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e x t e n t  of f u r t h e r  m e t a b o l i s m  to 11-dehydrocor t i cos te rone  
(21-hydroxypregn-4-ene-3 ,  11, 20-trione) 9 slowly declined,  
before  f ina l ly  fa l l ing to low levels aga in  a f te r  t he  4 th  day  
of cul ture .  Analys i s  of t he  q u a d r a n t  o u t p u t s  of cort ico- 
s te rone  in u n s t i m u l a t e d  cu l tu res  fa i led to  revea l  a n y  
ev idence  of s ign i f ican t  c i rcad ian  v a r i a t i o n  f rom a s t e a d y  
rise and  fall, such  f l uc t ua t i ons  as were m e a s u r e d  fa l l ing 
essent ia l ly  w i t h i n  t he  l imi t s  of e x p e r i m e n t a l  error,  t he  
coeff icient  of v a r i a t i o n  of the  assay  p rocedure  be ing  10% 
a t  these  low levels of cor t icos terone .  

W e  h a v e  d e m o n s t r a t e d  p rev ious ly  ~ t h a t  t he  p redomi-  
n a n t  f luorogenic  s te ro id  secre ted b y  ad rena l  mono laye r s  
m a i n t a i n e d  w i t h o u t  A C T H  for severa l  weeks is 20e- 
d ihyd rop roges t e rone  (20r  3-one), 
owing p r inc ipa l ly  to  t he  decl ine in 21-hydroxy lase  
ac t i v i t y  t h a t  t akes  place in t he  absence  of A C T H  a 
D u r i n g  t he  in i t i a l  phase  of cu l tu re  e x a m i n e d  here,  
however ,  t he  f luorogenic  s tero id  secre ted b y  b o t h  ACTH-  
s t i m u l a t e d  and  u n s t i m n l a t e d  cu l tu res  was accoun ted  
for as cor t i cos te rone  wheI1 m e d i u m  ex t r ac t s  were sub-  
j ec ted  to  S e p h a d e x  LH-20  c o l u m n  c h r o m a t o g r a p h y .  

The  p r e sen t  e x p e r i m e n t s  h a v e  the re fo re  fai led to  revea l  
a n y  s ign i f ican t  c i rcad ian  v a r i a t i o n  in t h e  cor t i cos te rone  
o u t p u t  of e i the r  s t i m u l a t e d  or u n s t i l n u l a t e d  ad rena l  
m o n o l a y e r  cul tures .  This  f ind ing  is in  m a r k e d  c o n t r a s t  to  
resu l t s  o b t a i n e d  w i t h  o rgan -cu l tu red  hams te rS ,  6 and  
l e m m i n g  v ad rena l  glands,  where  c i r cad ian  r h y t h m s  of 
cor t icos te ro id  secre t ion  of ten  exceeded 40% of t he  m e a n  
o u t p u t  in  a m p l i t u d e  and  pers i s t ed  for over  a week  in 
A C T H - s t i m u l a t e d  a n d  u n s t i m u l a t e d  cul tures .  The  p re sen t  
resu l t s  do no t  exclude  t he  poss ib i l i ty  of u n s y n c h r o n i z e d  
r h y t h m i c i t y  in t he  i nd iv idua l  cells in  the  non-p ro l i f e ra t ing  
conf luen t  monolayers ,  b u t  t he re  was no  ev idence  of a n y  
r h y t h m  of d imin i sh ing  ampl i t ude ,  such  as m i g h t  be  
expec ted  to  resu l t  f rom a g r adua l  d e s y n c h r o n i z a t i o n  of 
i n d i v i d u a l  cel lular  r h y t h m s .  

