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Abstract 
 
The present study was carried out to 
highlight the histomorphological struc-
ture of the liver of the one-humped ca-
mel during early embryonic life. Sam-
ples were collected from pregnant she- 
camles after slaughtering and eviscera-
tion. Different embryonic stages were 
taken and the crown to rump (CVR) 
length was measured to the nearest 
millimeter (ranging from 7 to 185 mm). 
Morphological study revealed that the 
liver primordium appeared at 7mm CVR 
length fetuses. At 12mm CVR length 
the liver was related cranially to the 
septum transversum and heart, caudally 
to the primitive spleen, mesogastrium, 
and primitive stomach and to the lesser 
omentum while dorsally it was related to 
the mesonephrous and ventrally to the 
floor of the abdominal cavity. Lobation 
of the liver appeared at fetal lengths of 
50 mm CVR length. Histological study 
revealed that the liver parenchyma con-
sisted of a mass of hepatic foci, hae-
mopoietic cells and irregular wide blood 
spaces. The primordium of Glisson's 
capsule appeared in fetuses of 75 mm 
CVR length. Megakaryocytes were no-
ticed among hepatocytes and heamo-
poietic foci. Sections stained with the 
Giemssa stain revealed group of mast 
cells among hepatocytes. Hepatic tis-
sue stained by Methyl green pyroninn 

stained revealed that hepatocytes 
showed methyl green positive materials 
while haemopoietic cells showed pyri-
nophilic positive granules at 12 mm 
CVR length fetuses. Small sized mito-
chondrial granules appeared in the cy-
toplasm of the hepatocytes stained with 
Iron haematoxylin in fetuses of 12 mm 
CVR length. Hepatocytes were faintly 
stained with PAS.  Electron microscopic 
study revealed that the hepatocytes   of 
185 mm CVR length camel fetuses con-
tained large glycogen globlules in addi-
tion to abundant mitochondria. Histo-
morphometric studies were applied to 
compare the mean number of hepatic 
foci to that of haemopoietic foci and 
also to measure the number and size of 
megakaryocytes. 
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Introduction  
 
The liver is a vital organ for mammalian 
species. It is the site of metabolic 
processing of all nutrients consumed by 
the animal. The hepatic tissues have a 
great capacity of regeneration and 
compensation for increased metabolic 
demands (Jones and Spring-Mills, 
1977).  

 

Animal species in this issue 

 

Donkey (Equus asinus) 
 

 
Kingdom: Animalia & Phylum: Chordata & Class: Mammalia & Order:  Perissodactyla  & 

& Family: Equidae & Genus: Equus & Subgenus: Asinus & Species: E. africanus & Subspecies: 
E. africanus asinus 

 
Donkeys or Asses were first domesticated around 3000 BC, approximately the same 
time as the horse, and have spread around the world. They continue to fill important 
roles in many places today and domesticated species are increasing in numbers, but the 
African wild ass and another relative, the Onager, are endangered. As "beasts of 
burden" and companions, asses and donkeys have worked together with humans for 
centuries. 
 
Donkeys vary considerably in size, depending on breed and management. Most 
domestic donkeys range from 0.9 to over 1.4 m tall. 
 
Donkeys have developed very loud vocalizations, which help keep in contact with other 
donkeys over the wide spaces of the desert. The best-known call is referred to a "bray," 
which can be heard for over three kilometers. Donkeys have larger ears than horses. 
Their longer ears may pick up more distant sounds, and may help cool the donkey's 
blood. Donkeys in the wild can defend themselves with a powerful kick of their hind legs 
as well as by biting and striking with their front feet. 
 
Donkeys' tough digestive system is somewhat less prone to colic than that of horses, 
can break down near-inedible vegetation and extract moisture from food very efficiently. 
As a rule, donkeys need smaller amounts of feed than horses of comparable height and 
weight. Because they are easy keepers, if overfed, donkeys are also quite susceptible to 
developing a condition called laminitis. 
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The histogenesis of the liver has been 
studied by several authors Glimour 
,(1941);Elias (1952) ;Mc Cuskey (1968); 
Janes (1970); Hamilton and Moss-
man(1972); Babic and Rode, (1977); 
Mohamed et al. (1986); Khalil et al. 
(1987) Anwar et al.(1989); Godlweski, 
et al. (1992); Moustafa and Ahmed 
(1995);and Abdel-Moniem, et al. (2000). 
 
