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Operant Behavior of Pre and Post Pubertal Rats Irradiated with 113t in the Last Trimester  of Gestation 

I t  has  been  s h o w n  in r a t s  m a d e  h y p o t h y r o i d  n e o n a t a l l y  
b y  surgica l  t h y r o i d e c t o m y  (EAYRS a n d  LISHMAN 1), or  w i t h  
r ad ioac t i ve  iodide a n d / o r  t h i o u r a c i l  (EAYRS~), suffer  be-  
h a v i o r a l  defici ts ,  i nve r se ly  r e l a t ed  to  t i m e  of t h y r o i d  
des t ruc t i on ,  f r o m  0 to 25 days  of age. Such  b e h a v i o r a l  de-  
f ici ts  pa ra t l e I  r educed  d e n d r i t i c  b r a n c h i n g  r e su l t i ng  f rom 
h y p o t h y r o i d i s m  (EAYRS2, s, HORN 4 a n d  BALLS). 

A l t e r n a t i v e l y  to  t h e  ex t ens ive  n e o n a t a l  h a n d l i n g  of 
these  b e h a v i o r a l  s tudies ,  t h y r o i d  d e s t r u c t i o n  w i t h  I TM was 
done  in  u t e ro  a t  t h e  b e g i n n i n g  of t h e  t h i r d  t r i m e s t e r  of 
ges ta t ion ,  b a s e d  on  t i m e  of f e t a l  colloid f o r m a t i o n  
(SPEERT e t  al. *) a n d  t r a n s p l a c e n t a l  passage  of m a t e r n a l  
I TM to  t h e  fe tus  (ScH~JLTZ e t  al.~). B e h a v i o r a l  a p p r o a c h e s  
were r e s t r i c t ed  to  o p e r a n t  cond i t i on i ng  a n d  p e r f o r m a n c e  
in a Sk inne r i an ,  f ixed  in t e rva l ,  pos i t i ve ly  w a t e r  re inforced  
p rog ram,  where  e x t e r n a l  s t i m u l i  were  min imized ,  t h e  re- 
wa rd  b e i n g  o n l y  to  r ee s t ab l i sh  h o m e o s t a s i s  a f t e r  w a t e r  
d e p r i v a t i o n ,  a t  t he  cr i t ica l  25 d a y  age a n d  pos t  p u b e r t a l l y ,  
T h r o u g h  t h i s  i t  is h o p e d  t h a t  a s imple  m e t h o d o l o g y  m i g h t  
be  deve loped  to  d e t e r m i n e  w h e t h e r  b e h a v i o r a l  def ic i t  f r om 
h y p o t h y r o i d i s m  can  be  assessed w i t h  m i n i m a l  env i ron -  
m e n t a l  m a n i p u l a t i o n .  

Mater ia ls  and  methods. Spe r m - pos i t i ve  H o l t z m a n n  r a t s  
were  i n j e c t e d  i.p. w i t h  N a I  TM 3000 vC/kg  on  t h e  14 th  d a y  
of ges ta t ion .  T h e y  were  housed  in  i n d i v i d u a l  cages  in  a 
14 h on, 10 h off, l i gh t  con t ro l l ed ,  closed r o o m  a n d  k e p t  
t h e r e  t h r o u g h  g e s t a t i o n  a n d  t h e i r  p u p s '  b e h a v i o r a l  s t ud -  
ies. 

A t  25 days  of age, pa i r s  of e x p e r i m e n t a l  a n d  con t ro l  
pups  were  m a t c h e d  for  sex a n d  weight .  All  were  w a t e r  
d e p r i v e d  for  24 h a n d  cond i t i oned  to  a p o s i t i v e l y  w a t e r  
re inforced,  f ixed  i n t e r v a l  (1 sec) schedule .  Acqu i s i t i on  of 
aud iov i s ua l  a ssoc ia t ion  (AVA) to  t h e  s h a p i n g  a n d  self- 
s u s t a i n i n g  lever  p ress ing  (SSLP)  were r ecorded  in  t e r m s  of  
m i n  f r o m  t h e  b e g i n n i n g  of t h e  t r a i n i n g  p r o c e d u r e  t h e y  
learned .  A m a x i m u m  of one  40 m i n  t r a i n i n g  pe r iod  pe r  d a y  
for  4 successive d a y s  p e r  a n i m a l  was  a l lowed.  No  w a t e r  
was  g i v e n  d u r i n g  t h i s  per iod,  e x c e p t  f rom t h e  r e w a r d  
d ipper .  Food  was  g iven  ad  l i b i t um,  excep t  in  t h e  t e s t  cage. 
S S L P  r a t e s  were  also recorded.  