The  absence  of r h y t h m i c i t y  in  m o n o l a y e r  cu l tu res  a n d  
its a p p a r e n t  pers i s tence  in o rgan  cu l tures  suggests  t h a t  
organized  t i ssue  s t ruc tu r e  is i m p o r t a n t  for i ts  m a i n t e n a n c e  
in v i t ro ,  a l t h o u g h  a species di f ference be t w een  ad rena l  
r h y t h m s  in the  r a t  and  in t he  h a m s t e r  a n d  l e m m i n g  
can  no t  be ru led  out .  The  s ignif icance of endogenous  
ad rena l  r h y t h m i c i t y  in  vivo,  however ,  is doubt fu l .  I t  h a s  
been  shown  t h a t  d e a f f e r e n t a t i o n  of t he  med ia l  basa l  
h y p o t h a l a m u s  in t he  r a t  resul t s  in b o t h  a h i g h  p i t u i t a r y  

A C T H  c o n t e n t  ~0 a n d  h i g h  s t e a d y  levels of cor t i cos te rone  
secre t ion ~t, s imi lar  resu l t s  be ing  o b t a i n e d  w i t h  suprach ias -  
m a t i c  lesions n.  These  e x p e r i m e n t s  ind ica te  t h a t  v a r i a t i o n s  
in co r t i co t roph in  re leas ing  fac to r  syn thes i s  13 re su l t ing  in 
v a r i a t i o n s  in  A C T H  secre t ion  ~ are respons ib le  for a t  
leas t  t he  g rea te r  p a r t  of t he  c i r cad ian  v a r i a t i o n s  in  
s te ro id  secre t ion  b y  t h e  r a t  ad rena l  cor tex  in vivo.  Such  a 
m e c h a n i s m  is cons i s t en t  w i t h  our  fa i lure  to  de t ec t  
c i rcad ian  v a r i a t i o n s  in t h e  s te ro id  o u t p u t  of mono laye r -  
cu l tu red  r a t  ad r ena l  cells. T h u s  t he  s ignif icance a n d  
or igin of t he  endogenous  r h y t h m s  of s te ro id  secre t ion  in 
o rgan -cu l tu red  ad rena l s  r e m a i n  to be  de t e rmined .  

Rdsumd. La  st6roidog6ngse pa r  les cellules su r r6na l i ennes  
du  r a t  adu l t e  (zones fasciculaire  e t  r6t iculaire) ,  cul t iv6es  
en  couche monoce l lu la i re  a 6t6 examin6e  duns  le b u t  de 
t r o u v e r  les r y t h m e s  circadiens,  s emblab le s  ~ ceux qui  ou t  
6t6 observ6s  dans  la s~crgt ion de cor t icos tero ides  des 
g landes  surr6nales  en  cu l tu re  o rgano typ ique .  On n ' a  pas  
observ6 de r y t h m e s  de s6er6tion, n i  duns  les cu l tu res  
s t imul6es  pa r  A C T H  ni  dans  les cu l tures  non  st imul6es,  ce 
qu i  i n d i q u e r a i t  que  si le cor tex  su r r6na l i en  possgde en  
effet  une  fonc t ion  r y t h m i q u e  in t r ins~que ,  cela do l t  d6- 
p e n d r e  de la s t r u c t u r e  h i s t o t y p i q u e  du  t i ssu  g landula i re .  
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C e r t a i n  F e a t u r e s  of H y p o p h y s e a l  I n t e r m e d i a t e  L o b e  M a t e r i a l s  a s  S e e n  in  T i s s u e  C u l t u r e  1 

I n  a n  a t t e m p t  to  pur i fy ,  cha rac te r i ze  a n d  d e t e r m i n e  t he  
func t ion  of b o v i n e  h y p o p h y s e a l  i n t e r m e d i a t e  lobe 
ma te r i a l s  i.e., i n t e r m e d i a t e  lobe t i ssue  and  i n t r a g l a n d u l a r  
colloid, i t  was l ea rned  t h a t  ma te r i a l s  cha rac t e r i zed  a t  one 
p o i n t  in  t ime  may,  w i t h i n  24 to 48 h, show d i f fe ren t  
charac ter i s t ics .  Since these  ma te r i a l s  are so h igh ly  act ive,  
and  if m e a n i n g f u l  d a t a  are to  be  secured f rom ongoing  
c h r o m a t o g r a p h i c  a n d  immuno log i ca l  s tudies,  i t  was fel t  
t h a t  some t i m e  re l a t ionsh ip  be  e s t ab l i shed  be t w een  t he  
b r e a k d o w n  of i n t e r m e d i a t e  lobe tissue, t he  u l t i m a t e  
f o r m a t i o n  of i n t r a g l a n d u l a r  co l lo id3  and  t he  e l abo ra t i on  
of va r ious  subs t ances  d u r i n g  t he  b r e a k d o w n  period.  
Tissue cu l tu res  were ut i l ized to secure th i s  i n f o r m a t i o n  
a n d  th i s  c o m m u n i c a t i o n ,  in  par t ,  is based  on  these  f indings.  