Studies on the one-humped camel have 
been in the circle of concern of many 
Egyptian authors for many years. Due 
to lack of information about the devel-
opment of camel liver in the available 
literature, this investigation was under-
taken to give more information about 
the morphological and histological 
changes in the camel liver during the 
early embryonic life (7 to 185 mm) CVR 
length. 
                                
Materials and Methods 

 
The materials employed in this study 
originated from the liver of 25 camel 
fetuses of both sexes ranging from 7 to 
185 mm CVR length. The gestational 
stage was estimated on the basis of 
crown rump CVR length. The fetuses 
were obtained from pregnant she ca-
mels (one humped camel), slaughtered 
at different stages of gestation. The fe-
tuses were removed shortly after evis-
ceration and the crown to rump length 
was measured to the nearest mm. The 
intact embryos   were taken and fixed in 
10% neutral buffered formalin and 
Bouin’s fluid for light microscopic study. 
After proper fixation   the materials were 
dehydrated, cleared and embedded in 
paraffin wax. Sections were cut at 5-7 
µm and stained with different histologi-
cal stains. Hematoxylin and Eosin stain 
for studying of the histological structure 
of the tissue (Harris, 1898), Crossman’s 
trichrome stain for detection of collagen 
fibers (Crossman, 1937), the PAS tech-

nique for carbohydrate detection (Mc 
Manus, 1946), Methyl green pyronin 
stain for detection of both DNA and 
RNA cells (Bancroft, 1975), Giemssa 
stain for detection of mast cells (Ra-
phael, 1977) and Iron Haematoxylin 
stain for detection of mitochondria in 
liver cells (Bancroft's, 1975). 
 
Electron microscopy   
Liver from various developmental stag-
es (75,125,185) mm CVR lengths was 
cut into small pieces (approximately 2 
mm) and fixed in 2.5% glutaraldehyde 
in 0.1 M sodium cacodylate buffer, at 
pH 7.4 for at least 3 hours at room tem-
perature.  The fixed tissues were rinsed 
several times in cacodylate buffer, post-
fixed in 1% osmium tetroxide, dehy-
drated in ascending grades of acetone 
(50, 70, 80, 90 and 100%) and embed-
ded in Epon resin. Ultra-thin sections 
were cut with a diamond knife using a 
Reichert OMU2 Ultramicrotome.  Sec-
tions were mounted on copper grids, 
stained with a 5% aqueous solution of 
uranyl acetate for 10 minutes, washed 
with distilled water and stained with 
Reynold's lead citrate for 10 minutes.  
Sections were examined under a Philips 
300 transmission electron microscope. 
 
Histomorphometric analysis: 
Studies were applied on representative 
stained sections from all developmental 
stages using a Leica Q500 MC Image 
analysis system. .   
Measurments included; 

1- The mean number of hepatic 
foci / unit area. 

2- The mean number of haemo-
poietic foci/ unit area. 

3- The mean number of megaka-
ryocytes/ unit area. 

4- The mean size of megakaryo-
cytes/ µm. 

 (Unit area = microscopic field.) 
     

Results 
 
7 - 9 mm CVR length fetuses: 
At this early stage of development the 
primordium of the camel liver appeared 
as a mass between the pericardium 
cranioventrally and the mesonephrous 
caudodorsally (Fig 1). At this stage the 
septum transversum could not be dis-
tinguished yet. 
 
Histologically the hepatocytes were or-
ganized in the form of interlacimg solid 
strands separated by irregular blood 
spaces (Fig 2). 
 
12 -19 mm CVR length fetuses: 
At this stage of intra-uterine life, the 
liver was related cranially to the septum 
transversum and heart, caudally to the 
primitive spleen, mesogastrium, and 
primitive stomach and to the lesser 
ometum. Dorsally it was related to the 
mesonephrous and ventrally to the floor 
of the abdominal cavity (Fig 3).  
 
Histological observation showed that, 
the liver primordium was composed of 
two different cellular elements: the he-
patocytes and the haemopoietic cells in 
between there are irregular blood spac-
es (Fig 4). 
 
The hepatocytes were arranged in 
anastomosing cords whose cells were 
polyhedral in shape with moderately 
acidophilic cytoplasm, large rounded 
nuclei and vesicular nucleoli. They were 
organized in the form of interlacing solid 
strands, separated by irregular blood 
spaces. These spaces had wide lumina 
and were lined by primitive endothelium 
(Fig 5). 
 