One each  of a m a t c h e d  p a i r  of e x p e r i m e n t a l  a n d  con t r o l  
p u p s  was  g iven  a t r a c e r  dose of NaI125200 b~C/kg i.p. a n d  
sacr i f iced on  t he  4 th  day  a f t e r  t h e  b e g i n n i n g  of c o n d i t i o n i n g  
(1 Wk)  3 to  24 h a f t e r  i n j ec t ion  of t r a c e r  dose, a l t e r n a t i n g  
e x p e r i m e n t a l s  a n d  cont ro ls ,  a n d  t r a c e r  iod ine  levels  in  
who le  t h y r o i d  g l a n d  a n d  s e r u m  coun ted .  T h y r o i d s  were  
s aved  for  H + E  s t a i n i n g  a n d  se ra  for  iod ine - l abe led  pro-  
t e i n :  i no rgan i c  r a t i o s  t h r o u g h  t h e i r  s e p a r a t i o n  b y  a Sepha -  
dex-25 ® s t a r c h  co lumn.  T he  o t h e r  of t h e  pa i r  was  s aved  in  
t h e  l i gh t - con t ro l l ed  r o o m  u n t i l  t h e  b e g i n n i n g  of t h e  3rd 
week  (3Wk)  a f t e r  t h e  b e g i n n i n g  of t es t ing ,  h a n d l e d  as for  
t h e i r  f i r s t  d a y  of c o n d i t i o n i n g  or  a l lowed S S L P  for 40 m i n  
if t h e y  r e t a i n e d  t h e i r  t ask .  P u p s  a n d  m o t h e r s  were  sacr i -  
r iced a n d  m a t e r i a l s  co l lec ted  as for  t h e  l W k  an imal s .  

Resul ts  and  discussion.  No s ign i f i can t  d i f fe rences  were  
seen b e t w e e n  31 e x p e r i m e n t a l  a n d  34 con t r o l  a n i m a l s  in  
e i t he r  s t age  of c o n d i t i o n i n g  or  o p e r a n t  l ever  p re s s ing  
ra t e s  (LPR) .  On  r e t e s t i n g  3 W k  a f t e r  t h e  i n i t i a l  con-  
d i t ion ing ,  re inforced  L P R  ( R L P R )  were  s ign i f i can t ly  lower  
in  13 e x p e r i m e n t a l s  t h a n  in 11 con t ro l s  ( P  = 0.05 b y  
s t u d e n t ' s  t - t e s t ;  T a b l e  I.) Cor re la t ion  t e s t s  (Pea r son  Pro -  
d u c t  M o m e n t  Cor re l a t ion ;  - 1  to  1) c o m p a r i n g  lVVk a n d  
3 W k  L P R  in  40 ra in  a n d  m i n  to  acqu i re  A V A  a n d  S S L P  
w i t h  R L P R  for  iSVk a n d  3 W k  t e s t s  r evea led  d i f f e ren t  
p o p u l a t i o n s  of e x p e r i m e n t a l  a n d  con t r o l  a n i m a l s  con t r i -  
b u t e d  to  R L P R ,  d e p e n d i n g  on  t h e i r  p e r f o r m a n c e s  in t he  
two s tages  of l e a rn ing  A V A  a n d  SSLP ,  as seen in Tab le  I I .  
1 W k  a n d  3 W k  R L P R  h a d  no  co r r e l a t i on  (-0.05), whereas  

