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Table III. Response of C57B1/6 mouse thymus cells separated on 
BSA diseontinucms gradients to LPS 

CelI Unstimulated cells Stimulated ceils Stimulation 
fraction (counts/rain) (counts/rain) index 

Control ~ 370 zt= 49 u 398 4- 50 1.08 
116~c 09 173 ~ 44 1.48 
224~: 04 243 ~ 30 1.08 

Band A 1522 ~ 225 1336 -t- 108 0.88 
4405 ~ 359 1994 =E 451 0.45 

702 ~= 99 295 ~ 62 0.42 

BandB 253 ~ 19 528 4- 15 2.09 
158 :~= 20 311 J= 78 1.96 
166 2~ 35 395 4- 32 2.38 

BandC 93 ~ 18 99 4- 12 1.09 
48 ~_~ 06 74 =/= 15 1.55 

173 ~ 13 221 -4- 40 1.28 

BandD 1 3 6 i  24 167 q- 30 1.23 
8 4 i  11 89 j= 22 1.05 

249 ~ 52 184 -4- 29 0.74 

Pellet 276 ~ 105 192 ~ 07 0.69 
160 ~ 21 159-4- 48 0.99 
129 ~c 14 124 -1- 08 1.09 

Nonseparated thymoeytes, b Data  for 3 individual experiments is 
given. Values listed are the mean epm of 4 replica tubes plus the 
standard deviation. 

f rom b a n d  I3 exh ib i t ed  the  g rea tes t  mi togen ic  response.  
The  mi togen ic  responses  of n o n - s e p a r a t e d  cells was  h ighe r  
t h a n  t he  responses  of b a n d s  A, C, D, or t h e  pellet .  T h y m u s  
cell s u b p o p u l a t i o n s  were s t i m u l a t e d  w i t h  t he  t h y m u s  
i n d e p e n d e n t  m i to gen  E. colt L P S  (10 ~g). Th i s  d a t a  
(Table  I I I )  shows t h a t  cells f rom b a n d  13 exh ib i t ed  t he  
h ighes t  degree of s t imu la t ion .  Cells ill t h e  o t h e r  b a n d s  
and  pe l le t  d id  no t  r e spond  to LPS.  T he  cell s u b p o p u l a t i o n  
i so la ted  f rom t h e  lowest  d e n s i t y  a rea  of t he  g r a d i e n t  
(band  A) was r ich  in  large b las t - l ike  cells d i sp lay ing  an  
a b u n d a n t  a m o u n t  of c y t o p l a s m  a n d  large r o u n d  nuclei .  
These  cells were no t  s t i m u l a t e d  b y  a n y  of t he  mi togens  
b u t  d id  d i sp lay  t h e  h ighes t  basa l  u p t a k e  of t r i t i a t e d  
t h y m i d i n e  (Tables,  I, I I I )  w h e n  i n c u b a t e d  w i t h o u t  
mi togen .  Due  to  t h e  h igher  level of t r i t i a t e d  t h y m i d i n e  
u p t a k e  in t h i s  cell p o p u l a t i o n  i t  is fe l t  t h a t  these  cells 
co r respond  to t he  h igh ly  mi to t i c  ceils of t he  ou te r  co r t ex t  
of t he  i n t a c t  t h y m u s  ~t. 

There  was a s ign i f ican t  e n r i c h m e n t  of cells in  b a n d  ]3 
r e spond ing  to mi togen ic  s t i m u l a t i o n  w h e n  c o m p a r e d  to 
t he  o the r  b a n d s  a n d  u n s e p a r a t e d  cells. This  r eac t i ve  
s u b p o p u l a t i o n  was  not ,  however ,  morpholog ica l ly  homog-  
enous.  I t  is no t  clear a t  t he  p re sen t  t i m e  wh ich  of t h e  

