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Abstract 

The organization of the intrahepatic biliary 
tree was studied in three dimensions by scanning 
electron microscopic (SEM) corrosion casts, in 
normal and cholestatic rat liver. 

In the normal liver the observation revealed 
the features of the biliary passages from the 
bile canaliculi to the canaliculo - ductular junc
tion, to the ductules and the bile ducts, confir
ming previous SEM observations. 

In cholestatic liver, the modifications and 
the proliferation of bile ductules appear clear
ly. 

Resin flow from canalicular to sinusoidal 
network was never observed. 

The method was found to be very useful in the 
evaluation of the architecture of the intrahepa
tic biliary tree, under normal as well as under 
pathological conditions. 
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tree; liver; bile ducts; bile canaliculi; extra
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Introduction 

During the last decade scanning electron mi
croscopy (SEM) has substantially contributed to
wards defining the submicroscopic morphology and 
the tridimensional arrangement of the liver. 

Many studies have dealt with the hepatocyte 
and the sinusoid structures (1,5,6,13,14, 18). 

Other studies were undertaken to observe the 
arrangement and the structure of the biliary tree 
( 5, 9, 12, 21). 

These fundamental studies have contributed 
towards clarifying what is currently considered 
the anatomical subdivision of the intrahepatic 
biliary tree. A particular contribution has been 
made in opening the argument about intracellular 
diverticula of canaliculi (12) and in studying 
the extension of the contact cell surface border
ing canaliculi (6). 

Interesting images of the cell surfaces lin
ing periportal ductules and ducts have been ob
tained (9). 

Ductules were characterized by a narrow lumen 
(2 - 4).Jm in width) lined by flat or cuboidal 
cells. Ductular cells show numerous microvilli, 
sparse cytoplasmic extensions, corresponding to 
"primary cilia", and rare cellular evaginations 
similar to blebs. Ducts are characterized by a 
larger lumen and denser cilia, 0.2)-lm in thick
ness and 5 - lOJJm in length . A dense connective 
sheath surrounds the ducts. 

These structures and their modifications have 
been thoroughly investigated in studies of ex
perimental pathology. 

Experimental extrahepatic cholestas i s has 
proved to be a very useful experimental model for 
obta ini ng elementary liver damages. In fact, it 
led us to study hepatocyte alterations, canalicu
lar dilatation, ductular proliferation, bile re
gurgitation, intrahepatic collagen fibrillo
genesis and many other pathological features of 
the liver that are also present in other patho-
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logical conditions . 
In our previous studies (2,4), rat liver, af

ter extrahepatic biliary obstruction, was obser
ved by means of current SEM and transmission 
electron microscopic (TEM) techniques in correla
tion with basic histochemical and hemato-clinical 
methods. 

We demonstrated proliferation of the intrahe
patic biliary tree, an increased number of cana
liculo - ductular junctions and an increase in 
the length of the bile canalicular network. 

Furthermore, we found support for the theory 
of the transhepatocytic and ductular pathways of 
bile regurgitation (2) by retrograde infusion of 
ferritin into the biliary tree and by observing 
an intact cytoplasmic barrier separating the bile 
canaliculi from Disse's space. The apparently 
weak barrier between the sinusoids and the bile 
canaliculi lumina has attracted the interest of 
the researchers studying the onset of jaundice in 
extrahepatic cholestasis. 

Nishi (19), in agreement with Metz et al . 
(10) and De Vos and Desmet (3), showed the SEM 
image of a rat bile canaliculus "widely'' opening 
into the space of Disse 14 days after ligation of 
the common bile duct. 

These observations have been supported by 
freeze etching studies of human patients with ex
trahepatic cholestasis (22,23). 

The hypothesis of a direct communication be
tween Disse's space and the canaliculi has been 
rejected in other studies that employed different 
techniques (2,8,25). 

Studies employing TEM serial sections do not 
permit an easy overall view of a tridimensional 
structure . On the contrary, SEM allows tridimen
sional observation. But when parenchyme is under 
study, what is observed is a cross section of the 
organ obtained by cutting or breaking. This means 
that mechanical forces are applied to the tissue 
during specimen preparation, possibly causing ar
tifacts or destruction of details in the area un
der study. 

the introduction of SEM mi
technique provided the means 
tridimensional arrangement of 

either blood vessels (ll) or 

In the seventies 
crocorrosion cast 
for observing the 
hollow structures, 
ducts (16). 

