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Effects of antithymocyte (ATS) and normal pig serum (NPS) on the 
estrous cycle in rats 

Day of Average 
treat- !* 2 3 4 5 6 7 8 9 10 11 12 13 14 15 score/ 
ment Vaginal smear score day 

Rat No. 1 10 1 1 1 1 5 5 1 1 1 1 1 1 1 2.14 
2 1 1 1 1 1 1 1 1 1 3 1 8 1 1 1.64 
3 5 1 1 7 4 1 1 4 1 1 1 1 i 10 2.79 
4 1 1 1 1 10 1 1 1 9 10 1 1 8 8 3.86 
5 1 1 1 1 1 1 1 1 1 l l 1 8 1 1.5 
6 1 4 8 10 7 1 1 1 4 1 1 1 4 1 3.21 

95% confidence interval 

Mean 2.52 
S.E. 0.38 

1.55-3.49 

NPS 
Rat No. i 1 2 8 10 3 1 1 7 10 8 10 1 1 4 4.79 

2 5 10 3 1 1 7 10 1 1 7 8 8 1 7 5.0 
3 1 2 7 10 3 1 1 7 9 1 1 8 7 1 4.21 
4 1 1 5 10 3 1 1 2 7 8 10 1 8 7 4.64 
5 7 10 3 1 1 7 10 3 1 1 5 10 2 1 4.43 

Mean 4.61 
S.E.  0.14 

95% confidence interval 4.23-4.99 

* Smears taken on the first day of treatment were not evaluated. 
Different vaginal smear patterns were scored arbitrarily as follows: 
leucocytes - 1, leucocytes with nucleated epithelial cells 2, leuco- 
cytes with eornified cells - 3, leucocytes, nucleated and cornified 
epithelial cells - 4, nucleated epithelial cells - 5 (score 6 was not 
used), nucleated epitheliaI cells with admixed con~ified cells - 7, 
nucleated and cornified cells in equal proportions - 8, cornified cells 
with admixed nucleated epithelial cells - 9, cornified cells - 10. 

whi le  t h a t  of t h e  e x p e r i m e n t a l  A T S - t r e a t e d  a n i m a l s  
d i s p l a y e d  a d i s t i nc t  t e n d e n c y  t o w a r d  a d i e s t r o u s  p a t t e r n  
d u r i n g  t r e a t m e n t  a n d  a r ap id  a n d  p e r m a n e n t  r e c o v e r y  
a f t e r  t e r m i n a t i n g  t h e  t r e a t m e n t .  T h e  ova r i e s  of t h e  3 
e x p e r i m e n t a l  a n i m a l s  killed a t  t h e  end  of t he  A T S -  
in f luenced  pe r iod  did n o t  dif fer  h i s to log ica l ly  f r o m  t h o s e  
in t h e  u n t r e a t e d  a n i m a l s ;  t h e y  c o n t a i n e d  n u m e r o u s  folli- 
cles of d i f fe ren t  ages  a n d  c o r p o r a  lu t e s .  T h e  t h y m u s  a n d  
sp leen  in t he se  a n i m a l s  r evea Ied  o n l y  a n  inc reased  v a s -  
cu la r i za t ion .  T h e  ova r i a n ,  t h y m i c  a n d  splenic  m o r p h o l o g y  
in t he  e x p e r i m e n t a l  a n d  c o n t r o l  a n i m a l s  killed 2 m o n t h s  
a f t e r  t he  A T S  or  N P S  t r e a t m e n t s  r e spec t ive ly  w a s  
i n d i s t i n g u i s h a b l e  f r o m  t h a t  in t h e  u n t r e a t e d  ra ts .  
W e  were  able  to  s u p p r e s s  o v u l a t i o n  w i t h  a pe r s i s t ence  of 
c o r p o r a  l u t e s  and  a t e n d e n c y  t o w a r d  a p e r m a n e n t  dies- 
t r o u s  s t a t e  b y  in f luenc ing  t h e  i m m u n e  s y s t e m  of a d u l t  
r a t s  w i t h  t h e  a d m i n i s t r a t i o n  of A T S  in s e x u a l l y  m a t u r e  
an ima l s .  T h e  N P S  w a s  inef fec t ive ;  no  d i f fe rence  could  be 
f o u n d  b e t w e e n  t h e  N P S - t r e a t e d  con t r o l s  a n d  u n t r e a t e d  
an ima l s .  F u t u r e  r e s e a r c h  m u s t  a n s w e r  t h e  q u e s t i o n  of 
w h e t h e r  t h e  i m m u n e  s y s t e m  a c t u a l l y  does  effect  t h e  
o v a r i a n  f u n c t i o n  d i r ec t ly  b y  in f luenc ing  the  o v a r i a n  
s t r u c t u r e s ,  or  on ly  ind i r ec t ly  b y  i n f l u e n c i n g  the  h y p o -  
t h a l a m u s - p i t u i t a r y  s y s t e m .  W e  cons ide r  t h e  f o r m e r  pos -  
s ib i l i ty  m o r e  p r o b a b l e  6, v 
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Summary. I n  a se rum-f ree ,  chemica l l y  def ined  m e d i u m  h u m a n  t h y r o i d  cells e longa t ed  r e m a r k a b l y  a n d  r e s e m b l e d  f ibro-  
b tas t ic  cells. T h e y  r e t a i ned  t h e  cyclic A M P  r e s p o n s e  to  T S H  a n d  t h e  s u p p l e m e n t  of m e d i u m  w~th T S H  or  d i b u t y r y l  
cyclic A M P  p e r m i t t e d  the  p r e s e r v a t i o n  of ep i the l ia l  n a t u r e  b y  the  cells. Cyclic A M P  of t he  cells of ep i the l ia l  n a t u r e  w a s  
h ighe r  t h a n  t hose  of f i b rob la s t i c  a p p e a r a n c e .  