morpho log ica l  cell t ypes  r e spond  to t he  mi togens .  P rev ious  
i nves t i ga t i ons  h a v e  s h o w n  t h a t  cor t i sone  r e s i s t a n t  
t h y m o c y t e s  are respons ive  to  P H A  a n d  Con A. Therefore,  
i t  is p r o b a b l e  t h a t  t h e  cells i so la ted  f rom b a n d  B cor- 
r e spond  to  t h e  cor t i sone  r e s i s t a n t  immuno log ica l l y  
c o m p e t e n t  cells of t he  t h y m u s  medu l l a  ~2. The  m o r p h o -  
logical h e t e r o g e n e i t y  of t h i s  r eac t ive  s u b p o p u l a t i o n  m a y  
be  due  to  c o n t a m i n a t i o n  w i t k  n o n r e a c t i n g  ceils. However ,  
a more  p laus ib le  e x p l a n a t i o n  would  be t h a t  th i s  s u b p o p u l a -  
t i on  con t a in s  cells t h a t  are  in va r ious  s tages  of i m m u n o -  
logical  m a t u r a t i o n  and  t h u s  a p p e a r  morpho log ica l ly  
diss imilar .  

Our  d a t a  (Table  I I I )  show a smal l  n u m b e r  of t h y m u s  
cells i so la ted  f rom b a n d  B t h a t  are  capab le  of r e spond ing  
to  t he  t h y m u s  i n d e p e n d e n t  m i t o g e n  E. coli LPS .  However ,  
u n s e p a r a t e d  t h y m u s  cells e x h i b i t e d  no mi togen ic  response  
to LPS,  wh ich  is in  a g r e e m e n t  w i t h  t he  d a t a  of AI~DERS- 
SON et  al. ~a. D e n s i t y  g r ad i en t  s e p a r a t i o n  of t h y m u s  cells 
a l lowed t he  i so la t ion  of m i t o g e n  respons ive  cells in  a 
single subpopu la t i on .  Specu la t i on  on t he  f u n c t i o n a l i t y  
of t h e  t h y m u s  cells r e s p o n d i n g  to  L P S  m a y  lead to  t h e  
fol lowing suppos i t ions .  Firs t ,  t h e  cells m a y  be  t3 cells 
i n v o l v e d  in h u m o r a l  i m m u n i t y  a n d  cor respond  to  t h e  
a n t i b o d y  p r o d u c i n g  cells descr ibed  by  VITETTA et  al. ~4 
On t he  o t h e r  h a n d  t h e y  m a y  r ep re sen t  13 cells t h a t  are 
des t ined  to  become  T cells u n d e r  t he  inf luence  of t h e  
t h y m u s .  A t h i r d  poss ib i l i ty  is t h a t  t he  L P S  r eac t ive  cells 
are c o n t a m i n a n t s  f rom the  c i rcula t ion .  

Zusammen/assung. F r a k t i o n e n  yon  T h y m u s l y m p h o -  
zy t en  der  Maus,  die im d i skon t i nu i e r l i chen  13SA-Dichte- 
g r a d i e n t e n  a u f g e t r e n n t  worden  waren ,  w u r d e n  auf  ihre  
S t i m u l i e r b a r k e i t  d u r c h  die <~thymusabh~ngigen ~ Mitogene  
C o n e a n a v a l i n  A u n d  P h y t h ~ i m a g g l u t i n i n  sowie d u r c h  das  
<~thymusunabhXngige}> L ipopo lysaccha r id  yon  E. coli 
u n t e r s u c h t .  E i n e  L y m p h o z y t e n f r a k t i o n  n iederer  D i c h t e  
k o n n t e  m i t  a l len Mi togenen  s t imu l i e r t  Werden. Dieser  
13efund wird  im R a h m e n  der  F u n k t i o n  e inze lner  Sub-  
p o p u l a t i o n e n  der  T h y m u s l y m p h o z y t e n  d i sku t ie r t .  
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Absence  of a Circadian R h y t h m  of Cort icosterone  
Adrenocort ica l  Cells 

