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If  i t  is a s sumed  t h a t  t h e  b i n d i n g  force for t h e  ca t ion  
b y  t he  p ro t e in  is e lec t ros ta t i c  a n d  t h a t  t h e  ca t ions  
in t he  nega t ive  si tes are  h y d r a t e d ,  i t  would  follow t h a t  t h e  
leas t  h y d r a t e d  (i.e. l a rges t  ionic radius)  would  be  b o u n d  
m o s t  s t rong ly  accord ing  to  Cou lomb ' s  law. However ,  
Rb+  a n d  Cs+ no t  on ly  displace less Ca 2+ t h a n  K + does a t  
equ i l i b r i um b u t  also a p p r o a c h  equ i l i b r i um  more  slowly. 
One e x p l a n a t i o n  m i g h t  be  t h a t  t he  s ter ic  fac tors  of t h e  Ca 
si tes on  t he  p ro t e in  m a y  h i n d e r  t he  exchange  w i t h  Cs and  
R b  because  of t he i r  la rger  ionic radius .  A m o n g  t he  alkal i  
meta ls ,  Cs+ a n d  R b +  a lone  are of suff ic ient  size to  form 
e lec t ros ta t i c  complexes  w i t h  va r ious  l igands  wh ich  can  
be  e x t r a c t e d  f rom aqueous  so lu t ion  b y  ce r t a in  s u b s t i t u t e d  
h i n d e r e d  pheno l s  s. 

The  k ine t ic  ana lys i s  impl ies  t h a t  two  m o n o v a l e n t  
ca t ions  are i nvo lved  in t h e  r a t e - l im i t i ng  step.  I t  was  
sugges ted  in a p rev ious  s t u d y  invo lv ing  l ip id  mono laye r s  9 
t h a t  a r a t e - d e t e r m i n i n g  s tep  in ion exchange  a t  t he  in ter -  
face m a y  be  t he  r e m o v a l  of w a t e r  dipoles f rom t he  coun te r  
ion. P r e s u m a b l y ,  t h e  r a t e - l im i t i ng  s tep  a t  t h e  p ro t e in  
surface  invo lves  t h e  exchange  of w a t e r  be t w een  one 
adso rbed  Ca 2+ a n d  2 m o n o v a l e n t  ca t ions .  The  free 
energy  of h y d r a t i o n  for Ca 2+ (-378 Kcal /mole)  is m u c h  
more  nega t ive ,  be ing  twice  t h a t  of a n y  of t h e  m o n o v a l e n t  
ca t ions .  

I t  h a d  been  s h o w n  for a s tear ic  acid m o n o l a y e r  t h a t  the  
adso rp t ion  i s o t h e r m  for Ca 2+ a t  a g iven  c o n c e n t r a t i o n  of a 
m o n o v a l e n t  ca t ion  M can  be  expressed b y  t h e  fol lowing 
e q u a t i o n  : 
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where  K deno tes  t h e  e q n i l i b r i m n  cons t an t ,  a, a c t i v i t y  in 
mole  f r a c t i o n ,  r t h e  f r ac t ion  of m o n o l a y e r  si tes occupied 
b y  Ca 2+, w, t h e  i n t e r c h a n g e  energy,  R, gas  cons t an t ,  a n d  
T, t e m p e r a t u r e %  I f  t h e  r a t e  of Ca 2+ a d s o r p t i o n  to a 
s tear ic  acid f i lm is m e a s u r e d  w i th  v a r y i n g  concen t r a t i ons  
of t he  va r ious  a lka l i  m o n o v a l e n t  me ta l s  in i t i a l ly  in  t h e  
subso lu t ion  pr io r  to  app l i ca t i on  of the  SP, i t  was  found  
to  be  t h e  same regardless  of t he  t y p e  of ca t ion .  An  