T i s sue  cu l t u r e  is an  exce l len t  too l  for  s t u d y i n g  t h e  m e c h -  
a n i s m  of h o r m o n a l  ac t ions  2, a. M o s t  cells in cu l tu re ,  h o w -  
ever ,  r equ i r e  s e r u m  to  s u r v i v e  a n d  g r o w  4. S e r u m  is con-  
s idered  to  p r o v i d e  n e c e s s a r y  h o r m o n e s ,  s o m e  as y e t  
un iden t i f i ed ,  w h i c h  m a y  ac t  on  t a r g e t  ceils b y  t h e m s e l v e s  
or  as  ' p e r m i s s i v e  f ac to r s '  of o t h e r  h o r m o n e s  5,G. Th i s  
impl ies  t h a t  t he  use  of s e r u m  in t i s sue  cu l t u r e  e x p e r i m e n t s  
on  h o r m o n a l  ac t ion  c o m p l i c a t e s  t he  i n t e r p r e t a t i o n  of ef- 
fects .  I f  t h e  cells are  able  to  s u r v i v e  w i t h  t he i r  specific 
c h a r a c t e r s  in a c h e m i c a l l y  def ined  m e d i u m ,  the  s e r u m -  
free s y s t e m  wil l  pose  a p a r t i a l  so l u t i on  to  t h i s  p r o b l e m .  
I t  p r o b a b l y  he lps  to  cha rac t e r i ze  m o r e  prec ise ly  t h e  
m e c h a n i s m  of a c t i o n  of h o r m o n e s  a n d  o t h e r  s e r u m  fac- 
t o r s i ,  5. Th i s  p a p e r  p r e s e n t s  a t r ia l  to  m a i n t a i n  h u m a n  
t h y r o i d  cells in a c h e m i c a l l y  def ined  m e d i u m  w i t h  or  
w i t h o u t  T S H .  
Materials and methods. H u m a n  t h y r o i d  t i s sue  w a s  ob-  
t a i n e d  a t  s u r g e r y  f r o m  p a t i e n t s  w i t h  G r a v e s '  d i sease  w h o  
were  e u t h y r o i d  a f t e r  t he  t r e a t m e n t  w i t h  t h i o u r e a  for  
3 -4  m o n t h s .  T h e , t h y r o i d  cells were  c u l t u r e d  in H a m ' s  
F12 m e d i u m  w i t h  10% calf  s e r u m  a t  t h e  d e n s i t y  of  
2 • 10 ~ ceils pe r  60 m m  d i sh  as  r e p o r t e d  p r e v i o u s l y E  