The haemopoietic cells appeared dis-
persed between the liver parenchyma. 
These cells were rounded in shape with 
deeply stained centrally located relative-

ly large rounded nuclei and formed the 
primary elements of haemopoietic foci 
(Fig 6). 
 
Sections stained with Iron haematoxylin 
showed large numbers of small sized 
mitochondria in the cytoplasm of the 
hepatocytes (Fig 7). 
 
25 - 38 mm CVR length fetuses: 
At this stage of development, the liver 
became compact having a cranial con-
vex surface and a caudal visceral irre-
gular one. The dorsal border was thick 
and flat to come in contact to the dorsal-
ly located mesonephros. The ventral 
border was thin and related to the floor 
of the abdominal cavity where the um-
bilical vein entered the liver continuing 
within the liver parenchyma as the duc-
tus venosus (Fig 8).  
 
Histological examination revealed that 
at this stage of intra-uterine life, the liver 
appeared to be more heavily invested 
by haemopoietic cells as well as having 
more blood spaces between the hepatic 
cords. 
 
Some of these blood spaces were 
large, irregular and had wide lamina 
lined by primitive endothelium that was 
represented by a single one layer of 
flattened cells with oval nuclei. These 
spaces were observed to be continuous 
with slit-like openings into liver sinuso-
ids (Fig 9).   Megakaryocytes were ob-
served among haemopoietic cells. 
These were large cells with lobulated 
nuclei, showed a PAS positive reaction, 
while the surrounding hepatocytes were 
only faintly stained (Fig 10).The RNA in 
the cytoplasm of hepatocytes and hae-
mopoietic cells showed very distinct 
pyrinophilia and the DNA in the nuclei 
was strongly   positive  to methyl green 
(Fig 11a). 
 
50 - 75 mm CVR length fetuses: 
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the cytoplasm of hepatocytes and hae-
mopoietic cells showed very distinct 
pyrinophilia and the DNA in the nuclei 
was strongly   positive  to methyl green 
(Fig 11a). 
 
50 - 75 mm CVR length fetuses: 



J. Vet. Anat.                                                                                 Vol. 2 No. 2 (2009) 61 - 7764

Liver development in camel                                                                Enas A. Abd El-Hafez

At this stage of development the liver 
was greatly enlarged occupying most of 
the abdominal cavity. It extended from 
the diaphragm cranially to the pelvic 
inlet caudally (Fig 12). Lobation of the 
liver began to appear. The left lobe was 
definable as the part of the liver on the 
left side of the umbilical vein, the inter-
mediate lobe was medial to the umbili-
cal vein and the right basic loop was 
separated from the intermediate one by 
a deep fissure (Fig 12). 
 
Free cords of hepatic cells started to 
arrange themselves radially towards the 
developing central veins. The hepatic 
cells were larger in size and some of 
them showed mitotic activity (Fig13).  
The megakaryocytes were of great size 
with prominent lobulated nucleus (Fig 
14). The liver appeared to be covered 
by mesenchymal cells represented by 
one layer of flattened cells with oval 
nuclei forming the primordium of Glis-
son's capsule. Very fine collagenous 
fibers were condensed in the capsule 
(Fig15a, b).  
 
Examination of sections stained with the 
Giemssa stain revealed small numbers 
of mast cells present among hepato-
cytes, which were characterized by me-
tachromatic cytoplasmic granules (Fig 
16a). 
 
90 - 125  mm CVR length fetuses:  
At this age the liver was greatly en-
larged occupying most of the abdominal 
cavity and still had the same relations. 
The histological picture was the same 
as in the previous age but with an in-
crease in the size of hepatocytes and 
condensation of the haemopoietic foci. 
Mast cells became numerous and were  
arranged in groups among the haemo-
poietic foci ( Fig 16b). 
 
Examination of Iron haematoxylin 
stained sections showed that mitochon-

drial granules became numerous and 
larger than those observed in the pre-
vious stage. 
 
140 -185 mm CVR length fetuses: 
At this stage of development the liver 
was characterized by a well defined 
hepatic laminae arranged in radiating 
rows around the central veins. Most of 
these veins were filled with mature red 
blood cells. The hepatocytes were larg-
er in size and showed high mitotic activ-
ity (Fig 17).  
 
