
15. 11. 1969 Specialia 1215 

t i on  of col lagen was cont ro l led  b y  g r o w t h  p r o m o t e r s  a n d  
in t h i s  w a y  col lagen p r o d u c t i o n  would  be  d i rec t ly  
r e l a t ed  to  g r o w t h  r equ i r emen t s .  

T h e  a p p a r e n t  i m p o r t a n c e  of A A  in  o the r  areas  asso- 
c ia ted  w i t h  growth ,  .e.g. in  t he  f o r m a t i o n  of mucopo ly -  
sacchar ide  a3, t h e  m a i n t e n a n c e  of r i bosome  o r i e n t a t i o n  a4 
a n d  in  t he  r e m o v a l  of h i s tone  f rom induc ib le  c h r o m a t i n  as, 
would  also ensure  t h a t  u n r e s t r a i n e d  g r o w t h  d id  no t  
a c c o m p a n y  ' a s co rba t e '  deficiency.  T h u s  s c u r v y  is m a i n l y  
cha rac t e r i zed  b y  t h e  lack or  f a u l t y  d e v e l o p m e n t  of 
s t r u c t u r a l  subs t ances  a n d  t h e  i nab i l i t y  of cells to  dif  2 
f e r en t i a t e  a l t h o u g h  a n  increase  in  nuclei ,  r e sp i r a t ion  and  
e n z y m e  a c t i v i t y  a6 h a v e  also been  obse rved  d u r i n g  t h e  
d e v e l o p m e n t  of scurvy .  

The  reason  for  t h e  h igh  c o n c e n t r a t i o n  of A A  in t h e  
a d r e n a l  g lands  ha s  n o t  been  es t ab l i shed  b u t  i t  h a s  b e e n  
sugges ted  t h a t  i t  m a y  p l a y  a p r i m a r y  p a r t  in  t h e  con t ro l  
of s tero idogenes is  t h r o u g h  t he  ad r ena l  h y d r o x y l a s e  
s y s t e m  aL Stress  in  an ima l s  leads  to  t he  h y d r o x y l a t i o n  of 
ad r ena l  s teroids  a n d  secre t ion  of these  a n d  D H A  f rom the  
a d r e n a l  glandsaL T h e  increase  in t he  level  of c i rcu la t ing  
D H A  is in  a g r e e m e n t  w i t h  t he  r e d u c t i o n  in t h e  mi to t i c  
r a t e  assoc ia ted  w i t h  s t ress  a n d  would  also exp la in  t he  
d iu r na l  m i to t i c  r h y t h m  found  in a n u m b e r  of a n i m a l  
t i ssues  as. T h u s  d u r i n g  sleep s t i m u l a t i o n  of the  ad r ena l  
g lands  is less, t he  level  of D H A  falls a n d  the  mi to t i c  r a t e  
increases.  

The  above  examples  of ex i s t ing  ev idence  s u p p o r t  t h e  
h y p o t h e s i s  t h a t  D H A  is a n  i m p o r t a n t  i n h i b i t o r  of cell 
g r o w t h  and  d iv is ion  a n d  sugges t  t h a t  m a n y  aspec ts  of t he  
ex tens ive  l i t e r a tu re  on  ' a s co rba t e '  m a y  be  r a t iona l i zed  
on  th i s  basis.  

Rdsumd. L 'ac ide  d e h y d r o a s c o r b i q u e  p e u t  agir  c o m m e  
u n  i n h i b i t e u r  de la croissance et  de la d iv is ion  des cellules, 
s u i v a n t  une  th6or ie  g6n6rale  propos6e p a r  SZENT- 
GYOROYI 1. Des exemples  t i r6s  d ' a u t r e s  t 6moignages  
s o u t i e n n e n t  ce p o i n t  de rue .  
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S T U D I O R U M  P R O G R E S S U S  

R a d i a t i o n  I n d u c e d  A v o i d a n c e  B e h a v i o r  T r a n s f e r  

Since 1951 we h a v e  b e e n  s t u d y i n g  t he  effects  of X-  
r a d i a t i o n  on  b r a i n  t i ssue  of m a m m a l s L  I n  r ecen t  years  
our  i n t e r e s t  ha s  b e e n - c o n c e r n e d  w i t h  cel lular  effects, as 
well  as  r a d i a t i o n  i n duced  b e h a v i o r a l  changes .  T h a t  t h e  
effects  of r a d i a t i o n  are  n o t  conf ined  to  t h e i r  d i rec t  effects  
on  cells no r  to  t h e  i m m e d i a t e  per iod  of exposure  to  t h e  
r a d i a t i o n  ha s  long been  k n o w n  b y  s t u d e n t s  of exper i -  
m e n t a l  radiology.  H i r o s h i m a  a n d  Nagasak i  are p r i m e  
examples ,  also th i s  a x i o m  was  r e -emphas ized  t h r o u g h  
t he  s t u d y  of HOLSTE~ e t  al. 2 on  p l a n t  cells and  especial ly  
t he i r  g r o w t h  media ,  whi le  t h e i r  resu l t s  for  Drosophila 
melanogasler were  less def in i t ive .  