con t ro l  p u p s  h a d  a 0.62 cor re la t ion .  K n o w i n g  s lower  l ea rn -  
ers t o o k  more  m i n u t e s  to  learn,  e x p e r i m e n t a l s  who  were  
slow lea rners  c o n t r i b u t e d  m u c h  more  (0.76) to  h i g h  lever  
p ress ing  r a t e s  in  t h e  1 W k  t h a n  t he  3 W k  tes t s  (0.07). H a l f  
of th i s  t r e n d  was  seen  in con t ro l s  ( l W k  0.51; 3 W k  0.26). 
A l t h o u g h  e x p e r i m e n t a l s  s h o w e d  n o  sh i f t s  in  A V A - R L P R  
a n d  3 W k  co r re l a t ions  (0.41 to  0.39), c o r r e s p o n d i n g  con t ro l  
d a t a  showed  a sh i f t  f r o m  0.49 to  0.39, showing  con t ro l s  
s low in A V A  m a d e  a g r e a t e r  c o n t r i b u t i o n  to  R L P R  t h a n  
d id  expe r imen ta l s .  EAYRS'I,2 o b s e r v a t i o n  of increased,  
poor ly  d i rec ted ,  m o t o r  a c t i v i t y  in  ea r ly  maze  l ea rn ing  in  
his  h y p o t h y r o i d  a n i m a l s  is c o n f i r m e d  here,  a s  wi tnessed  
b y  t he  m a r k e d  fal l  in  p e r s e v e r a n c e  a t  t h e  lever  t a s k  for  t he  
e x p e r i m e n t a l  a n i m a l s  slow in lea rn ing .  I n  a d d i t i o n  to  th is ,  
we f ind t h a t  cont ro ls ,  eas i ly  d i s t r a c t a b l e  in  o r ien t ing ,  im-  
p r o v e  in  t h e i r  S S L P  pe r fo rmances .  

Table I. Operant conditioning and lever pressing rates of rat siblings 
of mothers treated with radioactive iodide in the last tr imester  of  
pregnancy 

Stages of learning 
of those who learned 

Reinforced 
lever pressing rates  

Audio-visual Self-sustained 1 Wk. 3 Wk. 
association lever pressing 

Siblings of 1181 Treated mothers (N = 27} 
34.1 4- 6.1 90.5 4- 9.9 179.7 + 14.5 

( X  = 13) 
26.2 4- 6.4 83.0 -4- 13.7 174.4 =ix 19.8 

Control siblings {N = 28) 
30.0 -4- 4.3 106.5 4- 9.0 

(N = 11) 
30.0 -t- 6.9 95.5 ± 12.2 200.4 4- 22.6 

166.1 ~ 20.7 • 

268.3 4- 39.1 a 

~Significant (student's t-test; P = 0.05). 

Table II. Correlation between stages of learning and lever pressing 
rates~ 

Reinforced lever pressing 
rates (40 min) 

1 w k  1 Wk 

Siblings of I T M  treated mothers 
Min to acquire: 
Audio-visual association 
Self-sustained lever pressing 
Lever pressing (1 Wk and 3 Wk) 
Control siblings (N = 11) 
Min to acquire: 
Audio-visual association 
Self-sustained lever pressing 
Lever pressing (1 Wk and 3 Wk) 

(N = 13) 

0.41 0.39 
0,76 0.07 

-0.05 

0.49 0.76 
0.51 0.26 

0.62 

~Pearson product moment correlation test. 
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Sera col lected f rom a 11 pups  and mothers ,  t aken  al ter-  
na te ly  f rom exper imenta l s  and controls,  3-24 h a f te r  
t racer ,  showed a progress ive  decrease wi th  t i m e  of whole 
se rum 1125 wi th  t i m e  (P  = 0.005). Control  pup  d a t a  was 
no t  s ignif icant ly  grea ter  t h a n  exper imenta l .  P ro te in :  
inorganic  se rum I t~5 ra t ios  were  lower in expe r imen ta l  
(0.54) t h a n  in cont ro l  (0.083) mothers .  Pups '  sample  vol-  
umes  were insuff icient  for test ing.  

