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Abstract Intermediate filaments (IF) maintain the struc- 
tural and functional integrity of cells. To investigate 
whether IF change as a consequence of increased me- 
chanical pressure and what the significance of such alter- 
ations is for the integrity of hepatocytes, we investigated 
alterations of IF in rat liver following common bile duct 
ligation (CBDL). Immunofluorescence of cytokeratin 18 
was performed on extracted cryostat sections which were 
also used for electron microscopy. Ultrathin sections of 
mildly extracted liver tissue were applied to reveal the 
relationship between IF and intercellular junctions and 
cytoplasmic organelles. Our results showed that hepato- 
cellular IF underwent striking changes during CBDL. 
The so-called pericanalicular sheath disappeared and IF 
were rigidly rearranged at the cell periphery, appearing 
as honeycomb-like structures. Increased amounts of IF 
were found in close association with increased numbers 
of desmosomes at the lateral membranes of hepatocytes, 
and electron-dense desmosome-like bodies were even 
observed in the ectoplasm at bile canaliculi. Rearrange- 
ment of IF in the cytoplasm resulted in segregation of 
subcellular compartments. The increased density of the 
IF network and desmosomes are compensatory mecha- 
nisms of hepatocytes to resist increased mechanical load 
and disperse the tension. However, the intracellular rear- 
rangement of IF leading to segregation of subcellular 
compartments may also have distinct effects on hepato- 
cellular metabolic functions. 
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Introduction 

Intermediate filaments (IF), together with microfilaments 
and microtubules, form the cytoskeleton (CSK) of eu- 
karyotic cells. Understanding of the molecular compo- 
nents, the dynamics and the morphology of CSK has 
contributed a great deal to the current concepts of the 
principles of cell locomotion, cell division, transcellular 
transport, intercellular adhesion, and cellular morpho- 
genesis [28, 36]. 

However, IF are still the least understood component 
of the CSK with respect to their physiological functions 
[14, 39]. During the last 15 years, the information avail- 
able on IF protein composition [32], dynamic regulation 
[5, 27, 45] and structural organization [10, 21] has in- 
creased remarkably in volume. IF are thought to protect 
cells against mechanical stress and provide structural 
support [15]. The IF-desmosome complex allows trans- 
duction of shearing forces from one cell to another [40, 
44]. Lazarides et al. [26] proposed that IF function as 
mechanical integrator of the cellular space regulating 
cell shape and distribution of organelles in the cyto- 
plasm. It has also been suggested that IF are involved in 
cellular signalling [11], autophagy and transcellular 
transport [41. 

IF in hepatocytes are composed of cytokeratins (CK) 
and form a meshwork extending from desmosomes at the 
lateral walls throughout the cytoplasm. They form a sup- 
portive network around bile canaliculi, the so-called 
pericanalicular sheath [21]. An intact pericanalicular 
sheath is considered to be essential for structural integri- 
ty of the bile canaliculus and for bile secretion [22, 23]. 
Pathological alterations of IF in liver have been investi- 
gated mainly in relation to their role in Mallory body 
formation in alcoholic liver disease [6, 13, 19, 30]. Re- 
cently, Ku et al. [25] introduced transgenic mice with 
mutant CK 18 which developed chronic hepatitis and 
fragile livers in association with CK8/CK18 filament dis- 
orders. French et al. [29] demonstrated focal disruption 
of the pericanalicular sheath during experimental chole- 
stasis. 
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Choles tas i s  is usua l ly  def ined  as d i s turbance  o f  nor-  
mal  b i le  secre t ion  a c c o m p a n i e d  b y  accumula t ion  o f  sub- 
s tances in the b lood  that  are n o r m a l l y  secre ted  in b i le  
[7]. Ma l func t ion ing  o f  mic ro f i l ament s  and/or  micro tu-  
bules  dur ing choles tas is  has been  wel l  documen te d  and 
has been  shown to p l ay  an impor tan t  role  in the fa i lure  of  
bi le  secre t ion  and re tent ion  o f  b i le  f lu id  (for rev iews see 
[34, 35]. In contrast ,  l i t t le  a t tent ion has been  pa id  to the 
s tructural  o rgan iza t ion  o f  IF  and its s ign i f icance  in ob-  
structive choles tas is .  Obs t ruc t ive  choles tas is  increases  
b i l i a ry  mechan ica l  pressure ,  which  m a y  modu la t e  hepa-  
toce l lu la r  I E  This  m a y  affect  funct ions  o f  IF  as in tegra-  
tors o f  the cy top la smic  space  and structural  suppor ters  in 
hepatocytes .  In order  to e luc ida te  the role  o f  IF  in the 
pa thogenes i s  o f  ex t rahepa t ic  choles tas is  i nduced  b y  com-  
mon  b i le  duct  l iga t ion  (CBDL) ,  we inves t iga ted  the sub- 
ce l lu la r  o rgan iza t ion  o f  IF  and its a l tera t ions  in hepa-  
tocytes  dur ing  C B D L .  M o r p h o l o g i c a l  features  o f  IF  de- 
t e rmined  by  l ight  m i c r o s c o p y  (LM) and e lec t ron  micros -  
copy  (EM) were  cor re la ted  with  the inc reased  number  o f  
d e s m o s o m e s  and changes  in the spat ia l  o rgan iza t ion  o f  
cy top la smic  organel les .  