A cons ide rab le  l i t e r a tu re  ha s  a c c u m u l a t e d  in r ecen t  
years  conce rn ing  t h e  effect  of ioniz ing  r a d i a t i o n  on  be- 
hav iour ,  especial ly  on  t h e  r a d i a t i o n - i n d u c e d  b e h a v i o u r  
i nvo lved  in cond i t ioned  avo idance  of a d i s t i nc t ive  t a s t e  
s u b s t a n c e  ( sacchar ine  sodium) ~,~. T he  sweet  so lu t ions  
a re  offered s i m u l t a n e o u s l y  to  t h e  mice  w i t h  p la in  t a p  
w a t e r  before,  dur ing ,  or  a f t e r  t h e  a n i m a l s  are  exposed  
to  r ad ia t ion .  A c o n c e n t r a t i o n  of 0 .1% b y  we igh t  of sac- 
cha r ine  ha s  been  found  a d e q u a t e  to  e s t ab l i sh  t a s t e  pre-  
ference of th i s  so lu t ion  to  t h a t  of t a p  water ,  a n d  t h e  
cond i t i oned  s t imu lus  is t h u s  es tab l i shed .  

I n  th i s  r e p o r t  we are  e x t e n d i n g  our  p a s t  s tud ies  5~s 
conce rn ing  t h e  d i rec t  a n d  ind i r ec t  effects  of X - r a d i a t i o n  
on  cond i t ioned  avo idance  behav iour .  T he  work  of m a n y  
labora tor ies ,  i nc lud ing  our  own, has  e s t ab l i shed  t h a t  mice  
prefer  sacchar ine  sod ium so lu t ion  to  p la in  water .  How-  
ever,  w h e n  t h e  sacchar ine  so lu t ion  is offered j u s t  b e f o r e  
t h e  an ima l s  are  exposed  to  ioniz ing  rad ia t ions ,  pos t -  
i r r ad i a t i on  avo idance  is induced .  T he  phys io logica l  m e c h a -  
n i s m  of s accha r ine  a v o i d a n c e  b e h a v i o u r  h a s  n o t  y e t  
b e c o m e  clear.  Stil l  u n a n s w e r e d  a re  t h e  ques t ions :  is t h e  

b y  B r a i n  E x t r a c t s  of  M i c e  

effect  caused  b y  pa tho log ica l  changes  in t h e  i r r a d i a t e d  
animals ,  or are changes  i nduced  in t he  t a s t e  p e r c e p t i o n  
m e c h a n i s m  ? Is i t  s t r i c t ly  a p ro longed  d i s t u r b a n c e  of 
some of such  m e c h a n i s m s  or  is a n  i m p a i r m e n t  of m e m o r y  
func t i on  i nvo lved  ? F u r t h e r m o r e ,  w h a t  is t h e  d u r a t i o n  
of these  effects, a n d  h o w  are  t h e  bas ic  cell b iological  
m e c h a n i s m s  a l t e red  ? 

Most  m e m o r y  t r a n s f e r  s tud ies  da t e  b a c k  to  1960 w h e n  
McCoNNELL 9,10 found  t h a t  u n t r a i n e d  f l a t w o r m s  would  
lea rn  more  qu ick ly  w h e n  in j ec t ed  w i t h  r ibonuc le ic  acid 
f rom t r a i n e d  f l a tworms .  Severa l  o t h e r  sc ien t i s t s  h a v e  
p o s t u l a t e d  t h a t  t r a n s f e r  of knowledge  m i g h t  be  accom- 
p l i shed  b y  feeding a n  a n i m a l  w h i c h  ha s  l ea rned  some 
p a r t i c u l a r  t a s k  to  u n t r a i n e d  an ima l s  or b y  g r ind ing  up  
t he  b r a i n  of one a n i m a l  a n d  i n j ec t i ng  i t  i n to  ano the r .  
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However ,  o the r  e xpe r i m en t s  us ing  P l a n a r i a  a n d  also 
mice did  no t  conf i rm th i s  t r ans f e r  of knowledge  ~t-~4. 
I l l  fac t  BYRN]~ 15 a m o n g  23 sc ient is ts  f rom 7 d i f fe rent  
count r ies  s igned a l e t t e r  to  Science t h a t  s t a t e d  t h e i r  
i nab i l i t y  to  conf i rm th i s  l ea rn ing  t r a n s f e r  b y  in jec t ion  
of b r a i n  e x t r a c t  f rom t r a i n e d  donors .  

