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l*ig. 2. Hepatocytes of 120-day-old golden hamster. As in Figure l. 

(1 pg = 1 g × 10-~2). On the contrary, it is 118.8 pg, 
112.2 pg, 105.6 pg and 92.4 pg when the liver tissue 
was incubated in PCM supplemented with 0.4105M, 
0.2736M, 0.1368M and no glycerol, respectively. 

4. Consequently, i t  is apparent that  the hepatocytes 
of the same class weigh differently according to the 
isolation method (dispersion in PCM, PCM + G, anhydrous 
glycerol). 

5. Thus weight differences are as higher as the glycerol 
concentration in the incubation medium is lower: under 
our experimental  conditions, --30~/o when no glycerol 
was added, --20.4~o, - -14.8% and - -10% when 
0.1368M, 0.2736M and 0.4105M glycerol was supple- 
mented, respectively. 

6. On the basis of the Student 's  t-test, the weight 
differences observed are highly significant ( P <  0.001). 

We can therefore conclude that  the addition of glycerol 
to the PCM reduces the loss of protoplasmic substances 
in the incubation fluid. This effect is the same for both, 
rat  and hamster hepatocytes. 

Riassunto. Epatoci t i  isolati mediante dispersione mec- 
canica dopo incubazione del tessuto epatico in un mezzo 
acquoso contenente tetrafenilborato di Na, un agente 
chelante il K, perdono circa il 30% del loro contenuto 
in sostanze solide. L 'aggiunta al mezzo di incubazione 
di glicerolo riduce tale perdita. 
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A n  U n u s u a l  B a s e m e n t  M e m b r a n e  U n d e r l y i n g  In te s t ina l  E p i t h e l i u m  of  the  P l a t y p u s  (Ornithorhynchus 
anatinus ) 

The functional role or roles of the basement membrane 
which separates epithelial and connective tissue compo- 
nents of the gastrointestinal mucous membrane is far 
from clear. In mammalian gut 2 relatively distinct com- 
ponents can be distinguished, a narrow layer of collagen 
fibres surmounted by a thin basal lamina which is 
demonstrable only at high resolution, and these apparently 
represent contributions from non-epithelial and epithelial 
tissues respectively. 

In the platypus (Ornithorhynchus anatinus), the base- 
ment  membrane subjacent to the surface epithelium of 
the intestines is especially prominent  x. Histochemical and 
ultrastructural  studies reported here show tha t  i t  presents 
a number of unusual features. 

Specimens of stomach, duodenum, mid-jejunum, ter- 
minal ileum, colon and rectum were removed under 
anaesthesia from 1 adult  female and 3 adult male animals, 
all of which appeared free of disease. For light micro- 
scopy tissues were fixed in cold 10~o neutral formalin 
or Bouin's solution, or were freeze-dried. Following 
routine processing and embedding in paraffin, sections 
were stained by each of the following: haematoxylin 
and eosin; PAS, with and without  prior digestion with 
diastase; Alcian blue (pH 1.0 and 2.5) either alone or 
combined with PAS;  toluidine blue (pH 3.5, 7.0 and 9.0); 
aldehyde fuchsin, with or without prior oxidation with 
potassium monpersulphate; Verhoeff's elastin stain; 
Van Gieson stain; and Masson's original trichrome. In 

addition, unstained sections were examined microscopic- 
ally under polarized light, and sections of freeze-dried 
tissues were examined for the presence of amine fluoro- 
phores using the formaldehyde-induced fluorescence 
histochemical technique 3. For ultrastructural  study small 
blocks of mucosa were fixed in 4% phosphate-buffered 
glutaraldehyde and subsequently treated in osmium 
tetroxide 3 Thin sections were stained with uranyl acetate 
and lead citrate 4 and examined with a Siemens Elmiskop 
1 A electron microscope. 

The basement membrane situated beneath the surface 
epithelium was found to be uniformly thickened throughout 
the intestines. I t  was continuous with a much less pro- 
minent  basement membrane enveloping the intestinal 
glands. In  respect of structure and histochemical reac- 
tions the glandular basement membrane was indistin- 
guishable from tha t  found in the stomach of the platypus 
and in the gastrointestinal t ract  generally of other 
mammals.  The basement membrane associated with the 

x A. OPPEL, in Zoologische Forschungsreisen in Australian und dem 
Malayischen Archipel (Ed. R. SEMOl~; Gustav Fischer, Jena 
1894-1897), p. 403. 