W e  h a v e  shown  t h a t  a d u l t  r a t  ad renocor t i ca l  cells f rom 
the  zona  fasc icu la ta - re t i cu la r i s  r e t a i n  t h e i r  s t r u c t u r a l  and  
func t iona l  d i f f e ren t i a t ion  in m o n o l a y e r  cu l tu re  and  
secrete  cor t i cos te rone  a t  an  a p p a r e n t l y  s t e a d y  overa l l  
da i ly  r a t e  w h e n  m a i n t a i n e d  w i t h  A C T H  1-~. T he  i n t a c t  
ad r ena l  cortex,  however ,  shows a c i rcad ian  r h y t h m  of 
r e spons iv i t y  to  A C T H  in v i t ro  ~, a n d  c i r cad ian  r h y t h m s  of 
severa l  phys io logica l  and  b iochemica l  p a r a m e t e r s  inc lud-  
ing oxygen  c o n s u m p t i o n  a n d  corf icos teroid  secre t ion  h a v e  

Secret ion in Monolayer  Cultures  of Adult  Rat 

been  r epo r t ed  in o rgan -cu l t u r ed  ad rena l  g lands  s-7. I t  h a s  
the re fore  been  sugges ted  8 t h a t  t he  ad r ena l  cor tex  
possesses in t r ins ic  r h y t h m i c i t y  of func t ion ,  since r h y t h m s  
pers i s ted  for  m a n y  days  in o rgan  cu l tures  m a i n t a i n e d  
u n d e r  c o n s t a n t  condi t ions .  Because  our  p r ev ious  exper i -  
m e n t s  d id  n o t  exclude  t he  poss ib i l i ty  of c i r cad ian  va r i a -  
t ions  in m o n o l a y e r  cul tures ,  we h a v e  e x a m i n e d  t h e  secre- 
t i o n  of cor t i cos te rone  b y  f r e sh ly -p repa red  cu l tu res  on  a 
3 and  6-hour ly  basis.  Th i s  is t he  f i rs t  t ime,  to  our  knowl-  
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edge, t ha t  a d i f ferent ia ted  funct ion  of m a m m a l i a n  
endocrine cells has been examined  for intrinsic circadian 
r h y t h m i c i t y  in monolayer  culture.  

Methods. Tissue culture. Pr imary  monolayer  cultures of 
zona fasc icula ta- re t icular is  ceils were prepared  f rom the  
adrenal  cortices of 8-week-old (200 g) male  Wis ta r  rats  
ma in ta ined  on a 12 h l ight/12 h dark regime. Suspensions 
of col lagenase-hyaluronidase disaggregated cells obta ined 
f rom the  decapsula ted  cortices of 4 rats  killed by cervical  
dis locat ion m i d w a y  th rough  the  l ight  period were prepared  
as described previous ly  ~, and used to set up paired 
cultures, each of which conta ined app rox ima te ly  2 • 106 
a t t ached  cort ical  cells. The  number  of adrenocort ical  cells 
in each cul ture  was de te rmined  by count ing  randomly-  
chosen fields of known area under  an inver ted  phase- 
contras t  microscope at  24 h intervals .  

Cultures were main ta ined  at  37.5~ in 25 cm 2 Falcon 
tissue cul ture plast ic  flasks wi th  5 ml  Dulbecco 's  Eagle ' s  
med ium conta in ing 15% fetal  calf serum (Gibco) and 
100 U / m l  penicil l in and s t reptomycin ,  wi th  10% CO~ in 
air. Porcine A C T H  (91.5 U/mg,  Sigma) was added to 
cultures in 50 ~1 sterile 0.9% (w/v) NaC1 solution. 
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Fig. 1. Cort icosterone secretion b y  p r i m a r y  monolayer  cul tures  of 
adul t  r a t  adrenoeor t ica l  ceils ma in t a ined  in  the presence of 100 mU/  
ml  ACTH. The  mean  and  range  of de te rmina t ions  made  on 2 cul tures  
set  up from the same cell suspension are shown. 
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Fig. 2. Corticosterone secret ion by  p r i m a r y  monolayer  cul tures  of 
adu l t  r a t  adrenoeor t ica l  cells ma in t a ined  wi thou t  ACTH. Note tha t  
the scales of bo th  abscissa and  ord ina te  differ from Figure  1. 

