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Fig. 2. Dependence of the depth of the indentation of poly C on 
the concentration of ammonium formate. 1.7 • 10-SM poly C in 
0.1M sodium phosphate with ammonium formate in the concen- 
tration given in the graph (pH 7). 
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Molar equivalenls of poly I or poly A 

Fig. 3. Formation of the 1:1 complex of poly (C) • poly (I) followed 
by oscillopolarographic technique. Homopolymers were mixed in 
0.1M NaC1 with 0.01M sodium phosphate (pH 7). After 2h of 
incubation at room temperature, the supporting background elec- 
trolyte was added. The oseillopolarographic measurements were 
carried out in 0.3M amlnonium formate with 0.1M sodium phos- 
phate pH 7. The depth of the indentation of poly C was measured 
on the first curve. Concentration of poly C (7.5 • 10-SM) was held 
constant in all samples, while the amount of poly I ( � 9 1 6 9  or 
poly A (~3) varied as indicated in the Figure. 

nec ted  wi th  s ingle-s t rand  breaks  and/or  o the r  irregu- 
larit ies p resen t  in t he  double-hel ical  s t ruc tu re  of poly  
(I) �9 poly  (C), as is t he  case w i th  DNA 9. The mix ing  of 
poly  C wi th  polyadenyl ic  acid (poly A) had  a lmos t  no 
inf luence on the  d e p t h  of t he  i nden t a t i on  of poly  C 
(Figure 3) (poly A does no t  form a complex  wi th  poly  C 
under  the  given conditions6).  

Our p re l iminary  resul ts  ~~ show t h a t  polarographic  
t echniques  m a y  become useful in the  s t u d y  of t he  s t ruc-  
ture  of syn the t i c  polynucleot ides .  A pape r  concerning 
the  charac te r  of processes to which  poly  C and  o the r  
polynucleot ides  are sub jec t  on the  e lect rode will be  
publ i shed  elsewhere. 

Zusammen/assung. Es ergibt  sich, dass  die Po lyzy t idy l -  
s~iure un te r  dem neu t ra len  p H  eine polarographische  

Redukt ionswel le  ~hnlich der  Welle der  dena tu r i e r t en  
Desoxyribonukleins/~ure gew~hrt .  Zur I3es t immung der  
Polyzytidyls~Lure mi t  der  (~ersten Kurve~> genfigt berei ts  
1/10 #g des Stoffes. I m  K o m p l e x  der Polyzyt idyls / iure  
mi t  Polyinosins~iure ist  die Reduz ie rba rke i t  der  Poly-  
zytidyls~Lure el iminiert .  
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Ant i -Tumour  Activity of Carbobenzoxy-L-Asparagine 

Various  neoplasms  in d i f fe rent  an imal  species are 
inh ib i ted  by  t r e a t m e n t  w i th  L-asparaginase der ived f rom 
ei ther  guinea-pig se rum or Escherichia coli 1-5. Certain 
h u m a n  leukemias  were  also found  to  be sensi t ive to  
t r e a t m e n t  wi th  the  bacter ia l  enzyme  6. This effect  was 
ascribed to  the  enzymat i c  deamida t i on  of L-asparagine, 
an amino  acid essent ia l  for the  g rowth  of the  suscept ible  
t u m o u r s L  Since i t  is possible to  p r e v e n t  ut i l izat ion of 
nutr i l i tes  by  s t ruc tu ra l  analogues,  i t  was felt  t h a t  
compounds  s t ruc tura l ly  re la ted  to  L-asparagine m i g h t  
also inh ib i t  t he  g rowth  of L-asparaginase-sensi t ive  
tumours .  Various L-asparagine analogues  were found to  
inhibi t  L-asparaginase ac t iv i ty  of ]~fycobacterium phlei s 
and of r a t  l iver  9. The L-asparaginase ac t iv i ty  of Saccharo- 
myces cerevisiae was previous ly  found  to  be compe t i t ive ly  
inh ib i ted  by  ca rbobenzoxy-L-asparag ine  1~ The p re sen t  
communica t ion  describes the  effect  of the  l a t t e r  c o m p o u n d  
on the  g rowth  of an L-asparaginase-sensi t ive  rouTine 
l y m p h o m a .  

Carbobenzoxy-L-asparag ine  (CBZ-asparagine) was pur-  
chased f rom F luka  AG, Buchs,  Switzer land.  A fine sus- 

pension was ob ta ined  by  homogeniz ing  i t  in normal  saline 
w i th  m o r t a r  and  pestle.  A single in jec t ion  of CBZ- 
asparagine  a t  doses up to  120 mg per  mouse  did no t  
show any  not iceable  toxic  effects.  Fo r  t r e a t m e n t  of 
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t u m o u r - b e a r i n g  mice a t o t a l  of 15 i.p. in jec t ions  were 
admin i s t e red ,  each  cons i s t ing  of 10 m g  CBZ-aspa rag ine  
in 0.1 ml. I n j e c t i o n s  were g iven  6 days  a week, s t a r t i n g  
1 d a y  a f te r  t u r n o u t  i m p l a n t a t i o n .  

