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Method. 49 adu l t  ca ts  ( from 2.0 to 3.5 kg), ane s t he t i z ed  
b y  i.p. N e m b u t a l  of 25 mg/kg,  were used. 

The  p r e l i m i n a r y  e x p e r i m e n t s  d e m o n s t r a t e d  7 t h a t  
p rac t i ca l ly  un i fo rm  levels of d o p a m i n e  in t he  r i gh t  and  
t h e  lef t  c a u d a t e  in  9 u n t r e a t e d  cats ,  a n d  t h a t  t he  c a u d a t e  
d o p a m i n e  dep le t ion  consequen t  to  de s t r uc t i on  of t he  
s u b s t a n t i a  n igra  in  17 ca ts  is af fected b y  t he  si te  of des t ruc-  
t i on  r a t h e r  t h a n  t he  d u r a t i o n  a f t e r  ope ra t ion  ; t he  des t ruc-  
t ion  of t he  ro s t romed ia l  p a r t  of t he  s u b s t a n t i a  n igra  
p rov ides  m a x i m a l  d i m i n u t i o n  (Figure  1). 

I n  23 cats ,  a r r a n g e d  in pairs,  t h e  s u b s t a n t i a  n igra  on  
one side was des t royed  b y  r ad io - f r equency  c u r r e n t  which  
p roduced  lesion of ca. 2 m m  in d i a m e t e r  w i t h  c o n s e q u e n t  
d i m i n u t i o n  of d o p a m i n e  in t i le  h o m o l a t e r a l  c a u d a t e  
nuc leus  e. The  t a r g e t  is e i the r  of m i d p o r t i o n  or t he  
ros t romed ia l  po r t i on  or b o t h  of t he  m i d p o r t i o n  and  
ros t ra l  p o r t i o n  of t i le  s u b s t a n t i a  nigra.  

One in each  pa i r  was  t h e n  g iven  CDP-cho l ine  da i ly  in  
a n  i.m. dose of 200 mg, and  t h e  o the r  in  each  pair ,  a 
c o m p a r a b l e  v o l u m e  of sal ine in jec ted  b y  same rou te  for 
2 to  5 weeks. Af te r  t h a t ,  t h e  ca ts  were sacr i f iced for 
d o p a m i n e  assay. The  b r a i n  was cu t  a t  f ron ta l  12 m m  f rom 
t h e  au ra l  orifice ; t i le an t e r i o r  ha l f  was  t a k e n  ou t  to  e x t r a c t  
t he  b i l a t e ra l  caudates ,  wh ich  was frozen i m m e d i a t e l y  in  
l iqu id  n i t rogen  whereas  t h e  r e m a i n i n g  po r t i on  of t he  
bra in ,  wh ich  was ut i l ized for c o n f i r m a t i o n  of t he  si te  of 
de s t ruc t i on  a n d  for h is to logical  e x a m i n a t i o n ,  was  per fused  
wit t l  10 % formal in .  

Tissue d o p a m i n e  assays  were pe r fo rmed  b y  t he  m e t h o d  
descr ibed  b y  ANSELL and  BEESON 7. AS t he  p a r a m e t e r  for 
compar i son  be tween  t he  t r e a t e d  a n d  t h e  con t ro l  group,  
t he  r a t e  in  pe rcen t age  of d o p a m i n e  dep le t ion  of c a n d a t e  
on  ti le t r e a t ed  side c o m p a r i n g  w i t h  t h e  n o n - t r e a t e d  side 

1 2 3 

~ i 
o 

.2..' 

._~ o ::::::: 
E ~ ....... 
x ~  ',Ni 

kecati 
of lesi :er of SN 

CDPchol. /1 10x/15d. 17x/20d. survival 110x 5d. 

4 5 6 

I--ICDP choline 
injected 

[ ]  Control 

The greater [ Rostromedial part 
I 

part of SN of SN 

30x/75d. 10x/18d. 14x/21d. 

