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Summary. Ul t ras t ruc tu ra l  s tudies  of the  peris inusoidal  space in the  avian  liver have  d e m o n s t r a t e d  the  presence  of 2 
ex t ravascu la r  cell t ypes  - a fa t - s tor ing  cell and a free mesenchyme  cell or his t iocyte .  This l a t t e r  cell t ype  is capable  
of pa r t i c ipa t ing  in the  fo rmat ion  of a bile canaliculus w i th  the  hepa t ic  p a r e n c h y m a l  cell. The possibi l i ty  of the  fat-  
s tor ing  cell d i f ferent ia t ing  f rom the  h is t iocyte  is suggested.  

There  is a t  p resen t  no ag reemen t  abou t  the  exis tence of 
cells outs ide  tile hepa t ic  s inusoidal  wall. Many  workers  
deny  the i r  exis tence 1,2, while o thers  make  only  rare 
reference to cells wi th in  the  peris inusoidal  space s. All 
these  studies,  however ,  have  deal t  wi th  the  m a m m a l i a n  
l iver;  no observa t ions  have  been  repor ted  for t he  avian  
liver. The p resen t  u l t r a s t ruc tu ra l  s t u d y  has  d e m o n s t r a t e d  
the  presence of a t  least  2 ex t ravascu la r  cell t ypes  localized 
wi th in  the  peris inusoidal  space in the  liver of the  adul t  
fowl. 

Materials and methods. The livers of 12 h ea l t h y  ma t u re  
fowl of var ious  breeds  and  bo th  sexes were per fused  for 
30 rain via t he  hepa t i c  a r t e ry  wi th  a p r i m a r y  f ixat ive  of 
2% g lu ta ra ldehyde ;  p a r a fo rma l d eh y d e  solut ion buffered  
at  p H  7.2 wi th  0.1 M sodium cacodyla te .  Tissue blocks 
no t  larger t h a n  1 m m  3 were excised and  f ixed for a fu r the r  

1 H. BRAUSTEINER, Z. ges. exp. lVl:ed. 121, 254 (1953). 
J. W. STEINER, Am. J. Path. 38, 411 (1961). 

a F. W~.SSER~Arr Z. Zellforsch. mikrosk. Anat. 49, 13 (1958). 

Fig. 1. a) The perisinusoidal space, bounded 
by an endothelial cell (upper right) and an 
hepatic parenehymal cell. 1Kicrovilli arizing 
from the latter project into this space. • 7,000. 
b) Microvillus traversing the perisinusoidal 
space, and projecting through one of the 
fenestrations ill the sinusoidal wall. • 20,000. 
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2 h. Af te r  wash ing  for 24 h in 0.1 M sod ium cacody la t e  
buffer ,  t he  t i ssue  b locks  were pos t - f ixed  for 11/2 h in  
buf fe red  1~o o s m i u m  t e t r o x i d e  a t  p H  7.1. Fo l lowing  
d e h y d r a t i o n  in a scend ing  grades  of alcohol,  t h e  t i ssues  
were c leared in p ropy lene  oxide  a n d  e m b e d d e d  in Ara ld i te .  
Sect ions  were cu t  a n d  s t a i n e d  w i t h  u r a n y l  a ce t a t e  an d  
lead c i t ra te ,  a n d  e x a m i n e d  on  an  A E I  E M 6 B  e lec t ron  
microscope.  

Results and discussion. A t  e lec t ron  microscope  level, 
t h e  pe r i s inuso ida l  space is c lear ly  d e m a r c a t e d .  I t  is 
b o u n d e d  on t h e  one side b y  t he  hepa t i c  p a r e n c h y m a l  cells, 
a n d  on  t he  o t h e r  b y  t he  f e n e s t r a t e d  s inuso ida l  e n d o t h e -  
l ium. The  cell m e m b r a n e  a t  t he  va scu l a r  pole of t he  hep a t i c  
p a r e n c h y m a l  cell is d r a w n  ou t  to  fo rm n u m e r o u s  anas to -  
mos ing  a n d  b r a n c h i n g  microvi l l i  (Figure l a). These  
p ro j e c t  in to  t he  pe r i s inuso ida l  space, o f ten  c o n t a c t i n g  t h e  
endo the l i a l  cells l in ing  t he  s inusoid,  a n d  occa s iona l l y  