JoHN xs ha s  r epo r t ed  t h a t  an ima l s  who  receive  a smal l  
a m o u n t  of p o t a s s i u m  in jec ted  d i rec t ly  in to  t h e  b r a i n  
before  each  l ea rn ing  exper ience  lea rn  as r ap id ly  as t he  
m o s t  r ap id  lea rners  in  a n o r m a l  popu la t ion .  Conversely,  
an ima l s  receiving m i n u t e  in jec t ions  of ca lc ium d i rec t ly  
in to  t h e  b r a i n  before  each  lea rn ing  exper ience  d i sp layed  
e x t r e m e l y  slow acquisition of t h e  responses.  Thus t h e  
r ap id ly  l ea rn ing  or t h e  slowly lea rn ing  l imi t s  of a n o r m a l  
p o p u l a t i o n  can  be  d isplaced b y  m i n u t e  in jec t ions  of 
chemica ls  in to  t he  b r a i n  fluids. M a n y  p a r t s  of t h e  b r a i n  
pa r t i c i pa t e  in  t h e  m e m o r y  for p rev ious ly  acqu i red  re- 
sponses.  

M a n y  ques t ions  ra ised  b y  a b o v e - m e n t i o n e d  r epo r t s  a n d  
t he  ones conce rned  w i t h  t h e  con t rove r s i a l  f indings  in 
P l a n a r i a ~ ,  ~s a n d  t he  c lear -cu t  resu l t s  of HOLSTEN, SUGII, 
and  STEWARD 2 w i t h  p l a n t  t issues,  b u t  no t  w i t h  Droso- 
phila, r e m a i n  u n a n s w e r e d  a t  p resen t .  

T h o u g h  be ing  aware  of t h e  con t rove r s i a l  n a t u r e  of t h e  
u n d e r t a k i n g  we decided to  t e s t  b y  t r a n s f e r  of b r a i n  
s u b s t a n c e  for t r a n s m i s s i o n  of t he  X - i r r a d i a t i o n  effect  in  
mice  t r a i n e d  to  d r i n k  Na - saccha r ine  so lu t ion  before  
i r rad ia t ion .  I t  a p p e a r e d  t h a t  t h i s  e x p e r i m e n t a l  p rocedu re  
was pa r t i cu l a r l y  su i t ab le  a n d  re l iable  for  such  a task .  
F u r t h e r m o r e ,  i t  was  hoped  t h a t  shou ld  t h e  resu l t s  be  
pos i t ive  new l igh t  would  be  shed  on  t h e  m e c h a n i s m  
caus ing  sacchar ine  avo idance  behav iou r .  I t  is t h e  pu rpose  
of t h i s  r epo r t  to  p r e s en t  our  f ind ings  on  t h e  effects  of 
b r a i n  s u b s t a n c e  in jec t ion  f rom i r r ad i a t i on - saccha r ine  
avo idance  cond i t ioned  mice in to  n o r m a l  con t ro l  an imals .  

Methods. Male DF~ mice of a p p r o x i m a t e l y  50 days  of 
age were used t h r o u g h o u t  all  expe r imen t s .  One week  to  
10 days  were p e r m i t t e d  for  t he  an ima l s  to  recover  f rom 
s h i p m e n t  a n d  a d a p t  to  t h e i r  new e n v i r o n m e n t  before  t h e  
s t a r t  of each  run .  

T h e  mice  were  r a n d o m l y  d i s t r i b u t e d  in to  g roups  as 
follows: (A) 2 m a i n  groups,  n a m e l y  ' donor s '  a n d  'reci-  
p i en t s '  of b r a i n  subs tance .  (]3) These  2 groups  were t h e n  
d iv ided  up  in to  6 sub-g roups :  

Donor mice 
(1) Irradiated and saccharine-preference conditioned. 
(2) Irradiated and not saccharine-preference conditioned. 
(3) Irradiated and saccharine-preference conditioned. 
(4) Irradiated and not saccharine-preference conditioned. 
(5) Not irradiated, no animal brain, Ringer solution only. 
(6) Not irradiated, not saccharine-preference conditioned. 

a t  t he  same  t ime.  The  con t ro l  an ima l s  (uncondi t ioned)  
were p r o v i d e d  w i t h  t a p  w a t e r  only.  The  ' dono r '  an ima l s  
were dep r ived  of all  l iquids  24 h before  i r r ad i a t i on  b u t  
t h e n  sho r t l y  before  r a d i a t i o n  t r e a t m e n t  sacchar ine  solu- 
t i on  a lone was offered for 30 min .  