z g. FALCK and C. OWMAN, Acta Univ. hind, Sectio II, 3 (1965). 
s A. J. DALTO~¢, Anat. Ree. 121, 281 (1955). 
4 E. S. REYSOLDS, J. Cell Biol. 17, 208 (1963). 
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Fig. I. An indentation in the surface epithelium of a duodenal 
villous fold illustrating the prominence of the basement membrane 
(BM) and the .adjacent plexus of capillary vessels (C). The epithelium 
is pseudo-stratified in type. Toluidine blue. × 1200. 

su r face  e p i t h e l i u m  was  1 0 - 2 0 / z m  t h i c k  a n d  c o n t a i n e d  
seve ra l  u n d u l a t i n g  s t r a n d s  w i t h i n  a n  a p p a r e n t l y  ace l lu ta r  
m a t r i x  (F igure  1). S t a i n i n g  of t h e  b a s e m e n t  m e m b r a n e  
could n o t  be  o b t a i n e d  w i t h  t h e  use of Alc ian  blue,  
to lu id ine  blue,  or  Verhoef f ' s  e l a s t i n  s ta in .  A l igh t  s t a in ing  
r eac t ion  was  o b t a i n e d  w i t h  a l d e h y d e  fuchs in  fol lowing 
ox ida t ion ,  a n d  f ibre- l ike  c o m p o n e n t s  were  seen w i t h i n  
t h e  m e m b r a n e  a f t e r  t h e  use  of e i t h e r  V a n  Gieson or  
P A S  s t a in s ;  a less m a r k e d  P A S - r e a c t i v i t y  was  also 
p r e s en t  t h r o u g h o u t  t h e  r e m a i n d e r  of  t h e  m e m b r a n e .  
B r i g h t  green-ye l low f o r m a l d e h y d e - i n d u c e d  f luorescence,  
r ep r e s en t i n g  en te r i c  n e r v e  f ibres  inc lud ing  those  accom-  
p a n y i n g  b lood vessels,  was  seen in  t h e  l a m i n a  p ro p r i a  
b u t  was  n o t  found  e i t h e r  w i t h i n  or i m m e d i a t e l y  a d j a c e n t  
to  t h e  m e m b r a n e .  A dense  n e t w o r k  of c ap i l l a ry  vessels  
a n d  n u m e r o u s  p o l y m o r p h o n u c l e a r  leucocytes ,  l y m p h o i d  . 
cells a n d  m a s t  cells were  l oca t ed  in  loose c o n n e c t i v e  
t i s sue  i m m e d i a t e l y  b e n e a t h  t h e  m e m b r a n e .  

U l t r a s t r u c t u r a l l y ,  a c o n t i n u o u s  basa l  l a m i n a  was  
s i t u a t e d  i m m e d i a t e l y  s u b j a c e n t  to  t h e  p l a s m a  m e m b r a n e  
of t h e  ep i the l i a l  cells; i t  was  of u n i fo rm  t h i c k n e s s  b u t  
i r r egu la r  dens i ty .  Severa l  u n d u l a t i n g  a n d  i r r egu la r ly  
f e n e s t r a t e d  lamel lae ,  of w h i c h  t h e  m o s t  basa l  was  genera l ly  
t h e  m o s t  p r o m i n e n t ,  were  seen  b e t w e e n  t h e  basa l  l a m i n a  
a n d  t h e  a d j a c e n t  l a m i n a  p r o p r i a ;  t h e y  compr i s ed  h o m o -  
geneous  e l ec t ron -dense  m a t e r i a l  (F igure  3) a n d  were 
loca ted  w i t h i n  a b r o a d  zone c o n t a i n i n g  a f i l a m e n t o u s  
g r o u n d  subs t ance ,  some col lagen f ibres  a n d  a t t e n u a t e d  
cell processes.  

T h e r e  a p p e a r  to  be  no  r epo r t s  in  o t h e r  m a m m a l s  of 
a n  i n t e s t i n a l  b a s e m e n t  m e m b r a n e  c o m p a r a b l e  to  t h a t  
seen  in t h e  p l a t y p u s .  I n  one  species of opos sum,  Didelphis 
virginiana, a t h i c k e n e d  b a s e m e n t  m e m b r a n e  is seen  a t  
t h e  f u n d u s  of i n t e s t i n a l  g l a n d s  in t h e  u p p e r  p a r t  m a i n l y  
of t h e  i n t e s t i na l  t r a c t  a n d  u l t r a s t r u c t u r a l l y  h a s  t h e  
a p p e a r a n c e  of a m o r p h o u s  g r o u n d  subs tanceS.  