p r o t r u d i n g  t h r o u g h  t he  f enes t r a t i ons  in  t h e  s inuso ida l  
wal l  to  en t e r  t h e  l u m e n  (Figure  l b ) ,  a n  o b s e r v a t i o n  also 
m a d e  in t he  m a m m a l i a n  l iver  4-6. The  ex is tence  of such  
d i rec t  c o m m u n i c a t i o n s  b e t w e e n  t he  s inusoida l  l u m e n  a n d  
t h e  pe r i s inuso ida l  space suggests  t h a t  t h e  per i s inuso ida l  
space  is in  fac t  a p l a s m a  space  7. 

The  pe r i s inuso ida l  space is c o n t i n u e d  b e t w e e n  t h e  cell 
m e m b r a n e s  of a d j a c e n t  h e p a t i c  p a r e n c h y m a l  ceils as t h e  
per i s inuso ida l  recess, w h i c h  p e n e t r a t e s  up  to  t he  t i g h t  
j u n c t i o n s  i n v o l v e d  in bile cana l icu lus  fo rmat ion .  Measure-  
m e n t s  of t h e  w i d t h  of t he  pe r i s inuso ida l  space would  seem 

to be  of l i t t le  va lue ,  as i t  va r ies  w i t h  t h e  f u n c t i o n a l  s t a t e  
of t h e  l iver  ~, s. I n  t h e  e m b r y o n i c  ch ick  liver,  t h e  endo the l i a l  
ceils, wh ich  a t  th i s  s tage c o n s t i t u t e  a c o n t i n u o u s  l ining,  
are in  d i rec t  c o n t a c t  w i t h  t h e  h e p a t i c  p a r e n c h y m a l  cells, 
an d  a def in i te  pe r i s inuso ida l  space is a b s e n t  9. 

I t  has  been  possible  to  i den t i fy  2 e x t r a v a s c u l a r  cell 
types .  The  f i rs t  of these  is t h e  f a t  s to r ing  cell, a cell t y p e  
p rev ious ly  obse rved  in severa l  m a m m a l i a n  species 1~ 
This  cell t y p e  is local ized w i t h i n  t h e  pe r i s inuso ida l  space, 
b e n e a t h  t h e  en d o t h e l i a l  l in ing  cells of t h e  s inusoid.  I t  is 
cha rac t e r i zed  b y  i ts  pos i t ion ,  a n d  b y  t h e  large an d  nu-  
merous  f a t  d rop le t s  ca r r i ed  w i t h i n  t h e  c y t o p l a s m  (Figure 
2); t h e  c y t o p l a s m  is also d r a w n  o u t  in to  long processes,  
cha rac t e r i s t i c  of m e s e n c h y m a l  cells. Indeed ,  i t  is possible  
t h a t  th i s  cell t y p e  m a y  be de r ived  f rom t h e  second cell 
type .  

4 F. C. SCHMIDT, Anat. Anz. 708, 376 (1960). 
5 F. GCHAFFNER and H. POPPER, Am. J. Path. 38, 393 (1961). 
s R. L. WooD, Z. Zellforsch. mikrosk. Anat. 58, 679 (1963). 

M. D. PURTON, J. Zool., Lond. 159, 273 (1969). 
J. R. RUTTNER and A. VOGEL, Verh. dr. Ges. Path. 47,314 (1958). 

9 H. E. KARRER, J. Ultrastruet. Res. 5, 116 (1961). 
10 T. ITO and M. NE~IOTO, Okajimas Folia anat. jap. 2d, 243 (1952). 
21 ~.  YAMAGISHI, Arch. histol, jap. 18, 223 (1959). 
*~ T. Ir and S. SHIBASAKI, Arch. histol, jap. 29, 137 (1968). 
13 E. WlSSE, J. Ultrastruct. Res. 37, 125 (1970). 