Materials and methods 

Twelve male Wistar rats, each weighing 200-250 g, were used. All 
animals had free access to water and food and were kept in a con- 
stant environment with respect to temperature, humidity and day- 
light cycle. In nine animals extrahepatic cholestasis was induced 
by CBDL as described elsewhere [3]. On the day of operation, the 
common bile duct was ligated twice under ether anaesthesia be- 
tween the liver hilus and the head of the pancreas. The duct be- 
tween the ligatures was then resected. Incisions of the abdominal 
muscle and skin were closed with a continuous suture. Antibiotics 
were not administered after operation and water and food were 
again freely accessible. Three sham-operated rats were kept under 
the same environmental conditions as rats with CBDL and were 
used as controls. After 2, 7 and 14 days of CBDL, rats were sacri- 
ficed under ether anaesthesia and livers were removed. Livers 
were cut into pieces which were either frozen in liquid nitrogen 
and used for cryostat sectioning for LM and EM purposes, or 
treated with saponin followed by conventional EM procedures. 

In order to examine the architecture of IF, cryostat sections 
were intensively extracted using the method of Fey et al. [10] as 
modified by Katsuma et al. [21]. Cryostat sections (10 gm thick) 
were cut on a Bright motor-driven cryostat at a cabinet tempera- 
ture o f -25°C and mounted on grids attached to coverslips by a 
formvar film. 

Cryostat sections were not allowed to dry before extraction. 
Sections were extracted for 6 min at 4°C. The extraction medium 
consisted of 100 mM NaC1, 3 mM MgC12, 300 mM sucrose, 0.5% 
Triton X-100 (Merck, Darmstadt, Germany), 1.2 mM phenylmeth- 
ylsulfonyl fluoride (Sigma, St. Louis, Mo.), 0.1 mM iodoacet- 
amide (Merck) and 10 mM Pipes buffer, pH 6.8. Sections were 
then rinsed in the same medium with 250 mM (NH4)2SO 4 as sub- 
stitute for 100 mM NaC1 for 6 min at 4°C, and were treated with 
this medium containing 100 gg/ml bovine pancreatic DNase-1 
(Sigma) and 100 gg/ml bovine pancreatic RNase-A (Sigma) for 
10 rain at 22°C, and finally washed in a medium containing addi- 
tional 250 mM (NH4)2SO 4 for 6 rain at 22°C. After the extraction 
procedure, sections were fixed immediately with 2% glutaralde- 
hyde in 100 mM cacodylate buffer, pH 7.4, for 30 min at 22°C fol- 
lowed by fixation with 1% osmium tetroxide in the same buffer for 
10 rain at 22°C. After fixation, samples were dehydrated through a 
graded series of ethanol, followed by CO 2 critical point drying and 
carbon coating. The specimens were observed with transmission 

electron microscopy (EM 10c; Zeiss, Oberkochen, Germany) at 
80 kV. 