Trials for detection of the developing 
bile duct system were not successful till 
the end of this developmental stage. 
 
Sections stained with methyl green py-
ronin stain revealed more intense reac-
tion of RNA in the cytoplasm of hepato-
cytes and strong reaction of DNA in the 
cytoplasm of haemopoietic cells (Fig 
11b). 
 
Electron microscopy study: 

Ultrastructural studies showed that at 
125 mm CVR length the liver paren-
chyma contained, hepatocytes and 
haemopoietic cells. The hepatocytes 
were large cells with large nucleous  
their cytoplasm filled with mitochondria 
and rough endoplasmic reticulum. 
These were cells with true hepatocyte 
features (cytoplasmic glycogen depo-
sits and low nucleus-to-cytoplasm ratio), 
but the haemopoietic cells were nu-
merous and characterized by a clear 
nucleus with well delineated nucleoli 
and the presence of numerous mito-
chondria and extensive rough endop-
lasmic reticulum. (Fig 18).In fetuses of 
185 mm CVR length the hepatocytes 
were characterized by the presence 
of cytoplasmic glycogen deposits. The 
blood sinusoids were obvious and lined 
by incomplete layer of flat endothelial 

cells that bulged into their lumina (Fig 
19). 

Histomorphometric analysis:  
Morphometric study revealed that in 
fetuses of 9 mm CVR length, the mean 
number of   the developing hepatic foci 
was 35.4/unit area while that of haemo-
poetic foci was 9.4/ unit area. With the 
advancement of age the mean number 
of hepatic foci decreased while that of 
haemopoietic foci increased reaching 
30.08 and 10.32/ unit area respectively. 
A marked decrease in the mean num-
ber of hepatic foci was noticed at 75mm 
CVR length. By the stage of 125 mm 
CVR length camel fetuses, there was 
further decrease in the number of he-
patic foci and further increase in the 

number of haemopoietic foci. The max-
imum decrease in the mean number of 
hepatic foci in this study was recorded 
at fetuses of 185mm CVR length 
(20.97) while the mean number of hae-
mopoietic foci reached its maximum 
increase at this stage of development 
(16.7) (Table 1 & Histogram 1). 
 
The mean number of megakaryocytes 
recorded its maximum value in fetuses 
of 50 mm CVR length as it reached 2.9/ 
unit area. In addition, the mean size of 
megakaryocyte was the largest at this 
stage of development, 61.60µm in di-
ameter (Table 2 & Histogram 2). 
Unit area = microscopic field. 

 

 
 
 
Table 1 & Histogram 1 :Mean number of hepatic foci/unit area & Mean number of haemopoietic 
foci/unit area. 

 

CVRL 
/mm 

MEAN NO OF 
HAEMOPOIETIC 

FOCI/ UNIT 
AREA 

MEAN 
NO.OF 

HEPATIC 
FOCI/ 
UNIT 
AREA 

9 9.4 35.4 

12 9.6 34 
25 10.01 31.2 
38 10.32 30.08 
45 11 28.33 
50 11.09 28.6 
75 12.87 23.67 
90 13.05 22 
125 13.88 21.5 
140 14.6 20.45 
185 16.7 20.97 
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CVRL/mm 
MEAN NUMBERE OF 
MEGAKARYOCYTES/ 

unit area 

MEAN SIZE OF MEGAKA-
RYOCYTE/µm 

9 0.7 39.80 
12 0.9 50.41 
25 1.3 49.39 
38 1.1 50.06 
45 1.2 55.80 
50 2.9 61.60 
75 1.6 58.26 
90 0.9 53.04 
125 1.1 50.41 
140 0.9 44.98 
185 0.6 45.52 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2 & Histogram 2: Mean number of megakaryocytes/unit area & Mean size of megakaryo-
cytes/ µm 

 
 

Discussion 
 
The present study revealed that in the 
earliest stages of intra-uterine life (7-9 
mm CVR length), the liver primordium 
developed as a hepatic diverticulum 
from the endoderm of the foregut. This 

is in agreement with the previous stu-
dies in different animals (Watt et al., 
2007; Abdel Moniem et al., 2000; Mous-
tafa et al., 1995; Godlweski, 1992; Kha-
lil et al., 1987; Mohamed,et al., 1986; 
O'Rahilly, 1978 and Arey, 1974). The 
liver of camel is covered by the thin 
Glisson's capsule, which first appeared 
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in fetuses of 75 mm CVR length. The 
Glisson's capsule was formed of one 
layer of flattened cells with oval nuclei, 
the same result was recorded by Mous-
tafa et al (1995), in the dog. 
 
