gross
anatomical studies, two embryos of 17 and 19 day old
were used to study the gross anatomy of the liver. For
microscopical studies, an embryo of all ages except 17
and 19 specimens of the liver were taken. All these
specimens were immediately fixed in Bouin's fluid for
7-22 hours. The fixed materials were dehydrated,
cleared and embedded in paraffin wax. Step serial
sagittal and transverse sections were obtained at 4.5 -7
um and stained with Harris's Haematoxylin and Eosin

(8l
RESULTS

At the 3rd day of incubation, the hepatic
divertiulum developed from the ventral aspect of
terminal end of the duodenal part of the foregut (Fig.
Al). Just caudal to the ductus venosus, the hepatic
diverticulum began to divide into secondary
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diverticulum dorsal and ventral to vitelline veins, which
these veins fused together cranially forming the ductus
venosus. The dorsal diverticulum of the liver became
dorsal to the ductus venosus, somewhat to the left but
the ventral diverticulum was ventral to the ductus
venosus, extended more to the right and was formed of
hepatic cords. The parenchyma of the liver was
consisted mainly of hepatic cords and some acini
extended in the surrounding mesenchyme (Fig. A2).

At the 7th day of incubation, the liver was
consisted of right and left lobes. The right lobe formed
a transverse part, which separated from the left lobe
dorsally by mesentery that connected the esophagus
with the heart. This separating area was the primitive
cranial interlobar fissure (Fig. A3). At the level of the
glandular stomach, the two lobes were connected by
transverse bridges dorsal and ventral to the ductus
venosus. Also, the right lobe extended dorsally to
become in contact with the right mesonephros, while
the left one was separated from corresponding
mesonephros by glandular stomach (Fig. A4). At the
caudal end of the left lobe, a transverse fissure
subdivided this part of lobe into small dorsal part and
large ventral one. The right lobe was about double the
size of the left lobe (Fig. A5). At the level of muscular
stomach, the right lobe became four times the size of
the left one and the two lobes were separated from each
other by large caudal interlobar fissure, which occupied
ventrally by the umbilical vein and dorsally by the gall
bladder and right portal branch (Fig. A6).

At the 9th day of incubation, the cranial thoracic
air sac appeared separating the liver from the
corresponding lung on both sides. At the level of the
esophagus and cranial interlobar fissure, a sagittal
fissure appeared on the cranial end of left lobe. The
dorsal aspects of both lobes were at the same level, the
dorsal and ventral hepatic cavities were also observed
(Fig. A7). At the level of glandular stomach, the dorsal
cavity disappeared. The right lobe was related to right
mesonephros and cranial thoracic air sac. The left lobe
was related to corresponding air sac and separated from
mesonephros by glandular stomach. The liver extended
more ventrally surrounding the proximal two thirds of
the heart (Fig. A8). At the level of the apex of the heart
and the caudal end of glandular stomach, the liver
became large and the right lobe occupied about the
ventral two third of the body cavity but the left one was
occupied only the ventral third. The caudal interlobar
fissure was occupied by the apex of heart ventrally, the
umbilical vein dorsally and ventral mesentry. The
transverse fissure divided the caudal end of the left lobe
into dorsal and ventral parts (Fig. A9). At the level of
the isthmus, the right and left lobe gain the floor of
body cavity. The gall bladder was observed on the
visceral surface of right lobe and its lumen became
wider (Fig. B10). The left lobe ended more cranial than
the right one, where the left lobe terminated at the level
of the body of the muscular stomach but the right lobe
terminated at level of caudoventral blind sac (Fig. B11).

At the 11th day of incubation, the left lobe of
liver extended from the level of the third rib to the
midway between last rib and synsacrum. The lateral
part of the left lobe contained a transverse fissure
subdividing it into large caudodorsal part and small

caudoventral part. The lateral part of left lobe of the
liver is related dorsally to glandular stomach, the
caudodorsal part of the left lobe related to the muscular
stomach but the caudoventral part extended in the left
ventral hepatic cavity (Fig. B12).