Fig. 2. Interrelation betweert CDP-choline and dopamine in the cau- 
date. To cats with dopamine depletion ill the caudate by destruction 
of the substantia nigra, CDP-eholine was injected i.m. in a dose of 
200 mg daily into one in each pair and saline into the other in each 
pair, respectively. CDP-chol./Survival: duration of CDP-eholine 
administration and the number of days between destruction of the 
substantia nigra and extraction of the eaudate. 3 cats were used in 
groups 2 and 3, and those with disadvantageous data were adopted. 
It can be seen from the chart that cats treated with CDP-eholine 
showed higher dopamine levels than the untreated controls. 

i.e., (left c a u d a t e  d o p a m i n e / r i g h t  c a u d a t e  dopamine )  
• 100 was used. 

Results. Figure  2 i l lus t ra tes  t he  resul t s  of t he  experi-  
men t s .  1 .3  pa i rs  ou t  of 4 pa i rs  of ca ts  revea led  d e s t r u c t i o n  
of t he  m i d p o r t i o n  of t he  s u b s t a n t i a  nigra .  Contro ls  in  
these  pa i rs  d i sp layed  d i m i n u t i o n  ra tes  of 82, 93 and  98% ; 
t h u s  on ly  a s l ight  deple t ion.  CDP-cho l ine  t r e a t e d  cats,  on  
t he  o the r  hand ,  showed  ra t e s  of 104, 104, and  108% 
respec t ive ly ;  t h u s  t h e  d o p a m i n e  levels were cons i s t en t ly  
h igher  t h a n  those  in t h e  u n t r e a t e d  controls .  I t  follows t h a t  
t he  t r e a t e d  an ima l s  showed  no d i m i n u t i o n  of d o p a m i n e  a t  
all, whereas  t he  d o p a m i n e  level d i m i n i s h e d  s l ight ly  ill 
u n t r e a t e d  cats.  

2. The re  were 2 pa i rs  of d rop -ou t s  a m o n g  t he  3 w i t h  
ex tens ive  d e s t r u c t i o n  of t he  m i d p o r t i o n  a n d  ros t ra l  
po r t i on  of t he  s u b s t a n t i a  nigra,  a n d  t h e  e x p e r i m e n t  was 
successful in the  r e m a i n i n g  pairl  The  r a t e  of d i m i n u t i o n  
shown  b y  t he  con t ro l  in  th i s  pa i r  was  8 %, whi le  t i le  t r e a t e d  
ca t  d i sp layed  a r a t e  of 36.7%, i n d i c a t i n g  a d o p a m i n e  level  
a p p r o x i m a t e l y  4 t imes  as h i g h  as t h a t  in  t h e  u n t r e a t e d  
control .  

3. The re  were 2 successful  pa i rs  ou t  of 3 pa i r s  w i t h  
de s t ruc t i on  of t h e  med ia l  po r t i on  of t he  ros t ra l  end  of t h e  
s u b s t a n t i a  nigra,  in  which  t he  e x p e r i m e n t  was  successful.  
The  con t ro l  ca t  in  1 pa i r  (No. 5) showed  a d o p a m i n e  
d i m i n u t i o n  r a t e  of 12%, whi l s t  t h e  t r e a t e d  one i n  th i s  
pa i r  d i sp layed  a r a t e  of 57%, a b o u t  5 t imes  as high.  I n  
t he  o the r  pa i r  (No. 6), t he  r a t e  s h o w n  b y  t he  con t ro l  was  
0% (viz. d i s appea rance  of d o p a m i n e  in t he  c a u d a t e  o n -  
t h e  side of des t ruc t ion)  a n d  t h a t  b y  t he  t r e a t e d  ca t  was 
2 7 % ;  hence  a n  obv ious  difference.  