P rev ious  i nves t iga t ions  ~-7, e s tab l i shed  an  a c t i v i t y  
per iod  for i n t e r m e d i a t e  lobe mate r ia l s ,  f rom i to  3 days,  
based  on t he  response  of cells of m e s o d e r m a l  origin, in  
var ious  organs,  to  an  in jec t ion  of these  ma te r i a l s .  Meso- 
de rma l  cells are i nduced  to d i f f e ren t i a t e  and  pro l i fe ra te  
a long  red b lood  cell lines. 

Gel f i l t r a t ion  s tud ies  of i n t e r m e d i a t e  lobe ma te r i a l s  
d e m o n s t r a t e  t h e  ex i s tance  of 4 s epa ra t e  s u b s t a n c e s  in  
f rac t ions  of i n t e r m e d i a t e  lobe mate r ia l s ,  and  for conve-  
n ience  are labe led  W B 1 - W B  v All of these  f rac t ions  
a c t i v a t e  cells of m e s o d e r m a l  or igin to  var ious  degrees.  
A t  th i s  t i m e  i t  has  n o t  been  d e t e r m i n e d  w h e t h e r  these  
f rac t ions  are b r e a k d o w n  p r o d u c t s  of a specific i n t e r m e d i a t e  
lobe cell or a c o m b i n a t i o n  of p roduc t s  f rom p ro f i l e r a t ing  
i n t e r m e d i a t e  lobe cells. Never the less ,  t i ssue  cu l tu re  
t echn iques  h a v e  a d d e d  some basic  knowledge  to th i s  
s tudy .  
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P r i m a r y  cu l tu res  were  o b t a i n e d  b y  minc ing  and  t ryp -  
s in iz ing (0.25% t r y p s i n -  Difco 1:250) duck  e m b r y o n i c  
t i ssue  in  p h o s p h a t e - b u f f e r e d  sal ine (PBS)  a t  r oom t em-  
p e r a t u r e  fol lowing p rocedures  r epo r t ed  elsewhere s. T h e  
g r o w t h  m e d i a  was m a d e  up  of Eag le ' s  m i n i m a l  essent ia l  
m e d i u m  s u p p l e m e n t e d  w i t h  10% feta l  calf  se rum (Grand  
I s l and  Biological  Company)  and  an t ib io t i c s  (penicil l in 
G po ta s s ium,  250 IU,  a n d  s t r e p t o m y c i n  su l fa te  100 ~zg 
pe r  ml  of med ium) .  N o n - a c t i v e  m a r g i n a l  zone i n t e rme-  
d i a t e  lobe t i ssue  was cu l tu red  in a l e igh ton  tube ,  for  3 to  
5 days  a t  37~ 

Since t h e  g land  is enclosed in a dense  f ibrous  capsule  of 
dura ,  s t e r i l i ty  can  be m a i n t a i n e d  b y  u t i l iz ing  p r o p e r  
t echn iques .  I n t e r m e d i a t e  lobe t i ssue  can  be h a r v e s t e d  b y  

Fig. 1. Gross mid-sagittal section through the bovine hypophysis 
showing the anterior, intermediate and posterior partes. • 14. 
Fig. 2. Proliferation of marginal zone intermediate lobe cells in 
culture. The arrows point to a natural division between the marginal 
and deep zone of intermediate lobe cells. • 500. 
Fig. 3. Clumps of proliferating intermediate lobe cells within the 
medis. • 500. 

m a k i n g  a m i d - s ag i t t a l  cu t  t h r o u g h  t h e  whole  g land  
(Figure 1) expos ing  t h e  3 lobes. I n  n o n - a c t i v e  glands,  t he  
i n t e r m e d i a t e  lobe closely a p p r o x i m a t e s  t h e  a n t e r i o r  lobe, 
t h e  res idua l  l u m a n  is a lmos t  en t i r e ly  closed an d  is devo id  
of colloid. The  n a r r o w  b a n d  of i n t e r m e d i a t e  lobe t i ssue  
is d a r k e r  in color t h a n  the  pos te r io r  lobe to wh ich  i t  is 
i n t i m a t e l y  a t t a ched .  

