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Introduction

The liver is the largest gland of the human body consists 
of both exocrine and endocrine parts. The exocrine part of 
the liver secretes bile juice while the endocrine part secretes 
hormones responsible for glucose metabolism and also se-
cretes most of the plasma proteins [1]. Embryologically, it 
arises as a ventral outgrowth from the gut endoderm during 
3rd week of intrauterine life [2]. It plays a pivotal role in the 
maintenance of body homeostasis by regulation of various 
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Abstract: The liver is the largest gland of the gastrointestinal tract having both exocrine and endocrine functions. 
Developmentally it arises as a ventral outgrowth from the gut endoderm during 3rd week of intrauterine life. The foetal liver 
is very important because of its synthetic and hemopoietic potential. The present work aimed to see the detailed histogenesis 
and development of the foetal liver by cytological, immunohistochemical and ultrastructural study. The liver tissue of nine 
aborted foetuses of various gestational age were studied. For cytology: special stains like Masson trichrome, periodic acid 
Schiff and reticulin were used, immunohistochemical staining was performed with triple antibodies (c-myc, Ki-67 and 
Ber-H2), and for ultrastructure: aluminium mounted specimens were coated with gold and argon gas and observed under 
scanning electron microscopy (EM). Cytology and immunohistochemistry showed the development of duct patterns and 
hemopoietic patterns in all stages of fetogenesis. The ductal plate was marked by the layer of dark brown staining cells at 
the edge of two portal tracts. The haemopoietic cells with sinusoids and aggregation of hepatocytes were observed in the 
early weeks of gestation. EM showed tree-like branching of a portal canal depicting hepatic segmentation of foetal liver. 
The organizational changes in lobular pattern, duct pattern, and microstructure of liver during fetogenesis are very crucial 
to achieve the adult morphology in feature. Histogenesis of the foetal liver follows a multistep process depending upon the 
gestational age, any deviation from normalcy may lead to structural and functional abnormality later in life.
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physiological processes such as metabolism of carbohy-
drates and fats, bile acids synthesis, production of proteins, 
glycogen storage, etc [3]. The adult liver tends to have huge 
regenerative capacity and it is the best example of an internal 
human organ capable of natural regeneration of lost tissue 
[4]. In foetal life, the liver starts functioning which includes 
glycogen storage, decomposition of red blood cells, plasma 
protein synthesis, detoxification and haematopoiesis. To 
carry out these vital functions, the liver parenchyma must 
therefore be arranged in such a way so that every hepatocyte 
on one or more of its surfaces abuts on a passageway that 
connects with a duct system to carry away its exocrine secre-
tion (bile) and abuts on a blood vessel into which it delivers 
its endocrine secretions [5]. These minute details about the 
cellular organization of liver parenchyma are really crucial 
during segmental resection of the liver in adult age due to 
hepatocellular carcinoma or cirrhosis. Various researchers [6, 
7] have studied the histogenesis and morphogenesis of liver 
parenchyma but none of them has described the ultrastruc-
ture of the duct pattern concerning the gestational age. Also, 
no data is showing the immunoelectron microscopy of the 
human foetal liver which can be in future studies correlated 
with antibodies present in the liver. Although mesenchymal 
umbilical tissue has been in trials in hepatic tissue engineer-
ing for the treatment of end-stage liver disease to date there is 
no foetal liver transplantation in patients with cirrhosis and 
hepatocellular carcinoma due to the deficient knowledge of 
the descriptive histological architecture of the human foetal 
liver. With such a background, the present study (cytological, 
histochemical, and ultrastructural) of human foetal liver of 
various gestational ages was undertaken.