The SEM corrosion cast technique was first 
applied to the liver by Murakami et al. (15) to 
visualize the peribiliary portal system. 

Afterward, using a similar procedure, Nopani
taya et al. (20) studied the terminal distribu
tion of the hepatic artery and Kardon and Kessel 
(7) conducted a thorough study of the liver mi
crocirculation. 

In 1984 Murakami (17) tested a monomeric me
thacrylate injection medium to prepare microcor-
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rosion casts of the biliary tree in the rat. Bile 
canaliculi, ductules and ducts were well 
reproduced. Canaliculi were consistently filled 
only in the periportal areas. 

The present study was undertaken in order to 
demonstrate the usefulness of microcorrosion cas
ting in the study of the morphology of the intra
hepatic biliary tree, in normal and experimental 
conditions, and in order to contribute to the 
study of the possible direct connection between 
vascular and intrahepatic biliary trees. 

Materials and methods 

30 Wistar rats of both sexes and weighing 
200-300 gr were subjected to a double ligation 
followed by interruption of the common bile 
duct.Another 10-sham-operated rats served as con
trols. 
Surgical techniques. 

The operation was performed with the aid of a 
Zeiss operating micro-scope at lOX.The rats were 
anesthetized with an i .p. injection of 2.5-5 ml. 
of O.l %Farmotal (50 mg.Thiopental sodium and 30 
mg. sodium carbonate) followed by an administra
tion of an ether-oxygen mixture. The animals were 
then subjected to medial laparatomy during which 
the liver was displaced up and to the right, the 
common bile duct was exposed in an extrapancrea
tic position, a double ligation was performed 
with 6/0 silk wound thread and a cut made between 
the two sutures. With the abdominal layers 
closed , the rats were allowed to awake and were 
subsequently followed in thei r postoperative 
course. The rats were kept on a standard diet for 
28 days. This lapse of time was judged necessary 
to produce a severe cholestasis with its full 
pathological manifestations. 

At this point the casts of t he biliary tree 
were obtained. 
Cast preparation. 

The rats were anesthetized and the common 
bile duct was exposed with the same technique as 
described above. In control animals a 0.8 mm. 
cannula was inserted into the common bile duct, 
after ligation of its distal part. In operated 
animals the cannula was inserted into the proxi
mal stump of common bile duct. The bile was 
aspirated by means of a hand operated syringe. In 
order to somewhat open the dead-ended biliary 
tree, radial cuts about 0.5 cm in depth were 
performed every cm along the anterior margin of 
the liver. Then the biliary tree was gently 
washed for 30 sec with l.5-2 ml of Ringer's solu
tion. 

Subsequently l .5-2 ml of a 1% solution of 
glutaraldehyde in O.lM cacodylate buffer at pH 
7.3. was injected for l min. then, l .5-2 ml of 
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Mercox Cl 2R resin, mixed with a standard amount 
of its catalyzer, were injected by a syringe un
der moderate finger pressure. Time was left for 
polymerization. 

Then, the liver was cut into small fragments 
with a sharp razor blade. 

The specimens were macerated in a 15% Na0H 
solution at room temperature for 24 h. The sam
ples were rinsed in distilled water and then in 
5% trichloro-acetic acid solution in order to 
free casts from tissue remnants. 

Samples were taken only from casts sufficien
tly injected. The best perfused areas were found 
mainly in the periportal regions : they measured 
l to 3 mm. in diameter. 

Finally, they were fixed to stubs and covered 

Fig. l : Normal biliary 
Duct; BC= Bile Canaliculi; 
le; Bar = 100 ;m 

tree.PD Portal Bile 
(arrows) bile Ductu-

Fig. 2: Normal biliary tree. BC= Bile Canalicu
li; CDJ = Canaliculo-ductural junction; (arrows) 
= Rounded impression probably due to the nuclei 
of epithelial cells. BD = Bile ductule; Bar= 10 
µm 
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with gold in an Edwards Sputter and observed by a 
Cambridge 150 SEM, operated at 15-20 kV. 

Results 

Scanning electron microscopic observation of 
the cast of normal rat liver provided a three
dimensional detailed description of the biliary 
tree. 