I n  cul ture ,  m a r g i n a l  i n t e r m e d i a t e  lobe cells i.e., those  
fo rming  t h e  surface of t h e  l o b e  a t  the  i n t r a g l a n d u l a r  
lumen,  become h igh ly  ac t ive  w i t h i n  8 to  12 h. Cellular  
vacuo l i za t ion  is the  in i t ia l  change  observed ,  an d  wi th in  
24 to  48 h, t h e  cells increase  in d i a m e t e r  f rom 0.3-0.5 ~xm 
to 0.7-0.9 Ixm. This  a c t i v i t y  occurs  in m a r g i n a l  zone cells 
a t  va r ious  loci a n d  t i m e  in terva ls ,  deve lop ing  pocke t s  of 
cells wh ich  per iodica l ly  d e t a c h  t h e m s e l v e s  f rom the  surface 
of the  i n t e r m e d i a t e  lobe (Figure  2). 

W i t h i n  48 h, large c lumps  of p ro l i f e ra t ing  cells b r e a k  
a w a y  an d  become  iso la ted  in to  group3 of v a r y i n g  n u m b e r s  
of cells (Figure 3). B e t w e e n  48 an d  72 h, t h e  b r e a k d o w n  of 
m a r g i n a l  i n t e r m e d i a t e  lobe cells is comple te  w i t h  the  
r e s u l t a n t  f o r m a t i o n  of colloid. 

Microscopic sect ions  of cu l tu red  i n t e r m e d i a t e  lobe 
t i ssue  s t a ined  w i t h  h e m a t o x y l i n - e o s i n  (Figures 4-7) show 
t h a t  vacuoles  w i t h i n  cells in i sola ted groups  con t inue  to  
enlarge (Figures 6-7). I t  is s ign i f i can t  t h a t  t h e  b r e a k d o w n  
of i n t e r m e d i a t e  lobe t i ssue  w i t h  t h e  u l t i m a t e  fo rmat ion  of 
colloid as obse rved  in t i ssue  cul ture ,  c o m p l e m e n t  those  
r epor ted  for gross a n d  microscopic  s tudies  of the  a c t i v i t y  
of i n t e r m e d i a t e  lobe mate r ia l s .  Indeed ,  w h a t e v e r  t i le 
n a t u r e  of t h e  cyclic b e h a v i o r  of t h e  i n t e r m e d i a t e  lobe, 
these  s tud ies  ind ica te  a b r e a k d o w n  in m a r g i n a l  in te r -  
m e d i a t e  lobe cells w i t h i n  a 72 h period.  As p rev ious ly  
r epor ted  2-7, the  m a r g i n a l  zone is rep laced  b y  cells w i t h i n  
the  deep zone of t h e  lobe unde rgo ing  d i rec t  divis ion.  I t  is 
d i f f icul t  to  d e t e r m i n e  t h e  r e p l a c e m e n t  t ime.  I t  is impor -  
t a n t  to  no te  t h a t  a f t e r  t h e  m a r g i n a l  zone of cells is 
replaced,  t h e  i n t e r m e d i a t e  lobe m a k e s  d i rec t  c o n t a c t  w i t h  
t h e  an t e r i o r  lobe 5. I t  is a t  t h i s  j u n c t u r e  t h a t  b lood  vessels 
of t h e  i n t e r m e d i a t e  lobe co n t i n u a l l y  c o n l m u n i c a t i n g  w i t h  
those  in the  pos te r io r  lobe, grow in to  t h e  a n t e r i o r  lobe, 
i n t e rconnec t ing ,  in  th i s  man n e r ,  all  lobes of t h e  gland.  
Th i s  c o n n e c t i o n  is severed  a t  t h e  onse t  of t h e  b r e a k d o w n  
of m a r g i n a l  i n t e r m e d i a t e  lobe cells. 

