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Photo inac t iva t ion  of Ehrl ich  Asc i te s  T u m o r  
Cells  in v i tro  Obta ined  wi th  

Skin  - P h o t o s e n s i t i z i n g  F u r o c o u m a r i n s  

I t  is k n o w n  t h a t  va r ious  b io logica l  effects  m a y  be  
exe r t ed  b y  t h e  so-cal led s k i n - p h o t o s e n s i t i z i n g  Iu rocou-  
m a t i n s  o n  d i f f e r en t  s u b s t r a t e s  u p o n  i r r a d i a t i o n  a t  3.655 
/~z-L B y  t h e  t e r m  ' s k i n - p h o t o s e n s i t i z i n g '  we wish  to  
ind ica te  t he  ac t ive  fu r ocoum ar i n s ,  so d i s t i ngu i s h i ng  t h e m  
f rom t h e  i n a c t i v e  ones  a n d  f r o m  m a n y  o t h e r  s u b s t a n c e s  
cal led ' p h o t o d y n a m i c '  which ,  u p o n  i r r ad i a t i on ,  e x e r t  
t h e i r  b io logica l  effects  w i t h  a m e c h a n i s m  c o m p l e t e l y  
d i f f e ren t  f r o m  t h a t  of f u r o c o u m a r i n s ;  i.e. t h r o u g h  a 
p h o t o o x y d a t i v e  processS,% I t  is k n o w n ,  f r o m  r e sea rch  
car r ied  o u t  in  t h i s  I n s t i t u t e ,  t h a t  t h e  pho tob io log ica l  
effects of f u r o c o u m a r i n s  are  o x y g e n - i n d e p e n d e n t  a n d  are 
due  to  t h e  f o r m a t i o n ,  fo l lowing i r r ad i a t i on ,  of a s t ab le  
chemica l  l inkage  w i t h  D N A  1° b y  p h o t o c y c l o a d d i t i o n  to  
p y r i m i d i n e  bases.  

I n  the  p r e s e n t  p a p e r  we r e p o r t  on  t h e  i n a c t i v a t i o n  of 
t he  E h r l i c h  asc i tes  t u m o r  cells (i.e. on  t h e  d e s t r u c t i o n  of 
t h e i r  t u m o r - p r o d u c i n g  capac i ty )  o b t a i n e d  in  v i t r o  b y  
i r r ad i a t i on  a t  3.655 A in  t h e  p resence  of psora len ,  x a n t h o -  
toxin ,  or  b e r g a p t e n ,  3 t y p i c a l  s k i n - p h o t o s e n s i t i z i n g  furo-  
coumar ins .  

Our  e x p e r i m e n t s  were ca r r i ed  o u t  us ing  mouse  E h r l i c h  
asci tes  t u m o r ,  cu l t u r ed  for  m a n y  years  in  our  l abo ra to r i e s  
b y  t r a n s p l a n t a t i o n  in  a lb ino  Swiss  mice.  Conce rn ing  t h e  
cha rac t e r i s t i c s  of ou r  t u m o r  source,  we c a n  s ay  t h a t  2 • 106 
cells, i.p. i n j ec t ed  in a mouse ,  always" p roduce  asci tes  a n d  
d e a t h  w i t h i n  14 days .  Af t e r  8 days  t he  ave rage  q u a n t i t y  
of asc i tes  e x u d a t e  is 5 ml,  a n d  i t  c o n t a i n s  8 - 2 0 . 1 0  e 
ceils/0.1 ml.  E m p l o y i n g  graxluM di lu t ions ,  we h a v e  f o u n d  
t h a t  LDs0 a f t e r  30 days  co r r e sponds  to  t h e  i n j e c t i o n  of 
2-5 • 10 ~ cel ls /mouse.  

T h e  t u m o r  cel l  su spens ions  were  p r e p a r e d  b y  d i l u t i o n  
of a pool  of asci t ic  e x u d a t e  w i t h  phys io log ica l  sal ine,  or  
w i t h  sa l ine  c o n t a i n i n g  v a r y i n g  a m o u n t s  of f u r o c o u m a r i n ,  
u p  to  a f ina l  c o n c e n t r a t i o n  of 2 • 10 ~ cel ls /ml.  T h e  f ina l  
c o n c e n t r a t i o n  of t h e  f u r o c o u m a r i n s  was  v a r i a b l e  (see 
Table) .  