For immunofluorescence cryostat sections 7 gm thick were cut 
on a Bright motor-driven cryostat at a cabinet temperature of 
-25°C and mounted on Superfrost glass slides. Unfixed cryostat 
sections were extracted with the same procedure as described 
above. After extraction, sections were rinsed three times in phos- 
phate-buffered saline (PBS) and incubated with monoclonal 
mouse anti-human CK18 (RGE 53, IgG 1, undiluted; a gift from 
Prof. Dr. F.C.S. Ramaekers, Dept. of Molecular Cell Biology, Uni- 
versity of Limburg, Maastricht, The Netherlands) for 60 rain at 
22°C followed by 30 min rinsing in PBS. Then sections were ex- 
posed to fluorescein isothiocyanate (FITC)-conjugated secondary 
antibody (Sigma,) 1:80 in PBS, for 60 min at 22°C. Finally, sec- 
tions were rinsed in PBS and mounted in anti-fading mounting 
medium (Vectashield; Vector Lab., Burlingame, Calif.) and studied 
with a fluorescence microscope (Zeiss). Control staining was per- 
formed by incubating sections only with the FITC-conjugated sec- 
ondary antibody and not with the primary antibody. 

In order to investigate IF in relation to cytoplasmic organelles 
and intercellular junctions, a mild extraction method was applied 
according to Araki et al. [1]. Briefly, fresh liver tissue was cut into 
small pieces up to 1 mm 3, which were immediately immersed in a 
solution of 0.03% saponin (Sigma), 1 mM phenylmethylsulfonyl 
fluoride and 5 gM leupeptin (Sigma) in PHEM buffer (60 mM 
Pipes, 25 mM Hepes, 10 mM EGTA and 2 mM MgC12, pH 6.8) 
for 20 min at 22°C. After extraction, the tissue blocks were rinsed 
in PHEM buffer containing 8% sucrose for 30 min, and then fixed 
in a solution of 1% glutaraldehyde, 4% paraformaldehyde, 0.5% 
tannic acid and 8% sucrose in PHEM buffer, pH 6.8, for 2 h at 4°C 
and post-fixed with 1% osmium tetroxide in the same buffer for 
1 h at 4°C. After block-staining with 1% uranyl acetate in distilled 
water for 30 rain at 22°C, the specimens were dehydrated and em- 
bedded in LX-112 epoxy resin according to routine procedures. 
Ultrathin sections were stained with uranyl acetate and lead citrate 
and analysed with a Zeiss EM 10c transmission electron micro- 
scope at 80 kV. 

Results 

M orpho log i c a l  p roper t ies  of  IF  were  de te rmined  by  
means  of  immunof luo re scence  o f  CK18-  and Tri ton X- 
100-extracted c ryos ta t  sect ions  examined  with  EM.  
These  approaches  p rov ided  s imi lar  in format ion  on the 
s tructural  o rgan iza t ion  o f  IF  in rat  l ivers.  Immunof luo -  
rescence  mic ro sc opy  showed  a f i l amentous  m e s h w o r k  o f  
CK18  th roughout  the cy top l a sm of  hepa tocy tes  o f  con-  
trol  l iver  wi th  h igher  amounts  at the cel l  pe r iphery  
(Fig.  1A). Tube- l ike  structures,  the so-ca l led  per icana l ic -  
ular  sheaths,  were  obse rved  at b i le  canal icul i .  The  f luo- 
rescence  in tens i ty  at b i le  canal icu l i  was enhanced  after  2 
days  of  C B D L  (Fig.  1B). C B D L  for 7 induced  la rge ly  in- 
c reased  amounts  o f  CK18 in the cy top l a sm of  some he- 
pa tocy tes  and per icana l i cu la r  sheaths were  hard ly  recog-  
n izab le  in these  cel ls  (Fig.  1C). Fur thermore ,  the in- 
c reased  f luorescence  in tens i ty  at the cell  pe r iphery  gave 
r ise to a h o n e y c o m b - l i k e  appea rance  of  CK18 in hepa-  
tocytes  fo l lowing  C B D L  for 14 days  (Fig. 1D). 