I n  t h e  in te s t ines  of t h e  p l a t y p u s ,  desp i t e  careful  
f i x a t i o n  of f resh  t issues,  t h e r e  is o f t en  widesp read  absence  
of surface  e p i t h e l i u m  so t h a t  t h e  b a s e m e n t  m e m b r a n e  
a b u t s  on  t h e  l umen .  T h u s  in t h e  p l a t y p u s  t h e  poss ib i l i t y  
ex is t s  of  a n  i n c o m p l e t e  ep i the l i a l  l i n ing  to  t h e  i n t e s t i ne  

W. J. KRAUSE and C. R. LEESON, J. Anat. 104, 467 (1969). 

Fig. 2. An electron micrograph from an area 
similar to that outlined in Figure 1, illus- 
trating components of the lamina propria 
(LP) and of the membrane underlying two 
basal epithelial cells (EP). × 11,500. 
Fig. 3. A tangential view of a constituent 
lamella from an area similar to that outlined 
in Figure2, showing numerous fenestrae 
traversed by collagen fibres. × 9,600. 
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dur ing  life, a v iew held by OPPEL 1, and possibly repre-  
sent ing  an inadequa te  regenera t ive  capac i ty  in in tes t ina l  
epi thel ia l  cells. Recen t  studies • have  shown t h a t  epi thel ia l  
cells of the  in tes t ine  are  invo lved  in the  e labora t ion  of 
a secre tory  p roduc t  which m a y  h a v e  a role in defence 
agains t  the  inimical  env i ronmen t  represented by  intes t inal  
contents .  A possible role for the  th ickened  basemen t  
m e m b r a n e  seen in the  p l a typus  as a mechan ica l  glyco- 
pro te in-conta in ing  barr ier  mer i t s  fur ther  inves t igat ion,  
for the  areas of gu t  in which  the  basemen t  m e m b r a n e  
was s t r ikingly p r o m i n e n t  and th ickened  are those  
exposed to in tes t ina l  con ten t s  and suscept ible  to  loss 
of surface epi thel ium.  

Zusammen[assung. Es  werden  die besonderen s t ruk tu-  
rel len Eigenschaf ten  der  Basa lmembran  beschrieben,  die 
nn te r  d e m  Mucosaepi thel  al ler  Darmreg ionen  (Magen bis 
Rec tum)  des Schnabel t ie rs  (Ornithorhynchus anatinus) 
liegt. 
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B o n e  I n d u c t i o n  E v o k e d  in M o u s e  by  X e n o g e n e i c  G r a f t s  o f  the  T r a n s i t i o n a l  E p i t h e l i u m  

The a im of th is  work  was to es tabl ish facts  concerning 
two  problems:  a) the  p rob lem of interspecies specif ici ty 
of the  induc tor  of oseogenens p roduced  and released by  
the  grafts  of t rans i t iona l  ep i the l ium;  b) the  p rob lem of 
low induc t ive  po tency  of t r ans i t iona l  ep i the l ium of 
mouse  o r /and  low sens i t iv i ty  of mouse  connec t ive  t issue 
for the  inductor .  

I n  numerous  p rev ious  expe r imen t s  i t  was shown t h a t  
bone t issue develops  in t he  v ic in i ty  of t he  au togeneic  
graf t  of u r ina ry  b ladder  mucosa  1-4. There  is considerable  
ev idence  t h a t  this  bone fo rmat ion  depends  on the  
t rans i t ional  ep i the l ium ac t iv i ty .  Allogeneic graf ts  5-~ have  
ev iden t ly  weaker  po tency  to  induce bone t issue;  for 
example ,  in the  dog these graf ts  do not  elicite bone 
fo rmat ion  s, 9. 

No pos i t ive  results have  been obta ined  wi th  xeno-  
geneic graf ts  of t rans i t ional  ep i the l ium x0-~2. I n  this  case, 
t he  graf ts  were  des t royed wi th in  re la t ive ly  short  t i m e  
because  of h i s to incompat ib i l i ty .  Thus  i t  was  impossible  
to  es tabl ish  whe the r  t he  induc tor  p roduced  and even tua l ly  
released by  t rans i t iona l  ep i the l ium m a y  exer t  i ts  a c t i v i t y  
across species barr ier .  