4. His to logica l  e x a m i n a t i o n :  Degene ra t i on  of n e r v e  
ceils of t he  pars  c o m p a c t a  of s u b s t a n t i a  n ig ra  in  para l le l  
w i t h  t h e  d i m i n u t i o n  of c a n d a t e  d o p a m i n e  c o n c e n t r a t i o n  
was in evidence.  The  ca ts  t r e a t e d  w i t h  CDP-cho l ine  show- 
ed mi lde r  degen rea t i on  and  loss of ne rve  ceils in  tile sub-  
s t a n t i a  n ig ra  t h a n  t he  u n t r e a t e d  ca t s  did. 

Conclusion. CDP-cho l ine  is p r o v e d  to  exe r t  a s ign i f ican t  
(0.001 < P < 0.01) p r o t e c t i v e  effect  aga ins t  d i m i n u t i o n  
of d o p a m i n e  in t he  c a u d a t e  der ived  f rom ips i la te ra l  
de s t ruc t i on  of t h e  s u b s t a n t i a  nigra.  The  m e c h a n i s m  m i g h t  
be  p o s t u l a t e d  t h a t  phospho l ip id  m e t a b o l i s m  of i n ju red  
ne rve  cells in  t he  s u b s t a n t i a  n ig ra  a n d  n ig ros t r i a tM 
t r a c t  is i m p r o v e d  b y  CDP-cho l ine  and,  as a result ,  t h e  
p r o d u c t i o n  of d o p a m i n e  is a u g m e n t e d  and  t he  t r a n s p o r t i n g  
ac t i v i t y  is also amel io ra ted .  

Zusammen/assung. Es is t  a n z u n e h m e n ,  dass  CDP-Chol in  
(Cy t id in -Diphospha t -Cho l in )  auf  V e r m i n d e r u n g  y o n  Do- 
p a m i n  im Nucleus  c a u d a t u s  e inen  s ign i f ikan ten  (0.001 < 
p < 0.01) Abwehre f f ek t  aus t ib t ,  was  d u t c h  h o m o l a t e r a l e  
D e s t r u k t i o n  der  S u b s t a n t i a  n ig ra  v e r u r s a c h t  wird.  
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S e l e c t i v e  C a l c i u m - A l k a l i  M e t a l  E x c h a n g e  i n  a S y n a p t i c  M e m b r a n e  P r o t e i n  1 

I t  is wel l - recognized t h a t  b ioelec t r ic  p h e n o m e n a  are 
associa ted  w i t h  d i f fe ren t ia l  f luxes  of a lkal i  m e t a l  ions 
across pe rmse lec t ive  m e m b r a n e s ;  and  a l t h o u g h  a g rea t  
deal  is k n o w n  a b o u t  t h e  k ine t ics  of t he  ionic fluxes, l i t t l e  
is k n o w n  of t he  chemica l  a r c h i t e c t u r e  of t he  m e m b r a n e ,  

pa r t i cu l a r l y  conce rn ing  i ts  pe rmse lec t iv i ty .  The  p rob l em 
has  been  i n v e s t i g a t e d  us ing  a v a r i e t y  of ma te r i a l s  
r ang ing  f rom ar t i f ic ia l  ion exchange  sys t ems  to i n t a c t  
muscle  and  ne rve  3, s. A l t h o u g h  such  s tud ies  h a v e  y ie lded 
va luab l e  i n f o r m a t i o n  on  t he  se lec t iv i ty  sequences  of 
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inorgan ic  ions a n d  t he  phys io -chemica l  fac tors  gove rn ing  
them,  t h e y  h a v e  p rov ided  l i t t l e  i n f o r m a t i o n  conce rn ing  
t h e  chemica l  n a t u r e  of t he  b iomacromolecu les  i nvo lved  
in se lect iv i ty .  One a p p r o a c h  to th i s  p r o b l e m  has  been  to 
ut i l ize m o n o m o l e c u l a r  f i lms of l ip ids  and  p ro t e ins  der ived  
f rom n a t u r a l  e x c i t a t o r y  m e m b r a n e s ;  and,  b y  m e a s u r i n g  
such  p roper t i e s  as surface  po ten t i a l ,  pressure ,  a n d  adsorp-  
t ion,  to  s t u d y  i n t e r a c t i ons  w i t h  inorgan ic  ions, ATP ,  and  
va r ious  p s y c h o t r o p i c  drugs  4. A p a r t i c u l a r l y  useful  p rep-  
a r a t i on  ha s  been  a ' h y d r o p h o b i c '  p r o t e i n  isola ted f rom 
synap t i e  m e m b r a n e s  of r a t  a n d  beef bra in4,  5. 