The  al tered structural  o rganiza t ion  of  IF  was obse rved  
in more  detai l  in ex t rac ted  cryos ta t  sect ions  at the E M  
level.  The  ne twork  o f  IF  was indeed  presen t  th roughout  
the cy top l a sm f rom the pe r iphe ry  of  the cel ls  to the sur- 
face o f  the nucle i  in control  hepa tocy tes  (Fig.  2A).  The  
organ iza t ion  o f  IF  at the cel l  pe r iphery  was polar ized:  
b ranch ing  tube- l ike  structures of  IF, the so-ca l led  per ica-  
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Fig. 1 LM micrographs of extracted cryostat sections showing im- 
munofluorescence of CK18 A in control and B cholestatic liver af- 
ter common bile duct ligation (CBDL) for B 2, C 7, and D 14 days. 
A CK18 is present in the cytoplasm of hepatocytes showing a fila- 
mentous network with high amounts at the cell periphery. Tube-like 
so-called pericanalicular sheaths are present at the bile canalicular 
region (arrowheads). B Increased amounts of CK18 are mainly de- 
tected at the bile canalicular and lateral membranes, with radial ar- 
rangements of filaments into the cytoplasm of hepatocytes. The 
pericanalicular sheath is thickened (arrowheads). C CK18 is ex- 
pressed heterogeneously in liver lobules. Some hepatocytes show 
very high amounts of CK18 in the cytoplasm and then the perica- 
nalicular sheath is hardly detectable. D CK18 is rearranged at the 
cell periphery as a honeycomb-like structure where the pericanalic- 
ular sheaths have disappeared. The amount of CK18 in the cyto- 
plasm is also increased. Original magnifications: A-B x50 

nalicular sheath, were localized at the bile canalicular 
domain and corresponded to the tube-like structures of  
immunofluorescence of CK18 in Fig. 1A; IF sheets were 
present at the basolateral domain (Fig. 2A). This polarity 
of IF was gradually disturbed by CBDL. Pericanalicular 
sheaths became thickened (Fig. 2B), widened (Fig. 2C) 
and then undetectable (Fig. 2D). After 14 days of  CBDL, 
IF sheets were arranged densely at the cell periphery in 
an unpolarized manner leading to a well-defined polygo- 
nal outline of IF in hepatocytes (Fig. 2D), which was in 
agreement with the honeycomb-like structures of immu- 
nofluorescence of CK18 as shown in Fig. 1D. 

The mild extraction procedure using saponin as deter- 
gent showed the cytoplasm of hepatocytes to be electron 
lucent owing to loss of soluble cytoplasmic components 
after extraction (Fig. 3A). The intercellular junctions 
were readily observed. Cytoplasmic organelles, such as 
mitochondria, endoplasmic reticulum, Golgi complexes, 
lysosomes and peroxisomes, were well preserved. IF, 
which appeared as single filaments or thin bundles, were 
observed mainly at the lateral membrane of hepatocytes 
often connected with desmosomes,  but were seldom 
found in the cytoplasm (Fig. 3A). Alterations of  IF in 
livers after 2 days of CBDL were not obvious, but were 
clearly visible following 7 and 14 days of  CBDL. Figure 
3B shows that the amount of  IF and the number of  des- 
mosomes at lateral plasma membranes of  hepatocytes 
were considerably increased. Amorphous electron-dense 
material was frequently observed in the ectoplasm, either 
accumulated locally (Fig. 3C) or, together with the des- 
mosomes at lateral membranes,  arranged in a direction 
parallel to the axis of  bile canaliculi (Fig. 3D). This elec- 
tron-dense material was apparently associated with IE  
Desmosome-l ike electron-dense material was also ob- 
served between microvilli in the lumen of bile canaliculi 
(Fig. 3, inset). Furthermore, the number of  IF in the cyto- 
plasm increased and appeared as thick bundles. In some 
areas of  the cytoplasm, IF were arranged around cyto- 
plasmic domains containing organelles such as mito- 
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Fig. 2 EM micrographs of extracted unembedded cryostat sec- 
tions of A control and B cholestatic liver after CBDL for B 2, C 7, 
D 14 (D) days. A Intermediate filaments (IF) are arranged as a 
meshwork throughout the cytoplasm from the cell periphery to the 
nucleus. At the cell periphery, IF are organized in a polarized 
manner, showing branching tube-like structures, the so-called peri- 
canalicular sheath, at the bile canalicular region (arrowheads) and 
IF sheets at the basolateral domain (arrows). B The pericanalicular 
sheath is thickened and has become more electron dense (arrow- 