Af t e r  24 h of i n c u b a t i o n  cells we re  w a s h e d  3 t i m e s  w i t h  
5 m l  of H a m ' s  F12  m e d i u m  (se rum-f ree) ,  a n d  s e r u m - f r e e  
c u l t u r e  us ing  H a m ' s  F12  m e d i u m  w a s  s t a r t e d .  E v e r y  2 
d a y s  the  m e d i u m  w a s  r ep l aced  b y  n e w  one  w i t h  o r  w i t h -  
o u t  h o r m o n e s  or  cyclic n u c l e o t i d e s L  Cell n u m b e r  w a s  
d e t e r m i n e d  b y  s t a i n i n g  a n d  c o u n t i n g  t h e  nucle i  b y  
A b s h e r ' s  m e t h o d  8. Cyclic A M P  w a s  m e a s u r e d  as  de- 
sc r ibed  before  7 
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Results.  In  H a m ' s  F12 m e d i u m  the  h u m a n  t h y r o i d  cells 
r e m a i n e d  a t t a c h e d  to the  surface of cu l tu re  dish. The  cell 
n u m b e r  was c o n s t a n t  for a t  leas t  a week,  a n d  was n o t  
c h a n g e d  b y  s u p p l e m e n t i n g  t he  m e d i u m  w i t h  T S H  (up to 
100 mU/ml ) .  A t  t he  b e g i n n i n g  of se rum-f ree  cul ture ,  t he  
ceils showed  r o u n d  or po lygona l  shape  w i t h  s c a n t y  
cy top lasm.  The  ceils g radua l ly  e longa ted  and  f l a t t ened .  
The  e longa t ion  r eached  i ts  m a x i m u m  a f t e r  2-  3 days  and  
t he  ceils d i sp layed  a t e n d e n s y  to  a l ign in  para l le l  as 

Fig. 1. Morphological appearance of thyroid cells maintained in 
Ham's F12 medimn. Cells were maintained for 4 days in Ham's F12 
medium with (lower) or without (upper) 100 mUlml of TSH. The 
photographs were taken after cells were stained with May-Giemsa. 
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Fig. 2. Cyclic AMP levels of thyroid cells maintained with or without 
TSH. Cells were maintained in Ham's F12 medium with (closed 
circles) or without (open circles) 10 mU/ml of TSH. Medium was re- 
placed every 2 days (arrows) by a fresh medium with or without 
TSH. After various length of serum-free culture (abscissa) cyclic 
AMP level was measured as described beforeL Each point is the 
mean 4- S. E. M. triplicates. 

