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A n u m b e r  of our previous publicat ions have referred to the focal or diffuse 
dis turbances  of hydra t ion  of bi l iary epithelial cells, endothehal  cells or Kupffer  
cells which occur in  the livers of rats after l igation of the common bile duc t  
(CA~aUT~E~S and  S~EI~E~ 1961; KALIFAT, CA~RUTHE~S and  STEINEt~ 1962; 
STEINEI% and  C~a~uTI~as  1962; STEINER, CAX%X~UTI-IERS and  KALIFAT 1962; 
STEINE~, CA~RUTHE~S and  KALIFA~ 1962). As these studies progressed, 
it  became apparen t  tha t  all of these al terat ions might  be the result  of an i n j u r y  
by  the same agent  or agents. 

I t  is the purpose of this paper to describe concisely these findings, and  to 
suggest an explanat ion  for their  occurrence, on the basis of a s tudy  of the 
behaviour  of colloidal mercuric sulphide particles injected retrogradely into the 
occluded common bile duet. 

Materials and methods 
Animals. White, male, Wistar rats, weighing approximately 250 gin, were maintained 

on Purina Laboratory Chow and water ad libitum. 
Ligation of bile duet. The rats were anaesthetized with ether and the abdominal organs 

exposed by a mid-line incision. The common bile duct was divided between double ligatures 
of cotton. 

Injections ot colloidal mercuric sulphide. Ten rats, whose common bile duct had been 
ligated 7 days previously, were anaesthetized with ether, and given a retrograde intrabiliary 
injection of 2 ml of an 8% suspension of colloidal mercuric sulphide (HgS) (Hille & Co., 
Chicago, Illinois). The material was administered through a syringe and needle, but care 
was taken to exert minimal pressure on the plunger. The injection was completed within 
one minute, and a biopsy was taken less than 60 seconds later. The particles of colloidal 
I-ItS never exceeded 250 _~ in diameter, and the smallest were 70 A in diameter when measured 
in electron micrographs. 

Sacrifice. A total of 20 rats were killed at selected times. Four were killed on the 1st 
day postoperatively, one on the 7th, 8th, 12th, and 13th days, two on the 14th, one on the 
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15th, 16th, i7th, and 20th days, two on the 21st and 25th days, and one on the 33rd and 
39th days post-operatively. A further six rats, kept under the same conditions were killed 
from time to time as normal controls. All rats were killed between 9 and 10 a.m., to reduce 
as much as possible variations caused by diurnal cycles of feeding and other such factors. 
As soon as ether anaesthesia had been induced in the rats to be killed, the abdomen was 
opened and tissues taken from the right half of the median lobe of the liver. 

Histologic techniques. Tissues for light microscopy were fixed in buffered formalin 
(pH 7.0) and embedded in paraffin. Sections were stained with haematoxylin and eosin 
and, whenever appropriate, with the periodic acid-Schiff method with or without prior 
salivary digestion. 

Tissues for electron microscopy were fixed in Palade's buffered osmium tetroxide (pit 7.4) 
containing 0.25 M sucrose (CAvFInLD ]957). 2 ml of fixative was used for each sample. The 
fixative was stored at 40 C, and was maintained at this temperature for 90 minutes after the 
insertion of the tissue. Fixation was then continued for a further 30 minutes at room tem- 
perature. The tissues were dehydrated in a graded series of ethanol solutions, and embedded 
in epoxy resin (Epon 812) by the method of LC~T (196l). Sections were cut on a Porter-Blum 
ultramicrotome with glass knives and stained by flotation on a saturated aqueous solution 
of uranyl acetate at 600 C (WATsO~ 1958). The sections were picked up on Formvar-eoated 
grids, and examined in an I~CA-EMU 3 E electron microscope. 

Results 
All the  changes to be descr ibed deve loped  wi th in  24 hours  and  pers is ted  for 

the  ent ire  per iod  of observat ion .  

