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Double inununodiffusion patterns 
in agar (left) and radioautograph 
(right) obtairled by incubating 
Hodgkin's diseae splenic tumor 
tissue (wells A and 13) and normal 
appearing spleen tissue distinct 
from tulnor nodules from the same 
patient (wells E and D). Wells (F) 
and (C) contained unlabclled hu- 
Bran fcrritin from splecit and liver 
respectively. 

f rom t u m o r  nodules  did no t  produce  demons t rab le  radio- 
ac t ive  labell ing of ferri t in.  In  one such incubat ion ,  how- 
ever, a t race a m o u n t  of labelled ferr i t in was detected.  This 
could be due to e i ther  a low level of ferr i t in  synthes is  by  
no rma l  spleen/ t issue or synthes is  of ferr i t in  by  small  foci 
of t u m o r  cells which had  inf i l t ra ted the  normal  splenic 
t issue area used for incubat ion.  In  suppor t  of the  la t t e r  
explana t ion ,  microscopic examina t i on  of sect ions of nor-  
mal  appear ing  spleen t issue d i s t inc t  f rom t u m o r  nodules  
did reveal  va ry ing  degrees of t u m o r  infi l t rat ion,  a l though 
some areas were t u m o r  free. 

These results  d e m o n s t r a t e  increased ferr i t in  synthes is  
by  Hodgk in ' s  disease splenic t u m o r  tissue, and  suggest  
t h a t  th is  is t he  cause of the  e levated  t u m o r  and serum 
ferr i t in  concen t ra t ion  found in pa t i en t s  with Hodgk in ' s  
disease. 

Summary. Increased ferr i t in  synthes is  by  Hodgk in ' s  
disease splenic t u m o r  t issue was d e m o n s t r a t e d  by  incor- 
pora t ion  of 14C-leucine and rad ioau tography .  This  sug- 
gests t h a t  e levated t u m o r  and serum ferr i t in  concent ra -  
t ions  found in pa t i en t s  w i th  Hodgk in ' s  disease is der ived 
f rom t u m o r  t issue per  se. 
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Pat terns  of M e m b r a n e  O r g a n i z a t i o n  in Toad  B ladder  E p i t h e l i u m :  a F r e e z e - F r a c t u r e  S tudy  I 

The ur inary  b ladders  of amphib ians  have  been  widely 
used as models  of the  collecting tubules  of the  m a m m a l i a n  
k idney  in respect  to the  t r anspo r t  of sodium, wa te r  and 
the  hydrogen  ion 2 4. In  its upper  par t ,  the  collecting 
tubule  is composed  of two cell- types,  the  'dark '  and  the  
'c lear '  cells. In  a recent  f reeze-fracture  s t u d y  5, charac ter -  
istic p lasma m e m b r a n e  d i f ferent ia t ions  in each of these  
cel l - types were def ined:  the  m e m b r a n e  of the  da rk  cell 
con ta ins  rod - shaped  particles,  whereas  t h a t  of the  clear 
cell exhib i t s  square arrays  of small  part icles.  Using the  
f reeze-fracture  t echnique  in a similar s tudy  of the  toad  
bladder ,  we p resen t  evidence t h a t  the  p lasma  m e m b r a n e  
of one cel l - type of th is  epi thel ium, the  mi tochondr ia -  
r ich cell, also conta ins  rod-shaped  particles,  while ano the r  
cell- type,  t he  granular  cell, displays numerous  large par-  
t icles luminal ly  in the  B-f rac ture  face of its p l a sma  mem-  
brane.  These m e m b r a n e  features  differ sharp ly  f rom the  
general  m e m b r a n e  p a t t e r n  seen in mos t  o ther  cells, as 
revealed by  th is  t echn ique  6. 

