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se ro ton in - l ike  c o m p o u n d s :  5 - e t h o x y t r y p t a m i n e 7  a n d  
5 - m e t h o x y - S A S  s ( 5 - m e t h o x y t r y p t a m i n e  molecule  in 
w h i c h  t h e  n i t r ogen  a t o m  in t h e  r ing  is s u b s t i t u t e d  b y  
su lphur ) .  I n  t h e  ava i l ab l e  l i t e r a t u r e  t h e r e  a re  2 sho r t  
r epo r t s  on  t h e  f i rs t  s u b s t a n c e  i n d i c a t i n g  i t s  h i g h  t ox i c i t y  4 
a n d  m o d e s t  r ad iopro tec t iveness* ,  whi le  t he re  are no  d a t a  
on  5 -me thoxy -SAS .  

I n  t h e  p r e sen t  e x p e r i m e n t ,  due  to  t he  r e s t r i c t ed  a m o u n t s  
of b o t h  subs tances ,  on ly  one dose of i r r a d i a t i o n  was 
appl ied .  There fo re  mice  (Fx h y b r i d s  of CBA c~ a n d  C 57 
B lack  ~) were  i r r a d i a t e d  w i t h  a d i s t i n c t l y  s u p r a l e t h a l  
dose of X- rays ,  i.e. 1400 R (LD100la0 = 950 R). For  t he  
s a m e  reason,  i t  was  imposs ib le  to  t e s t  p rev ious ly  t he  
t o x y c i t y  of these  c o m p o u n d s .  T he  s u b s t a n c e s  in  q u e s t i o n  
were  a d m i n i s t e r e d  i.p. 5 -10  m i n  before  i r r a d i a t i o n  in  doses 
e q u i m o l a r  to  t h e  o p t i m a l  dose of 5 - h y d r o x y t r y p t a m i n e  
(50 m g / k g  b o d y  wt.)  1°. E v e r y  e x p e r i m e n t a l  g roup  n u m -  
be red  20 mice.  T h e  su rv iva l  of i r r a d i a t e d  a n i m a l s  was  
fol lowed for  30 days .  

T h e  resu l t s  i nd i ca t e  (Table) t h a t  5 - e t h o x y t r y p t a m i n e  
a n d  SAS are p r o t e c t i v e  to  t he  s ame  level.  Th i s  radio-  
p r o t e c t i v e  e f fec t iveness  apea r s  to  be  ins ign i f i can t ly  lower 
t h a n  t h a t  of 5 - m e t h o x y t r y p t a m i n e .  T he  z2- tes t  for  5- 
e t h o x y t r y p t a m i n e ,  as c o m p a r e d  to  se ro ton in ,  was  n o t  
s igni f icant .  The  di f ference in ef fec t iveness  b e t w e e n  5- 
m e t h o x y t r y p t a m i n e  a n d  se ro ton in  is negligible.  As for 
5 -me thoxy -SAS ,  i t  does  n o t  e x h i b i t  a n y  r a d i o p r o t e c t i v e  
e f fec t  in  s u p r a l e t h a l l y  i r r a d i a t e d  mice. 

I n  sp i te  of t h e  p r e l i m i n a r y  c h a r a c t e r  of these  f indings ,  
due  to  t he  sma l l  n u m b e r  of a n i m a l s  in  each  e x p e r i m e n t a l  
group,  i t  could  b e  conc luded  t h a t  t h e  s u b s t i t u t i o n  of t he  
h y d r o x y  g roup  in  pos i t ion  5 of t h e  indole  r ing  b y  a m e t h o -  
xy,  e t h o x y  or  m e r c a p t o  group  is w i t h o u t  a n y  essen t ia l  
in f luence  on  t h e  r a d i o p r o t e c t i v e  effect iveness .  S imi lar ly ,  
in  t h e  case of SAS, wh ich  ha s  i n s t ead  of t h e  indole  r ing  a 
b e n z o t h i o p h e n  nucleus,  p r o t e c t i o n  c o m p a r a b l e  to  t h a t  of 
s e ro ton in  was observed .  However ,  if  in  t he  molecule  of 
SAS a t  pos i t ion  5 t he  h y d r o x y - g r o u p  is s u b s t i t u t e d  b y  a 
m e t h o x y  group,  i t s  r a d i o p r o t e c t i v e  p rope r ty ,  u n d e r  con-  
d i t ions  of sup ra l e th  al ly i r r ad ia t ion ,  comple t e ly  d isappears .  