The medial part of the left lobe was compressed
dorsally between the muscular stomach and the heart.
This part on its visceral surface, the portal branch was
located dorsal to the middle process and on its parietal
surface, the terminal part of umbilical vein run to open
into the caudal vena cava within its ventral mesentery
(Fig. B13). The fissure between the two lobes was
bounded dorsally by the transverse ridge and the
extension of the left and right lobe ventrally within its
corresponding ventral hepatic cavity that forming a ring
around the umbilical vein. The transverse ridge between
the two liver lobes is related craniodorsally to the base
of the heart and glandular stomach (Fig. B14).

On the visceral surface of the right lobe, the
middle process could be observed, also the gall bladder
appeared ventral to the portal vein that contained wide
lumen with few amount of secretion (Fig. B15). At the
13th day of incubation, the liver enlarged in size
craniocaudally where it extended from the level of the
fourth rib to the cranial border of the synsacrum (Fig.
B16). The lateral part of left lobe was subdivided
caudally by craniodorsal fissure into caudodorsal part
and caudoventral one (Fig. B17). The medial part of the
left lobe was narrow as it located between the heart
cranially and muscular stomach caudally and dorsally
related to glandular stomach (Fig. B18).

The medial part of the right lobe extended from
the floor of the body to the lung and mesonephros. Its
middle process had a fissure caudally in which dorsal to
it portal vein and gall bladder were located. The
umbilical vein was located ventral to the middle process
(Fig. C19). The dorsal hepatic cavity of the left side
was continuous with the intestinal coelomatic cavity but
the dorsal hepatic cavity of the right side was separated
from the intestinal cavity (Figs. C18 and 20). The gall
bladder was located transversally on the visceral
surface of the right lobe. Its neck was located dorsal to
the middle process with the right portal branch,
hepatocystic and cystoenteric duct. The mucosa of both
ducts were folded (Fig.s. C19 and 20).

At the 15th day of incubation and at the level of
the esophagus and cranial thoracic air sac, the cranial
end of the left lobe was subdivided into small dorsal
part and large ventral part separating by a fissure
containing a left horizontal hepatic ligament. The left
dorsal and ventral hepatic cavities appeared containing
each corresponding end of the hepatic lobe (Fig. C21).
At the level of junction of the esophagus and glandular
stomach, the two left processes fused forming a mass
connecting with body wall by left horizontal ligament
laterally and with pericardium medially. The cranial
end of the right lobe was subdivided into 3 processes,
long dorsal, short middle and intermediate ventral. The
dorsal and middle processes were located in right dorsal
hepatic cavity and the ventral one in the right ventral
hepatic cavity. The right dorsal and middle processes
were separated by a fissure but the middle and ventral
processes were separated by a fissure contained the
right horizontal hepatic ligament (Fig. C22).
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At the level of the isthmus, middle process of the
left lobe was observed. The lobes of the liver reached
highest thickness and separated ventrally from each
other by falciform ligament containing umbilical vein
(Fig. C23). At the level of isthmus and muscular
stomach, the gall bladder could be observed on the
visceral surface of the right lobe between the portal
branch dorsally and middle process of the right lobe
ventrally. The gall bladder had wide lumen filled by
secretion. Lateral to the gall bladder, the hepatocystic
duct was observed with wide lumen filled with
secretion. On the medial aspect of the gall bladder, the
cystoenteric duct was located with wide lumen (Fig.
C24).

At the 17th day of incubation, the mean weight
of liver was 0.32 gm and the color of liver was

yellowish brown. The parietal surface of the liver was
smooth and related to the floor and lateral wall of body
cavity, while visceral surface was concave related on
right lobe to intestine laterally and muscular stomach
medially and on the left lobe related to muscular
stomach. The right lobe was quadrilateral in outline and
left lobe was heart in shape (Figs. C25 and 26). The
middle processes of the two lobes were located at the
same level. The free ends of the middle processes were
opposite to each other. The middle third of the visceral
surface of the right lobe was occupied by the gall
bladder that filled with bile (Fig. C26). At the 19th day
of incubation, the mean weight of liver was 0.52 gm.
The lower two thirds of the visceral surface of the right
lobe were occupied by the gall bladder filled with bile
(Fig. C27).

