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D I S P U T A N D U M  

I s  D e h y d r o a s c o r b i c  A c i d  an I n h i b i t o r  in  t h e  R e g u l a t i o n  of Cel l  D i v i s i o n  in P l a n t s  a n d  A n i m a l s  ? 

SZENT-GY6RGYI 1 h a s  sugges ted  t h a t  cell division m a y  
be controlIed by  two antagonis t ic  substances ,  an inhibi tor  
( ' retine')  and  a p r o m o t o r  ( 'promine ' ) .  He  believes t h a t  
the  inhib i tor  m a y  be an electron acceptor  conta in ing  a 
glyoxal  grouping,  and  suggests  t h a t  t he  ub iqu i tous  
enzyme sys t em glyoxalase m a y  ac t  as a p romote r .  I wish 
to suggest  t h a t  dehydroascorb ic  acid (DHA) m a y  be an 
i m p o r t a n t  inhib i tor  of t he  t y p e  envisaged b y  SZENT- 
Gu and  to  show t h a t  a subs tan t i a l  b o d y  of informa-  
t ion  is in accord wi th  th is  idea. 

D H A  is an e lectron acceptor ,  s t ruc tura l ly  similar  to  a 
glyoxal  and  found,  associated wi th  ascorbie acid (AA), in 
near ly  all p l a n t  and  an imal  t issues 2. i n  accordance  wi th  
SZEI~T-GYORGu theory  * and  in keeping wi th  i ts  chemical  
proper t ies  a, ~, D H A  m a y  ac t  as an inhib i tor  b y  main ta in -  
ing essent ial  - S H  funct ions,  e.g. those  on h is tones  ~ in an 
oxidized ( - S - S - )  *orm. D H A  also has  a widely  dispersed 
antagonis t ,  reduced  g lu ta th ione  (GSH), which  rap id ly  
and  i r revers ibly  reduces  D H A  to AA% In  plants ,  th i s  
reduc t ion  is ea ta lysed  b y  dehydroascorb ic  acid reduc tase  v. 
Only recent ly  an equiva len t  enzyme  has  been  found  in 
animals  s b u t  G S H  readi ly  reduces  D H A  a t  a p H  above  
6.0 w i thou t  an enzyme ~, ~ and  i t  has  been  suggested t h a t  
t he  abi l i ty  of an imal  t issue to  reduce D H A  is a lmos t  
exclusively due to  GSHO, x~ Thus  if D H A  acts  as an 
inhibi tor ,  cell division m a y  be p r o m o t e d  by  an increase 
in G S H  leading to  a shif t  in t he  equi l ibr ium (AA ~- DHA) 
towards  the  reduced  form. 

G S H  has  for m a n y  years  been  ind ica ted  as a p romo t e r  
of cell divis ion ~ and  there  is ex tens ive  evidence in t he  
l i t e ra ture  l inking g r o w t h  wi th  an increase in G S H  and  
AA concen t ra t ions  and a decrease in D H A  concent ra t ion .  
ST~I~Iq ~ has  r epor ted  t h a t  G S H  and  AA levels increase 
dur ing  microspore  mitosis .  Similar ly in ge rmina t ing  
seeds ~a,x~ and  sprout ing  po t a to  tubers~% the  p ropor t ion  
of Dt-IA falls as AA and  G S H  concen t ra t ions  increase and 
marked  increases in AA con t en t  are associated wi th  the  
areas of rap id  g rowth  in plants*~. The auxin,  indoleacet ic  
acid, when  p resen t  in concen t ra t ions  which  p romo t e  
growth,  is r epo r t ed  to  have  l i t t le  effect  on the  to ta l  
ascorba te  b u t  to  cause a s ign i f ican t  increase in AA and  
G S H  and  a cor responding  decrease in DHA~% At  higher  
concen t ra t ions  of auxin,  when  g rowth  is inhibi ted,  the  
level of D H A  increases re la t ive  to  AA xs. 