On  the  o the r  hand,  i t  was found 4 t h a t  even  au togeneic  
graf ts  of u r ina ry  b ladder  wall  in mouse  caused bone 
induc t ion  ex t r eme ly  seldom. The ques t ion  has been posed 
t h a t  e i ther  mouse  connec t ive  t issue is less sensi t ive to 
induc tor  or  mouse  t rans i t iona l  ep i the l ium has v e r y  weak  
induc t ive  potency.  The  l a t t e r  is suggested by  the  fact  
t h a t  establ ished epi thel ia l  cell l ines induce  car t i lage and 
bone  fo rmat ion  in mice qu i te  f r equen t ly  ~s-x~. 
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Material and methods. Smal l  pieces (1 X1 mm) of 
u r ina ry  b ladder  mucosa  obta ined  f rom dogs, guinea-pig, 
syr ian hams te r  or  mice were graf ted in t r amuscu la ry  into  
mouse  h ind  legs. The  t rans i t iona l  ep i the l ium of the  
amincrea ted  species a pos t  f rom mouse 4 used in these 
s tudies  has  appa ren t ly  h igh  induc t ive  proper t ies  when  
graf ted  in to  au togeneic  or  al logeneic rec ip ient  3-s. 

I n  one expe r imen t  suspension of t ryps in  isolated 
t rans i t iona l  ep i the l ium cells of  dog (approx. 5 × 106) was 
in jec ted  i.m. in to  h ind  leg of  mouse. The  graf ts  of canine  
e n d o m e t r i u m  or hams te r  seminal  vesicle were used as 
a nega t ive  control .  E x p e r i m e n t s  were carried ou t  on 
mice of bo th  sexes belonging to the  fol lowing inbred 
s t ra ins:  B10D2, B10LP,  BN, C57B1/ScSn,  C F / W  and 
C3H. A t  the  t i m e  of graft ing,  recipients  of graf t  were 
t rea ted  wi th  5 m g  of cort isone 14-1s and the  same dose of 
the  drug  was repea ted  8 days  a f te r  graf t ing.  The  mice were 
ki l led a t  var ious  t ime  in terva ls  a f te r  graf t ing and the  graf ts  
w i th  sur rounding  tissues were examined  histological ly.  

Results and discussion. As can be  seen in the  Table ,  
graf t ing  of u r ina ry  Madder  mucosa  of dog, guinea-pig  
or  syr ian  hams te r  in to  mice t rea ted  wi th  cort isone 
resul ted in car t i lage  and bone fo rmat ion  in t he  v ic in i ty  
of t r ansp lan t  (Figure 1). The  sequence of events  were 
s imilar  to those observed af ter  graf t ing xenogeneic  
es tabl ished epi thel ia l  cell  l ines 13-~5. The  car t i lage which 
appeared  on the  10th day  was subsequen t ly  subs t i tu ted  
by  bone tissue. However ,  as la te  as on the  36th day  
af ter  graf t ing,  car t i lage was stil l  present .  3-4 weeks af ter  
graf t ing among  the  bone t rabecu lae  bone marrow-l ike  
t issue was found.  The  graffted t rans i t iona l  ep i the l ium 
su rv ived  near ly  3 weeks and  of ten formed cysts.  Graf ts  
of isolated t rans i t iona l  ep i the l ium of dog caused car t i lage 
and bone induc t ion  ju s t  as  of ten  as the  t ransp lan ts  of 
whole u r ina ry  b ladder  mucosa  (Figure 2). 

The  bone  induc t ion  was obta ined  only  in 1 ou t  of 21 
al logeneic graf ts  of mur ine  ur inary  b ladder  mucosa.  No  
induc t ion  was observed when  xenogeneic  e n d o m e t r i u m  
or seminal  vesicle  were grafted, though  the  epi thel ial  
cells of such graf ts  su rv ived  as long as t he  graf ted t ransi -  
t iona l  epi thel ium.  

The following two  conclusions could be fo rmula ted  
on the  basis of these  resul ts :  1. The  d a t a  ob ta ined  show 
clear ly  t h a t  os teo induc t ive  proper t ies  of t he  t rans i t iona l  
ep i the l ium can be  revealed  in xenogeneic  sys tem,  i.e. 
t h a t  induc to r  does no t  possess species specificity.  Since 
bo th  u r inary  b ladder  mucosa  and establ ished epi thel ia l  
cell  l ines (WISH,  F1, KB,  HeLa)  evoke  bone induct ion  
morphologica l ly  in a v e r y  similar  way,  i t  seems t h a t  the  
na tu re  of bone induc tor  in these two systems is s imi lar  
if no t  identical .  On the  o ther  hand  i t  should be ment ioned  