The development of the liver paren-
chyma in the present study was de-
scribed as a proliferation of cells from 
the somatic end of the hepatic diverticu-
lum, as small irregular masses of anas-
tomosing cords. These increased in 
length and formed from large number of 
polyhedral cells (hepatocytes) which 
were radially arranged around central 
vein in fetuses of 75 mm CVR length. 
The same results were obtained by 
Bremer (1906), Bloom (1926), Sesern 
(1972), El-Morsy et al. (1979), Mo-
hamed, et al (1986) and Khalil, et al. 
(1987) recorded the same findings in  
camel fetuses of 18 cm CVR length. In 
addition, El Morsy et al (1979) found 
that the hepatocytes were in the form of 
coalesced liver cords in week 12th in the 
human embryo. 
 
Similar to equine species (Rooney, et 
al.,1967) but different from ruminant 
species (Habel, 1989), but in agreement  
with Abdel Moniem ,et al. (2000),the 
liver of the camel lacks a gall bladder 
which was never observed even in the 
youngest available fetuses. 
 
Mitotic figures were frequently observed 
in the cellular elements of the develop-
ing liver in all ages studied. This phe-
nomenon reflects the active cellular pro-
liferation within the camel fetuses. 
 

This study showed that the megakaryo-
cytes were large cells with lobulated 
nuclei, first observed in camel fetuses of 
25 mm CVR length, increasing in size 
and number until they reached their 
maximum number in fetuses of 50 mm 
CVR length. Then, they began to de-
crease in number with the advancement 
of age. In this respect Khalil, et al. 
(1987) noticed megakaryocytes in fe-
tuses of 3.8 cm CVR length while Mo-
hamed , et al. (1986) noticed them in 
fetuses of 40 cm. Many megakaryo-
cytes and megakaryoblasts were ob-
served by Osman et al. (1985), in buffa-
lo fetal liver at 3.2 cm CVR length. 
Paone et al. (1975), stated that the 
number of megakaryocytes decreased 
after the 9th day. The same authors 
added that the megakaryocytes had 
one to four nuclei and occasionally mul-
ti-lobed or polymorphous nuclei. 
 
Mast cells appeared in fetuses of 50 
mm CVR lengths where they were few 
and singly arranged among the hepato-
cytes, then they increased in number 
and appeared in groups in the liver pa-
renchyma of 125 mm CVR length fetus-
es. These results are in accordance 
with those obtained by Khalil, et al.  
(1987) and Mohamed, et al. (1986). 
They suggested that the presence of 
the mast cells sheds light on three im-
portant possibilities, first, they might 
develop from the liver in its role as a 
hemopoietic organ; second, they have a 
role in the development of the hepatic 
stroma in growth and regeneration, pri-
marly of connective tissue; third, they 
represent progenitors of B-lymphocytes 
as immune producing cells as well as 
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with Abdel Moniem ,et al. (2000),the 
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nomenon reflects the active cellular pro-
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25 mm CVR length, increasing in size 
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maximum number in fetuses of 50 mm 
CVR length. Then, they began to de-
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(1987) noticed megakaryocytes in fe-
tuses of 3.8 cm CVR length while Mo-
hamed , et al. (1986) noticed them in 
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cytes and megakaryoblasts were ob-
served by Osman et al. (1985), in buffa-
lo fetal liver at 3.2 cm CVR length. 
Paone et al. (1975), stated that the 
number of megakaryocytes decreased 
after the 9th day. The same authors 
added that the megakaryocytes had 
one to four nuclei and occasionally mul-
ti-lobed or polymorphous nuclei. 
 