Materials and Methods 

The liver tissue of nine aborted human foetuses of 1st, 
2nd and 3rd trimesters of gestation which did not show any 
evidence of external morphological abnormality were col-
lected from the Department of Gynaecology and Obstetrics, 
All India Institute of Medical Sciences, Bhubaneswar after 
therapeutic abortion, which was used in this study after ap-
proval of the Institutional Ethical Committee of Human 
Research (IEC) and Institute Research Board (IRB) of AI-
IMS, Bhubaneswar (Ref Number: T/IM-NF/Anatomy/18/84). 
They were collected after written informed consent of the 
legal guardian accorded with institutional guidelines, which 
is maintained in the foetal death register in the Department 

of Anatomy, AIIMS, Bhubaneswar. These foetuses included 
spontaneous abortions, stillborn foetuses, preterm babies 
and also a few autopsy specimens. Foetuses with a history of 
twin pregnancy or pregnancy-associated with metabolic dis-
orders (diabetes mellitus, hypertension, and thyroid disor-
ders), gross congenital anomalies or other birth defects were 
excluded from the study.

For cytological study 
The foetuses were dissected by dissecting microscope and 

the liver tissue of 2-mm size were immediately fixed in 10% 
formalin for 24 hours. After fixation by formalin, the tissues 
were processed for routine histological procedures using spe-
cial stains like Masson trichrome, periodic acid Schiff and 
reticulin stain and then photomicrographs will be taken by a 
camera using a microscope adapter.

For immunohistochemical study 
Sections of liver tissues (3 mm) tissues were fixed in 10% 

neutral buffered formalin for 7 hours and then subjected to 
routine processing and paraffin embedding. Antigen retriev-
al from those tissues was performed by heating unstained 
sections which were immersed in DAKO Target Retrieval 
Solution (Dako North America Inc, Carpinteria, CA, USA). 
Deparaffinized sections were incubated with 3% hydrogen 
peroxide for 5 minutes which blocks and inhibit the endog-
enous enzymes to avoid producing non-specific binding of 
Antigen in the cell surface, followed by sequential 10-minute 
incubations of xylene and alcohol. It was put in the pressure 
cooker for 20 minutes (Heat-Induced Epitope Retrieval) to 
unmask the antigen epitopes to allow the antibodies to bind 
which was followed by a biotinylated link antibody and per-
oxidise-labelled streptavidin, which augmented the Antigen 
expression on the tissue surface. A modified labelled avidin-
biotin immunohistochemical staining was performed with 
triple antibodies C-myc, Ki-67 and Ber-H2 were performed 
with Immunoperoxidase Kit (DAKO) on DAKO Auto 
Stainer. Staining was completed after a 10-minute incuba-
tion with DAKO 3,3’-diaminobenzidine (DAB Chromogen 
Kit; Biocare Medical, Pacheco, CA, USA) chromogen, which 
was used as a signal enhancer. All cases were coded, and the 
grading of the immunostaining was performed on a sliding 
scale of 1+ to 4+ according to the percentage of reactive cells 
(0, no staining; 1+, 1% to 25%; 2+, 26% to 50%; 3+, 51 to 75%; 
4+, ≥76%).



Anat Cell Biol 2022;55:92-99  Arpan Haldar, et al94

www.acbjournal.orghttps://doi.org/10.5115/acb.21.152

For ultrastructural study
The liver tissue was cut in 3-mm size and was washed 

with three changes of 0.1 M phosphate buffer 15 minutes 
each at 4°C and then the section was flooded with 1% os-
mium tetroxide to post-fix for 2 hours at 4°C. Then it was 
dehydrated with three changes of acetone 15 minutes each 
and then 2 changes in dry acetone 15 minutes each and was 
transferred to liquid CO2 in a chamber that is cooled and put 
under pressure. When acetone has been completely removed 
and the tissues were impregnated with liquid CO2, the cham-
ber was warmed up to critical point 31.5°C where the density 
of the drying medium is the same in both liquid and gas 
phases at 7,584 kPa (critical point drying). 

After drying the specimens was then be mounted on alu-
minium stubs with conductive paint (silver or copper paint) 
with the area of interest exposed towards the surface and 
then coating was done with gold and argon gas was flooded 
in the chamber for 1 minute, ultimately a uniform thin layer 
was deposited on the specimen (sputter coating). After metal 
coating, the specimen was ready for observation under scan-
ning electron microscope.

Results

The prenatal specimens were categorized into three tri-
mesters, as per gestational age groups: week 1 to the end of 
12 weeks (1st trimester), week 13 to the end of week 26 (2nd 
trimester), week 27 to the end of pregnancy (3rd trimester).