To ta l  b o d y  i r r ad i a t i on  was pe r fo rmed  w i t h  a P i cke r  
X - r a y  m a c h i n e  a t  220 KV, 20 mA.  The  H V L  was 0.5 m m  
Cu a f te r  a d d i t i o n a l  f i l t r a t ion  of 0.25 m m  Cu. T a r g e t  to  
mouse  d i s t ance  was 50 cm a n d  t he  field size 20 • 20 cm. 
U p  to 6 con t ro l  and  e x p e r i m e n t a l  ' donor '  mice could be  
i r r ad i a t ed  w i t h  400 rads  u n d e r  these  condi t ions .  Fo r  
un i fo rm  dose d i s t r i b u t i o n  t he  p las t i c  a n i m a l  con t a ine r  
was  r o t a t e d  a t  3 rpm.  

F o r  t he  t r a n s f e r  of b r a i n  s u b s t a n c e  t he  fol lowing 
m e t h o d s  were emp loyed :  t he  b ra ins  of i r r ad ia t ed  (except  
e x p e r i m e n t a l  r u n  5 a n d  6) e i the r  sacchar ine -pre fe r r ing  
or con t ro l  (not  h a v i n g  b e e n  exposed to  sacchar ine  solu- 
t ion)  mice  were r e m o v e d  in t he i r  e n t i r e t y  f rom the  skulls  
of t h e  animals .  Usua l ly  3 b ra ins  per  g roup  were used 
w i t h  t h e  excep t ion  of t he  f i rs t  few runs  where  on ly  1 
b r a i n  each  was r e m o v e d  f rom e i the r  group.  The  ' donor '  
an ima l s  were kil led b y  sp ina l  cord  severance  in  t he  cer- 
v ica l  region a b o u t  10-30 m i n  a f te r  X - r a y  exposure .  E a c h  
group of b r a i n s  ( sacchar ine-preference  cond i t ioned  a n d  
u n t r a i n e d  controls)  were g round  up  sepa ra t e ly  in  10 ml  
ster i le  phys io log ica l  R inge r ' s  so lu t ion  in a steri le m o r t a r  
a t  a t e m p e r a t u r e  of 3-5  ~ T h e  b r a i n s  were g round  i n to  
a fa i r ly  h o m o g e n e o u s  t i ssue  suspens ion  b y  10 ra in  of 
g r ind ing  a n d  0.03 ml  (0.01 m l  in  t h e  f i rs t  run)  was  in jec ted  
in to  t h e  r i gh t  pos te r io r  q u a d r a n t  of t h e  b r a i n  of un-  
i r r ad i a t ed  mice. Fo r  t he  i n t r a c e r e b r a l  in jec t ions  1 ml  
t u b e r c u l i n  syr inges  a n d  28 gauge ~/(' needles  were 
employed.  The  needles  were p rov ided  w i t h  a l i t t l e  ' luc i te '  
d isk t h r o u g h  wh ich  on ly  a b o u t  3 m m  p r o t r u d e d  a t  t he  
t ip .  This  insured  a more  u n i f o r m  d e p t h  of inse r t ion  in to  
t h e  b ra in .  

Results. The  o b s e r v a t i o n  of da i ly  w a t e r  and  sacchar ine  
c o n s u m p t i o n  of t he  b r a i n  s u b s t a n c e  rec ip ien t  an ima l s  
lead to  t h e  fol lowing f ind ings :  

(1) Na ive  mice rece iv ing  0.3 ml  of  a b r a i n  suspens ion  
f rom i r r ad ia t ed  a n d  sacchar ine -pre fe rence  t r a i n e d  donors  
(see E x p e r i m e n t  1 ill T a b l e  I) showed  a cons i s t en t  re fusa l  
to  consume  sacchar ine  so lu t ion  in a n y  s ign i f ican t  amoun t s .  
The  regu la r  unswee t ened  t a p  w a t e r  was  def in i te ly  pre-  
fer red  a n d  t h e  dif ference b e t w e e n  t h e  a m o u n t s  of w a t e r  
c o n s u m p t i o n  a n d  t h a t  of sacchar ine  was s t a t i s t i ca l ly  
s ignif icant .  The  avers ive  t endenc ie s  are n o t  p e r m a n e n t  
a n d  preference  for  t h e  sacchar ine  so lu t ion  a p p a r e n t l y  
increases  a f te r  some days  b u t  a t  a v e r y  m u c h  slower r a t e  
t h a n  obse rved  normal ly .  