A. Changes in biliary epithelial cells 

E x a m i n a t i o n  of the  d i la ted ,  newly- formed duc tu la r  channels,  which arise 
a f te r  induct ion  of ex t r ahepa t i c  cholestasis,  revea led  two changes ind ica t ive  of 

d i s tu rbance  of the  h y d r a t i o n  of the  b i l i a ry  epi the l ia l  cells. 
F i r s t ly ,  m a n y  of the  microvilli facing the duc tu la r  lumina  were m a r k e d l y  

oedematous ,  and  were often peduncu la ted  (Figs. 1 and  2). I n  some b i l i a ry  
epi thel ia l  cells, the  ent i re  lumina l  border  was occupied b y  a single sessile micro- 
vil lus which was enormous ly  d i l a ted  (Fig. 2). I n  others,  only  a por t ion  of the  
lumina l  border  was t aken  up  b y  such oedematous  microvil l i ,  the  o ther  micro- 
vil l i  being e i ther  r e la t ive ly  no rma l  or lost  (Fig. 1). The hya]oplasm of the  oedema- 
tous  microvi l l i  was usua l ly  somewhat  less electron-dense t han  t h a t  of the  ad jacen t  
ma in  per ika ryon ic  mass  of cytoplasm.  On rare  occasions, t hey  were of equal  
e lect ron opaci ty .  The oedematous  mierovi]l i  were devoid  of organelles, except  
for occasional  smooth-surfaced  vesicles, which i m p a r t e d  to some a Swiss-cheese 
appearance .  Near  the  base of oedematous  microvil l i ,  r ound  profiles wi th  a 
covering m e m b r a n e  of an  in tens i ty  equal  to t h a t  of the  luminal  l imi t ing cell 
m e m b r a n e s  were found. These were in t e rp re t ed  as res idual  t ubu l a r  channels  
a t  poin ts  where ad jacen t  microvi l l i  fused dur ing  the  phase of developing oedema 
(Fig. 2). The oedematous  hyMoplasm of the  microvi l lus  was usual ly  a b r u p t l y  
de l inea ted  from the  sub jacen t  cy top lasm of the  cell (Figs. 1 and  2). 

The second change suggest ive of a d i s tu rbance  in the  hyd ra t i on  of the  b i l i a ry  
epi thel ia l  cells was a variation in the overall electron opacity o/ biliary epithelial 
cells. Fig.  4 i l lus t ra tes  this  point .  The wedge-shaped cell in the  left  upper  corner 
of the  mic rograph  has a m a r k e d l y  more  dense hya lop lasm than  the other  two 
cells seen in the  picture .  I n  the  " d a r k "  cell, the  conten t  of the  cisternae of the  
endoplasmic  re t icu lum is cons iderably  less e lect ron opaque  t h a n  the  surrounding 
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hyMoplasm, but in the "light" cells the ergastoplasmic content is equal in opacity 
to the hyMoplasm. I t  will be seen that  the opacity of the "dark" cell is not due 
to a condensation of free ribosomes, since the cell in the lower half of the picture, 

F i g .  1. A bi le  d n c t u l e  is  s u r r o u n d e d  b y  n u m e r o u s  b i l i a r y  e p i t h e l i a l  cells.  A l u m i n a l  r e c e s s  (lr) a n d  loss 
of  m i e r o v i l l i  on  one  cell  s u r f a c e  ( a r r o w s )  i n d i c a t e  d i l a t a t i o n  of  t h e  l u m e n .  N o r m a l  m i c r o v i l l i  (mvl)  
a r e  p r e s e n t  on  one  cell  s u r f a c e ,  a n d  on  o t h e r s  s o m e  m i c r o v i l l i  a r e  o e d e m a t o u s .  T h e i r  m a t r i x  is  e i t h e r  
l i g h t e r  (mv~) or  e q u a l  to  (mv~) t h e  d e n s i t y  of  t h e  h y a l o p l a s m  of  t h e  p a r e n t  cell  (c.m. cei l  m e m b r a n e ,  

n .  nuc l eus ) .  6240 • 

which contains many more lree Palade granules than the other cells, remains 
"light". These changes in the overall electron density were found not only in 
cells which abutted on a lumen, but also in intercalated cells which did not reach 
a lumen in the plane of section. 