Cytological study

1st trimester 
In the early weeks’ sinusoids and aggregation of hepato-

cytes around the central vein was seen. The central vein was 
well-formed with radiating cords of cells towards the periph-
ery, the portal triad was just visible. Foetuses towards the end 
of this trimester showed hepatic lobule formation, scattered 
Kupffer cells on the margin of sinusoids and formation stage 
of radiating cords of hepatocyte (Fig. 1). 

2nd trimester 
Well-marked central vein with radiating cords of hepato-

cytes with reticular fibres and Kupffer cell were seen (Fig. 2).

3rd trimester 
Increased number of reticular fibres with Kupffer cells, 

Central vein, radiating cords of hepatocytes, portal triad, 
Glisson’s capsule or hepato-biliary capsule covering portal 
triad (Fig. 3).

Immunohistochemical study
The normal ductal plate, marked by the layer of dark 

brown staining cells at the edge of portal tracts (Fig. 4) was 
seen. It was multilaminar in places and contained a few lumi-
na inside. Brownish colouration was due to immunopositiv-
ity to CD 30 (Ber-H2), c-myc, and Ki-67. Developing stromal 

Fig. 1. Photomicrograph (Masson trichrome, ×10) of cytolog y 
showing the formation of the portal triad (A) and future central vein 
(B) in 1st-trimester foetal liver.

Fig. 2. Photomicrograph (Masson trichrome, ×10) of cytolog y 
showing the formation of the portal triad (the hepatic artery [HA], 
portal vein [PV] and bile duct [BD], hepatic sinusoids [HS] in 2nd-
trimester foetal liver.
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cells, central vein and sinusoids showed immunopositivity to 
the labelling of CD 30, c-myc, and Ki-67. Immune expression 
towards c-myc was more prominent than Ber-H2 (Fig. 5) and 
of similar intensity in Ki-67 labelling (Fig. 6). The connective 
tissue and other structures of the portal tract were not spe-
cifically stained. Hepatocytes with medium density brown 
staining are evident between the two portal tracts and the 
central veins. Erythrocytes are seen in the hepatic sinusoids. 
Discontinuous, mostly unilaminar ductal plates are found 
around four portal areas of varying sizes. The bile ductule 

within the large portal tract shows no evidence of adjacent 
ductal plate formation. There are patches of the multilami-
nar ductal plate with a few lumina. Abundant stromal cells 
highlighted by antigen can be seen. Biliary canaliculi are also 
evident, particularly in the vicinity of the ductal plate.

Ultrastructural study
A well-developed biliary canaliculus was seen. The he-

patocytes contained abundant mitochondria, endoplasmic 
reticulum with few fat globules. Lysosomal bodies and inclu-

Fig. 3. Photomicrograph (Masson trichrome, ×20) of cytolog y 
showing Kupffer cells and red blood cells (RBCs) in hepatic sinusoids 
(HS) along with plates of hepatocytes in 3rd-trimester foetal liver. 
HA, hepatic artery; PV, portal vein; BD, bile duct.

Fig. 4. Photomicrograph (×10) of immunohistochemistry with CD30 
(Ber-H2): brown discolouration of hepatocytes (arrow) labelled with 
Ber-H2, indicate immunopositivity. These dark brown staining cells 
at the edge of two portal tracts shows the formation of normal ductal 
plate. CV, central vein.

Fig. 5. Photomicrograph (×10) of immunohistochemistry with 
c-myc: brown discolouration of developing central vein (CV), hepatic 
sinusoids (HS) labelled with c-myc indicates immunopositivity which 
is more prominent than the Ber-H2.