Figure (A): (Fig. 1: A 3rd day old chick embryo, X 40. Hepatic divertiulum (arrow) develops from duodenum. Fig. 2:
Notice dorsal and ventral parts of the liver in relation to the ductus venosus. Dorsal hepatic diverticulum (arrow), ventral
hepatic diverticulum (*). Fig. 3: A 7th day old chick embryo, X 12.5. Plural cavities (**) continuous with ventral hepatic
cavity (*). Dorsal hepatic cavities (arrows) and mesentery (arrow head). Fig. 4: The two lobes connect by transverse
bridge. Fig. 5: A transverse fissure (arrow) of left lobe (stars) subdividing it into small dorsal part and large ventral part.
Fig. 6: The right lobe is about four times as left lobe and right portal branch dorsal to the gall bladder (black arrow),
cystoentric duct (red arrow). Fig. 7: A 9th day old chick embryo, X 12.5. Notice right dorsal hepatic cavity (red arrow),
left dorsal hepatic cavity (black arrow). Fig. 8: Right lobe of the liver expands more dorsally than the left one. Cranial
thoracic air sac (*). Fig. 9: transverse fissure of the left lobe (arrow).
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Figure (B): (Fig. 10: Isthmus (*) and gall bladder (squar). Fig. 11: The left lobe ends more cranial than the right one.
Fig. 12: 11th day old chick embryo, X 10. The lateral part of the left lobe has a transverse fissure subdividing it into
large caudodorsal part and small caudoventral part. Fig. 13: Portal vein located on visceral surface of the left lobe and
umbilical vein (star) on its partial surface. Notice ventral mesentery (**). Fig. 14: The umbilical vein crossing the fissure
between the two lobes of liver to gain the heart. Transverse ridge between the two liver lobes (*). Fig. 15: gall bladder
appears ventral to the portal vein. middle process (arrow) and pancreas (*). Fig. 16: a 13th day old chick embryo, X 8.
Left lobe of liver extends from the level of the fourth rib to the cranial border of sensecrum. Notice caudodorsal fissure
of left lobe (arrow). Fig. 17: The left lobe is subdivided caudally by craniodorsal fissure (arrow head) into caudodorsal
part and caudoventral one. Intestinal coelomatic cavity (arrow). Fig. 18: portal vein dorsal to middle process (arrow) of
the left lobe. Dorsal hepatic cavity (arrow head).

Abbreviations on A, B & C figures:

duodenum (d). Spinal cord (sc), descending aorta (a), vitelline veins (vv). ductus venosus (dv), left lobe of liver (Il), right
lobe of liver (rl), mesonephrose (ms), lung (1), portal branch (pv) muscular stomach (mss), heart (h). glandular stomach
(9s), umbilical vein (uv) Ribs (R), synsecrum (sns), spleen (sp), metanephrose (mt), gonad (g), gall bladder (gb)
intestinal loops (i), intestinal coelomatic cavity (icc), cranial thoracic air sac (cts), esophagus (e), right ventral hepatic
cavity (rc) and left ventral hepatic cavity (Ic). Cystoenteric duct (cd) hepatocystic duct (hd).
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Figure (C): (Fig. 19: The middle process (*) between portal vein and umbilical vein. Fig. 20: Notice middle process of
right lobe (*), dorsal hepatic cavity (arrow), intestinal coelomatic cavity (**). Fig. 21: a 15th day old chick embryo, X
12.5. Notice the cranial end of lobes of liver within its hepatic cavities. Left dorsal hepatic cavity (*), left ventral hepatic
cavity (**), right dorsal hepatic cavity (***). Fig. 22: right lobe of liver (stars) and horizontal ligament (arrow). Fig. 23:
the isthmus (*), fissure of the left lobe of liver (arrow) ventral hepatic cavities (**). Fig. 24: isthmus (*), falciform
ligament (arrow head), middle process of right lobe (arrow). Fig. 25: a 17th day old chick embryo showing fissure of left
lobe (arrow). Fig. 26: showing middle process of left lobe (**) and middle process right of lobe (*). Fig. 27: a 19th day
old chick embryo liver.

Abbreviations on A, B & C figures:

duodenum (d). Spinal cord (sc), descending aorta (), vitelline veins (vv). ductus venosus (dv), left lobe of liver (I1), right
lobe of liver (rl), mesonephrose (ms), lung (1), portal branch (pv) muscular stomach (mss), heart (h). glandular stomach
(9s), umbilical vein (uv) Ribs (R), synsecrum (sns), spleen (sp), metanephrose (mt), gonad (g), gall bladder (gb)
intestinal loops (i), intestinal coelomatic cavity (icc), cranial thoracic air sac (cts), esophagus (e), right ventral hepatic
cavity (rc) and left ventral hepatic cavity (Ic). Cystoenteric duct (cd) hepatocystic duct (hd).