B. Changes in endothelial cells 

Disturbances in the hydration of the cytoplasm of endothelial cells lining 
blood capillaries and lymphatics were observed in focal areas in the granulation 
tissue which develops around the new duetules which proliferate in the rats 

8* 
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Fig. 2 

Fig. 3 

Fig. 2. An oedematous  microvil lus is pro jec t ing  into the  inm~n (1) of a dnctnle.  Note the  a b r u p t  
delineation be tween  the  m a t r i x  of the  microviUus and  tile hya lop lasm of the subjacent  cell, Tt~e round  
profiles a t  the  base of the  microvil ins (arrows) are in te rp re ted  as residual  tubules  af te r  fusion of 

mierovil l i  dur ing the  process of developing oedema (n. nucleus;  m y  mierovillus).  10260 • 
Fig. 3. Three hepa tocy tes  form the lining of a d is tended bile canaliculns which has  lost its complemen t  
of microviUi except  for an  oedematous  one (my)  which projects  f rom the  hepa tocy te  a t  the  r igh t  m a r g i n  
of the  mlerograph.  The m a t r i x  of the mierovi l lus  is considerably l ighter  t h a n  the hya lop lasm of the  

cells (G Golgi appa ra tus ;  m ra i tochondrion;  n nucleus;  tb telTainal ba r ;  v ~acnole). 11970 • 
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Fig .  4. Three  b i l i a r y  e p i t h e l i a l  cells are seen.  The  one i n  t he  l e f t  u p p e r  co rne r  is  a " d a r k "  cell. I t s  
m a t r i x  is  c o n d e n s e d  a n d  c o n s i d e r a b l y  m o r e  o p a q u e  t h a n  t h e  c o n t e n t s  of t he  e r g a s t o p l a s m i e  sacs (er) .  

(m m i t o e h o n d r i a ;  n n u c l e u s ;  n e  n u c l e a r  e n v e l o p e ;  c m  cel l  m e m b r a n e ;  G Go lg i  area) .  17100 x 

with extrahepatic cholestasis. In  larger channels of capillary calibre, the endo- 
thelium showed marked variations in electron opacity, as illustrated in Fig. 6. 
In  smaller capillaries, these changes were frequently extreme, so that  oedematous 
cells with a markedly t ransparent  cytoplasm projected into the lumen, while 
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Fig .  5. Pa r t i c l e s  of colloidal  m e r c u r i c  su lphi4e  (arrows)  h a v e  p e n e t r a t e d  f r o m  tile l~mina  in to  the  
in te rce l lu la r  spaces  be tween  b i l i a ry  epi thel ia l  cells. T h e y  are  also p r e sen t  w i t h i n  i n t r a c y t o p l a s m i c  
vacuoles  (v); (m m i t o c h o n d r i a ;  G Golgi zone;  e r  c n d o p l a s m i c  r c t i c u l u m ;  c m  cell m e m b r a n e ;  i d  cel lular  

i n t e rd ig i t a t i ons ;  n nucleus) .  23220 • 
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"da rk"  cells appeared shrunken (Fig. 7). The shrinkage was never so severe 
as to lead to a disruption of the continuity of the capillary lining, but in many 
of the smaller vessels, the swollen endothelial cells narrowed the lumen, resulting 
in sludging of blood constituents. 

C. Changes in Kup//er cells 

Variations in the overall electron opacity of the main cytoplasmic mass of 
Kupffer cells and of their trabeeular extensions were found in sinusoids adjacent 
to the granulation tissue, surrounding the proliferating ducts. The changes in 
Kupffer cells were similar to those of the capillary endothelial cells. Fig. 10 
illustrates a portion of the main perikaryonie mass of cytoplasm in a Kupffer 
cell which is markedly oedematous. The opacity of the contents of the dilated 
ergastoplasmie eisternae has become identical with that  of the surrounding 
hyaloplasm. I t  should be noted in Fig. 10 that,  as was frequently the case, the 
microvilli of the adjacent hepatocyte remained unaltered. Occasionally, however, 
these mierovilli also became oedematous and projected into or beyond the Space 
of Disse (STEIXER, CaRRUTH~aS and KALIFaT, 1962). 

D. Changes in microvilti o/bile canaliculi 

In the majority of bile canMiculi, the number of microvilli was reduced, and 
the canalicular lumen dilated. Occasional channels were found which were 
part ly or almost totally filled by a swollen mierovillus (Fig. 3). These oedematous 
masses sometimes occupied the entire lumen, sometimes only a part. They were 
usually sessile, and their markedly electron-lucent hyMoplasm, devoid of 
organelles, was clearly demarcated from the adjacent hyaloplasm of the parent 
liver cells. 