-

Fig. 6. Photomicrograph (×10) of immunohistochemistry with Ki-
67: brown discolouration of developing hepatic parenchyma indicates 
immunopositivity which is of similar intensity as c-myc. RBCs, red 
blood cells; HS, hepatic sinusoids; CV, central vein.
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sion with an amorphous matrix and flecked dense cloudy 
substance forming tree-like branching of a portal canal 
indicated hepatic segmentation of liver (Fig. 7). Dense cyto-
plasmic inclusions appear around the bile canaliculus. At the 
epithelial-mesenchymal interface, portions of two epithelial 
cells contained lipid droplets, associated dense particles, 
multivesicular bodies, microbodies, endoplasmic reticulum, 
and mitochondria. Portions of two mesenchymal cells were 
in intimate contact with the epithelial cells at several places, 
with adherent junctions between the two cell types at several 
places. Two intercellular junctions (desmosomes) between an 
epithelial cell and mesenchymal was also seen. 

Extracellular fibrous connective tissue elements were 
found in the intercellular space between an epithelial and 
mesenchymal cell. Sinusoids containing yolk sac-derived 
polychromatophilic erythroblasts was seen. Hepatic epi-
thelial cells in contact with cells of the mesenchyme and 
presumptive hemocytoblasts were seen. Epithelial cells and 
mesenchyme at the expanding margin of a hepatic paren-
chymal cord were seen. A free-lying, rounded hemocytoblast 
lied at the interface. Two presumptive proerythroblasts were 
incorporated within the epithelial tissue. A hepatic cord and 
adjacent sinusoid in the central zone were seen. Hepatic epi-
thelial cells and their cytoplasmic processes separating the 
proerythroblasts could be visualized. Large nucleoli domi-
nate the proerythroblast nuclei. Both yolk sac polychromato-
philic erythroblasts and hepatic proerythroblasts lying with-
in the endothelium lined sinusoid were seen. Proerythroblast 
apparently in a passage between hepatic cord and sinusoid 
was seen through a gap in the tenuous endothelial layer. 

A megakaryocytic precursor was identified by its char-
acteristic granules and cisternal Golgi system, apparently in 
transit from cord to sinusoid. A thin rim of heterochromatin 
enveloped the nucleolus. Strands of similar material laced 
through the nucleolus, while larger blocks of condensed 
chromatin were distributed in the nucleoplasm. Peri chroma-
tin granules lie both in the nucleoplasm and in the nucleolus. 
Densely packed ribosomes along with rare and attenuated 
elements of the endoplasmic reticulum occupied the cyto-
plasm. Extensive heterochromatinization and shrinkage of 
the nucleolus accompanied an overall reduction in cellular 
size. Numerous polyribosomes were disposed of in a finely 
granular cytoplasmic matrix. A small, residual Golgi system 
was also seen.

Discussion 

The present work has been undertaken keeping in view 
the development of the liver and its histological changes dur-
ing the foetal period. The liver is involved in metabolic, exo-
crine and endocrine functions. It is unique in its status that it 
acts as a hematopoietic organ.

The hepatic lobule is the structural unit of the liver, most 
of the authors described this as a hexagonal structure with a 
vein placed in the centre. The boundaries of such lobule are 
clearly defined by connective tissue only in few species like 
pigs and are sparse in humans with a cord-like arrangement 
of hepatocytes that branch and anastomose enclosing sinu-
soids in between. Unlike the adult liver, the hepatic lobular, 
portal lobular and acinus pattern were not much recogniz-
able except for an ill-defined pattern of hepatic lobule no-
ticed in some areas [8].

The development of the liver occurs gradually, the lobu-
lar formation in the liver starts between 9 and 12 weeks of 
gestation in different stages [6, 7]. Whereas, portal triad, 
central vein with cord-like arrangements of hepatocytes are 
recognizable at around 24 weeks of gestation. Zorn (2008) [9] 
in his study has observed that the central vein starts appear-
ing at 16th to 17th week of gestation. Functionally, the foetal 
liver is unique as it acts as a hematopoietic organ. Sinusoidal 
pattern, hematopoietic cells and Kupffer cells are recogniz-
able in the early stage of fetogenesis. As the gestational age 
advances hemopoietic cells decreases in number and being 
replaced by Kupfer cells [10]. The presence of Kupffer cells 
in the later stages of fetogenesis has also been described by 
Naito et al. (1997) [11], who found that these macrophages 