(2) I n  c o n t r a s t  to  t he  a b o v e  group  i t  could  be  shown  as 
a con t ro l  e x p e r i m e n t  t h a t  in j ec t ion  of b r a i n  suspens ions  

Recipient mice 
Not saccharine prefercI~ee-conditioned. 
Not saccharine-preference conditioned. 
Saccharine-preference conditioned. 
Not saccharine-preference conditioned. 
Not saccharine-preference conditioned. 
Not saccharine-preference conditioned. 

F u r t h e r  de ta i l s  as to  n u m b e r  of mice  in each  group,  
r a d i a t i o n  dosage,  etc., are  p r e sen t ed  in Tab le  I. 

The  cond i t i on ing  of t he  mice  was  usua l ly  e s t ab l i shed  
a f t e r  a b o u t  I week  to  10 days.  T h i s - w a s  accompl i shed  
b y  offer ing i b o t t l e  of regular  t a p  w a t e r  and  1 b o t t l e  
c o n t a i n i n g  1% (per weight )  sod ium-saccha r ine  solut ion.  
All  an ima l s  were  h a n d l e d  a n d  obse rved  u n d e r  iden t i ca l  
condi t ions ,  a n d  t h e  l iqu id  c o n s u m p t i o n  d e t e r m i n e d  da i ly  
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B. D. BERGER, D. L. MARGULES, R. L. FENICHEL, L. STEIN, 
J. A. CORSON, H. E. ENESCO, S. L. CHOROVER, C. E. HOLT 111, 
P. H. SCHILLER, L. CHIAPPETTA~ M. ]~. JARVIK~ R. C. LEAF~ 
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f rom u n t r a i n e d  (naive) b u t  i r r a d i a t e d  mice  in to  groups  
of na ive  con t ro l  an i m a l s  (se e E x p e r i m e n t  2 in  Tab le  I) 
p roduced  no  a v o i d a n c e  behav iour .  T he  an i m a l s  acqu i red  
sacchar ine  preference  as r ap i d l y  as a n y  n o r m a l  g roup  
of mice, wh ich  h a d  n e v e r  been  exposed to  a n y  i r r ad i a t i on  
or a n y  o t h e r  t y p e  of t r e a t m e n t s .  These  2 m a i n  resu l t s  are  
p r e sen t ed  in  F igure  1 where  t h e  sets  of curves  in  1 a n d  2 
co r respond  w i t h  (1) a n d  (2) of above  desc r ip t ion  of experi-  
m e n t a l  f ind ings  a n d  Tables  I a n d  I I .  The  error  l imi t s  
i nd ica t ed  a t  each  p o i n t  of t he  curves  are t he  s t a n d a r d  
errors.  I n t e r c o m p a r i s o n  of t he  4 curves  as to  w h e t h e r  
or  no t  t he  obse rved  dif ferences  are real,  revea led  t h a t  
such  differences  are  h igh ly  s ign i f ican t  on  a p > 0 . 0 0 1  
conf idence  level. W h e n  h o w e v e r  t h e  sacchar ine  c o n s u m p -  
t i on  of na ive  con t ro l  an i m a l s  in jec ted  w i t h  i r r ad i a t ed  a n d  
cond i t i oned  b r a i n  s u b s t a n c e  is c o m p a r e d  w i t h  t he  w a t e r  
c o n s u m p t i o n  of u n t r a i n e d  mice  h a v i n g  received a n  injec-  
t i on  f rom i r r a d i a t e d  b u t  n o n - c o n d i t i o n e d  mice.  No g rea t  
d i f ference is f ound  a n d  t h e  t - tes t  i nd i ca t ed  t h a t  a n y  
ex i s t ing  differences  are  ba re ly  s ign i f ican t  a t  t he  p 0.05 
level,  

(3) I n  F igure  2 cu rve  sets  a a n d  b (Table  I a n d  l I ,  
E x p e r i m e n t  3 a n d  4) r ep re sen t  d a t a  f rom iden t ica l  experi-  
m e n t s  as those  descr ibed  a b o v e  excep t  t h a t  i n  these  

ins t ances  b o t h  r ec ip i en t  groups  cons is ted  of sacchar ine-  
preference  t r a i n e d  animals .  An ima l s  in  these  groups  
rece iv ing  b r a i n  suspens ion  f rom i r r ad i a t ed  a n d  con- 
d i t ioned  mice  (Figure 2a) showed  on ly  a s l ight  sacchar ine  
a v o i d a n c e  a n d  t h e n  recovered  t h i s  preference  w i t h i n  
a b o u t  9 days.  Changes  in w a t e r  c o n s u m p t i o n  were incon-  
clusive. 