W i t h  t h e  a i m  of i r r a d i a t i n g  t he  cells u n d e r  s ter i le  
cond i t ions  a n d  in  t h i n  layers ,  3 m l  of t h e  p r e p a r e d  sus-  
pens ions  were  p i p e , t e d  i n to  t he  h o r i z o n t a l  a r m s  of  
s ter i le  L - s h a p e d  t e s t  t u b e s  w h i c h  were  p laced  o v e r  
c rushed  ice a t  a 15 cm d i s t ance  f r o m  a Ph i l i p s  H P W  125 
l a m p  a n d  i r r a d i a t e d  (3.655 Jr) for  30 m i n  ( i r r ad i a t i on  
i n t e n s i t y :  4.2 • 10 z~ hv/sec/cm~).  

T h e  t u m o r  cells '  v i a b i l i t y  was  d e t e r m i n e d  b y  i.p. 
i n j ec t ing  0.25 ml  of t he  suspens ions ,  i.e. 5 .  l 0  s cells, i n  
20 g Swiss mice.  T h e  in j ec t ions  were  a lways  m a d e  w i t h i n  
a n  h o u r  f rom t i m e  of col lec t ion  of t he  exuda te .  D u r i n g  
th i s  t i m e  t h e  t u b e s  were  c o n s t a n t l y  k e p t  in  c o n t a c t  w i t h  
t h e  c r u s h e d  ice. 

Con t ro l  e x p e r i m e n t s ,  c a r r i ed  o u t  u n d e r  c o n d i t i o n s  
iden t i ca l  w i t h  t hose  r e p o r t e d  in t he  Table ,  h a v e  i nd i ca t ed  
t h a t  keep ing  t h e  cell  suspens ions  in  ice for  a n  hour ,  as 
well  as  i r r a d i a t i n g  t h e m  (3.655 ~ )  for  30 m i n  in  t h e  
absence  of  f u r o c o u m a r i n s  a n d  t r e a t i n g  t h e m  w i t h  furocou-  
m a t i n s  in  t he  dark ,  does  n o t  m o d i f y  t h e  t u m o r - p r o d u c i n g  
c a p a c i t y  of t h e  cells. Also, i r r a d i a t i n g  in  t he  p resence  of 
a s k i n - i n a c t i v e  f u r o c o u m a r i n  (xan tho toxo I ,  or  8 - h y d r o x y -  
psora len)  does  n o t  p r o d u c e  a n y  i n a c t i v a t i o n  of  t h e  t u m o r  
cells. I n a c t i v a t i o n  was o b t a i n e d  on ly  b y  t h e  c o n t e m p o -  
r a n e o u s  a c t i o n  of b o t h  U V - r a d i a t i o n  a n d  t h e  s k i n - a c t i v e  
fu rocoumar ins .  

T h e  resu l t s  o b t a i n e d  are  r e p o r t e d  in t h e  Table .  T h e y  
show t h a t  t h e  i.p. i n j ec t ion  of a suspens ion  c o n t a i n i n g  a 

n u m b e r  of t u m o r  cells c o r r e s p o n d i n g  to 10 4 LDs0 (5 • 10 e) 
p roduces  t h e  d e a t h  of al l  an ima l s .  

D e a t h  also occu r red  in  severa l  of t h e  mice  w h i c h  were  
i n j ec t ed  w i t h  cel l  su spens ions  i r r a d i a t e d  in t h e  p re sence  
of e x t r e m e l y  sma l l  a m o u n t s  of f u r o c o u m a r i n s  (Table) ;  
i.e. 0.0005 a n d  0.0025 #g  of psora len ,  0.0025 a n d  0.005/~g 
of x a n t h o t o x i n  a n d  0.0025, 0.005, 0.025 a n d  0.05 /,g of 

Influence of irradiation (3.655 A) in the presence of furocoumarins 
on the tumor-producing capacity of Ehrlich ascites tumor ceils 

Furocoumarin No. of treated 
concentration a inie.e b 
/~g]million ceils 

Mortality c No. % 

Psoralen 

- (controls) 168 168 100 

0.0005 8 6 75 
0.0025 8 3 37 
0.005 8 0 0 
0.025 8 o o 
0.05 28 0 0 
0.25 110 0 0 
0.5 10 0 0 
1 60 0 0 