Fig. 7. Photomicrograph of the ultrastructure of the foetal liver obtained 
through scanning electron microscopy: showing tree-like bran ching 
of a portal canal indicating hepatic segmentation of liver. HA, hepatic 
artery; PV, portal vein.
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develop in the yolk sac and later migrates to the foetal liver. 
According to Lipp (1952) [12], liver haemopoiesis regresses 
by 28 to 32 weeks of gestation, once bone marrow haemo-
poietic function starts. The intrahepatic arterial radicles and 
branches of the portal vein appear within the liver paren-
chyma at 10 weeks of gestation [13]. Initially, these arterial 
radicles are located in the centre of the foetal liver, later they 
reach the periphery of the liver at 15 weeks [14]. The intrahe-
patic capillaries which are developed from embryonic vessels 
are lined by continuous endothelium at 8 weeks of gestation, 
later they are differentiated into sinusoids with fenestrated 
endothelium at 17 weeks.

In the present study, cytology and immunohistochemistry 
showed the development of duct patterns and hemopoietic 
patterns in all the stages of fetogenesis. The normal ductal 
plate was marked by the layer of dark brown staining cells 
at the edge of two portal tracts, multilaminar in places and 
contains a few lumina. The connective tissue and other 
structures of the portal tract were not specifically stained. A 
central vein was seen at the top left and bottom right. Hepa-
tocytes with medium density brown staining were evident 
between the two portal tracts and the central veins. Eryth-
rocytes were seen in the hepatic sinusoids. Discontinuous, 
mostly unilaminar ductal plates were found around four 
portal areas of varying sizes. The bile ductule within the 
large portal tract showed no evidence of adjacent ductal plate 
formation. There were patches of the multilaminar ductal 
plate with a few lumina. Abundant stromal cells highlighted 
by antigen could be seen. Biliary canaliculi were also evident, 
particularly in the vicinity of the ductal plate. The presence 
of haemopoietic cells along with sinusoids and aggregation 
of hepatocytes were observed in a specimen of 5 to 6 weeks of 
gestational age, suggestive of commencement of haemopoi-
esis at about the 6th week of intrauterine life. Haemopoiesis 
was seen prominently in all the stages studied but a gradual 
decrease in haemopoiesis was found from 24th to 30th weeks 
of gestation, and after 32nd weeks, scanty foci of haemopoi-
etic tissues were seen. According to Zamboni (1965) [15] hae-
mopoiesis in the liver becomes fully established around 3rd 
month of intrauterine life. Whereas, Hamilton et al. (1978) 
[16] stated that haemopoiesis begins very early in developing 
liver and reaches its peak at 6th to 7th month of foetal life 
and then regresses up to full term [17, 18].

The findings in the present study are in agreement with 
previous literature [19]. Specimen with 20 weeks of gesta-
tional age showed early stage of reticular fibres along with 

Kupffer cells. The development of Kupffer cells and con-
nective tissue cells began at about 3rd month of gestational 
age, thus a delay was observed in the appearance of Kupffer 
cells. At 24 weeks of gestational age, a portal triad with 
central vein and sinusoids surrounded by periportal con-
nective tissue was observed. Previous researchers [11, 20] 
reported periportal connective tissue surrounding the bile 
duct system at around 8 to 12 weeks of gestational age, so, 
delayed formation of the bile duct system was seen in the 
present study. The delay in the formation of sinusoids and 
Kupffer cells along with the biliary duct systems may results 
in histopathological and developmental abnormalities in 
the adult liver. The hemopoietic cells were seen between 15 
to 35 weeks of gestation. In the present study, portal triad, 
binucleated hepatocytes, Kupffer cells, portal canal, central 
vein and sinusoids were observed at 36 weeks of gestation. 
The haematopoietic function ceased abruptly at 35 weeks of 
gestation [21].

Previously researchers have studied the cytoarchitecture 
of foetal liver of various gestational ages. Early work done 
by Lipp (1952) [12] stated that hepatic parenchymal plates 
develop from the cell cord organized along their nutrient 
vessel. The authors also described the uniform pattern of he-
patic parenchymal cells throughout the liver and also dem-
onstrated an anastomosing cord-like pattern at places as de-
scribed by Severn (1972) [13]. Balis et al. (1964) [21] suggested 
that the liver plates are formed before the development of 
sinusoids. Potter and Craig (1975) [22] reported that the liver 
differentiates into masses and plates of cells at the 4th week. 