R e p e t i t i o n  of t h e  e x p e r i m e n  t ( run s imul taneous ly )  w i t h  
i r r ad ia t ed  b u t  na ive  b r a i n  in jec t ions  in to  cond i t ioned  
mice gave  t he  resul t s  s h o w n  in F igure  2b. The re  was  on ly  
a m o m e n t a r y  d rop  in sacchar ine  c o n s u m p t i o n  a n d  p rac t i -  
ca l ly  no  change  in t h a t  of water .  

I t  seems t h a t  sacchar ine-preference  cond i t ioned  ( t ra ined)  
r ec ip ien t  mice  r e spond  to  a m u c h  smal le r  degree  to  above  
t e s t  p rocedures  t h a n  an ima l s  wh ich  h a v e  n o t  ye t  l ea rned  
to prefer  t h e  sweet  solut ion.  

(4) E x p e r i m e n t s  5 a n d  6 (Table  I) were con t ro l  exper i -  
m e n t s  wh ich  were pe r fo rmed  to  e s t ab l i sh  if t h e  t r a u m a t i c  
exper ience  of t he  in j ec t ion  a lone  (Ringer  so lu t ion  only,  
F igure  3a) or m a t e r i a l  f rom a n  u n i r r a d i a t e d  b r a i n  
(Figure 3b) could induce  a v o i d a n c e  behav iour .  I n  n e i t h e r  
e x p e r i m e n t  could t h i s  effect  be  p roduced .  

D i s c u s s i o n .  The  m e c h a n i s m  of r a d i a t i o n  induced  avoid-  
ance  response  is a t  p r e sen t  no t  suf f ic ien t ly  known.  

Table I. Findings 

Experi- X dose Donor mice No. of Recipient mice No. of Saccharine H~O 
ment rad donors recipients consumption consumption 

1 400 saccharine- 1-3 not saccharine- 49 avoided increased 
conditioned conditioned 

2 400 not saccharine- 1-3 not saccharine- 46 not avoided decreasing 
cgnditioned conditioned 

3 400 saccharine- 1-3 saccharine- 20 slight avoidance no significant 
conditioned conditioned and fast recovery change 

4 400 not saccharine- 1 saccharine- 9 momentary drop but no change 
conditioned conditioned no significant change 

5 0 Ringer solution 0 not saccharine- 11 not avoided decreased 
only conditioned 

6 0 not saccharine- 1 not saccharine- 11 not avoided decreased 
conditioned conditioned 

Table II. Comparison of liquid consumption 

Experi- Donor Recipient Consump- Compared Experi- Donor Recipient Consump- Consumption differences 
ment tion of with ment tion of and remarks 

1 saccharine- not saccharine 1 saccharine- not H20 p >  0.001 
conditioned conditioned conditioned conditioned I-I20(1 ) > saccharine(l) 

2 not not saccharine 2 not not H~O p > 0.001 
conditioned conditioned conditioned conditioned saccharine(2) > H20(t ) 

2 not not saccharine 1 saccharine- not saccharine p >  0.001 
conditioned conditioned conditioned conditioned saccharine(2) > saccharine(l) 

2 not not H~0 1 saccharine- not H~0 p0.>-001 
conditioned conditioned conditioned conditioned H~O!I) > HiO(2) 

1 saccharine- not saccharine 2 not not H~O not significant 
conditioned conditioned conditioned conditioned p ~ 0.05 

saecharine(1) ~ H20(2 ) 
1 saccharine- not H20 2 not not saccharine p >  0.001 

conditioned conditioned conditioned conditioned saccharine(2) > H20(1 ) 

Indices in parentheses, e.g. (1) and (2) which refer to experiment 1 or 2. 
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Fig. 1. (a) Saccharine and H~O consumption of 'naive' (not irra- 
diated) mice injected with brain suspension from saccharine preferring 
and irradiated donors. Saccharine solution is avoided. (b) Saccharine 
and H~O consumption 9f 'naive' (not irradiated) mice injected with 
brain suspension from 'naive' but irradiated donors. Saccharine 
solution is preferred. 
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Fig. 2. (a) Saccharine and HaG consumption of 'trained' (saccharine 
preferring) mice (not irradiated) injected with brain suspension from 
saccharine preferring and irradiated donors. Saccharine solution 
consumption only momentarily reduced. (b) Saccharine and H~O 
consumption of 'trained' (saccharine preferring) mice (not irradiated) 
injected with brain suspension from 'naive' but irradiated donors. 
Saccharine solution consumption only momentarily reduced. 