According to the classic description of bi
liary tree, the bile canaliculi formed a dense 
interconnecting capillary network, connected with 
larger tubules (bile ductules) located in perilo
bular areas (generally in portal tracts); final
ly, the bile ductules flowed into the portal 
ducts forming approximately a right angle, after 

Fig. 3: Cholestatic biliary tree. PBD = Prolife
rating bile ductule; BC= Bile canaliculi; (ar
row). = Lateral diverticuli and sacculations of 
proliferating bile ductules; Bar 10 µm 

Fig. 4: Cholestatic biliary tree. PBD = Prolife
rating bile ductuli; BC= Bile Canaliculi (arrow) 
= Sacculations and lateral diverticuli; Bar= 10 
µm 
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a course in the perilobular space, running, some
times, parallel to the bile ducts (Fig. l ). 

The bile ducts and ductules exhibited a regu
lar luminal diameter and their course was approx
imately straight. 

At higher magnification, the cast surface of 
bile ducts and ductules showed the presence of 
rounded depressions which were absent on the cast 
surface of bile canaliculi. These rounded depres
sions, which appeared to be more numerous in the 
larger ducts, are probably due to the rounded nu
clei of epithelial cells (2,4,9) crushed against 
the connective tissue around the structures. 

These circular impressions appear broader 
than the diameter of cilia and cannot be attri
buted to membrane processes. We never observed 
these features in canalicular casts. 

The canaliculo-ductular junctions can be 
identified by the funnel-shaped casts present 
near the bile canaliculi opening into bile ductu
les (Fig. 2). 

The cast of biliary trees after cholestasis 
showed a homogeneous pattern of alterations. We 
observed a noticeable proliferation of bile duc
tules, which may also be frequently encountered 
in the centrolobular area (Fig. 3). 

The network of bile canaliculi was more 
dense. At higher magnification bile ductules and 
bile canaliculi appeared widely dilated with tor
tuous course, numerous lateral sacculations and 
dead ends (Fig. 4), according to our previous TEM 
and SEM observations (2,4). 

The cast of normal and pathological bil i ary 
trees did not exhibit evidence of the vascular 
one. In fact, we never observed resin regurgita
tion from the bile canaliculi into the sinusoids. 

Discussion 

In agreement with the indications given by Mu
rakami (17) we found microcorrosion cast par
ticularly useful to confirm and elucidate the 
tridimensional organization of normal biliary 
tree. 

However, problems concerning the injection of 
a closed system must not be underestimated. In
jection of any fluid in the dead-ended bile tree 
heightens its inner pressure. For this reason we 
tried to open the system by a series of cuts and 
we also lowered its pressure by suction of the 
bile and the perfused solutions. However, some 
artifacts are possible. For this reason we avoi
ded studying the central part of the classic lo
bule where the pressure during injection was hi
gher because of the presence of the dead ends of 
canaliculi. Nevertheless, both under normal and 
pathologic conditions, corrosion casts showed 
that the diameters of canaliculi, ductules and 
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ducts were notably larger than in observations by 
SEM. This indicates a stretching of the bile tree 
lumen by the resin. 

Our observations, corroborated by previous TEM 
and SEM studies (9, 12, 24), led us definitively 
to identify the architecture of bile canaliculi, 
canaliculo-ductular junctions, bile ductules and, 
in portal tract, bile ducts; moreover they ena
bled us to evaluate their tridimensional rela
tionships. 

On the other hand, the observation of chole
static casts shows a disarrangement of the normal 
lobular structure,with an evident ductular pro
liferation. 

The intralobular position of proliferating 
bile ductules confirms and clarifies previous 
observations (24). 

The corrosion cast technique also provides 
further details on modifications of caliber, tor
tuous length, pocketing and side branching of 
proliferating bile ductules, corroborating our 
previous SEM and TEM observations (2,4). The me
thod used obviously does not allow one to measure 
the actual diameters of ducts. We can, however 
compare different samples obtained from different 
animals when a standard procedure is followed. 

In addition, the fact that both normal and 
cholestatic biliary tree casts never exhibit re
sin regurgitation into vascular sinusoidal bed, 
is in agreement with the hypothesis of the absen
ce of direct communication between the bile ca
naliculi and the space of Disse, even in advanced 
cholestasis. This contention is supported by nu
merous authors (2, 8, 25) but is opposed by some 
SEM researchers (19). Furthermore, these findings 
confirm our SEM observations (2), demonstrating a 
hepatocytic cytoplasmatic strip (O.l - l µmin 
thickness) always present between the biliary 
channel and the subendothelial space. 
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