heads); IF sheets at the basolateral membrane have also become 
more dense (arrows). C The pericanalicular sheath is enlarged (ar- 
rowheads) and IF sheets are widened extending into the cytoplasm 
(arrows). D The polarity of IF at the cell periphery has disap- 
peared. IF at the cell periphery are densely arranged showing a 
honeycomb-like structure. IF in the cytoplasm are densely orga- 
nized. N nucleus. Original magnifications: A, B x4000, C x5000, 
D x2500 
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Fig. 3 EM micrographs of saponin-extracted and embedded ultra- 
thin sections of A control and B - D  cholestatic liver after CBDL 
for 14 days. A IF are observed mainly at the lateral membranes of 
hepatocytes in connection with desmosomes (arrow). B Increased 
numbers of desmosomes are present at the lateral membrane in as- 
sociation with increased amounts of IF. C Electron-dense material 
with insertion of IF accumulates locally in the ectoplasm in the vi- 

cinity of the bile canaliculi. D Electron-dense material in close re- 
lation to IF is present underneath the bile canaliculi, in part on the 
lateral membranes, and is arranged in a direction parallel to the 
axis of the bile canaliculi. Inset Desmosome-like electron-dense 
bodies (arrows) are observed between microvilli in the lumen of 
the bile canaliculi. Asterisks: bile canaliculi. Original magnifica- 
tions: A, B x20,000, C x16,000, D xl0,000, Inset 31,500 
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Fig. 4 EM micrograph of saponin-extracted and embedded ultra- 
thin sections of cholestatic liver after CBDL for 14 days. Subcel- 
lular domains are segregated by increased amounts of IF appearing 
as thick bundles (arrowheads) in the cytoplasm of hepatocytes. 
Original magnification: x 12,500 

chondria, endoplasmic reticulum or peroxisomes and 
seemed to encapsulate them from the rest of the cyto- 
plasm (Fig. 4). 

Discussion 

The structural organization of IF in hepatocytes and its 
relation to intercellular junctions and cytoplasmic organ- 
elles were investigated by means of immunofluorescence 
of CK18 and EM using different extraction procedures. 
The results showed that CBDL for 14 days induced three 
significant changes in IF. There was rearrangement at the 
cell periphery and in the cytoplasm as a compensatory 
response of hepatocytes to the increased mechanical 
load, increased amounts of IF in close association with 
the increased number of desmosomes at the lateral mem- 
brane of hepatocytes, and reorganization resulting in seg- 
regation of cytoplasmic organelles. 

IF consist of a filamentous meshwork that extends 
from the nucleus to the periphery of the cell [10]. In cells 
of the epidermis, this IF meshwork can resist mechanical 
tension efficiently. In hepatocytes, the IF network at the 
bile canalicular domain is organized into tube-like struc- 
tures providing mechanical support and acting as a scaf- 
fold for the pericanalicular microfilaments [21]. This 
structure is considered to be important for the functional 

integrity of the bile canaliculus [21, 29]. Mechanical per- 
turbation due to CBDL destroys the canalicular sheaths, 
which may lead to widening of the bile canaliculus. Our 
study has shown that the structure of pericanalicular 
sheaths is progressively impaired during CBDL. Rigid 
rearrangement of IF showing honeycomb-like structure 
appeared at the periphery of the cells. This rearrange- 
ment of IF is believed to enhance the mechanical 
strength of hepatocytes to withstand the increased biliary 
pressure. In the studies of Ingber et al. [18, 38, 43] using 
a tensegrity (tensional integrity) cell model, the force-in- 
duced rearrangement of CSK in living cells was demon- 
strated to be a response to mechanical perturbation. CSK 
stiffness (as measured by the ratio of stress to strain) in- 
creased proportionally with the external stress applied 
which required intact CSK elements such as IF [43]. The 
loss of IF caused by using anti-sense oligodeoxynucleo- 
tides reduced the mechanical rigidity of living tissues 
[41]. 