Material and methods. Toads  (Bu]o marinus) were 
ob ta ined  f rom Mogul-Ed Co., Oshkosh, Wisconsin,  USA.  
Af te r  doubly  p i th ing  the  toads,  we excized the  u r inary  
b ladders  and m o u n t e d  t h e m  in glass chambers .  The 
serosal side of the  ep i the l ium was exposed to  a Ringer ' s  
solut ion of s t a n d a r d  compos i t ion  7 and the  mucosal  side 
to  the  same solut ion di luted 10 t imes.  Af ter  exposure  to  
these  solut ions for var ious  periods,  the  t issues were 
quickly r emoved  f rom the  chambers  and  f ixed wi th  a 2% 

g lu ta ra ldehyde  solut ion conta in ing  0.1 M p h o s p h a t e  
buffer.  For  f reeze-fracture  studies,  small  pieces of epi- 
the l ium cut  f rom the  original sheet  were soaked in a 
phospha te -bu f fe red  30% glycerol solution, t hen  freeze- 
f rac tured  in a Balzers B A F  301 uni t  s. For  convent iona l  
thin-sect ioning,  pieces of g lu ta ra ldehyde- f ixed  ep i the l ium 
were pos t f ixed  in phospha te -buf fe red  osmium te t roxide ,  
dehydra ted ,  and e m b e d d e d  in Epon.  Freeze- f rac ture  
replicas and th in  sections,  depos i ted  on coated  copper  
grids, were examined  in a Phi l ips  EM 300 electron 
microscope. 

1 Some of these results were presented in abstract form at the 6th 
annual meeting of the Swiss Societies for Experimental Biology, 
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Fig. 1. Granu la r  cell ( thin section):  The cy top lasm conta ins  numerous  electron-dense,  f l a t t ened  granules (SG), which are often stacked.  The 
lumina i  surface has  project ions (or ridges) covered wi th  a f i lamentous  cell-coat (co). • 13,000. 

F ig .  2. Granular  cell (freeze-fracture replica) : S tacked  granules  (SG) are pa r t i cu la r ly  ev iden t  in  the cross-fractured cy toplasm.  Areas of the 
lumina l  pa r t  of the p l a sma  membrane  (A), Which represent  the A-face, are poor ly  par t icu la te ,  x 33,000. 

Fig. 3. Granu la r  cell (freeze-fracture replica) : In  this  case, the p lane  of f rac ture  reveals  a large region of the lumina l  area of the p lasma mem-  
brane.  This  is a B-face. Note i ts  content  of numerous  large  par t ic les  (also see c i rcular  inset).  This  organiza t ion  cont ras t s  wi th  the membrane  
region vis ible  in  the  lower r igh t -hand  corner - an A-face of the p l a s m a  membrane  ( lateral  portion) of the same cell. The part icles  in  th is  
face are also numerous  bu t  smal ler  t h a n  those of the B-face (also see circular  inset).  L = lumen of the bladder ,  x 52,000. Inse ts :  x 86,000. 
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Fig. 4. Mitochondria-rich cell {thin section): The cellular cytoplasm contains a host of mitochondria (in), and, as in the granular cell (see 
Figure 1), the luminal surface exhibits projections (p) covered with a filamentous cell-coat. • 14,000. 

Fig. 5. Mitochondria-rich cell (freeze-fracture replica): The presence of numerous mitochondria (m) gives a characteristic, bumpy cyto- 
plasmic fracture. Small areas of the luminal portion of the plasma membrane (~.) are revealed (A-faces) and noted to contain rod-shaped 
particles, i l lustrated at higher magnification in Figure 6. x 30,000. 