Whole-body irradiation of mice with 1400 R of X-rays (LDloo13o = 
950 R) 

0.28 mM/kg body wt. No. No. of 
(i.p.5-10 min of survivors 
before irrad.) animals after 

30 days 

Mean survival time 
(4- S.E.M.) in days 

11 1) 5-Ethoxytryptamine 20 l l  (55%) 20.3 4- 2.8 
2) 5-Methoxytryptamine 20 15 (75%) 23.9 4- 2.0 
3) 5-Hydroxytryptamine 20 17 (85%) 26.6 -t- 1.9 12 

13 4) 5-Methoxy-SAS 20 - -  5.3 4- 0.6 
14 5) SAS ~ 20 11 (55%) 20.8 4- 2.2 

1) : 3) - Z2= 2.976, n.s. a3-(fl-aminoethyl)-5-hydroxy-benzo(b)thiophen 
(CAMPAmNE et al)). 

T o  c o m m e n t  these  f ind ing  i t  could  b e  s t a t e d  t h a t  al l  
t he se  s u b s t a n c e s  el ici t  a r a d i o p r o t e c t i v e  effect  m a i n l y  
t h r o u g h  t h e i r  specific pha rmaco log ica l  ac t iv i ty .  Name ly ,  
5 - m e t h o x y t r y p t a m i n e  n - i s ,  as well  as SAS 14,x5, a re  
p h a r m a c o l o g i c a l l y  v e r y  ac t ive  c o m p o u n d s .  The  above -  
m e n t i o n e d  t ox i c i t y  of 5 - e t h o x y t r y p t a m i n e  4 in t h e  p r e s e n t  
e x p e r i m e n t  was  no t  expressed,  Some p r e l i m i n a r y  t e s t s  
p e r f o r m e d  w i t h  5 - e t h o x y t r y p t a m i n e  a n d  5 - m e t h o x y - S A S  
ind ica t e  a r a t h e r  w e a k  pha rmaco log ica l  a c t i v i t y  of these  
two  c o m p o u n d s  ~6. 

F u t u r e  s tud ies  conce rn ing  t he  r e l a t i onsh ip  b e t w e e n  
chemica l  s t ruc tu re ,  r a d i o p r o t e c t i v e  effect iveness ,  p h a r m a -  
cological  a n d  toxicologica l  a c t i v i t y  m i g h t  lead to  a b e t t e r  
u n d e r s t a n d i n g  of t h e  r a d i o p r o t e c t i v e  m e c h a n i s m  of these  
subs tances .  

Zusammen/assung. Bei  M~iusen w u r d e  die S t r a h l e n -  
s c h u t z w i r k s a m k e i t  des 5 - E t h o x y t r y p t a m i n s  u n d  5- 
M e t h o x y t r y p t a m i n s  m i t  de r j en igen  yon  5 - H y d r o x y t r i p t -  
amin ,  SAS ( B e n z o t h i o p h e n v e r b i n d u n g )  u n d  5 -Methoxy-  
SAS verg l ichen .  Die Ergebn i s se  zeigen, dass  die Schu tz -  
w i r k s a m k e i t  des 5 - E t h o x y t r y p t a m i n s  der  des  SAS sehr  
~hnl ich  ist. 
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A p u r i n i c  Acid ,  a Modi f i ed  D N A  w i t h  A n t i c a n c e r  Act iv i ty  

I n  1952, TAMM, HOPES a n d  CHARGAFF r e p o r t e d  t h e  
p r o d u c t i o n  of a pur ine - f ree  DNA,  t e r m e d  a p u r i n i c  acid 
(APA),  a f t e r  s u b j e c t i n g  D N A  to  mi ld  acid hydro lys i s  I. I n  
p lace  of t h e  d e t a c h e d  p u r i n e  bases,  A P A  has  a n  e q u i v a l e n t  
n u m b e r  of free a l d e h y d o  groups2.  I n  v iew of t h e  f ind ing  
t h a t  exogenous ,  m a c r o m o l e c u l a r  D N A  can  be i n c o r p o r a t e d  

i n t o  m a m m a l i a n  cells 3-5, we were p r o m p t e d  to  cons ider  
w h e t h e r  A P A  possesses  a n y  biological  ac t iv i ty .  I n  p a r t i -  
cular ,  could  A P A  d i s t u r b  cell p ro l i f e ra t ion  in v ivo  ? 