Il l  t h e  p r e sen t  s t u d y  a m o n o m o l e c u l a r  f i lm of t he  
s y n a p t i c  p ro t e in  a t  a n  a i r -wa te r  in t e r face  ha s  been  used 
to i nves t i ga t e  se lec t iv i ty  of va r ious  a lkal i  m e t a l  ions. The  
p ro t e in  used was p r e p a r e d  f rom s y n a p t i c  m e m b r a n e s  
i so la ted  f rom beef ce rebe l lum b y  p rocedures  descr ibed  
elsewhere4, a. Pu r i f i c a t i on  of t he  p r o t e i n  i nvo lved  solu- 
b i l i za t ion  in 0.2% sod ium dodecyl  (SDS) in 0.1 M tris, 
p H  7.5 a n d  r epea t ed  f r a c t i o n a t i o n  on a Sepharose  6]3 
co lumn.  R e m o v a l  of t h e  SDS ions was accompl i shed  b y  a 
c o m b i n a t i o n  of dia lysis  a n d  gel f i l t r a t ion  (Sephadex  G-25). 
A s imi la r  p r e p a r a t i o n  was o b t a i n e d  b y  us ing  0.5 % sod ium 
deoxycho l a t e  (DOC) in s t ead  of SDS,  since d e o x y c h o l a t e  
could be  more  r ead i ly  r e m o v e d  t h a n  SDS f rom t h e  
p ro te in .  The  f ina l  p ro te in ,  SP,  h a d  a molecu la r  we igh t  
of 42,000 in SDS or DOC a n d  over  500,000 in t h e  absence  
of de te rgen t s ,  Surface  a d s o r p t i o n  of r a d i o t r a c e r  Ca 2+ and  
A T P  to  f i lms p r e p a r e d  f rom S P  was p e r f o r m e d  as de- 
scr ibed e lsewhere  5'6. Br ief ly  i t  consis ted  of m e a s u r i n g  
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Fig. 1. Time course of displacement of surface protein Ca 2+ by various 
cations. At 0 time 30 ~1 of 3 M electrolyte was injected into sub- 
solution and Ca ~+ desorption measured by decrease in surface 
radioactivity, q) = fraction of adsorbed Ca~+; (A), LiC1; (A), NaC1; 
(Q), CsC1; (�9 KC1. Each point is the average of 5 determinations 
and the s.d. was generally less than 10% of the mean. Note: the plot 
for Rb was almost identical to that for Na and is not shown. 
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Fig. 2. ~ vs time of displacement. Legend same as for Figure 1. 
Solid lines represent actual data and symbols refer to points calculat- 
ed from data in Figure 1 using equation I. 

(Geiger-Miiller t u b e  and  scaler) t he  increased  r a d i o a c t i v i t y  
a t  t h e  surface  as t h e  45Ca adso rbed  to a p r o t e i n  f i lm 
(0.5 m~/mg a t  t h e  l im i t i ng  area) sp read  over  t h e  aqueous  
subso lu t ion  (10 .3 M tris, p H  7.5) c o n t a i n i n g  t he  radio-  
t racer .  I n  t he  deso rp t ion  s tudies  used to measu re  Ca 2+ 
d i sp lacement ,  10-30 ~zl of a n  e lec t ro ly te  so lu t ion  was 
in jec ted  in to  t he  subso lu t ion  a f t e r  equ i l i b r ium a d s o r p t i o n  
of 45C& h a d  been  a t t a ined .  