E. Injections o/colloidal mercuric sulphide 

We have described elsewhere ( K ~ F a T ,  Cat~UW~ERS and STEI~R, 1962) 
the distribution oI colloidal mercuric sulphide injected retrogradely into the 
ligated common bile duet in rats. The particles lay singly or in small aggregates 
in virtually all the bile duetules and pre-duetnles. They were also present, 
though less constantly, in the lumina of the biliary eanMiculi. In addition, the 
particles penetrated into the intercellular spaces between adjacent duetular cells 
(Fig. 5). The particles tended to aggregate at the level of the basal portion of 
the biliary epithelial cells, where they were sometimes so numerous as to fill the 
intercellular spaces and the space between the cells and their basement membrane 
(Figs. 8 and 9). Particles were also found within peripheral cytoplasmic vacuoles 
in biliary epithelial cells (Fig. 5) and in the hyMoplasm of some, but  by no means 
all, hepatoeytes. Small numbers of particles penetrated the basement membrane, 
and were found in the ground substance of the connective tissue (Fig. 9), in the 
lumina of lymphatic or blood capillaries, and in vacuoles of macrophages. No 
free particles were seen in the lumina of sinusoids, but particles were found 
engulfed within deep indentations in the surface cell membranes of Kupffer cells 
(Fig. 11), or in vacuoles in the peripheral portion of their cytoplasm. The particles 
adhered not only to the surface of Kupffer cells which faced sinusoidM lumina, 
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Fig. 6. Large  capil lary in the connect ive tissue a round  newly  prol i ferated dnotules. The endothelial  
cells show var ia t ions  of electron opaci ty  of the i r  ma t r ix .  The  v e r y  " l i gh t "  cell is labelled enj and  the  
darkes t  end. en~ and  ena show in te rmedia te  degrees of condensat ion of the i r  cytoplasm.  The peri- 
capi l lary cell ( P C )  is normal .  The basemen t  m e m b r a n e  of the capil lary cannot  be seen clearly. 

A m a c r o p h a g e  (MI:') is present  in the  connect ive tissue. 14440 • 



F i g .  7. S m a l l  c a p i l l a r y  i n  t h e  c o n n e c t i v e  t i s s u e  a r o u n d  n e w l y  p r o l i f e r a t e d  d u e t u l e s .  T h e  e n d o t h e l i a l  
cell  (en) h a s  a m a r k e d l y  c o n d e n s e d  h y a l o p l ~ s m .  T h e  o t h e r  (en2) i s  o e d e m a t o u s  a n d  p r o j e c t s  i n t o  t h e  
l u m e n .  N o t e  t h e  m a r k e d  p i n o c y t i c  a c t i v i t y  on  i t s  l u m i n a l  b o r d e r  ( b l a c k  a r r o w s ) .  T h e  w h i t e  a r r o w s  
p o i n t  t o  a p r o c e s s  of  a " l i g h t "  cel l  w h i c h  l ies  i n  a t u n n e l  f o r m e d  b y  t h e  " d a r k "  cell  (enl). T h e  pe r i -  
c a p i l l a r y  cel l  (]PC) s h o w s  no  a l t e r a t i o n  (pr p r o c e s s e s  of  f i b r o b l a s t s ;  gs g r o u n d  s u b s t a n c e ;  col col lagen) .  

15960 • 
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Fig. 8 

Fig. 9 

Fig. 8. The lumen  of a bile ductnle (lure) is seen in the upper  centre of the  micrograph.  A v e r y  few 
particles of colloidal mercur ic  sulphide arc in the lumen.  )/[any are aggrega ted  (arrows) a ronnd  an  
in te rca la ted  cell (IC) (bin basemen t  m e m b r a n e ;  v vacuole;  l ip lipid droplet ;  m mitochondria) .  18050 • 
Fig. 9. A bile dnetular  l lm:en (lum) is seen a t  the  r ight  m a r g i n  of the  micrograph.  I t  contains fair ly 
numerous  paI4icles of colloidal mercur ic  sulphide. The particles (arrows) have  pene t r a t ed  into the  
intercellular spaces be tween  dnetular  cells, t r ave r sed  the ba semen t  m e m b r a n e  (bin) and  f ind them-  

selves in the ground substance a round  processes (pr) of fibroblasts (pro p lasma m e m b r a n e ;  
er ergastoplasm).  18126 • 
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Fig. 10 