Fig. 6. Mitochondria-rieh cell (freeze-fracture replica): A-face of the luminal portion of the plasma membrane (A), indicating that  the mem- 
brane contains two populations of particles: one formed of the usual globular particles, the other formed of elongated or rod-shaped particles 
(see inset). L = lumen of the bladder. • 94,000. Inset:  • 110,000. 
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Results and discussion. F o u r  basic  ceil t ypes  c an  be  
ident i f ied  in t he  ep i the l i um l in ing  t he  t oad  bladderg,  l~ 
t he  g r anu l a r  cell (by far  t h e  mos t  f r equen t :  85%),  t he  
m i t o c h o n d r i a - r i c h  cell, t he  goble t  cell, and  t he  basa l  cell. 
G r a n u l a r  cells (Figure 1), m i t o e h o n d r i a - r i c h  cells 
(Figure 4), and  goble t  cells span  t he  en t i re  w i d t h  of t he  
ep i the l ium,  f rom t he  l u m e n  of t he  b l adde r  to  t he  basa l  
l amina ,  whereas  basa l  cells n e v e r  r each  t he  l u m e n  n .  I n  
f reeze-fracture ,  t h e  f i rs t  t h r ee  cel l - types  man i f e s t  charac-  
te r i s t ic  f r ac tu re  faces easi ly  d i s t ingu i shed  in replicas.  
Also, w h e n  t he  f r ac tu re  p lane  involves  t he i r  p l a s m a  mem-  
branes ,  specific p a t t e r n s  can  be recognized.  The  p l a s m a  
m e m b r a n e  of t h e  goble t  cell ha s  an  A-face (or inne r  
f r ac tu re  face) r ich  in g lobu la r  part icles ,  a n d  a less pa r t i c -  
u la te  B-face (or ou t e r  f r ac tu re  face) - a  p a t t e r n  corre-  
spond ing  to t he  o rgan iza t i on  typ ica l  of cell m e m b r a n e s .  
I n  compar i son ,  t h e  p l a s m a  m e m b r a n e s  of b o t h  t he  
g r a n u l a r  and  t h e  m i t o c h o n d r i a - r i c h  ceils d i sp lay  a 
h igh ly  u n u s u a l  o rgan iza t i on  a t  t he i r  l um i na l  poles 
(Figures 2, 3, 5 a n d  6). 

Lumina l ly ,  t he  A-face of the  g r anu l a r  cell m e m b r a n e  
con ta ins  fewer par t ic les  (800 4- 20/izm ~) t h a n  t he  B-face  
(1500 4- 90 /~m 2) (Figures 2 and  3), and  t he  size of t he  
par t ic les  differs as well, ave rag ing  10 4- 0.2 n m  in d iam-  
e te r  in  t he  A-face a n d  16 4- 0,4 n m  in t he  B-face. 
Moreover,  t he  n u m b e r  of large par t ic les  in  t he  B-face  
decreases  sha rp ly  a t  t he  t ips  of microvi l l i  in the  g r a n u l a r  
ceil. In  c o n t r a d i s t i n c t i o n  to  t he  lumina l  po r t i on  of t h e  
m e m b r a n e ,  l a t e ra l ly  (below t h e  level  of the  t i g h t  junc t ion)  
and  basal ly,  t he  p l a s m a  m e m b r a n e s  d isp lay  t he  usua l  
f reeze-f racture  p a t t e r n  - namely ,  1700 4- 100 par t i c les /  
~zm 2 in the  A-face, and  300 4- 30 par t ic les / tzm 2 in t h e  
B-face, w i t h  a c o n s t a n t  d i a m e t e r  of 12 4- 0.6 n m  in b o t h  
faces. 

The  luminal ,  l a te ra l  a n d  basa l  areas  in  t he  p l a s m a  
m e m b r a n e  of the  m i t o c h o n d r i a - r i c h  cell are also specific 
in f reeze-f racture  a p p e a r a n c e :  whereas  the  B-face 
con ta ins  few g lobula r  par t ic les ,  t he  A-face; in  add i t i on  
to g lobular  par t ic les ,  shows a large p o p u l a t i o n  of rod-  
shaped  par t ic les  measu r ing  a b o u t  16 •  n m  (Figures 
5 and  6). R o d - s h a p e d  par t ic les  were no t  de t ec t ed  in t he  
B-faces.  Whi le  t h i s  pape r  was  be ing  p r epa red  for pub l ica -  
t ion,  an  a b s t r a c t  on  the  same sub jec t  was pub l i shed  b y  
WADE e t a l .  ~2. The  obs e r va t i ons  of these  au t ho r s  c o m p l y  
w i t h  ours  excep t  for the  fac t  t h a t  t h e y  found  t he  rod-  
shaped  par t ic les  only in the  la te ra l  a n d  basa l  po r t ions  of 
t h e  p l a s m a  m e m b r a n e s  of m i t o c h o n d r i a - r i e h  cells. Our  
d a t a  on the  f r e q u e n c y  of par t ic les  in the  l um i na l  p a r t  of 
t h e  g r anu l a r  cell m e m b r a n e  B-face are also cons i s t en t  
w i t h  t h e  f indings  of CHEVALIER e t a l .  ~a, a l t h o u g h  these  
a u t h o r s  did  n o t  m e n t i o n  t h a t  t he  par t ic les  in t h e  B-face  
were larger  t h a n  those  in t h e  A-face. 