The a n t i t u m o u r  proper t ies  of D H A  have  been  repor ted  
by  several  inves t iga tors  ~, 18 and  these  also suppor t  t he  
role of D H A  as an i m p o r t a n t  g rowth  inh ib i to r  as do the  
observa t ions  t h a t  neoplas t ic  cells are def ic ient  in 
DHA,O, =0 and  t h a t  AA requ i rements  are abnormal ly  h igh  
in cancer  pa t i en t s  a and  dur ing  per iods  of na tu ra l  
g rowth  ~, e.g. in chi ldhood and  dur ing  pregnancy .  

An aI te rna t ive  means  of p romot ing  cell divis ion would 
be by  an  increase in the  ra te  of ca tabol i sm of D H A  such 
t h a t  the  ra te  of ox ida t ion  of AA would be incapable  of 
n la in ta in ing  D H A  at  inh ib i to ry  levels. As well as reducing 
the  level of DHA,  th is  would  lead to  a lowering of AA 
reserves.  The m arked  deple t ion  of AA observed  in m a n  
following surgery za,~, burns  ~ and  infect ion ~ m a y  
therefore  indica te  t h a t  repair  g rowth  is in i t ia ted  by  
release of an enzyme or enzymes  capable  of des t roy ing  
D H A  e~. SZEN~-GY6RGYI ~, in his scheme, has suggested 
t h a t  l ibera t ion of glyoxalase m a y  p romo te  wound  heal ing 
in th is  way.  W o u n d  heal ing in p lan t s  is aIso accompanied  
by  a marked  decrease in AA ev and i t  is s ignif icant  t h a t  in 
a p l an t  which  d id  n o t  heal  no a l te ra t ion  in AA was 

observed.  An analogous effect  is found when  the  growth  
of d o r m a n t  p o t a t o  tubers  is s t imula ted  by  e thy lene  
eh torohydr in  2s. This t r e a t m e n t  causes a slow fall in the  
level of AA and a rapid  fall in D H A  and these  changes  
cont inue  unt i l  vigorous sprout ing  occurs. 

In  the  search for an i m p o r t a n t  physiological  role for the  
ubiqui tous  ascorbate  sys tem,  t he  r equ i remen t  for AA as 
a reducing agent  has  overshadowed  the  e lectron accept ing  
abi l i ty  of DHA.  AA is a co-factor  for a n u mb er  of 
hydroxy lase  enzymes2% I t  reduces and  ac t iva tes  these  
enzymes  and in doing so is conver ted  to  D H A  so. The 
deve lopmen t  of collagen f rom protocol lagen involves AA 
d e p e n d e n t  h y d ro x y l a t i o n  of p ro t e in -bound  prol ine and 
lysine a~ as t he  ra te  control l ing s tep a~ and  i t  is t e m p t i n g  
to sugges t  t h a t  g rowth  promoters ,  by  ma in ta in ing  tow 
levels of DHA,  m a y  release a ' feed-back '  inhibi t ion of 
collagen deve lopment .  This  would ensure t h a t  the  fo rms-  
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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 .  

1 H. C. MASON, B. T. MASON and W. S. Moos, Br. J. Radiol. 28, 
495 (1955). 

2 R. D. HOLSTEN, M. SVGII and F. C. STEWARD, Nature 208, 850 
(1965). 

a j .  GARClA and D. J. KIMELDORF, Radiat. Res. 12, 719 (1960). 
D. J. KIMELDORF, J. GARClA and D. O. RUBADEAV, Radiat. Res. 
/2, 710 (1960). 

5 H. LEVAN, W. S. Moos and D. L. HEBRON, Medna exp., in press 
(1969). 

6 H. LEVAN and W. S. NIoos, ]~xperientia 23, 749 (1967). 
W. S. Moos, H. LEVAN and R. KLAUSER, Medna exp. 18, 45 (1968). 

s H. LEVAN, R. HAAS, H. SASSOON and F. KROWN, Acta radiot. 
Ther. phys. Biol. 7, 141 (1968). 

9 Industrial Res. 10, 21 (1968). 
10 j .  V. McCONNEL5, J. Neuropsychiatry 3, Suppl. 1, 42 (1962). 