Mast cells appeared in fetuses of 50 
mm CVR lengths where they were few 
and singly arranged among the hepato-
cytes, then they increased in number 
and appeared in groups in the liver pa-
renchyma of 125 mm CVR length fetus-
es. These results are in accordance 
with those obtained by Khalil, et al.  
(1987) and Mohamed, et al. (1986). 
They suggested that the presence of 
the mast cells sheds light on three im-
portant possibilities, first, they might 
develop from the liver in its role as a 
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stroma in growth and regeneration, pri-
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their performance of cellular immune 
reaction. Davis (1976) suggested that, 
the mast cells are preivascular and se-
crete anticoagulant directly through the 
vessels wall. 
In the present study the hepatocytes 
showed faint PAS positive materials at 
all stages of development under study, 
a finding in agreement with Khalil, et al. 
(1987) who stated that the hepatocytes 
showed a faint reaction to PAS in fetus-
es of 4.7 cm. However, Osman et al. 
(1984) observed strong PAS positive 
materials in hepatocytes of buffalo fe-
tuses as small as 3.2 cm CVR length. 
These PAS + reactions may be due to 
deposition of glycogen in the cytoplasm 
of hepatocytes. 
 
In this study the pyrinophilic positive 
material (RNA) appeared in fetuses of 
12 mm CVR length while the nuclei of 
haemopoietic foci showed strong reac-
tion with methyl green (DNA) and a 
moderate reaction in the nuclei of hepa-
tocytes. This reaction of both pyrinophil 
and methyl green increased in intensity 
with the advancement of fetal life. 
These findings are in agreement with 
those of Khalil et al. (1987). In this re-
spect, Osman et al. (1984) noticed pyri-
nophilic positive materials in the hepa-
tocytes of buffalo fetuses at 2.7 cm 
CVR length which increased in 12 cm 
CVR length fetuses. 
 
The present study revealed mitochon-
dreal granules in hepatocytes stained 
with the iron haematoxylin stain. These 
granules were few in the fetuses of 12 
mm CVR length, but increased in num-
ber and size in fetuses of 125 and 185  

mm CVR length. This finding assured 
the demand of hepatocytes to the 
'energy to cope with the activity during 
development. 
 
Ultrastructural studies confirmed the 
presence of large numbers of mito-
chondria in the developing hepatocytes 
and the presence of cytoplasmic glyco-
gen deposits. These results are in ac-
cordance with Kovanov et al. (1975) 
who stated that glycogen granules are 
found in the embryo hepatic cells from 
7-8 weeks of intrauterine development 
in human hepatocytes in early prenatal 
ontogenesis.  

Morphometric studies revealed that with 
the advancement of fetal life, the mean 
number of haemopoietic foci/ unit area 
increased at the expense of the mean 
number of hepatic foci / unit area. 
These   results are in agreement with 
those of Moustafa, et al.(1995) who 
stated that the relative volume occupied 
by the hepatocytes decreased from 
about 60% at 25-30 mm CVR length 
dog embryos. To about 30% at 50-60 
mm CVR length. This suggests that the 
increase in liver volume at this stage of 
development is more due to the in-
crease in haemopoietic foci than the 
increase in hepatocytes. This offers 
further support to Sadler (1985) who 
stated that the marked increase of the 
liver weight at 10 weeks intrauterine life 
could be attributed to the presence of 
large number of s haemopoietic cells 
forming sinsoids. He also reported that 
haemopoietic cells form large nests ly-
ing between the hepatic cells and the 
wall of the sinusoids. 
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Fig (1): Sagittal section in a camel fetus of 7 mm CVR length, the primordium of the liv-
er(L), pericardium (P) ,mesonephrous (Ms).(Haematoxylin & eosin stain x 25 ) 
 
 
 
 
 
 
 
 
                           
 
 
 
 
 
 
 
 
 
 
Fig (2): Liver parenchyma in a camel fetus of 7 mm CVR length, Hepatcytes(HC),Blood 
spaces(S). (Haematoxylin & eosin stain x 200) 
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Fig (1): Sagittal section in a camel fetus of 7 mm CVR length, the primordium of the liv-
er(L), pericardium (P) ,mesonephrous (Ms).(Haematoxylin & eosin stain x 25 ) 
 
 
 
 
 
 
 
 
                           
 
 
 
 
 
 
 
 
 
 
Fig (2): Liver parenchyma in a camel fetus of 7 mm CVR length, Hepatcytes(HC),Blood 
spaces(S). (Haematoxylin & eosin stain x 200) 
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Fig (3): Sagittal section in a camel fetus of 12 mm CVR length, the liver(L), pericardium 
(P) ,mesonephrous (Ms),Septum transversum(St),Heart(H), Primitive Spleen(SP), Primi-
tive Stomach(PS),Lesser omentum (LO).(Haematoxylin & eosin stain x 25 ) 
 