I n  a cont inuous  scale rat ing,  where all  an imals  were  
assigned t hy ro id  h is to logy ra t ings  of 4 if normal ,  1 in ex- 
t r eme  des t ruc t ion  and  7 in h ighes t  funct ional  po tent ia l ,  no 
s ignif icant  differences w e r e  seen, excep t  in marked  im-  
p r o v e m e n t  in 'func.tional po ten t i a l '  f rom 1 W k  to  3 W k  
his to logy for controls  (P  = 0.05) in Tab le  I I I .  Pooled  

T a b l e  I l l .  A) C o n t i n u o u s  sca le  r a t i n g  of  t h y r o i d s  of s ib l ings  a n d  t h e i r  
m o t h e r s  t r e a t e d  wi th  r a d i o a c t i v e  iod ide  in  t he  t h i r d  t r i m e s t e r  of ge-  
s t a t i o n  

F i r s t  a n d  
F i r s t  week  T h i r d  w e e k  t h i r d  week  

S ~ l i n g s  of  pax t r e a t e d  
mothers 3.17 q- 0.37 3.54 4- 0.64 3.36 4- 0.37 

(N = 12) iN = 13) (N = 25) 
Control siblings 2,62 4- 0.49~ 4.56 :{= 0.75* 3.32 4- 0.37 

(X = 16) (N = 9) (N -- 25) 

s S t u d e n t ' s t - t e s t  P = 0 .0 I .  O n  the  c o n t i n u o u s  sca le  r a t i n g ,  1 = l ea s t  
f u n c t i o n a l ,  w i t h  f r a n k  d e s t r u c t i o n  ol  follicles, f ib rous  a n d  l e u c k o c y t i e  
i nvas ion ;  4 = n o r m a l ,  a n d  7 = h ighes t  f u n c t i o n a l  a c t i v i t y .  

B) Differences in histological ratings between mothers and siblings 

I TM treated 7.09 4- 0.71 • 7.77 -4- 0.73 7.46 =L 0.50 ~ 
(N = 11) (N = 13) iN = 24) 

Controls 4.12 4- 0.44 ~, b 7.44 4- 0.63 b 5.32 4- 0.48 ~ 
(N = 16) (N = 9) iN = 25) 

da t a  for 1 W k  and 3 W k  mothers  show s igni f icant ly  less 
a c t i v i t y  in expe r imen ta l  t h a n  control  mothers  (P  = 0.01), 
a l though all fell wi th  t ime  in rat ing.  

Differences be tween  siblings and the i r  mothers '  h is to-  
logical ra t ings  were on a 12 uni t  scale, where 6 equal led  
mother ,  12 h ighes t  and i lowest  f rom m o t h e r  (Table 1II  b). 
E x p e r i m e n t a l s  ra ted  h igher  t h a n  bo th  mothers  and con- 
trois  ( P  ---- 0.01). l W k  to  3 W k  i m p r o v e m e n t  in controls  
was s ignif icant  a t  P = 0.001. 

Pro te in  bound  tracer,  w i thou t  tes t ing  T-3 and -4 I x25 
b inding  canno t  ref lect  a m o u n t  released to  tissues, nor  can  
d i rec t  cel lular  effects of i r rad ia t ion  of bra in  f rom our  pro-  
cedure  be  assessed, b u t  impl ied  by  resul ts  of NAIR and 
BAu s and SlZEERT et  al. ~, 9. 

Conclusion. I r r ad ia t ion  of t he  ra t  on t h e  14th day  of 
ges ta t ion  induces va ry ing  degrees of t hy ro id  des t ruc t ion  
in m o t h e r  and siblings and decreased ra t ios  of iodine 
labeled p ro te in ;  inorganic  iodine in mothers ,  compensa-  
t o ry  hype rac t i v i t y  in thyro ids  of siblings, and  increased 
perseverance  of ope ran t  behavior ,  wh ich  decreases w i t h  
matu ra t ion .  Changes observed in siblings are  no t  fu l ly  
accountab le  by  e i ther  differences in labeled iodide thy ro id  
uptake ,  se rum pro te in  b ind ing  or  thy ro id  h is to logy ~°. 