Fig. 2. A fat-storing cell situated 
within the perisinusoidal space, 
and lying beneath processes of a 
Kupffer cell incorporated into the 
sinusoidal wall. Note the presence 
of numerous large fat droplets 
within the cytoplasm of this cell 
type. • 3,000. 
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Fig. 3. Free mesenehymal  cells, or 
his t iocytes ,  (upper r ight ,  and  
upper  left) wi th in  the perisinusoi-  
dal  space and  recess. Two such 
cells (bottom) have  entered in to  
the format ion  of a bile canaliculus.  
T ight  junct ions  have  formed be- 
tween themselves,  and  be tween 
each cell  and  the a d j a c e n t h e p a t i c  
p a r e n c h y m a l  ceil. These cells can  
be seen to be forming microvi l l i  
which project  in to  the lumen  of 
the canal iculus.  • 7,000. 
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Fig. 4. Both cell types are visible. 
At upper left is a fat storing cell 
with numerous fat droplets within 
its cytoplasm. Lying within the 
perisinusoidal space (lower right) 
is a histoeyte; this eel1 is also 
involved in bile eanalieulus forma- 
tion. Note the large fat vacuoles 
within the cytoplasm of this cell. 
• 3,000. 

The second cell t ype  can, a t  th is  stage, only be descr ibed 
as a free mesenchyma l  cell, or h is t iocyte .  I t  is mos t  fre- 
quen t l y  localized wi th in  the  per is inusoidal  space or 
recess (Figure 3). I t  has  a typ ica l  i r regular  appearance ,  
the  cy top l a sm often being d rawn out  in to  long processes.  
I t  appears  to have  the  abi l i ty  to  t ake  pa r t  in the  forma-  
t ion  of a bile canaliculus w i th  t he  hepa t ic  p a r e n c h y m a l  
cells (Figures 3 and  4). In  th is  context ,  it  has  been  shown 
t h a t  these  ceils show charac te r i s t ic  and  s ignif icant  dif- 
ferences f rom the  bile duc t  ceils found in the  junc t ion  
zone l inking the  bile canaliculi  w i th  the  bile duc ts  in the  
por ta l  t r i ads  14. A l though  bear ing  a s t rong  morphologica l  
resemblance  to  a f ibrocyte ,  t he  fact  t h a t  th is  cell t y p e  is 
capable  of en te r ing  in to  such an a r r a n g e m e n t  w i th  the  
hepa t ic  p a r e n c h y m a l  cell suggests  t h a t  i t  is a less dif- 
f e ren t i a t ed  cell a l together .  I t  is of ten  found  to  con ta in  
large fa t  vacuoles,  even w h e n  involved in bile canal iculus 
fo rma t ion  (Figure 4), suggest ing t h a t  i t  m a y  be able to  
d i f fe ren t ia te  into,  or from, a fa t  s tor ing  cell. 

I t  appears  t h a t  bo th  ceil t ypes  are of free mesenchymal  
celt origin, a l though  the  fa t - s tor ing  cell m a y  be more  
h ighly  d i f ferent ia ted .  The occurrence of ex t ravascu la r  
cells wi th in  t he  m a m m a l i a n  liver has  led to t h e m  being 
descr ibed as fa t - s tor ing  cells; stel late,  re t icular  or mes-  
enchyme- l ike  cells in embryon ic  livers 15 ; or re t icular  cells 
or f ibroblasts6.  In  the  p resen t  s tudy,  f ibrocytes  or f ibro- 
blasts  were ex t r eme ly  diff icult  to f ind ; th is  m a y  be re la ted  
to the  ex t r eme ly  sparse re t icular  f r amework  suppor t ing  
the  hepa t i c  p a r e n c h y m a l  cells ~, 1~. 

14 M. D. PURTON, Ph.D. Thesis, University of Cambridge (1971). 
15 G. A. ACKERMAIr Lab. Invest. 70, 787 (1961)o 