DISCUSSION

In the present work, the hepatic diverticulum
developed from the ventral aspect of the duodenum and
then extends cranially and subdivided into dorsal and
ventral parts in relation to the ductus venosus. This
result is similar to that mentioned by Patten [9] in all
vertebrates and by Kingsbury, et al. [10] in chick
embryo. We found that the diverticulum originated
from the ventral part of the duodenum, but Kingsbury,
et al. [10] stated that the diverticula originated from the

intestinal portal in the chick embryo and Foster, et al.,
Fukuda and Fukuda-Taira from the foregut [11, 12, 13].
These records do not indicate that the origin of the liver
differs but depends upon the time of examining of the
embryo. In very young embryo the origin is the
intestinal portal, in older embryo is the foregut and
finally is the duodenum.

Romanoff [14] stated that in the chick embryo
the secondary liver primordia appear in the form of
diverticula or buds depend upon the primary analog is
evaginated or proliferated. The present work showed
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that the secondary liver primordia are diverticula as
they are evaginations of the hepatic diverticulum.

At 7th day chick embryo of incubation, the liver
is formed of large right and small left lobes and an
intermediate portion in between the two lobes, these
results are similar to that observed by Abd-Elmagid et
al. [15] in 8 day chick embryo and Romanoff [14] in
5th day. On other hand, Suksaweang, et al. [16] stated
that the liver in the chick embryo had three lobes; the
right lobe developed at the 4th day, by the 6th day the
second lobe was formed and by the 7th day the third
lobe was formed as a tiny bud ventral to the second
lobe. At the 7th day chick embryo, the right lobe was
larger than the left lobe as the right lobe extended
dorsally to come in contact with the mesonephros but
the left lobe separated from the mesonephros by the
stomach. The results of Mclelland et al. [17] also
confirm the right lobe is larger than the left lobe in
adult chicken.

At the 13th day chick embryo, the left dorsal
hepatic cavity was continued with the intestinal
coelomatic cavity but that of the right side was
separated from the intestinal coelomatic cavity. This
finding is similar to that mentioned by Mclelland et al.
[17] and Pal, et al. [18] who stated that the liver of the
adult chicken has 4 hepatic cavities two dorsal and two
ventral, the dorsal hepatic cavities were located
craniodorsal to the ventral ones and the left dorsal
hepatic cavity was continued with the intestinal
coelomatic cavity but the right one was separated from
this cavity. Also, at this age, the gall bladder was
located transversally on the visceral surface of the right
lobe, where its neck and body were located on the
middle process. At the 17th day chick embryo, it was
located obliquely where it occupied the middle third of
the visceral surface of the right lobe. At the 19" day
chick embryo, it was longitudinally located on the
visceral surface of the right lobe directed
craniocaudally and occupying the caudal two thirds of
right lobe and gain its caudal border. The bile secretion
was observed in the chick embryo at the 9th day similar
to that mentioned by Karrer [19] and Gheri, et al. [20]
in the chick embryo. The bile secretion from the liver
was carried to the duodenum by biliary ducts usually
two in number, hepatoentric duct arised in the left lobe
and hepatocystic and cystoentric duct arising in the
right lobe, these ducts were directed towards the
duodenum to open in it. Romanoff [15] in the chick
embryo termed the duct of the left lobe hepatic or
hepatoentric and that of the right lobe hepatocystic and
cystoentric duct.

Concerning the vitelline veins, at the 3rd day
chick embryo, these veins coursed cranially toward the
heart on either side of the hepatic diverticulum. Near
the heart these veins fused together forming the ductus
venosus, which continued cranially with the sinus
venosus. The mode of formation of the ductus venosus
in this work is similar to that mentioned by Abd-
Elmagid et al. [15] in chick embryo. On other hand, the
parts of the vitilline veins caudal to the liver at the 7th
day chick embryo anastomosed together forming the
portal vein, which runs cranially and gave a left portal
branch and continued as a right portal branch for the
left and right lobes respectively. The mode of formation

of the portal vein in this work was similar to that
mentioned by Romanoff [14] in chick embryo.
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