F ~ .  11 

Fig. 10. A :K:upffer cell in the upper  port ion of the  nlicrogvaph abuts  on a Space of Disse (sD) at  the 
lower marg in .  The micro~/illi in the  space are of no rma l  appearance.  The hyaloplasnl  (hy) of the 
Kupffer  cell is ocdematolts  and equals in electron o p a c i t y t h e  contents  of the  ergastoplasmic sacs (er). 

(m mitochondrion) .  21600 • 

Fig. 11. The surface of a Kupffe r  ceil facing the sinusoidal l umen  ( S I N )  shows numerous  deep inden- 
tat ions,  in which particles of colloidal mercur ic  sulphide (arrows) arc en t rapped .  A few have  pene- 

t r a t ed  somewhat  fu r the r  into the cy top lasm and  en te red  small  vacuoles (ph phagosome;  
m mitoehondrion) .  14580 • 
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but  also to the surfaces which abutted on the space of Disse. They were found 
in Kupffer cells both in locations where the hyaloplasm of adjacent hepatocytes 
contained mercuric sulphide particles, and where they did not. ~qo evidence was 
found to suggest that  the injection disrupted the bile conduction channels. 

Discussion 
Disturbances of cell hydration develop in the liver of rats within 24 hours 

of ligation of the common bile duct and persist for at least 39 days. The micro- 
villi of the duetular and parenchymal cells, which are normally in contact with 
bile constituents in lumina of bile ductules and bile canaliculi, become oedema- 
tous. In addition, cells, or parts of cells which are probably not normally in 
contact with bile, undergo alterations indicative of an overall change in the 
hydration of their hyaloplasm. This affects intercalated biliary epithelial cells 
(which do not reach a lumen in a given plane of section), endothelial cells lining 
blood or lymphatic capillaries in the granu!ation tissue surrounding newly formed 
duetules, and Kul0ffer cells which line sinusoids near the newly formed granula- 
tion tissue. The affected cells may either shrink, and become "dark",  or may 
swell so that  their electron opacity becomes reduced. 

We think it likely that  all the above alterations are caused by the same patho- 
genic agent or agents, and that  this agent is derived from bile. More specifically, 
it may be that  the bile acids or bile salts, the sodium salts of fa t ty  acids, long- 
chain fa t ty  acids or lecithins might be implicated in the development of the 
injury, perhaps acting by virtue of their detergent properties; their ability to 
reduce the surface tension of water and its interracial tensions against oils; their 
emulsifying action for insoluble fa t ty  liquids in water; or their activity as wetting 
agents. Their known ability to denature proteins and to lyse cell membranes 
may further contribute to their pathogenic potential (CAMERON and Hou  1962). 
Though it seems probable that  unusually prolonged contact between these normal 
bile constituents and the various kinds of cell affected, could adequately account 
for the lesions described, we cannot dismiss the possibility, that  abnormal patho- 
genic bile constituents may be generated during extrahepatic eholestasis, and 
may be responsible for the injuries found. 

We have searched for routes by which such toxic substances could come in 
contact with all the affected cells. I t  is apparent that  the luminal microvillous 
borders of ductular and parenchymal cells are in contact with them. The 
somewhat crude method of the retrograde intrabi]iary injections of colloidal 
particles of mercury, and the equally unsatisfactory technique using thorotrast, 
are the only ones at present available (ttA)~'TO~ 1958, 1961) to show possible 
routes by which such substances might escape from the biliary tree and so reach 
the other types of cell affected. We can only assume that  the findings arrived 
at by such procedures can be extrapolated to cover the behaviour of bile consti- 
tuents, since the particle size (smallest diameter 70 A) is likely to be larger than 
that  of any of these chemical compounds. 

