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S u b m a m m a l i a n  Erythropoiesis:  Endothelial  Cell Transformation by Mammal ian  Hypophysal  
Intermediate Lobe ~ 

Bovine  h y p o p h y s e a l  i n t e r m e d i a t e  lobe mate r ia l s  induce  
cer ta in  cells of mesode rma i  origin in h o m e o t h e r m s  to  pro-  
l i ferate  and  d i f fe ren t i a te  a long t h e  e ry th ro id  cell l ine ~-5. 
I t  is unusua l  t h a t  fac tors  s t imu la t ing  e ry thropoies i s  in 
h o m e o t h e r m s  should do so in po ik i lo the rms  ~-10. Never-  
theless ,  i n t e r m e d i a t e  lobe mater ia l s  caused endothe l ia l  
cells l ining t h e  cavi t ies  of the  tu r t l e  h e a r t  and  endothe l ia l  
cells l ining co ronary  vessels to  reach e ry th ropo ie t i c  
ma tu r i t y .  

I t  is essent ia l  t h a t  the  te rm,  i n t e rmed ia t e  lobe ma te -  
rials, as used in th i s  s t u d y  be clear ly unders tood .  A l though  
the  regula tory  m e c h a n i s m s  are no t  as ye t  appa ren t ,  t he  
bovine  h y p o p h y s e a l  i n t e rmed ia t e  lobe is cyclic in na tu re  
(unpubl ished data)  exh ib i t ing  3 phases :  first ,  d e s q u a m a -  
t ion  and  auto lys is ;  second,  regenera t ion  and  th i rd ,  rest-  
ing. In  concer t  w i th  an increase in cellular size and  cyto-  
p lasmic  vacuol izat ion,  i n t e rmed ia t e  lobe cells in the  mar-  
ginal  hal f  of t he  lobe d e s q u a m a t e  and  break  away  f rom 
the  r e m a i n d e r  of t he  lobe, t h u s  conver t ing  w h a t  was  
once a po ten t i a l  space be tween  the  an te r io r  a n d  inter-  
med ia t e  lobe in to  an in t r ag landu la r  lumen.  W i t h i n  the  
lumen,  t he  ceils undergo  autolys is  resul t ing in t he  forma-  
t ion  of colloid. The in t r ag landu la r  lumen  opens  d i rec t ly  
in to  the  venous  cavernous  sinuses by  way  of wel l -def ined 
channe l s  pass ing t h r o u g h  the  capsule of the  gland.  This  

Fig. 1. Tissue from animal killed on day 2 showing progressive nuclear 
enlargement of endothelial lining cells with a prominent nucleolus. 
Hematoxylin-eosin-azure II. × 0,900. 
Fig. 2. Tissue from animal killed on day 5 showing a rounding up of 
endothelial lining cells. The cytoplasm is basophilie staining Hema- 
toxylin-eosin-azure II. × 0,900. 
Fig. 3. Endothelial lining cells (day 5) showing prominent nuclear 
chromatin clumps. Hematoxylin-eosin-azure U. × 0,800. 
Fig. 4. Mitotic figure of an endothelial cell (day 5) in late metaphase 
showing granular cytoplasm. Hematoxylin-eosin-azure II. × 0,900. 

s y s t em prov ides  a means  b y  wh ich  t h e  lumen  expe ls  i ts  
colloid co n t en t s  in to  t h e  venous  c i rcula t ion.  Direc t  divi-  
s ion of t he  r emain ing  i n t e r m e d i a t e  lobe cells re -es tabl i shes  
t he  lobe which  now en te rs  a per iod  of rest .  The  in t r a -  
g landula r  l umen  r e tu rns  to  i ts  original  s ta tus ,  t h a t  of 
a po ten t i a l  space.  Thus,  i n t e r m e d i a t e  lobe mate r ia l s  
in th i s  s t u d y  refers  to  i n t e rmed ia t e  lobe cells and  colloid. 