Moreover ,  t h e  fac t  t h a t  such  b e h a v i o u r  can  be  t r an s f e r r ed  
f rom one  h igher  a n i m a l  to  a n o t h e r  seems to  i nd i ca t e  t h a t  
e i the r  d i rec t ly  t h r o u g h  r a d i a t i o n  or ind i rec t ly  b y  asso- 
c ia t ing  a n  u n p l e a s a n t  s t imu lus  such  as X - i r r a d i a t i o n  w i t h  
a l ea rned  process  (condi t ioning)  a more  t h a n  m o m e n t a r y  
p r o d u c t  is c rea ted  in  t h e  a n i m a l  body .  T he  poss ib i l i ty  
of t r an s f e r r i ng  such  a p r o d u c t  as we m a y  h a v e  ach ieved  
in  our  e x p e r i m e n t s  suggests  severa l  possibi l i t ies .  Fo r  
ins tance ,  v e r y  specific subs t ances  can  be  p roduced  in 
increas ing  a m o u n t s  as a b e t t e r  response  is l ea rned  b y  a n  
o rgan i sm,  as for  exam p l e  in our  e x p e r i m e n t s  whe re  t h e  
cond i t i on ing  for  sacchar ine  preference  was  used.  Th i s  
seems to  be  i nd i ca t ed  b y  t h e  increas ing  c o n s u m p t i o n  of 
sacchar ine  over  a c e r t a i n  t i m e ' p e r i o d .  I t  is sugges ted  b y  
our  resu l t s  t h a t  a s u b s t a n c e  p r o d u c e d  b y  t he  a n i m a l  
con t a in s  some i n f o r m a t i o n  in i t s  molecu la r  s t r u c t u r e  a n d  
in  a c e r t a i n  codified form. Th i s  molecu la r  s t r u c t u r e  if 
sub j ec t ed  to  X - i r r a d i a t i o n  is poss ib ly  a l t e red  a n d  con-  
s equen t ly  also i ts  coding  or, w h a t  is more  l ikely,  a second 
specific p r o d u c t  is fo rmed  b y  i n t e r a c t i o n  of ioniz ing  
r a d i a t i o n  w i t h  ce r t a in  molecules  wh ich  t h e n  in some 
m a n n e r  fo rm a new i n f o r m a t i o n  s t r u c t u r e  ( learning to  
assoc ia te  sacchar ine  d r i n k i n g  w i t h  a n  u n p l e a s a n t  sti- 
mulus) .  Th i s  new 'code s t r u c t u r e '  c an  t h e n  be  i n t r o d u c e d  
in to  inexpe r i enced  (naive) an i m a l s  w h i c h  in t h i s  m a n n e r  
n o w  h a v e  acqu i r ed  i n s t r uc t i ons  to  avo id  sacchar ine .  

One  of t he  f u r t h e r  s teps  of our  e x p e r i m e n t a t i o n s  is to  
i nves t i ga t e  w h e t h e r  such  ' p roduc t s '  call be  p roduced  on ly  
in  t h e  b r a i n  or  also in o t h e r  b o d y  par t s .  T h e n  t h e  n e x t  
sequence  of r e sea rch  will be  to  explore  fac tors  in f luenc ing  
sho r t  a n d  long  t e r m  memory .  