The colloidal particles injected into the common bile duct of rats seven days 
after ligation, became arrested in canaliculi, as would be expected. However, 
they were also found in the hyaloplasm of some, but  by no means all, the hepato- 
cytes. The particles reach the sinusoids within two minutes of the retrograde 
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injection, and we suggest that  the route they take is at least in part across the 
cell and that  toxic bile constituents could pass by a similar route to come in 
contact with the Kupffer cells of sinusoids. I t  is also possible that  some particles 
escape from eanalieuli into sinnsoids in areas of frank necrosis of the parenehyma. 

I t  was more difficult to explain the injury to the endothelial cells of the capil- 
laries. We were hesitant to accept the possibility of a retrograde diffusion of 
toxic agents from sinusoids to capillaries. However, our present study shows, 
that  particles of mercuric sulphide rapidly gain access to the intercellular spaces 
between ductular cells, and that  they find themselves within membrane-enclosed 
vacuoles in such cells with equal alacrity. We may therefore, assert, that  at least 
under pathologic conditions, the ductular cells lining intrahepatie biliary channels 
behave as do the biliary epithelial cells lining the normal gall bladder. These 
were shown by HAYWA•D (1962) to take up thorotrast particles which had 
penetrated into their intercellular spaces. We have also noted, that  the particles 
of mercuric sulphide aggregate between the biliary epithelial cells and their 
basement membranes. I t  seems likely that  the basement membrane presents an 
obstacle to their passage into the connective tissue. The direction of movement 
of particles cannot be proved from electron micrographs. Nevertheless, the 
aggregation of mercuric sulphide on the luminal side of the ductular cell basement 
membrane would seem to justify the deduction that  they migrate from ductules 
outward into the connective tissue, rather than in the opposite direction. A few 
particles do seem to penetrate the basement membrane barrier, and are then 
found in the ground substance of the connective tissue, and in the lamina of the 
capillaries. If  bile constituents escape by the same route, they could reach the 
intercalated biliary epithelial cells and the endothelial cells of the vascular 
channels around them. 

This study may also provide some clarification of the much disputed problem 
of the causation of obstructive jaundice. E~PI~G~a (1937), suggested that  
rupture of bile canalieuli permits the escape of bile constituents from the ob- 
structed biliary system. HA~ZOl~ (1952, 1958) to some extent confirmed this 
theory, since he showed that  uranin, administered intravenously after obstruc- 
tion of the common bile duct, was secreted into canaliculi and regurgitated 
between adjacent hepatocytes to reach again the sinusoids. However, HA~zoN 
(1952), also noted the presence of intensely fluorescing, apparently intact par- 
enehymal cells, and he suggested that  a second, more common, route of escape 
of bile was through the hepatocytes rather than between them. 

If rupture is defined as a mechanical breach of the smallest bile conduction 
pathways, electron microscopic investigations, with one exception (t~0UILLER 
1956), have failed to reveal any such breach, even with cases showing marked 
jaundice (CA~RUT]tERS and STEINEf~ 1962; GOLDIrISCgEtr ARIAS, ESSXER 
and NOVIKOFF 1962; I-I~AVlPTOlV 1961; KALIFAT, CARRUTtIERS and STEINER 
1962; ST]~I~ER and CAR~VT~EI~S 1961). There can be, however, no denying 
the possibility that  such breaches might develop at the site of the focal necroses 
of hepatocytes which develop in cases of extrahepatic obstruction. However, 
even this possibility is by no means fully acceptable, since, as pointed out by 
CAM]SRON and Hog  (1962), jaundice may not develop even though there is exten- 
sive necrosis throughout the liver. 



112 JA~ W. ST]~I~ER, JOH~ S. CARRUT~E~S and S. ROBERT KALIFAT: 

The present work supports rather Hanzon's  (1952) second suggestion. Col- 
loidal particles were identified electron microscopically, in the hyaloplasm of 
some, but by no means all, hepatocytes and probably escaped thence into the 
sinusoids (KAJ~IFAT, CA~aUT~EI~S and S T E I ~ ,  1962). 

Po~P~R and SCnAFF~E~ (1957) have also provided evidence suggesting tha t  
Eppinger 's  theory was no longer tenable. They also suggested tha t  "regurgitation 
may  take place elsewhere, perhaps from the ductules." This hypothesis was in 
accord with Aschoff's original view that  ductules were the "heel of Achilles" of 
the biliary system. Our present study confirms that  this alternative route of 
escape of bile constituents does probably exist as well. 