Cultures were allowed to remain  undis turbed  for 24 h 
in med ium wi thou t  A C T H  aur ing which t ime  the viable 
ceils a t t ached  to form the  monolayer ,  t hey  were then  
rinsed wi th  several  changes of fresh med ium to remove  
damaged,  una t t ached  ceils, and the  cul ture med ium was 
subsequent ly  replaced every  3 or 6 h and stored at  - -20 ~ 
to awai t  analysis. 

Corticosterone assay. The cort icosterone ou tpu t  of the  
cultures was de termined  using the  sulfuric acid-induced 
fluorescence me thod  2, de te rmina t ions  being made on 
d ich loromethane  ext rac ts  of cul ture  med ium and corrected 
for ti le number  of adrenal  cells in the  culture. To check the 
specifici ty of the  assay, some daily med ium collections 
f rom similar  cultures were ex t rac ted  and subjec ted  to 
Sephadex LH-20 (Pharmacia)" co lumn ch roma tog raphy  
using the  solvent  sys tem to luene /d ich loromethane /  
me thano l  49 :49 :2  to separa te  cort icosterone f rom other  
f luorogenic steroids. 

Results and discussion. The monolayer  cultures were 
main ta ined  on one of two regimes. S t imula ted  cultures 
were t rea ted  wi th  100 m U / m l  ACTH,  fresh hormone  
being added wi th  each med ium change. This concent ra t ion  
of A C T H  results in the  max ima l  steroidogenic s t imula t ion  
of adrenal  monolayers  2. Uns t imu la t ed  cultures were 
main ta ined  wi th  comple te  med ium alone, conta in ing less 
t han  0.2 FU/ml  ACTH.  

A peak level  of cort icosterone secretion, equ iva len t  to 
over  50 ~zg/day per  mil l ion cells, was achieved immed ia t e ly  
on addi t ion  of A C T H  after  24 h pre l iminary  cul ture  in its 
absence (Figure 1). This ou tpu t  declined rapidly,  however,  
in spite of the  fact  t h a t  the  cultures were t rea ted  cont inu-  
al ly wi th  a max ima l ly - s t imula t ing  concent ra t ion  of 
ACTH,  and wi th in  24 h of commencing  s t imulat ion,  
cort icosterone secretion had fallen to a level equ iva len t  to 
approx ima te ly  13 ~g/day per mill ion cells and was 
main ta ined  at  this level thereaf ter .  

There  was no evidence of circadian var ia t ion  in the 
cort icosterone ou tpu t  of ACTH-s t imu la t ed  cultures. The 
mean  hour ly  ou tputs  of the  6 h quadran t s  dur ing the  3rd 
to 5th days of cul ture inclusive were 0.54 + 0.012 (SD), 
0.53 • 0.017, 0.52 t 0.024 and 0.56 i 0.020 Fg per  
mill ion cells. None  of these quadran t  ou tpu t s  was 
s ignif icant ly different  f rom the  overal l  mean  ou tpu t  of 
0.54 • 0.022 ~zg/h per  mill ion cells dur ing this t ime. The 
precision oI ti le assay procedure,  expressed as the  
coefficient of var ia t ion,  was 6% at  the  levels of cortico- 
s terone measured in the  med ium from ACTH-s t imula ted  
cultures. 

The  fact  t h a t  ini t ial  peak  levels of cort icosterone se- 
cret ion in ACTH-s t imu la t ed  cultures were app rox ima te ly  
4 t imes  the final  s teady  levels (Figure 1) tends  to confirm 
our previous calculat ions 2 t h a t  the  cont inuous steroid 
ou tpu t  of the  conf luent  adrenal  monolayers  is lower 
t h a n  the  m a x i m u m  ou tpu t  of an equ iva len t  number  of 
cells in vivo. 

In i t ia l  levels of cort icosterone recovered in the  med ium 
from uns t imula ted  adrenal  cultures were ve ry  low, 
equ iva len t  to  less t han  0.2 ~zg/day per  mil l ion cells 
(Figure 2). The ou tpu t  of cort icosterone then  rose as the  
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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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