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ganic phospha te  specific act ivi t ies  to t h a t  of the  plasma 
(table 2). The except ion to this were the  s t r ia ted  muscles 
and brain. Bo th  showed a low specific ac t iv i ty  which in- 
dicates slower turnover ,  Pa ra thy ro id  hormone  signi- 
f icant ly  reduced the specific ac t iv i ty  of phospha te  in the  
plasma and most  organs, which is consistent  wi th  the 
hypothesis  of a release of low specific ac t iv i ty  phosphate  
f rom the  s t r ia ted muscles. A decline in plasma specific 
ac t iv i ty  would  reduce the  organ specific ac t iv i ty  as the  
tu rnover  of inorganic phospha te  occurred be tween  tissues 
and the  plasma. 
Discussion. The large phosphatur ic  effect of P T H  in 
thy ropara thyro idec tomized  rats  indicated mobil izat ion 
of phospha te  f rom a source o ther  t han  the ECF,  b u t  the 
phosphate  con ten t  of most  organs was unaffected by 
acute  P T H  adminis t ra t ion  2. The present  s tudy  indicates 
t h a t  soft t issue phosphate  release is restr ic ted to inorganic 
phospha te  f rom str ia ted muscle and smaller  amounts  from 
bo th  inorganic and esterified phosphate  f rom l iver  and 
lung. Release of inorganic phospha te  from muscle in the  
amounts  of 1 ~mole/g is sufficient to account  for the  large 
phosphatur ic  response to PTI-I observed earlier 9. 

I t  should be emphasized tha t  the  mechanism of this re- 
lease is unknown.  There  are numerous  possible explana-  
t ions including a direct  effect of P T H ,  some unknown 
phospha te  mobil izing hormone,  or a response of the  
muscle cells to hypophospha temia .  The  la t te r  is unlikely 
since the  hypophospha temia  following calci tonin ad- 
minis t ra t ion  does no t  a l ter  muscle phospha te  levels 4. 
Also, if phospha te  behaves  as chloride does in the  cell, the  
nega t ive ly  charged cy top lasm would repel the  phosphate  
and l imit  the  q u a n t i t y  of free phospha te  in the cytoplasm. 
Thus, most  of the  phospha te  measured  in our studies is 
p robab ly  s tored in organelles. Phospha te  is known to be 
ac t ive ly  accumula ted  by  the  mi tochondr ia  8. We suggest 
t h a t  the  release of phospha te  f rom muscle is f rom an or- 
ganelle wi thin  the  cell and is unl ikely to represent  simple 
diffusion out  of the  cytoplasm.  We  suggest t ha t  this large 
pool of slowly tu rned-over  muscle phosphate  m a y  re- 
present  a physiological  reserve which can be mobilized 
to p reven t  ex t reme hypophospha temia .  

8 N.E.  Lofrumento, F. Zanotti and S. Papa, FEBS Left. d8, 188 
(1974). 
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Summary. In t raper i tonea l  t r e a t m e n t  of adul t  rats  wi th  an t i t hymocy te  serum for 2 weeks al tered the ovar ian function. 
Dur ing the  t rea tment ,  anovula t ion  wi th  the persistence of corpora lutea and a t endency  toward  a pe rmanen t  diestrous 
s ta te  was observed. 

Recent ly ,  a role of t h y m u s  during the  per inata l  period 
wi th  respect  to the adul t  ovar ian  funct ion has been sug- 
gested. The  t h y m u s  m a y  well have  a basic role in the  
organizat ion of the  late adul t  hypo tha lamus-p i tu i t a ry  
axis for sexual  funct ions by  p rogramming  the  functions 
of the  neuroendocrine sys tem 1. A neonata l  t h y m e c t o m y  
induced s ter i l i ty  in female mice 2 and could be p reven ted  
by  the graf t ing of thymuses  f rom newborn or adul t  mice 
within  14 days af ter  b i r thL  T h y m e c t o m y  after  the  age 
of 7 days was no longer associated wi th  dis turbed ovar ian  
deve lopment  9. An in t raper i tonea l  inject ion of a thymic  
cell suspension f rom 22- to 30-day-old female ra ts  into 
newborn rats  p reven ted  the adul t  anovu la to ry  s ter i l i ty  
induced by  a single tes tos terone  propionate  adminis t ra-  
t ion at  5 days  of age 4. All these results demons t ra te  a 
possible par t ic ipa t ion  of the immune  system in the de- 
v e l o p m e n t  of the  ovar ian  function.  This  s tudy  was des- 
igned to de termine  the cont ingent  changes in the  ovar ian 
function, es t imated  by  vagina l  smear changes, induced 
by  the an t i t hymocy t e  serum in adul t  rats. 
A n t i t h y m o c y t e  serum (ATS) was produced by  immu-  
nizing pigs weighing 80-90 kg wi th  t hymus  cells taken  
f rom 6-week-old outbred  rats. The immuniza t ion  pro- 
cedure included 2 s.c. inject ions spaced 14 days  apart ,  
each conta ining 2 • 109 cells in complete  F reund ' s  adju-  
vant .  7 days af ter  the  second inject ion the  animals  were 
bled and the  serum was collected, inac t iva ted  a t  56 ~ for 
30 min and absorbed wi th  one-half  of its vo lume  of rats  
erythrocytes .  The cytotoxin ,  leukoagglut inin  and hemag-  
glut inin t i ters  of the serum were 1 : 256, 1 : 2048 and 1 : 64 
respect ively.  The immuno-suppress ive  effects of ATS 
were assessed by  producing a prolonged sem{allogenic 
graf t  surv iva l  in ra t sL Normal  pig serum (NPS) was pro- 
cessed in the  same manner .  

Adult ,  9-week-old female  Wis ta r  rats  of our l abora tory  
colony, displaying regular  estrous cycles for 14 days 
before the  exper iment ,  were used. In  the exper imenta l  
group, 6 animals  were injected in t raper i toneal ly  wi th  
1.5 ml  of ATS daily for 15 days. 5 control  animals  were 
t rea ted  wi th  equal  amount s  of NPS .  Vaginal  smears were 
t aken  daffy f rom the  second day to  the  last  day  of t rea t -  
men t  f rom both  exper imenta l  and control  groups. These 
were eva lua ted  by  ascribing a rb i t ra ry  numbers  to different 
cytological  pa t te rns  (table), and the  average dai ly  score 
was de termined  for each of the  animals  during the  ATS 
or N P S  adminis t ra t ion,  in order to eva lua te  t he  differ- 
ences stat ist ically.  The  average vagina l  score in the  ATS-  
t rea ted  group (2.52) was signif icantly lower (p < 0.01) 
t han  t h a t  in the  N P S - t r e a t e d  group (4.61). By  way  of 
comparison,  the  average  vaginal  score in a group of un- 
t rea ted  animals  of the  same age observed for 28 days was 
4.71 (S.E. 0.29; 95% confidence in te rva l  3.46-5.98). 
3 exper imenta l  animals  were killed immedia te ly  after  
t e rmina t ing  the  A T S  t r ea tmen t ;  estrous cycles in the 
remaining exper imenta l  and all control  animals  were 
s tudied during the  2 following months  and the rats  were 
killed afterwards.  The  estrous cycle of the  control  N P S -  
t rea ted  rats  remained normal  dur ing and after  t r ea tment ,  

1 W. Pierpaoli and H. O. Besedovsky, Clin. exp. Immun. 20, 323 
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2 Y. Nishizuka and T. Sakakura, Endocrinology 89, 886 (1971). 
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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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