Fig (4): Liver parenchyma in camel fetus of 12 mm CVR length, Hepatocytes(HC),Blood 
spaces(S),Haemopoietic foci(arrow).(Haematoxylin & eosin stain x 200)  
 
 

Fig (5): Liver parenchyma in camel fetus of 12 mm CVR length, Hepatcytes(HC),Blood 
spaces(S),Primitive endothelium(arrow).(Haematoxylin & eosin stain x 400 ) 
 
Fig (6): Liver parenchyma in camel fetus of 12 mm CVR length, Haemopoietic cells ap-
pear rounded with deeply stained nuclei (arrow).Haematoxylin & eosin stain x 1000  
 
 

 
Fig (7): The liver parenchyma in camel fetus of 12 mm CVR length, 
Showing  black granules of mitochondria in the cytoplasm of hepatocytes (arrow). 
(Iron haematoxylin stain x 200& x1000) 
 
 

 
 
 
 
 
 
 
 
 
 
Fig (8): Sagittal section in camel fetus of 
38 mm CVR length, Cranial surface(cr), 
caudal surface (cd),Umblical 
vein(arrow),Ductus venosus(dv), meso-
nephrous (Ms), Heart(H). 
(Haematoxylin & eosin stain x 25 ) 
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Fig (3): Sagittal section in a camel fetus of 12 mm CVR length, the liver(L), pericardium 
(P) ,mesonephrous (Ms),Septum transversum(St),Heart(H), Primitive Spleen(SP), Primi-
tive Stomach(PS),Lesser omentum (LO).(Haematoxylin & eosin stain x 25 ) 
 
Fig (4): Liver parenchyma in camel fetus of 12 mm CVR length, Hepatocytes(HC),Blood 
spaces(S),Haemopoietic foci(arrow).(Haematoxylin & eosin stain x 200)  
 
 

Fig (5): Liver parenchyma in camel fetus of 12 mm CVR length, Hepatcytes(HC),Blood 
spaces(S),Primitive endothelium(arrow).(Haematoxylin & eosin stain x 400 ) 
 
Fig (6): Liver parenchyma in camel fetus of 12 mm CVR length, Haemopoietic cells ap-
pear rounded with deeply stained nuclei (arrow).Haematoxylin & eosin stain x 1000  
 
 

 
Fig (7): The liver parenchyma in camel fetus of 12 mm CVR length, 
Showing  black granules of mitochondria in the cytoplasm of hepatocytes (arrow). 
(Iron haematoxylin stain x 200& x1000) 
 
 

 
 
 
 
 
 
 
 
 
 
Fig (8): Sagittal section in camel fetus of 
38 mm CVR length, Cranial surface(cr), 
caudal surface (cd),Umblical 
vein(arrow),Ductus venosus(dv), meso-
nephrous (Ms), Heart(H). 
(Haematoxylin & eosin stain x 25 ) 
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Fig (9): The liver parenchyma of camel fetus of 38 mm CVR length,  
Large irregular wide blood spaces(S) continous with slit like opening into liver sinusoids 
(arrows). (Haematoxylin & eosin stain x 400) 
 
Fig (10): The liver parenchyma of camel fetus of 25 mm CVR length, 
Megakaryocytes (M) show PAS positive reaction  while surrounding hepatocytes were 
faintly stained. (PAS Haematoxylin stain x 1000). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figs (11a&b): Liver parenchyma in camel fetuses of 25 & 185 mm CVR length, 
Showed the RNA in the cytoplasm of hepatocytes and haempoietic cells showed very 
distinct pyrinophilia (arrows) and the DNA in the nuclei showed positive reaction to me-
thyl green (arrow heads) 
 
(11A) 25 mm CVRL, (11B) 185 mm CVRL.(Methyl Green Pyronin x 1000) 
 

 
 
 
 
 
 
 
 

 
Fig (12): Frontal  section in camel fetus of 50 mm CVR length, Lobation of the liver, a 
deep fissure (arrow), (R)right lobe,(I) intermediate lobe,(L) left lobe , Diaphragm ( head 
arrow). (Haematoxylin & eosin stain x 25 ) 
 
Fig (13): Liver parenchyma of camel fetus of 75 mm CVR length,Hepatic cords ar-
ranged themselves radially around developing central vein (CV), cells show mitosis (ar-
rows).(Haematoxyline & eosine stain x 200 ) 
 

 
 