A P A  was  p r e p a r e d  f rom he r r i ng  spe rm D N A  by .  a 
m e t h o d  desc r ibed  in de ta i l  e lsewhere".  Briefly,  D N A  was 
ac idi f ied  to  a p H  of 2.5, qu ick ly  b r o u g h t  to  boil,  and  t h e n  
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m a i n t a i n e d  a t  100 °C for 2 ra in .  The rea f t e r ,  i t  was  r a p i d l y  
cooled, neut ra l ized ,  a n d  k e p t  a t  0 ° u n t i l  t h e  p u r i n e  bases  
c o m p l e t e l y  de t ached .  T h e  so lu t ion  was  cen t r i fuged ,  t h e  
p r e c i p i t a t e  s e p a r a t e d  on  a S e p h a d e x  G-25 c o l u m n  f r o m  
NaC1 a n d  t h e  f reed p u r i n e  bases,  c o n c e n t r a t e d ,  a n d  t h e n  
f reeze-dr ied for use in  t h e  a n i m a l  e x p e r i m e n t s .  Chemica l  
a n d  phys ica l  d a t a  a t t e s t i n g  to  t h e  loss of p u r i n e  bases  
a n d  t he  r e t e n t i o n  of a n  u n a l t e r e d  n u m b e r  a n d  sequence  
of p y r i m i d i n e  bases  h a v e  been  repor ted~.  

The  a n t i c a n c e r  eff icacy of A P A  was  t e s t ed  in a xeno-  
g ra f t ed  h u m a n  colonic t u m o r  sys tem,  GW-777,  a n d  a n  
al logeneic  h a m s t e r  a m e l a n o t i c  m e l a n o m a ,  A .Mel .No .  3s, 
b o t h  growing  in t he  cheek  pouches  of uncond i t i oned ,  
a d u l t  go lden  h a m s t e r s  (Mesocricetus auratus) oi b o t h  
sexes a n d  weigh ing  60-70 g. I .p.  t h e r a p y  of A P A  dissolved 
in dis t i l led  H , O  was  i n s t i t u t e d  a t  3 days  pos t  t r a n s p l a n -  
t a t i o n  to  t h e  cheek  p o u c h  for t h e  A. Mel. No. 3 t u m o r ,  a n d  
a t  7 days  pos t  g r a f t i ng  for  t h e  GW-77  t u m o r ,  a n d  con t inu -  
ed  1-3 t i m e s  da i ly  for  a t o t a l  of 6 or  7 days.  T he  size of 
t h e  cheek  p o u c h  t u m o r s  was  m e a s u r e d  in t h r e e  d imens ions  
( l eng th  × w i d t h  × dep th )  a t  r egu la r  i n t e rva l s  b y  a n e s t h e t -  
iz ing t he  a n i m a l s  a n d  e v e r t i n g  t h e i r  pouches ,  a n d  t h e  
d i f fe rence  in t h e  m e a n  increase  of t u m o r  size b e t w e e n  
con t ro l  a n d  t r e a t e d  t u m o r s  ca l cu l a t ed  a t  1 d a y  a f t e r  
conc lus ion  of t r e a t m e n t .  E a c h  e x p e r i m e n t a l  g roup  cons is t -  
ed of 12-15 h a m s t e r s ,  each  in  t u r n  b e a r i n g  2 cheek  p o u c h  
t u m o r s .  T h e  con t ro l  a n i m a l s  rece ived  t h e  s a m e  v o l u m e  
a n d  i n j ec t i on  schedu le  of t h e  d r u g ' s  veh ic le  as  g iven  t h e  
g roups  r ece iv ing  A P A .  A more  e x t e n s i v e  a c c o u n t  of ou r  
c h e m o t h e r a p y  t e s t i n g  m e t h o d  is a v a i l a b l e  in  o t h e r  pub l i -  
ca t ions*,  1% 