By  al lowing de ta i led  obse rva t ion  of t h e ,  m e m b r a n e  
m o r p h o l o g y  of g r a n u l a r  a n d  mi tochondr i a - r i ch  cells, 
f reeze- f rac tur ing  has  unve i led  o rgan iza t iona l  . pa t t e rns  
which  were u n d e t e c t a b l e  in fo rmer  s tudies  of a m p h i b i a n  
b l adde r  - e i the r  b y  t r an s m i s s i on  ~,1~ or s cann ing  ~4-~6 
e lect ron microscopy.  A t  presen t ,  i t  is impossible  to  ass ign 
a def in i t ive  role to  such  p a t t e r n s  in t he  var ious  t r a n s p o r t  
p h e n o m e n a  occur r ing  in  t o a d  b l adde r  ep i the l ium.  I n  
par t i cu la r ,  we would  emphas ize  t h a t  unce r t a in t i e s  pers i s t  
conce rn ing  t he  s i tes  of ac t ion  of h o r m o n e s  such as vaso-  
press in  and  a ldos terone .  Confl ic t ing e x p e r i m e n t a l  ev idence  
ha s  been  r epo r t ed  - some in favor  0f  t he  g r a n u l a r  cell, 
some in favor  of t h e  m i t o c h o n d r i a - r i c h  cell as t h e  
t a r g e t  of these  hormones1~ 17-19. I t  is genera l ly  agreed,  
however ,  t h a t  t h e  apica l  p a r t  of t he  m e m b r a n e  is t h e  
locus where  changes  in p e r m e a b i l i t y  to  sod ium and  w a t e r  
t ake  place, pa r t i cu l a r l y  in  t h e  case of vasopress in  ~~ 16, 20. 
Visual ized in f reeze-fracture ,  t he  specific m e m b r a n e  or- 

gan i za t i on  a t  the  l umina l  poles of these  cel l - types  a p p e a r s  
to  be of i m p o r t a n c e  a n d  shou ld  be f u r t h e r  i nves t i ga t ed  in 
s tud ies  des igned to  answer  t h i s  ques t ion.  

Summary. Two cel l - types  of t oad  b l adde r  e p i t h e l i u m  
show u n c o m m o n  p l a s m a  m e m b r a n e  o rgan iza t ion  in 
f reeze- f rac tured  specimens~ One type ,  t he  g r anu l a r  cell, 
con t a in s  a p l a s m a  m e m b r a n e  in wh ich  the  A-face is 
poor ly  pa r t i cu l a t e  l u m i n a l l y  while  t he  B-face discloses 
mu l t ip l e  large par t ic les  a t  t h i s  site. I n  cont ras t ,  t h e  l a t e ra l  
a n d  basa l  po r t ions  of t he  granular -ce l l  m e m b r a n e  are 
t yp i ca l  in t h a t  more  par t ic les  occupy  t he  A-face t h a n  t h e  
B-face. In  the  o the r  cel l - type,  wh ich  is m i t o c h o n d r i a -  
r ich,  t he  p l a sma  m e m b r a n e ,  tumina l iy ,  la tera l ly ,  a n d  
basal ly ,  con ta ins  rod - shaped  and  a few globular  par t ic les  
in t h e  A-face. We  sugges t  t h a t  these  t w o  p~culiar  m e m -  
b r a n e  o rgan iza t ions  be cons idered  in the  loca l iza t ion  of 
b o t h  vasopress in  and  a ldos te rone  ac t ion  i n  t oad  b ladder .  
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