The  presence  of e ry th ropo ie t in  has  no t  been  es tab l i shed  
in po ik i lo therms ,  ye t  e ry th ro id  cell m a t u r a t i o n  is said no t  
to  occur unless e ry th ropo ie t in  is p r e s en t  n .  The resul ts  
of recen t  inves t iga t ions  involv ing  i n t e r m e d i a t e  lobe cells 
suggests  t h a t  t h e y  m a y  be syn thes iz ing  ACTH or ACTH-  
like subs tances  t h o u g h t  to  be inhe ren t  in i n t e r m e d i a t e  
lobe M S H  x*-x*. Indeed ,  ACTH is said to  s t imula te  ery-  
thropoies is  in mice *°, in ra t s  *x,** and  in r abb i t s  .3 and  
i ts  p resence  in i n t e r m e d i a t e  lobe mater ia l s  m a y  be 
d i rec t ly  a f fec t ing  ce r ta in  cells of mesode rma l  origin. Of 
fu r the r  s ignif icance is t he  suggest ion by  LEwlS et  al. ~4 
t h a t  colloid of in t r ag landu la r  lumen  origin is only  act ive  
w h e n  the re  is d e s q u a m a t i o n  or autolys is  of i n t e rmed ia t e  
lobe cells. Since i t  is k n o w n  t h a t  fac tors  usual ly  s t imu-  
la t ing e ry thropoies i s  have  no effect  on an imals  in t he  
classes Pices,  A m p h i b i a  and  Rept i l i a  6-1°, i t  seemed 
wor thwhi l e  to  t e s t  i n t e rmed ia t e  lobe mate r ia l s  on poikilo- 
the rms .  The tu r t l e  (Terrapene carolina) was chosen as t he  
e x p e r i m e n t a l  an imal  to  r ep resen t  t he  group of poikilo- 
the rms .  

F resh  bovine  p i t u i t a ry  g lands  and  blocks of s t r i a t ed  
muscle  f rom 2-year-old s teers  and  heifers  were secured 
wi th in  10 min  a f te r  s l augh te r  and  p laced  i m m e d i a t e l y  in 
saline. Since the  g land is enclosed in a dense f ibrous  
capsule,  s te r i l i ty  was ma in ta ined .  Af te r  several  wash ings  
in steri le saline, t he  g lands  were cut  in t h e  midsag i t t a l  
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Fig. 5. Mitotic figure of an endothelial cell (day 5) in late anaphase. 
Hematoxylin-eosin-azure II. × 0,900. 
Fig. 6. Daughter cells developing into immature erythrocytes. He- 
matoxylin-eosin-azure II. × 0,900. 
Fig. 7. Immature erythrocytes showing 'halo' around the nucleus. 
Benzidine method, x 0,900. 
Fig. 8. Mature erythrocytes showing 'halo' around the nucleus. Ben- 
zidine method. × 0,900. 

plane exposing the  in t rag landular  lumen and the  lobes 
of t he  gland.  Wi th in  l h a f te r  s laughter ,  inocula were 
prepared  f rom muscle  t issue,  an te r ior  and poster ior  lobe 
mater ia l ,  and f rom in te rmed ia t e  lobe mater ia ls ,  i.e., in ter-  
med ia te  lobe cells f rom glands in which  no in t rag landular  
lumen  is present  (resting phase), and desquama t ing  inter-  
med ia te  lobe cells and in t rag landular  colloid f rom glands 
in which an in t rag landular  lumen  is present  (act ive phase). 
The  s l ight  avascu la r i ty  of the  in t e rmed ia t e  lobe differen- 
t ia tes  i t  qu i te  c lear ly  f rom the  poster ior  lobe to  which i t  
is i n t i m a t e ly  a t tached.  W i t h  careful  handl ing,  in te rme-  
d ia te  lobe t issue can be  easi ly dissected away  from the  
poster ior  lobe. 

Inocula  were prepared  by  mincing the  hypophysea l  
mater ia ls  and muscle  tissue, each wi th in  its own group, 
into fine aggregates  (0.25 m m  or less). The  aggregates  in 
each group were d iv ided  into com pa r tm en t s  of 3 m m  3. 
To each c o m p a r t m e n t  was added 2 ml  of H-597 balanced 
med ium (Connaught  Medical  Research  Laborator ies ,  To-  
ronto,  Canada).  5 separa te  inocula  were prepared.  A 21 
guage hypodermic  needle was used to  in ject  0.2 ml  of an 
inoculum into the  tu r t l e  heart .  A re tangula r  piece of the  
plas t rom,  d i rec t ly  over  the  region of the  hear t  was re- 
moved  for this  procedure  and then  replaced. The  tur t les  
were ki l led on days  2, 5, 7, 9 and 11. E v e n  numbered  
microscopic sections were  s ta ined by  the  Benzidine 
me thod  while  odd numbered  sections were s ta ined wi th  
Hematoxy t in -eos in -azure  I I .  Tur t l e  hear ts  in jec ted  wi th  
desquamat ing  in t e rmed ia t e  lobe cells and in t rag landular  
colloid, only, showed changes in the  endothel ia l  cells 

l ining the  coronary  vessels and hear t  cavi t ies .  No changes 
were observed in hear ts  injected wi th  the  o ther  inocula. 