P r e l i m i n a r y  e x p e r i m e n t s  i nd i ca t ed  t h a t  t he  o p t i m a l  
dose  schedu le  of A P A  in  t h e  r a p i d l y  p ro l i f e r a t i ng  A. Met. 
No. 3 t u m o r  is as  f r e q u e n t l y  d iv ided  doses dai ly ,  w he rea s  
in  t h e  GW-77  t u m o r  s y s t e m  A P A  is equa l ly  ef fec t ive  
w h e n  g iven  e i t h e r  once or twice  dai ly.  F igu res  I a n d  2 
d e m o n s t r a t e  t h e  t u m o r  g r o w t h - c u r v e s  of 2 t y p i c a l  
e x p e r i m e n t s  w i t h  GX¥-77 a n d  A. Mel. No. 3 t u m o r s ,  
respec t ive ly ,  showing  t h e  g r o w t h - i n h i b i t o r y  effects  
a ch i eved  b y  APA.  W h e r e a s  con t ro l  GW-77  t u m o r s  expe-  
r ienced  a 12.5-fold increase  in size f rom d a y  7 t h r o u g h  
16 pos t  graf t ing ,  t h e  A P A - t r e a t e d  ones on ly  increased  b y  
a f ac to r  of 6.8, t h u s  re f lec t ing  a t u m o r  g r o w t h - i n h i b i t i o n  
of 46%.  I n  t h e  case of t i le  f a s t e r  growing  A . M e l . N o . 3  
tmnors ,  increase  in t u m o r  size of con t ro l  vs. A P A -  
t r e a t e d  t u m o r s  was  71.6 vs.  22.7 f rom d a y  3 to day  9 
pos t  t r a n s p l a n t a t i o n ,  or  69% t u m o r  g r o w t h - r e t a r d a t i o n .  
These  resu l t s  h a v e  been  c o n f i r m e d  in a t o t a l  of 4 exper i -  
n l en t s  w i t h  GW-77  a n d  7 w i t h  A . M e l . N o . 3 .  I t  h a s  been  
our  exper ience  t h a t  these  l eve l so f  t u m o r  g r o w t h - i n h i b i t i o n  
a re  mean ingfu l  w h e n  c o m p a r e d  to  t h e  effects  of o t h e r  
k n o w n  c h e m o t h e r a p e u t i c  agen t s  in  t he se  t u m o r  sys tems .  

I t  is  i m p o r t a n t  t o  note ,  moreover ,  t h a t  a l t h o u g h  such  
h igh  doses (0.6-1.0 g /kg  b o d y  w e i g h t  dai ly)  were  r equ i red  
of A P A  to  ach ieve  t he se  effects,  no  s ign i f i can t  hos t -  
t o x i c i t y  (measured  in t e r m s  of l e t h a l i t y  a n d  b o d y - w e i g h t  
loss) cou ld  be  found,  t h u s  s t ress ing  A P A ' s  good t h e r a p e u t i c  
index .  S ince  t h e  GW-77 h u m a n  colonic  t u m o r  s y s t e m  in 
t h e  h a m s t e r  is r e l a t i ve ly  r e f r a c t o r y  to  c h e m o t h e r a p y  1~, 
t he  a n t i t u m o r  a c t i v i t y  s h o w n  here  for  APA,  a l t h o u g h  
no t  cu ra t i ve  a n d  on ly  t e m p o r a r y  in du ra t i on ,  encourages  
f u r t h e r  e x p e r i m e n t a t i o n  w i t h  t h i s  c o m p o u n d .  The  pa r t i -  
cu la r ly  h i g h  dose of A P A  requ i red  to  ach ieve  these  an t i -  
t u m o r  effects  in  v ivo  would  a p p e a r  to  l im i t  i ts  use in  
o t h e r  a n i m a l  s y s t e m s  a n d  in man .  Never the less ,  i t s  
p ronounced ,  select ive,  i n h i b i t i o n  of D N A  syn thes i s  e,x2 
a n d  of in  v i t ro  12 a n d  in v ivo  t u m o r  cell  p ro l i f e ra t ion  
suppo r t s  i t  p e r h a p s  be ing  t h e  p r o t o t y p e  of a new class 
of an t i cance r ,  an t iv i r a l ,  a n d  i m m u n o s u p p r e s s N e  agents .  
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Fig. 2. Effect of 3 × 200 mg/kg daily of APA on growth rate of A. Mel. 
No. 3 tumors growing in the hamster cheek pouch. 

Zusammen[assung. Apurins l iure ,  ein pur in f re ies  hoch-  
moleku la re s  Desoxyr ibonukle ins~ iure -Der iva t ,  h e m m t  das  
W a c h s t u m  des m e n s c h l i c h e n  K o l o n t u m o r s  GW-77  u n d  
das  a m e l a n o t i s c h e  M e l a n o m  des H a m s t e r s .  
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Fig. 1. Experiment comparing growth rate of GW-77 treated with 
1 g]kg body weight of APA daily to control tumors, indicating a 46% 
growth-retardation at 1 day post therapy. 
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