Since mice  in j ec t ed  w i t h  i r r ad i a t ed  b r a i n  t i ssue  f rom 
cond i t ioned  an ima l s  show a n  i m m e d i a t e  avers ion  to  
sacchar ine  (Figure 2a) i t  is sugges ted  t h a t  changes  in 
p r o t e i n  synthes is ,  a n d  c o n s e q u e n t l y  in  R N A  molecules,  
are  n o t  t h e  on ly  con t ro l l ing  fac tors  in  above-desc r ibed  
processes.  Th i s  l ine  of t h o u g h t  is s u p p o r t e d  b y  t h e  
resu l t s  of BARONDES e t  al. 1s-el w h i c h  ind ica te  t h a t  p ro t e in  
syn thes i s  is no t  necessa ry  for  s h o r t - t e r m  m e m o r y  b u t  is 
r equ i red  for l o n g - t e r m  m e m o r y .  D e s t r u c t i o n  of l ong - t e rm  
m e m o r y  or suppress ion  of p ro t e in  syn thes i s  b y  drugs  such  
as ' p u r o m y c i n '  shou ld  show up  in t h e  fo rm of a sho r t  
sacchar ine  avers ion  pe r iod  fol lowed b y  increased  con- 
s u m p t i o n  of t h e  sweet  so lu t ion  s imi la r  t o  obse rva t ions  

19 S. H. BARONDES and H. D. COHEN, Science 757, 594 (1966). 
20 H. D. COHEN and S. H. BARONDES, J. Neurochem. 73, 207 (1966). 
31 L. B. FLEXNER, J. B. FLEXNER and R. B. ROBERTS, Science 755, 

1377 (1967). 
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Fig. 3. (a) Control experiment: Saccharine and H20 consumption 
of 'naive' (not irradiated) mice after injection of Ringer solution only. 
(b) Control experiment: Saccharine and H20 consumption of 'naive' 
(not irradiated) mice after injection with brain substance from a 
'naive' and unirradiated donor. 

made  wi th  avoidance behaviour  of mice to which irra- 
d ia ted  saccharine solut ion was offered. 

Should such future  inves t iga t ion  be successful, one 
could perhaps a t t e m p t  to ident i fy  the  radia t ion-affected 
molecular  s t ructures  23. Al though  these thoughts  are con- 
jectural ,  t h e y  seem to be par t  of a logical sys tem in 
clarifying some ve ry  puzzl ing aspects of m e m o r y  syn- 
thesis and rad ia t ion-mechanisms  as well 33. 

Zusammen]assung. In  <~naiven~ Ms werden Ver- 
haltensver~Lnderungen Each In jek t ion  kleiner Mengen yon 
Gehi rnmater ia l  aus Saccharin bevorzugenden  nEd r6nt-  
genbes t rahl ten  M/~usen beobachte t .  Es  t r a t  Vermeiduf ig  
der Saccharinl6sung ein, und zwar /~hnlich wie sonst  in 
<~trainierten % Saccharin bevorzugenden  Tieren Each der  
Bestrahlung.  
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Kinetik der hepatischen Farbstoffaufnahme von Indocyaningriin.  Einfluss von Bilirubin und 
Natriumglykocholat  

Unte r suchungen  tiber die Kine t ik  der  hepat i schen 
Ausscheidung yon Farbs tof fen  haben  die Kenntnisse  der 
Leberphysiologie  sehr bereichert .  Als Farbs tof fe  d ienten  
vor  a l lem Bromsulphale in ,  ]3engalrot und Indocyanin-  
grtin (ICG). Von diesen weist  ICG die geringste extra-  
hepat ische Ausscheidung ant  1. 

N a c h d e m  ICG yon F o x  et  at. 3 zur Bes t immung  des 
Herzze i tvo lumens  in die Kreis laufdiagnost ik  eingefi ihr t  
worden  war, fand es bald  Anwendung  z u r  B e s t i m m u n g  
dee Leberdurchb lu tung  nach  dem Fickschen Pr inzip  a 
und zur Pr t i fung der  Leber funk t ion  4-1~ Als besonderer  
Vortei l  yon ICG erwies sich dabei  die M6glichkeit ,  seine 
Clearance mi t  I-Iilfe eines Ohrdens i tometers  unblu t ig  zu 
regis tr ieren 3, 9. 

Zur Leber iunkt ionspr i i fung  mi t te l s  ICG-Clearance 
wurden  bisher sehr unterschiedl iche Dosierungen des 
ICG angegeben ~-1~ Tierexper imente l le  und klinische 
Studien  haben  jedoch gezeigt, dass die Empf ind l i chke i t  
der ICG-Clearance als Leber funk t ions tes t  yon  der 
Farbstoffdosis  abh~Lngt. Wghrend  n~imlich die Clearance 
kleiner ICG-Dosen (0,5 mg/kg) vo r  a l lem yon  dee Leber-  
durchb lu tung  abh~ngt  und ein re la t iv  unempf indl icher  

P a r a m e t e r  der Leber funkt ion  ist, s tel l t  die Clearance 
grosser ICG-Dosen (5 mg/kg) einen sehr empfindl ichen 
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