The  overa l l  k ine t ics  of t h e  d i s p l a c e m e n t  of Ca 2+ f rom 
t h e  surface  conform r e a s o n a b l y  well  (wi th in  9 0 - 9 5 %  of 
equ i l ib r ium d i sp lacement )  to  t he  r a t e  law:  

-log ~ = #'t ~ (I) 

where  k" is t he  obse rved  r a t e  and  ~ is t he  f r ac t i on  of 
in i t ia l  Ca 2+ adso rbed  a t  t i m e  t. E q u a t i o n  I was  der ived  
f rom a mode l  ba sed  on  di f fus ion a n d  chemica l  displace-  
m e n t  (equa t ion  II)  b y  2 M + of adso rbed  Ca 2+. 

P - - C a + 2 M  + = P - ( M ) 2 + c a  ~+ (II) 

I f  two  M+ are i nvo lved  ill t h e  r a t e - l imi t ing  s tep,  t he  r a t e  
of d i s a p p e a r a n c e  of Ca f rom t h e  surface  will  be g iven  b y  
e q u a t i o n  I I I  where  

-d(Ca)p ] d t=  k t (Ca)p(M+)~s (III) 

(Ca2+)~ is t he  c o n c e n t r a t i o n  of adso rbed  Ca 2+, (M+)~ is 
t he  c o n c e n t r a t i o n  of M+ nea r  t he  surface close enough  to  
react ,  and  k 1 is t h e  r a t e  c o n s t a n t  for t he  d i sp lacement .  
Assuming  t h a t  (M+)~ is d i f fus ion cont ro l led  a n d  the re fo re  
p r o p o r t i o n a l  to  tl/~ e q u a t i o n  I I I  becomes  

-d(Ca)p / d t= klk~ ~ (Ca)pt (IV) 

where  k s refers  to  t he  r a t e  c o n t a n t  for diffusion.  In t e -  
g ra t ion  of e q u a t i o n  I V  yields e q u a t i o n  I and  

k' = kxk22 / 2(2.30). 

A l t e r n a t i v e  r a t e  laws based  on ly  on  d i f fus ion  of one  or 
two  M +, d i s p l a c e m e n t  b y  on ly  one M+, or neglec t  of 
d i f fus ion d id  no t  f i t  t h e  d a t a  as well. 

Resu l t s  on  t h e  r a t e s  of exchange  of p r o t e i n - b o u n d  Ca 2+ 
b y  t h e  m o n o v a l e n t  ca t ions  p l o t t e d  accord ing  to  e q u a t i o n  
1 are r ep re sen t ed  in F igures  1 a n d  2. The  obse rved  ra t e s  for  
d i s p l a c e m e n t  k '  and  t he  equ i l i b r ium a d s o r p t i v i t y  follow 
t h e  sequence  Li  < Na,  R b  < Cs < 162. 

I n  a t t e m p t i n g  to  a c c o u n t  for  t he  se lec t iv i ty  r a t io  of 2 
mobi le  coun t e r  ions for a cha rged  interface,  a n u m b e r  of 
p a r a m e t e r s  m u s t  be  cons idered  such  as valence,  ionic 
r ad ius  a n d  po la r izab i l i ty ,  h y d r a t i o n  n u m b e r ,  electro-  
s ta t ic  charge  a n d  conf igu ra t ion  of t h e  f ixed polye lec t ro ly te ,  
a n d  di f fus ion coeff icient  of t he  m o n o v a l e n t  cat ions .  The  
r a t e  of exchange  of t h e  m o n o v a l e n t  ca t ion  w i t h  t h e  
b o u n d  Ca z+ increases  w i t h  inc reas ing  ionic r ad ius  or 
dec reas ing  ene rgy  of h y d r a t i o n ,  t h e  two  p a r a m e t e r s  
be ing  i n t e r d e p e n d e n t  7. 
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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  : 

a ~ r  2 ~ ( 1  - 2 r  - R T  
K - -  aca(1 --  r exp  R T  

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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