 
 
 
 
Fig (14): Liver parenchyma in camel fetus 
of 50 mm CVR length, Megakaryocytes 
were large in size with lobulated nuc-
leous(M). 
(Crossmon's trichorome stain x 1000  
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Fig (9): The liver parenchyma of camel fetus of 38 mm CVR length,  
Large irregular wide blood spaces(S) continous with slit like opening into liver sinusoids 
(arrows). (Haematoxylin & eosin stain x 400) 
 
Fig (10): The liver parenchyma of camel fetus of 25 mm CVR length, 
Megakaryocytes (M) show PAS positive reaction  while surrounding hepatocytes were 
faintly stained. (PAS Haematoxylin stain x 1000). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figs (11a&b): Liver parenchyma in camel fetuses of 25 & 185 mm CVR length, 
Showed the RNA in the cytoplasm of hepatocytes and haempoietic cells showed very 
distinct pyrinophilia (arrows) and the DNA in the nuclei showed positive reaction to me-
thyl green (arrow heads) 
 
(11A) 25 mm CVRL, (11B) 185 mm CVRL.(Methyl Green Pyronin x 1000) 
 

 
 
 
 
 
 
 
 

 
Fig (12): Frontal  section in camel fetus of 50 mm CVR length, Lobation of the liver, a 
deep fissure (arrow), (R)right lobe,(I) intermediate lobe,(L) left lobe , Diaphragm ( head 
arrow). (Haematoxylin & eosin stain x 25 ) 
 
Fig (13): Liver parenchyma of camel fetus of 75 mm CVR length,Hepatic cords ar-
ranged themselves radially around developing central vein (CV), cells show mitosis (ar-
rows).(Haematoxyline & eosine stain x 200 ) 
 

 
 
 
 
 
 
Fig (14): Liver parenchyma in camel fetus 
of 50 mm CVR length, Megakaryocytes 
were large in size with lobulated nuc-
leous(M). 
(Crossmon's trichorome stain x 1000  
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Figs (15 a,b): The primordium of Glisson's capsule in liver camel fetus of 75mm CVR 
length ,show the mesenchymal cell of the capsule,(arrows in fig a) and few collagenous 
fibers under the cells ,(arrows in fig b). 
 (a, Haematoxylin & eosin stain x 1000 ) 
 (b, Crossman's trichorome stain x 200 ) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figs (16 a,b): Mast cells among hepatocytes in camel fetus of 50 & 125 mm CVR 
length(arrows). (16a,50 mm &b 125mm, Giemssa stain  x 1000 ). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig (17): The liver parenchyma in camel fetus of 185 mm CVR length, Showed, a well 
defined hepatic laminae (arrows) arranged themselves in radiating rows around the cen-
tral veins (CV).Hepatocytes(HC), Haemopoietic foci (HF). 
Note: central vein filled with mature red blood cells. Haematoxylin & eosin stain x 400  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figs (18&19): Ultrastructural studies of fetal camel liver at 125 & 185 mm/ CVR lengths 
respectively. Showing (H) hepatocytes, (hc) haempoietic cells, (S) blood sinusoids and 
(arrows) glycogen droplets. Bar= 1 µm.   
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Figs (15 a,b): The primordium of Glisson's capsule in liver camel fetus of 75mm CVR 
length ,show the mesenchymal cell of the capsule,(arrows in fig a) and few collagenous 
fibers under the cells ,(arrows in fig b). 
 (a, Haematoxylin & eosin stain x 1000 ) 
 (b, Crossman's trichorome stain x 200 ) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figs (16 a,b): Mast cells among hepatocytes in camel fetus of 50 & 125 mm CVR 
length(arrows). (16a,50 mm &b 125mm, Giemssa stain  x 1000 ). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig (17): The liver parenchyma in camel fetus of 185 mm CVR length, Showed, a well 
defined hepatic laminae (arrows) arranged themselves in radiating rows around the cen-
tral veins (CV).Hepatocytes(HC), Haemopoietic foci (HF). 
Note: central vein filled with mature red blood cells. Haematoxylin & eosin stain x 400  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figs (18&19): Ultrastructural studies of fetal camel liver at 125 & 185 mm/ CVR lengths 
respectively. Showing (H) hepatocytes, (hc) haempoietic cells, (S) blood sinusoids and 
(arrows) glycogen droplets. Bar= 1 µm.   
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