Thus, on present evidence, we may  conclude tha t  at least two and possibly 
three routes are available for the escape of bile constituents from the confines 
of the obstructed biliary pathways. The fundamental  mechanism appears to be 
diffusion across natural  barriers rather than rupture of channels. Little can be 
said at  this time about the relative importance of these routes of escape of bile 
in the evolution of the clinical picture of obstructive jaundice. Our study of the 
behaviour of colloidal particles in the obstructed biliary tree was carried out 
one week after ligation of the common bile duct. I t  may  be, tha t  the sites of 
leakage vary  from time to t ime during the course of the development of the 
hepatic lesions. Further  investigation is therefore needed to establish the routes 
of bile leakage at various times after obstruction, and to examine possible 
differences in this phenomenon in various animal species. 

Summary 
Livers of rats were examined during a period of 39 days after ligation of the 

common bile duct. A widespread disturbance of cell hydration was noted. There 
was oedema of some of the microvilli of biliary epithelial cells in duetules, and of 
some of the microvilli of parenchymal liver cells. In  other cases, a condensation 
or oedema affected the hyaloplasm of entire biliary epithelial, endothelial or 
Kupffer  ceils. 

Retrograde intrabiliary injections of colloidal mercuric sulphide showed 
tha t  these particles came in contact not only with cell surfaces lining biliary 
lumina, but  tha t  they also penetrated between biliary epithelial ceils, and traver- 
sed their basement membranes to reach the lumina of capillaries and sinusoids. 
The particles also were found within biliary ductular cells and hepatocytes. These 
observations led us to suggest that  bile constituents with detergent and protein 
denaturing properties may  escape by  these routes, and so cause the alterations 
in hydration. I t  has also been suggested tha t  the mode of regurgitation of bile 
in extrahepatic cholestasis is by  diffusion across natural barriers rather than by 
rupture of the bile conduction pathways. 

Stiirungen der Hydration der Zellen der Rattenleber 
bei extrahepatiseh bedingter Cholostase 

Zusammenfassung 
Die Leber von Rat ten  wurde bis 39 Tage nach einer Unterbindung des Gallen- 

ganges elektronenmikroskopisch untersucht. Dabei konnte eine ausgesprochene 
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Ver~nderung des Wassergehal tes  der  Zellen beobach te t  werden. Einige de r  
Mikrovi l l i  der  Gal lengangsepi the l ien  und  manehe  Mikrovil l i  der  Leberzel len 
waren  5demat6s  geschwollen;  in anderen  F~l len  ha t t e  Kondens ie rung  oder  
0 d e m  das  H y a l o p l a s m a  einer ganzen Gallengangsepi thelzel le ,  Endothelze l le  
oder  Kupf fe r schen  Sternzel le  er~ai~t. 

Re t rog rade  I n j e k t i o n  yon kol lo ida lem Quecksi lbersulf id in den Gal lengang 
zeigte, dal~ diese Pa r t ike l  n icht  nur  mi t  der  Ober~liiche der  die Gs ausklei-  
denden  Epi the lze l len  in Berf ihrung kommen ,  sie dr ingen vie lmehr  auch zwischen 
die Epi the lze l len  ein, durchqueren  die Basa lmembran ,  um schlie61ich die Lieh- 
tung  der  Capi l laren und  der  Sinusoide zu erreichen. Auch in den Zellen der  
Ductu l i  und  den Leberzel len selbst  wurden  Pa r t ike l  gefunden. Auf  Grund  dieser 
Beobach tungen  erscheint  die A n n a h m e  berecht ig t ,  da~ Gal lenbes tandte i le  mi t  
der  F/~higkeit, de te rgen t  zu wirken  und  Eiweil~ zu denatur ie ren ,  au i  diesem Wege  
aus t r e t en  und  so die Ver~nderungen im Wasse rgeha l t  der  Zellen verursachen  
kSnnten .  Dies wfirde mi t  der  Anschauung  i ibere ins t immen,  nach der  die Galle 
bei ex t r ahepa t i s ch  bed ing te r  Cholostase eher infolge einer Di i fus ion durch  die 
na t f i r l ichen  Barr ieren ,  als infolge einer R u p t u r  aus den Ggngen aus t re te .  
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