X anthotoxin 

- (controls) 50 50 100 

0.0025 8 8 100 
0,005 8 6 75 
0.025 8 0 0 
0.05 8 0 0 
0.15 24 0 0 
0.25 8 0 0 

Bergapten 

- (controls) 50 50 100 

0.0025 8 8 I00 
0.005 8 8 100 
0.025 8 1 12 
0.05 20 7 35 
0.15 24 0 0 
0.20 8 0 0 
0.25 10 0 0 

a The irradiated suspensions contained 2 - 10 * eells/ml, b The amount 
of tumor cells i.p. injected in a single mouse was 5 • 106 cells, equal 
to about 104 • DLs0. Such a dose produced the death of all control 
mice within 12 days. c Mice were observed'at least for 60 days. 
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b e r g a p t e n  a lways  p e r  1 mi l l ion  cells. (Af ter  a p p r o x i m a t e l y  
1 m o n t h  a few mice  died,  h a v i n g  deve loped  o n l y  sol id 
tumors . )  

O n  t h e  c o n t r a r y ,  mice  t r e a t e d  w i t h  cel l  su spens ions  
i r r a d i a t e d  in t h e  p resence  of s l i gh t ly  l a rge r  a m o u n t s  of 
f u r o c o u m a r i n s  d id  n o t  deve lop  t u m o r s  a n d  a p p e a r e d  to  
be  in n o r m a l  hea l th .  

W e  h a v e  a sce r t a ined  t h a t  t he  cell suspens ions  c o n t a i n e d  
t h e  s ame  n u m b e r  of cells p r io r  to  a n d  fol lowing i r r a d i a t i o n  
in  t h e  p resence  of f u rocoumar in s .  I r r a d i a t e d  cells, W r i g h t  
s t a i n e d  a n d  mic roscop ica l ly  obse rved ,  h a d  a m o r p h o -  
logical  a spec t  i den t i ca l  to  t h a t  of n o r m a l  t u m o r  cells. 

I n  t h i s  in  v i t r o  a n t i - t u m o r  effect,  as  wel l  as  in  sk in-  
p h o t o s e n s i t i z a t i o n ,  p so ra l en  is more  a c t i v e  t h a n  x a n t h o -  
tox in ,  whi le  x a n t h o t o x i n  is m o r e  a c t i v e  t h a n  b e r g a p t e n .  

W e  reca l l  he re  t h a t  BELLXN, MOHOS a n d  OSYER n 
o b t a i n e d  i n a c t i v a t i o n  of a wide  v a r i e t y  of t u m o r  cells b y  
i r r a d i a t i n g  t h e m  in  t h e  p resence  of seve ra l  dyes  used as  
sensi t izers .  

T h i s  p h o t o d y n a m i c  effect  m a y  be  i n t e r p r e t e d  as caused  
b y  a p h o t o o x y d a t i v e  reac t ion .  I n  our  case, on  t h e  
c o n t r a r y ,  we k n o w  t h a t  o x y g e n  is n o t  invo lved ,  a n d  we 
m u s t  a t t r i b u t e  t h e  d i s a p p e a r a n c e  of t he  t u m o r - p r o d u c i n g  

c a p a c i t y  n o w  o b s e r v e d  to  t h e  s a m e  m e c h a n i s m  t h a t  we 
h a v e  sugges t ed  for  t h e  e x p l a n a t i o n  of t h e  o t h e r  p h o t o -  
s ens i t i z ing  effects  of I u r o c o u m a r i n s l ° ;  t h a t  is, t o  t he  
p h o t o c h e m i c a l  l inkage  of t h e  f u r o c o u m a r i n s  to  D N A  1~. 

Riassunto. I1 l iquido asci t ico  del  t u m o r e  di  Ehr l i ch ,  
i r r a d i a t o  a 3655 A in  p r e s e n z a  di f u r o c u m a r i n e  (doto- 
sens ib i l i zza t r ic i  cutanee~) e ciog di pso ra lene  o x a n t o -  
t o x i n a  o b e r g a p t e n e ,  pe rde  la  c a p a c i t k  di t r a s m e t t e r e  il 
t u m o r e  ne l  topo.  
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Potentiation of Sympathet ic  Effects by a N e w  
Diphenylpropylamtne Derivative 1 