Notenboom et al. (1996) [23] found that lobular pattern 
is not well defined with cells arranged in anastomosing cord 
pattern with single-cell thickness. They also stated that the 
foetal period is crucial for normal liver development with 
differentiation into adult phenotype from embryonic foregut 
being a multistep process. Payushina (2012) [24] found fi-
broblast and myofibroblast around the portal triad and con-
firmed their finding immunohistochemically. Fibrous tissue 
along the central vein and portal triad was noticed. The 
hepatic artery and portal vein were found to be surrounded 
by fibrous connective tissue. Villeneuve et al. (2009) [14] de-
scribed that the foetal hepatocytes were arranged in anasto-
mosing sheets separated by capillaries. Emura et al. (1983) [19] 
noticed the different erythrocytes series in the hemopoietic 
system during the early stage of hepatic hemopoiesis. The 
presence of Kupffer cells has also been described by Naito et 
al. (1997) [11] who found that macrophage develops in the 
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yolk sac and migrates to the foetal liver.
In the present study, electron microscopy (EM) showed 

tree-like branching of a portal canal depicting hepatic seg-
mentation of the foetal liver. Hepatic plates were seen to run 
from a terminal portal canal toward a terminal hepatic ven-
ule. Portal vein and hepatic artery were clearly identified in 
the scanning EM. The ultrastructure of the foetal liver also 
showed well-developed biliary canaliculus with hepatocytes 
containing abundant mitochondria.

Balis et al. (1964) [21] reported periportal bile tubules as 
the earliest organized structures formed by the association of 
both hepatocytes and cholangiolar cells arranged around ve-
nous channels, suggestive of hepatic segmentation. Accord-
ing to them, the wall of the bile canaliculi is composed of 
cells with apparently high metabolic activity (well-developed 
Golgi complex, relatively numerous peribiliary bodies). Any 
delay in hepatic segmentation will affect the cellular organ-
isation of hepatic parenchyma and will eventually cause a 
defect in the functions of the liver. 

EM also showed glycogen deposits to appear later around 
29 to 32 weeks of gestation as fine white specks with vacu-
olation in the hepatocyte cytoplasm around the developing 
central vein. While Valdes-Dapena (1957) [25] showed glyco-
gen vacuolization of epithelial cells which is a feature of the 
foetal liver of the last weeks of gestation. To date, there is no 
foetal liver transplantation in patients with cirrhosis and he-
patocellular carcinoma due to the inadequate knowledge of 
the descriptive histological architecture of the human foetal 
liver. The sole treatment available is using human umbilical 
cord mesenchymal stem cell-derived extracellular vesicles, 
but these have potential tumorigenic effects or trigger can-
cer in a patient through upregulating the Bcl‐2 oncogene 
or activating ERK1/2 phosphorylation [26]. The findings of 
the presents study will help the liver transplant surgeons to 
understand the cytoarchitecture of foetal liver and future 
researchers working on hepatic tissue engineering [27, 28].

Further studies on a large sample are required to give sig-
nificant reference data set about the cytoarchitecture of the 
liver during development. The Mass Spectrophotometry to 
compare the cytoarchitecture of the normal foetal liver with 
pathological one (cirrhosis or hepatocellular carcinoma) and 
micrometry by Image J Software has to be done to show the 
number of immunopositivity cells in the field.

In conclusion, the organizational changes in lobular pat-
tern, duct pattern and microstructure of liver during feto-
genesis are very crucial to achieve the adult morphology in 

feature. Histogenesis of the foetal liver follows a multistep 
process depending upon the gestational age, any deviation 
from normalcy may lead to structural and functional abnor-
mality later in life. So, a clear understanding of the biliary 
pattern during the fetogenesis as obtained through histo-
chemical study and ultrastructure of hepatic parenchyma 
will be of immense help in diagnosis and therapeutic seg-
mental resection.
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