Rdsum& Les pe t i t s  de ra tes  irradi~es all 14e jou r  de leur  
gestat ion,  avec  3000 ~C/kg de  x31I i.p. on t  mont r6  une plus  
grande r6duct ion de leur  capaci t6  k presser sur un  lev ie r  
lorsqu ' ls  l ' on t  appr is  a v a n t  la pubert6.  Cet effet  fur d ' au -  
r a n t  plus mani fes te  chez les a n i m a u x  qui  ava i en t  6t6 
condit ionn6s l en t emen t  e t  qui  on t  g6n6ra lement  t endance  

am61iorer leur pe r fo rmance  avec  l '~ge. 
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s S t u d e n t ' s  t - t es t  P ~ 0.01. b s t u d e n t ' s  t - tes t ,  P = 0.01. O n  the  con-  
t inous  r a tkng  scale  r a t i n g  1 = l eas t  f u n c t i o n a l  c o m p a r e d  w i th  m o t h e r ;  
6 = s a m e  as  m o t h e r ,  a n d  12 = m o s t  ac t ive  in  r e l a t i on  to  m o t h e r .  

s V. NAIR a n d  D. BAU, B r a i n  Res.  16, 383 (1969). 
K e n d a l l ' s  d i s t r i bu t ion - f r ee  co r r e l a t i on  tes t .  
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H y p o p r o l i n e m i a  i n  P a r k i n s o n i s m ;  a C a s e  R e p o r t  

I n  recent  years  var ious  d is turbances  of amino  acid 
metabol i sm,  inc luding proline,  have  been repor ted.  
SCHXFER et  al. x dis t inguish 2 types  of enzyme  defects in 
prol ine metabol i sm,  b o t h  produc ing  hyperpro l inemia .  
Observa t ions  on hypopro l inemia  have  no t  come to  our  
a t t en t ion .  W e  therefore  wish to  r epor t  a case of Pa rk in -  
sonism showing this  b iochemical  abnormal i ty .  

Th i s  65-year-old male  pa t i en t  (N.M.) showed a typ ica l  
Park inson ian  disease which  was f irs t  observed 1 yea r  
before  admission.  Besides a hyper tonus  no o ther  pa tho logy  
could be  detected,  e i ther  cl inical ly or  by  rout ine  l abo ra to ry  
inves t iga t ion .  The  h is tory  disclosed t h a t  t he  fa ther  of t he  
p a t i e n t  suffered f r o m  Park inson ' s  disease. The  p a t i e n t  
h imse l f  had  had  no m a j o r  i l lness un t i l  mani tes ta t ion  of 
Park insonism.  

Amino  acid analyses  were  per fo rmed  in p l a sma  on 4 
d i f ferent  occasions w i th in  a per iod of 4 mon ths  using the  
a u t o m a t i c  ion exchange  m e t h o d  of SPACKMAN e t  al, 2. 
P l a s m a  was  deprote in ized  wi th  picric acid according to  
STEIN and  MOORI~ 3. 

The  resul ts  (Table I) show the  p lasma levels of prol ine 
in pat .  K ,M.  as abou t  10% of normal  controls.  The  o ther  
amino  acids de te rmined  were all  wi th in  normal  l imi ts  
(Table II) .  

I n  cont ras t  to  hyperp ro l inemia  *, the  hypopro l inemia  
observed  was no t  accompagnied  by  a specific pa tho logy .  
Ti l l  t he  deve lopmen t  of hype r ton ia  and Park insonism a t  
an advanced  age, the  pa t i en t  was a h e a l t h y  person.  
Obviously,  there  is a he red i t a ry  fac tor  in t he  pa t i en t ' s  
parkinsonism.  So far, however ,  no evidence  exists  t h a t  
hypopro l inemia  p lays  a rote in Park inson ' s  disease. As 
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