In  r ev iewing  r e l e v a n t  l i t e r a tu re  9-22 w i t h  reference to  
subs t ances  t h o u g h t  to  be p r e s en t  in t h e  i n t e r m e d i a t e  
lobe, no  c o m m e n t  is m a d e  of t h e  fac t  t h a t  A C T H  a n d  
M S H  co n t a i n  l i t t le  if a n y  cys te ine  or cyst ine .  Indeed ,  
t es t s  for cys te ine  a n d  cys t ine  in bov ine  i n t e r m e d i a t e  
lobe t i ssue  shows t h e  p resence  of these  subs tances ,  
a l t h o u g h  a m i n o  ac id  ana lys i s  shows t h a t  t h e  subs t ances  
are n o t  p re sen t  in  i n t r a g l a n d u l a r  colloid of i n t e r m e d i a t e  
lobe origin.  Since m o s t  t i ssue  cu l tu re  med ia  co n t a i n  e i the r  
cys te ine  or cyst ine ,  no d e t e r m i n a t i o n  as to  t h e  presence  
or absence  of these  ma te r i a l s  could be  m a d e  f rom growing 
tissue, I f  i t  is shown t h a t  i n t r a g l a n d u l a r  colloid con ta ins  
A C T H  or MSH,  t h e  ques t ion  exis ts  as to  w h e t h e r  the re  is 
a t r a n s p o r t  s y s t e m  b e t w een  t h e  i n t e r m e d i a t e  lobe a n d  
o the r  pa r t e s  via  i n t e r c o m m u n i c a t i n g  ar te r ies  p r io r  to  t he  
b r e a k d o w n  of m a r g i n a l  i n t e r m e d i a t e  lobe cells e, or v ia  
ex t race l lu la r  channe l s  ~3, m a n a g i n g  ce r t a in  subs t ances  
w i t h i n  t h e  gland.  I t  is d i f f icul t  to  d e t e r m i n e  wh ich  cells 
w i t h i n  t h e  m a r g i n a l  zone p roduce  A C T H  or M S H  since 
all seem to  be i nvo lved  in th i s  b r e a k d o w n  process  an d  the  
f o r m a t i o n  of i n t r a g l a n d u l a r  colloid. 

As t h e  s t u d y  of t h e  i n t e r m e d i a t e  lobe progresses,  A C T H  
a n d  MSH,  if p r e sen t  for b r ie f  per iods  of t ime,  would seem 
to be of lesser s ignif icance t h a n  o the r  subs t ances  found  in 
th i s  lobe an d  now u n d e r  inves t iga t ion .  I t  is becoming  more  
ev i d en t  t h a t  t h e  i n t e r m e d i a t e  lobe of t h e  h y p o p h y s i s  
shou ld  be  cons idered  as a s t r u c t u r e  of equa l  i m p o r t a n c e  



Fig. 4-7. Microscopic sections of 
intermediate lobe ceils taken from 
tissue culture and stained with 
H. & E. showing vacuolization 
and the breakdown of cells 
ultimately %rming colloid. • 1500. 

as  t h e  a n t e r i o r  a n d  p o s t e r i o r  pa r t e s ,  a n d  n o t  m e r e l y  as  a 
s e g m e n t  of t h e  p o s t e r i o r  lobe",  m, ~8-~5. 

Zusammen/assung.  Die I s o l i e r n n g  e inze lner  F r a k t i o n e n  
der  H y p o p h y s e ,  i m  b e s o n d e r e n  der  M i t t e l l a p p e n a n t e i l e  
is t  k o m p l i z i e r t  u n d  es w u r d e n  d a h e r  K u l t u r e n  v o n  R i n d e r -  
h y p o p h y s e n  angeleg t ,  in  we l chen  A C T H  u n d  M S H  vor -  
k o m m t .  I m  Z u s a m m e n h a n g  m i t  d e m  T r a n s p o r t s y s t e m  
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