In our rat model of cholestasis, the mechanical load 
exerted upon hepatocytes increases after CBDL. As a re- 
sponse to this increased mechanical stimulus, IF were re- 
arranged and condensed preferentially at the cell periph- 
ery, as shown in Fig. 2D. IF also appeared as thick bun- 
dles like tonofilaments in the cytoplasm. Tonofilaments 
are usually observed in keratinocytes and are important 
for strengthening and protecting tissues from stress and 
deformation. The present study has demonstrated that 
hepatocellular IF are capable of reorganizing to match 
higher biliary pressures due to CBDL. However, the 
mechanism by which regulations of dynamics of IF dur- 
ing CBDL take place is not clear. A series of in vitro 
studies of Goldman et al. (for a review see [8]) indicate 
that protein phosphorylation of IF is a major factor in the 
regulation of IF polymerization, subcellular organization 
and dynamics. For example, phosphorylation of keratin 
in liver resulted in a polar reorganization of IF at the ba- 
solateral domain of hepatocytes [27]. It has been shown 
that the kinase-phosphatase equilibrium of IF proteins is 
essential for the polymerization and depolymerization of 
IF [8, 9]. Therefore, it is assumed that high concentra- 
tions of bile acids and/or increased mechanical signalling 
due to CBDL may disturb the dynamic properties of IF 
proteins, leading to overpolymerization of IF, which ei- 
ther appear densely rearranged at the periphery of the 
cells or show tonofilament-like filaments in the cyto- 
plasm of the cells. Bile acid was recently reported to be 
able to function as a cytokine causing overexpression of 
major histocompatibility complex class I in chotestatic 
hepatocytes [17]. Furthermore, the possibility of altera- 
tions in the molecular composition of IF proteins which 
may account for the thickened IF in CBDL liver cannot 
be ruled out. 

Desmosomes are able to transfer mechanical stress 
applied from one cell to another and thus throughout the 
entire tissue [2]. They not only serve as a site of rein- 
forcement of cell-cell adhesion but also function as an 
anchorage point for the IF scaffold in cells [16, 24, 33, 
42]. The considerably increased numbers of desmosomes 



at the lateral membranes of  hepatocytes after CBDL are 
in agreement with previous observations [7]. Surprising- 
ly, desmosome-like structures are also observed in the 
bile canalicular membranes between adjacent microvilli 
or in the ectoplasm where intimate cell-cell  contacts 
were not present (Fig. 3). Moreover, the desmosome-like 
electron-dense bodies in ectoplasm together with the 
desmosomes at lateral membranes are arranged in a di- 
rection parallel to the axis of  bile canaliculi. We believe 
that these phenomena are directly associated with the 
raised mechanical stress. Here, an increased number of  
desmosomes is required by hepatocytes to disperse ten- 
sion from a local to a wider scale within the cell. In this 
case, desmosomes may assemble at places where 
cell-cell  contact is absent. A study on transduction of 
mechanical force in living cells demonstrated that focal 
adhesion formation was correlated with local force trans- 
fer at the cell surface where cell-cell  contact was not 
present [43]. Jones et al. [20] studied morphogenesis of 
desmosomes in relation to IF in cultured mouse epider- 
mal cells and found that desmoplakin, a desmosome 
plaque protein, was preformed in the cytoplasm and ap- 
pears as electron-dense material before desmosome as- 
sembly at the lateral membrane. High doses of  Ca 2÷ in 
the culture medium initiated movement  of  IF accompa- 
nied by migration of desmoplakin from the cytoplasm to 
the cell surface where desmosomes assemble [20]. On 
the basis of this background information and our present 
findings, we hypothesize that desmosomes together with 
IF are capable of  assembling at the surface of hepa- 
tocytes, where cell-cell  contact may not be present but 
where mechanical tension is exerted as a result of  
CBDL. This hypothesis will be further investigated by in 
situ analysis of  the presence of desmoplakin in desmo- 
some-like electron-dense structures in cholestatic liver. 

IF are not only associated with desmosomes but also 
interact with cellular organelles and function as integra- 
tors of  the intracellular space. As demonstrated here and 
in other studies [12, 31, 37], IF form a filamentous net- 
work throughout the cytoplasm of cells from the nucleus 
to the cell surface, which may provide a direct pathway 
for mechanical and biochemical information transfer. 
Forgacs [11] took his percolation theory as the basis of 
his proposal that the CSK filamentous network plays a 
fundamental part in inter- and intracellular signalling. 
Our data indicate that the rearrangement of  IF in the cy- 
toplasm, resulting in segregation of subcellular domains, 
may interfere with normal metabolic pathways, leading 
to perturbation of hepatocellular function such as trans- 
cellular transport and bile secretion during CBDL. 

In summary, CBDL results in significant changes in 
IF organization and its relationship with desmosomes 
and cytoplasmic organelles. On the one hand, this rear- 
rangement of  IF is required by hepatocytes to resist high 
mechanical stress caused by CBDL; on the other, the re- 
arranged IF disturb normal structural organization of the 
cell, and this may lead to failure of  hepatocellular meta- 
bolic functions. 
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