essent ia l ly  s imi la r  f ind ing  was ob t a ined  w i t h  t h e  p ro t e in  
f i lm in place  of s tear ic  acid. An  e x p e r i m e n t a l  p lo t  of 
vs  CI~ for a s t e a r a t e  m o n o l a y e r  can  be  s h o w n  to  be 
i nd i s t i ngu i shab le  f rom t h a t  o b t a i n e d  b y  s u b s t i t u t i n g  
co r re spond ing  va lues  o b t a i n e d  w i t h  t h e  p r o t e i n  in to  
e q u a t i o n  V, a s suming  w = -0 .23  kca l /mole  and  K = 3.4 
mole/1. I t  was of i n t e r e s t  t h a t  t he  va lues  of w a n d  K for 
SP  a n d  s tear ic  acid were r e a s o n a b l y  similar ,  a fac t  wh ich  
po in t s  to  t he  i n v o l v e m e n t  of acidic a m i n o  acids (g lu tamic  
a n d  aspar t ic)  as l ikely b i n d i n g  s i tes  of SP. I n  p r e l i m i n a r y  
s tudies  a r e l a t ive ly  good a g r e e m e n t  be tween  t he  exper i -  
m e n t a l  d a t a  w i t h  N a  + a n d  e q u a t i o n  V was o b t a i n e d  w h e n  
t h e  p ro t e in  f i lm was used, a f ind ing  wh ich  f u r t h e r  suppor t s  
t he  v a l i d i t y  of e q u a t i o n  V. I t  would,  therefore ,  a p p e a r  as 
if t he  k ine t ics  of Ca 2+ adso rp t ion  to  a l ip id  f i lm were 
genera l ly  app l icab le  to  t h a t  of a p ro te in .  

Rdsumd. Cette  no te  concerne  l ' a d s o r p t i o n  du  Ca 45 sur  
une  couche in te r fac ia le  de p ro t6 ine  h y d r o p h o b i q u e  
ex t r a i t e  de m e m b r a n e s  s y n a p t i q u e s  de cerve le t  bovin .  
Le pouvo i r  de d ivers  ca t ions  un iva len t s ,  a lka l ins  m6ta l -  
l iques  de faire  6change  avec  le Ca a 6t6 6tudi6. Conform6- 
meri t  g u n e  lot c in6t ique  bas6e sur  la d i f fus ion et  le d6- 
p l a c e m e n t  ch imique ,  les c o n s t a n t e s  d ' 6change  et  Fad-  
so rp t iv i t6  6quil ibre6 on t  su iv i  la  s6quence  Li  < Na, 
R b  < Cs < K. On en a conclu que l ' 6 t ape  l i m i t a n t  la 
v i tesse  de la r6ac t ion  d6pend  de l ' 6change  d ' eau  en t r e  
u n  Ca absorb6  et  2 ca t ions  u n i v a l e n t s  e t  que dans  la 
s6quence,  la  pos i t ion  du  R b  et  du  Cs (le moins  hydra t6 )  
p e u t  d @ e n d r e  de fac teurs  s t6riques.  
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The Effects of X-Ray Irradiation of the Head Region of 8-Day-Old Female Rats on Their 
Reproductive Capacity when 10-17 Months Old 

Recen t ly ,  we h a v e  r epo r t ed  t h a t  X - i r r a d i a t i o n  (500, 
600, 700 or 800 R), appl ied  in i n fancy  to t he  h e a d  region 
of female  ra ts ,  h a d  no in f luence  on  t he  f i rs t  p regnancy ,  
size of t he  f i rs t  l i t t e r  or on  t he  t i m e  a t  wh ich  t he  open ing  
of t he  vag ina l  orifice t ook  place  1. These  resu l t s  were 
cons i s t en t  w i t h  t h e  f indings  of 1V[OSIER a n d  JANSONS, who 
r epo r t ed  t h a t ,  fol lowing n e o n a t a l  head - i r r ad i a t ion ,  t he  
c o n t e n t  of g o n a d o t r o p i n s  in  t he  121-day-old p i t u i t a r i e s  
was  a b o u t  t he  same  as t h a t  of con t ro l  p i t u i t a r i e s  e, a n d  
w i t h  t he  f ind ings  of D~IPS a n d  FORD, who obse rved  t h a t  
t h e  t i m e  of open ing  of t h e  vag i na l  m e m b r a n e  was  no t  

-affected b y  n e o n a t a l  i r r ad i a t i on  of the  h y p o p h y s i s  in  
female  r a t s  a. MATSUMOTO conf i rmed  our  resu l t s  t h a t  no 
m a r k e d  effects of h e a d - i r r a d i a t i o n  of i n f a n t  female  r a t s  
could be  de t ec t ed  on  t he  s u b s e q u e n t  d e v e l o p m e n t  of t he  
follicles a n d  corpora lutea in  t he  ovar ies  ~. 

I n  th i s  work  we h a v e  been  i n t e r e s t e d  in t h e  effects of 
h e a d - i r r a d i a t i o n  of i n f a n t  female  r a t s  on t he  su rv iva l  a n d  
t he  r ep roduc t i ve  c a p a c i t y  d u r i n g  t he  a d v a n c e d  per iods  
of t h e i r  sexual  ac t iv i ty ,  i.e., f r om 10 to 17 m o n t h s  of age. 