s h o w n  in f igure 1. These  cells, however ,  p rese rved  t he  
s ens i t i v i t y  to  T S H ( >  1 m U / m l )  for a t  leas t  a week, and  
e l eva ted  cyclic A M P  level  f rom 7.2 • 0.6 pmoles/106 
ceils to  71.2 • 4.3 pmoles/106 ceils a f te r  20 rain  of in- 
c u b a t i o n  a t  37~ wi th  100 m U / m l  of T S H  (Armour ,  
Thy t ropa l ) .  
W h e n  t h e  t h y r o i d  cells were cu l tu red  in H a m ' s  F12 
m e d i u m  s u p p l e m e n t e d  w i t h  T S H ( > I  mU/ml ) ,  t h e  cell 
e longa t ion  was  n o t  recognized.  As s h o w n  in f igure  1, 
t h e y  p rese rved  t h e  v a r i ab i l i t y  in  b o t h  size'  an d  shape  
cha rac te r i s t i c  of d i f f e ren t i a t ed  epi the l ia l  cells in p r i m a r y  
cul ture .  T h e  suppress ion  of cell e longa t ion  b y  T S H  
seemed revers ib le  since t h e  r e m o v a l  of T S H  p e r m i t t e d  
t h e  ceils to  e longate .  T S H  h a d  no ef iec t  on  the  tu l ly  
e longa ted  cells, while  i t  p r e v e n t e d  t h e  process  of cell 
e longat !on  w h e n  added  w i t h i n  24 h a f te r  t h e  beg inn ing  
of TSH- f ree  cul ture .  
The  cyclic A M P  level  of ceils in  TSH- f ree  m e d i u m  was 
8.8 ~= 0.6 pmoles/106 cells (4-day-old cul ture)  a n d  t he  
m e d i u m  change  b r o u g h t  v e r y  l i t t le  f l u c t u a t i o n  . in t he  
basa l  level  (figure 2, open  circle). W h e n  m e d i u m  was re- 
p laced b y  f resh  one w i t h  10 m U / m l  of T S H ,  cyclic A M P  
level was e l eva ted  w i t h i n  5 min.  The  level  r eached  i ts  
m a x i m u m  b y  30 rain,  t h e n  followed b y  a g r ad u a l  decrease  
(figure 2, closed circle). T h e  lowest  levels j u s t  before t he  
n e x t  m e d i u m  c h a n g e  (16.4 • 0.7 pmoles /10"  ceils, 4- 
day-o ld  cul ture)  were st i l l  h ighe r  t h a n  those  in con t ro l  
cu l ture  (figure 2, open  circles), i nd i ca t i ng  t h a t  the  cells of 
epi the l ia l  n a t u r e  were in h igher  cyclic A M P  levels t h r o u g h -  
o u t  t h e  cu l tu re  t h a n  those  w i t h  e longa ted  cy top lasm.  
ACTH(100  mU / ml ) ,  HCG(20 U/ml)  a n d  bov ine  s e rum 
a lbumin (5  mg/ml)  h a d  no  effect  on  t h e  cyclic A M P  level  
as well as t h e  cell morpho logy .  N6 ,2 ' -O-d ibu ty ry l  cyclic 
A M P  mimicked  t h e  T S H  ac t ion  on  t h e  cell m o r p h o l o g y  
a t  t h e  c o n c e n t r a t i o n  of 0.01, 0.1 a n d  1 mM, while  N~,2 '- 
d i b u t y r y l  cyclic G M P  did n o t  a t  t h e  same concen t r a t i on .  
Discussion.  I n  H a m ' s  F12 m e d i u m  h u m a n  t h y ro i d  cells 
p re se rved  t h e  sens i t i v i ty  to  T S H ,  whi le  t he i r  ep i the l ia l  
n a t u r e  was lost  as a r e m a r k a b l e  cell e longat ion.  T S H  
p r e v e n t e d  t h e  morpholog ica l  change  p r o b a b l y  by  e leva t -  
ing t h e  cyclic A M P  level. Th i s  is c o m p a t i b l e  w i t h  t h e  
p rev ious  r epo r t s  an d  adds  f u r t h e r  s u p p o r t  to  t h e  t h e o r y  
t h a t  t h e  f o r m a t i o n  of t i ssue  specific s t r u c t u r e  b y  t h y r o i d  
cell is r egu la t ed  b y  TSH-cyc l ic  A M P  s y s t e m  2, 3 
The  m e c h a n i s m  of cell e longa t ion  an d  i ts  i nh ib i t i on  b y  
cyclic A M P  is n o t  known.  T h e  p a r t i c i p a t i o n  of micro-  
t u b u l e s  as r epo r t ed  recent lyg,  t0 seemed unl ike ly  in 
t h y r o i d  cell e longat ion ,  since colchicin did  n o t  i nh ib i t  t he  
e longa t ion  in our  p r e l i m i n a r y  exper imen t s .  Some k inds  of 
cell-to-cell  i n t e r a c t i o n  seemed to h a v e  an  i n t i m a t e  r e l a t ion  
to  t h e  morpho log ica l  change  because  t h e  e longa t ion  was 
seen on ly  w h e n  t h e  t h y r o i d  cells were seeded a t  a p r o p e r  
cell dens i ty ,  However ,  a l t h o u g h  i n v o l v e m e n t  of cyclic 
A M P  an d  m e m b r a n e  p roper t i e s  was p o s t u l a t e d  to ex- 
p la in  such  d e n s i t y  d e p e n d e n t  nature11, ~2, exac t  me-  
c h a n i s m  b y  wh ich  cells change  t h e i r  m o r p h o l o g y  de-  
p en d i n g  on t h e i r  p o p u l a t i o n  r ema ins  to  be s tudied.  
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