The  classical  p h a r m a c o l o g i c a l  tool  for  i n d u c i n g  super -  
s e n s i t i v i t y  in  c a t e c h o l a m i n e s  is t h e  a d m i n i s t r a t i o n  of 
cocaine,  w h i c h  is a local  a n a e s t h e t i c  a n d  h a s  m a r k e d  
c e n t r a l  n e r v o u s  s y s t e m  e x c i t a t o r y  ac t ion ,  too.  I n  t h i s  
l a b o r a t o r y  a n e w  c o m p o u n d  h a s  r e c e n t l y  b e e n  f o u n d  i n  
t h e  course  of  a de t a i l ed  r e sea rch  p r o g r a m m e  o n  d i p h e n y l -  
a lky l  d e r i v a t i v e s  w h i c h  p o t e n t i a t e s  t h e  effects  of a d r e n a l i n  
a n d  n o r a d r e n a l i n  l ike coca ine  b u t  is devo id  of o t h e r  p h a r -  
macolog ica l  ac t ions  of t h e  l a t t e r .  T h i s  c o m p o u n d  is 1, 1- 
bis-(4-amino-phenyl)-propyl-(3)-amine, to  be  re fe r red  to  
f u r t h e r  as T K I 7 4 .  

T K 1 7 4  increases  t h e  effects  of exogenous  ca techo l -  
a m i n e s  as wel l  as t h a t  of t h e  t r a n s m i t t e r  s u b s t a n c e  
l i b e r a t e d  b y  s y m p a t h e t i c  n e r v e  s t i m u l a t i o n .  T h e  f o r m e r  
was  d e m o n s t r a t e d  i n  sp ina l  c a t  a n d  gu inea -p ig  i so la t ed  

vas  deferens  p r e p a r a t i o n s .  P ressor  responses  to  i.v. ad -  
m i n i s t e r e d  c a t e c h o l a m i n e s  r ecorded  b y  m e a n s  of a mer -  
c u r y  m a n o m e t e r  o n  a s m o k e d  d r u m  are  t a b u l a t e d  in 
T a b l e  I .  Some  of t h e  sp ina l  c a t  p r e p a r a t i o n s  used  (not  
i nc luded  in  T a b l e  I)  h a d  b e e n  s u b j e c t e d  to  b i l a t e r a l  
a d r e n a l e c t o m y  p r i o r  to  Mood p re s su re  recordings .  T h e  
e n h a n c i n g  in f luence  of  2.5 m g / k g  of  T K 1 7 4  on  t h e  p ressor  
a c t i o n  of c a t e c h o l a m i n e s  was  p r e sen t ,  u n a l t e r e d  in  t he se  
c i r cums tances ,  too.  Thus ,  t h e  a d r e n M  g l a n d s  p l a y  no  im-  
p o r t a n t  role  in  t h i s  effect.  T h e  v iew of a p e r i p h e r a l  a c t i o n  
of T K  174 is f u r t h e r  c o n f i r m e d  b y  t h e  resu l t s  o b t a i n e d  on  
t h e  i so la t ed  va s  deferens ,  where  T K 1 7 4  p o t e n t i a t e d  t he  
effect  of n o r a d r e n a l i n  (TaMe I I )  j u s t  as in  v ivo .  I t s  ac- 
t i v i t y  is super io r  to  t h a t  of cocaine.  

t A detailed report will be published in the journal 'Drug Research' 
('Arzneimittelforschung'). 

Table I. The influence of TK 174 on pressor responses to various drugs 

Preparation Dose of Pressor 
used TK174 substance 

mglkg 

Dose]kg No. of 
experiments 

Pressor responses a recorded 
Before After 
i.v. injection of TK174 

Spinal 
cat 

Narcotised 
rat 

2.5 Adrenalin 

2.5 Noradrenalin 

2.5 Vasopressin 

0.5 Tyramine 

0.25 ~g 5 
0.5 /~g 5 

0.25/~g 5 
0.5 /zg 5 

0.4 IU 8 
9 

0.1 mg 5 
0.2 mg 6 

24.1 4- 4.5 
39.4 4- 7.0 

43.0 4- 7.4 
62.4 ± 11.5 

46.1 ± 6.1 

23.2 4- 3.5 
31.3 4- 4.7 

56.8 4- 7.4 
86.4 -t- 8.6 

85.2 4- 12.3 
105.8 4- 10.4 

56.8 =h .6.9 

6.0 4- 1.7 
17.8 4- 4.0 

a in mm Hg; mean values ::~ S.E. 