Materials and methods. The  h e a d  region of a n u m b e r  
of 8-day-old  female  a lb ino  r a t s  of a c lose-bred W i s t a r  

s t r a in  was exposed to  600, 700 or 800 R of X - r a y s  f rom 
a S i e m e n s  set  u n d e r  t he  fol lowing cond i t ions :  200 kV, 
16 mA,  f i l ter  - Cu 0.5 mm,  F S D  - 34 cm, dose r a t e  - 
107 R / m i n .  Sexua l ly  m a t u r e  an ima l s  were m a t e d  w i t h  
p o t e n t  males.  Af te r  t h e  f i rs t  l i t te r ing ,  t he  i r r ad i a t ed  
females  a n d  t h e i r  cont ro l s  were k e p t  in  i so la t ion  up  to  9 
m o n t h s  of age. F r o m  t h a t  m o m e n t  o n w a r d  one n o r m a l  
male,  r ep laced  b y  a n o t h e r  eve ry  m o n t h ,  was k e p t  in  t he  
same cage w i t h  4 e x p e r i m e n t a l  or con t ro l  females  du r ing  
t he  whole  per iod  of e x p e r i m e n t a t i o n .  Af ter  each  de l ivery  
t he  an ima l s  were l apa ro tomized  a n d  t h e i r  u t e r i  e x a m i n e d  
for t h e  n u m b e r  of i m p l a n t a t i o n s  and  resorpt ions .  

Results and discussion. As can  be  seen f rom the  Table,  
in  wh ich  t he  resul t s  of t he  e x p e r i m e n t  are summar ized ,  
91% of t he  t o t a l  of i r r ad ia t ed  animals ,  w h e n  t e s t ed  a t  t h e  
age of 4 mon ths ,  p r o v e d  to  be  capab le  of reproduc ing ,  
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At first pregnancy When 10-17 months old 

Dose of Animals FertiIe Mated Pregnant Ratio Littering Litter size Resorptions 
X -rays tested animals animals animals pregnant/ 
(R) (No. (%) (No.) (No.) mated (X) (X) (X) 

600 15 87 13 7 0.54 1.7 6.9 1.3 

700 19 95 18 8 0.44 1.9 7.7 0.7 

800 22 91 20 9 0.45 1.4 5.4 1.0 

Total 
irradiated 56 91 51 24 0.47 1.7 6.7 1.0 

Controls 32 94 30 28 0.93 1.7 6.9 0.8 

in  compar i son  to  94~o of n o n i r r a d i a t e d  controls .  The  
p i c tu re  becomes  s t r ik ing ly  d i f fe rent  w h e n  t he  reproduc-  
ib i l i ty  of e x p e r i m e n t a l  a n d  cont ro l  an ima l s  is fol lowed 
d u r i n g  t he  pe r iod  of 10 to  17 m o n t h s  of t h e i r  life. W h e r e a s  
28 r a t s  f rom a g roup  of 30 n o r m a l  an i m a l s  p roduced  
progeny ,  a p p r o x i m a t e l y  ha l f  of t he  i r r ad i a t ed  an ima l s  
n e v e r  b e c a m e  p r e g n a n t  d u r i n g  th i s  per iod.  However ,  t he  
o the r  ha l f  of t he  i r r ad i a t ed  ra ts ,  regardless  of t he  dose 
appl ied,  r e p r o d u c e d  a t  a b o u t  t he  same  r a t e  as d id  t he  
controls .  Also, t h e y  d id  no t  differ  s ign i f i can t ly  f rom the  
con t ro l s  in  respec t  to  t he  l i t t e r  size a n d  to t he  n u m b e r  of 
resorp t ions .  

W e  h a v e  shown  ear l ier  t h a t  a s ingle who le -body  
exposure  of 8-day-old  female  r a t s  to  100 R of X - r a y s  
p roduced  s t e r i l i t y  in  86% of t he  an ima l s  ~. I t  is also 
k n o w n  t h a t  t he  i r r ad i a t i on  of 1-, 2- or 3-week-old mice 
w i t h  a dose as low as 30 R decreases  fe r t i l i ty  6. I n  th i s  ex- 
pe r imen t ,  a l m o s t  all  t h e  i r r ad ia t ed  an ima l s  p roved  to  be  
fert i le  a t  t he  age of 4 m o n t h s  or so, and  t he  differences  in 
reproduc ib i l i ty ,  r ep re sen t ed  b y  an equa l  r a t io  of n o r m a l l y  
r ep roduc ib le  a n d  n o n r e p r o d u c i b t e  an imals ,  appea red  
la te r  on. This  suggests  t h a t  t he  p h e n o m e n o n  of sca t te r ing ,  
if any,  m i g h t  h a v e  been  of m i n o r  i m por t ance .  