Endo the l i a l  cells l ining the  cavi t ies  of the  hear t  in t issue 
f rom an imals  kil led on day  2 show a progress ive  nuclear  
en la rgemen t  wi th  a large p rominen t  nucleolus (Figure 1). 
Tissue f rom animals  killed on day 5 show a rounding  up 
of endothe l ia l  l ining cells (Figures 2 and 3) toge ther  wi th  
the  appearance  of basophil ic  s ta ining cytoplasm.  Mitot ic  
figures are f r equen t  (Figures 4-6). By day 7, daugh te r  
cells assume a spindle  shape (Figure 7) and con ta in  
d i s t inc t  nuc lear  ch romat in  clumps.  As the  cells reach 
m a t u r i t y  (day 9) t h e y  again  round-up.  In  concer t  w i th  
this  deve lopment ,  there  is an increase in cy top lasmic  
acidophil ia ,  and the  ma tu re  e ry th rocy tes  conta in  an  
abundance  of cy top lasmic  granules (Figure 8). At  this 
stage, c lumps  of cells are d rawn into  the  general  circula- 
tion. Tur t les  ki l led af ter  day  9, show no s t r iking changes 
in the  endothe l ia l  l ining cells. Sect ions s tained by the  
]3enzidine method ,  show t h a t  incorpora t ion  of iron into 
the  cell occurs  a t  the  t ime  the  spindle  shape is achieved 
(Figure 7), and  is readi ly  demons t r a t ed  in the  more  ma- 
ture  cells (Figure 8). 

I t  has been  repor ted* t h a t  the  tu r t l e  e ry th rocy te  ma-  
tures ve ry  s lowly and t h a t  increased erythropoies is  in 
response to b leeding lasts a t  least  21-50 days.  These 
da t a  rule ou t  in terna l  bleeding as the  possible e ry thro-  
poietic s t i m u l a n t  in the  present  s tudy  for a single inocula- 
t ion of i n t e rmed ia t e  lobe mater ia l s  produce  m a t u r e  ery-  
th rocytes  f rom endothel ia l  cells wi th in  2-9  days  followed 
by a cessat ion of erythropoiesis .  This  s t udy  detects  an 
erythropoie t ic- l ike  s t imula t ing  factor  in in t e rmed ia t e  
lobe mater ia ls  which has a specific effect on cells of 
mesodermal  origin. 

The  re la t ionship  be tween  red cell  p roduct ion  and inter-  
media te  lobe ac t i v i t y  was t hough t  to  be se t t led  since 
studies by  VAN DYKE et  al. ~6 showed a ma in tenance  of 
c i rcula t ing red cell v o l u m e  in ra ts  to  be re la ted ent i re ly  
to the  anter ior  lobe of the  hypophysis .  Since recent  
evidence associates A C T H  and ACTH-l ike  substances 
wi th  in t e rmed ia t e  lobe mater ials ,  bovine  A C T H  is now 
being ut i l ized as a tes t  mater ia l  in con t inu ing  studies. 
The  ob jec t ive  is to  de te rmine  whe ther  endothel ia l  cells 
will  respond in a m a n n e r  s imilar  to t h a t  observed when 
in te rmedia te  lobe mater ia l s  are  ut i l ized as the  tes t  sub- 
stance. 

Zusammen/assung. Nachweis,  dass Zellen und Kolloid 
des Hypophysenzwischen lappens  des Rindes,  in Herz-  
k a m m e r n  yon Schi ldkr6ten iiberfiihrt,  deren Endo the l -  
zellen zu p r imi t iven  Blutzet len und schliesslich zu reifen 
E r y t h r o z y t e n  t ransformieren.  Es  wird  angenommen ,  dass 
ACTH-Ahnl iche Subs tanzen  aus dem H y p o p h y s e n m i t t e l -  
lappen die Ery th ropoese  anzuregen verm6gen.  
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