None  of t he  p h e n o m e n a  so far  m e n t i o n e d  showed 
dose-dependence .  P r o n o u n c e d  dose -dependence  (r = 
0.971), however ,  was  obse rved  w h e n  m o r t a l i t y  of t he  
an ima l s  was followed. Compared  w i t h  t he  94~o su rv iva l  
for t h e  controls ,  t he  chances  for an i m a l s  t h a t  were 
i r r a d i a t e d  w i t h  600, 700 or 800 R to l ive  longer  t h a n  17 
m o n t h s  were  77, 65 a n d  36%,  respect iveIy.  I n  an ima l s  
which  died p r e m a t u r e l y ,  regardless  of t h e i r  c apac i t y  to  
reproduce ,  s y m t o m s  of cachex ia  were p l a in ly  visible.  

The  resu l t s  p r e s e n t e d  sugges t  t h a t  t h e  i r r a d i a t i o n  of 
t h e  h e a d  region of 8-day-old  female  r a t s  w i t h  doses of 
600, 700 or 800 R of X - r a y s  does no t  i n c a p a c i t a t e  t h e  r a t  

to  r ep roduce  du r ing  ear ly  m o n t h s  of i ts  r ep roduc t i ve  life, 
b u t  s ign i f i can t ly  reduces  chances  for such  a n i m a l  to  
p roduce  p rogeny  w h e n  older  t h a n  10 mon ths .  The  resul t s  
o b t a i n e d  f u r t h e r  sugges t  t h a t  t h e  i r r a d i a t e d  animals ,  
w i t h i n  t he  i n t e r v a l  of life cons idered  in th i s  work,  if 
r eproduc ib le  a t  all, b e h a v e  like n o n i r r a d i a t e d  an ima l s  in  
r ega rd  to t he  f r equency  of l i t t e r i ng  a n d  to  t he  l i t t e r  size. 
In  t h e  p o p u l a t i o n  of i r r ad i a t i on  animals ,  v is ible  signs 
of a r ap id  process  of ag ing  were f r equen t  and  were 
accompan ied  b y  a high,  s t a t i s t i ca l ly  dose -dependen t ,  
m o r t a l i t y  r a t e  L 

Rdsumd. L ' i r r a d i a t i o n  de la t6 te  des r a t s  femelles gg6s 
de 8 jours  ~ des doses de 600, 700 ou 800 1R n ' a  pas  
d ' i n f luence  sur  la capaci t6  de r e p r o d u c t i o n  au  cours  des 
p remie r s  mois  du  s tade  adul te ,  ma t s  r6du i t  celle-ci q u a n d  
l'&ge de 10 mois  est  d@ass6.  Par ro t  lea a n i m a u x  irradi6s,  
on  a s o u v e n t  cons ta t6  des s ignes vis ibles  de v ie i l l i s sement  
acc616r6 e t  d ' u n  t a u x  61ev6 de mor t a l i t 6  d @ e n d e n t  
s t a t i s t i q u e m e n t  de la dose. 
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Regulat ion in Node less  Chick B l a s o d e r m s  

1 I n  t he  chick,  GRABOWSKI a n d  GALLERA 2 h a v e  r epo r t ed  
t h a t  a comple te  r egu la t ion  m a y  occur  a f te r  node  excision.  
Of  course such  a resu l t  impl ies  t h a t  a new node  is formed,  
a n d  t he  m a i n  ques t ion  is to  k n o w - h o w  th i s  r e c o n s t i t u t i o n  
t akes  place. GRABOWSKI 1 and  BIJTI~os 3 h a v e  a s sumed  
t h a t  t h e  node  reorganizes  i tself  a t  t h e  expense  of p r e sum-  
r ive  n o t o c h o r d a l  cells st i l l  i nc luded  in t h e  u p p e r  layer  all  
a r o u n d  t he  node  a t  t he  s tage  of opera t ion .  Accordingly ,  
GRABOWSKI 1, as well  as GALLERA 2, h a v e  e s t ab l i shed  t h a t  
b l a t o d e r m s  d id  no t  succed in r egu la t i ng  comple te ly ,  if 

t he  node  was r e m o v e d  a t  t he  head  process  stage,  a s tage 
a t  wh ich  all  n o t o c h o r d a l  cells are a l r eady  i n v a g i n a t e d .  
BgLLAIRS 4 has  sugges ted  t h a t  t he  s t r eak  a rea  of t he  full  
g rown s t r eak  loca ted  b e h i n d  t he  node  m a y  p l a y  th i s  role 
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