T h e  t u m o u r  used was  a l y m p h o s a r c o m a  i nduced  in  
S J L / J  mice b y  t r e a t m e n t  w i t h  7, 12 -d imethy l -benz- [e ] -  
a n t h r a c e n e  ~t. The  t u m o u r  was k e p t  b y  serial  t r ans -  
p l a n t a t i o n s  in  i nb red  mice of the  S J L / J  s t ra in ,  b r ed  a t  
t he  D e p a r t m e n t  of E x p e r i m e n t a l  Medicine a n d  Cancer  
Research .  The  l y m p h o m a  formed  large s.c. t u m o u r s  upon  
s.c. inocula t ion .  T r e a t m e n t  of the  hos t  w i th  gu inea-p ig  
se rum was found  to i nh i b i t  t u m o u r  g r o w t h  comple te ly .  

The  effect  of CBZ-aspa rag ine  was t e s t ed  in S J L / J  
mice which  received a s.c. i nocu lum of 1 • 10" t u m o u r  
cells su spended  in 0.2 ml  n o r m a l  saline. 

P rogress ive ly  growing  t u m o u r s  deve loped  in all ani-  
mals,  b o t h  u n t r e a t e d  a n d  t rea ted .  However ,  t i le  g r o w t h  
ra t e  of t he  t u m o u r  was d i f fe rent  in  t he  2 groups.  I n  
u n t r e a t e d  mice  s.c. t u m o u r s  b e c a m e  pa lpab le  a f t e r  an  
ave rage  of 9.1 days  in females,  and  11.6 days  in males  
(Table I). I n  C B Z - a s p a r a g i n e - t r e a t e d  mice t u m o u r s  be- 
came  pa lpab le  m a r k e d l y  l a t e r  (Table  I). T he  di f ference 
be tween  the  t i m e  of a p p e a r a n c e  of t he  t u m o u r  in t r e a t e d  
a n d  u n t r e a t e d  females  was s t a t i s t i ca l ly  s ign i f ican t  
(p < 0.02) as was  t he  di f ference b e t w e e n  males  of t h e  
2 groups  (p < 0.02). T he  su rv iva l  t i m e  of t r e a t e d  males  
-was s l ight ly  p ro longed  in compar i son  w i t h  u n t r e a t e d  
nfice (0.05 > p > 0.02). No s igni f icant  p r o l onga t i on  of 
the  su rv iva l  of t r e a t e d  females  was noted .  

I n  a s u b s e q u e n t  e x p e r i m e n t  male  mice were killed 18 
days  a f te r  t u m o u r  inocula t ion ,  t he  t u m o u r s  were care- 

Table  I. Effect  of CBZ-L-aspa rag ine  on the  g r o w t h  of a t r a n s p l a n t a b l e  
lymphosareoma in SJL/J mice 

Sex T r e a t m e n t  Mean t ime Mean su rv iva l  
of hos t  of t u m o u r  t ime (days) 

appearance ~ S.E. 
(days) ~ S.E.  a 

Male None  11.6 ~ 0.87 (12) b 28.8 ~_ 1..43 (11) b 
Female  None  9.1 ~ 0.65 (11) 21.4 -~ 1.05 (9) 
Male CBZ-L-aspa rag ine  16.8 ~ 1.59 (11) 34.2 • 1.75 (9) 
Fenla le  CBZ-L-aspa rag ine  31.8 ]L_ 0.66 (10) 24.6 • 1.10 (8) 

a The  t ime  of t u r n o u t  a p p e a r a n c e  was  de t e rmined  b y  da i ly  m a n u a l  
pa lpa t ion ,  b No.  of mice  used.  

Tab le  I I .  The  effect  of CBZ-L-aspa rag ine  on  t u m o u r  we igh t  

fully excised a n d  weighed  (Table  II) .  The  t u m o u r  weigh ts  
in t r e a t e d  an ima l s  were m a r k e d l y  lower  t h a n  those  in 
u n t r e a t e d  con t ro l s  (p < 0.01). 

The  resul t s  of t he  p r e sen t  s t u d y  show t h a t  CBZ- 
asparagine ,  a t  t h e  t r e a t m e n t - s c h e d u l e  employed,  ha s  a 
m a r k e d  t u m o u r - i n h i b i t o r y  effect. I t  r e m a i n s  to  be  seen 
w h e t h e r  d i f fe ren t  t r e a t m e n t  schedules  would  show a 
s t ronger  i nh ib i t i on  t h a n  t h a t  o b t a i n e d ;  t h e  effect  on  
o the r  t r a n s p l a n t a b l e  t u m o u r s  will also be s tudied.  

S-carbamyl-L-cys te ine ,  wh ich  can  be  looked a t  as an  
L-asparagine  analogue,  was  found  to be effect ive aga ins t  
severa l  t u m o u r s ;  th i s  c o m p o u n d  was equal ly  effect ive  
on  L-asparag inase-sens i t ive  a n d  r e s i s t a n t  t u m o u r s  ~2. I t  
shou ld  be  no t ed  h o w e v e r  t h a t  S -ca rbamyl -L-cys te ine  
m a y  also be  r ega rded  as a g l u t a m i n e  ana logue  ~3. R e c e n t l y  
5-diazo-4-oxo-L-norval ine  (DONV),  a n o t h e r  L-asparagine  
analogue,  was  found  to i nh ib i t  t he  g r o w t h  of L-asparagine-  
d e p e n d e n t  t u m o u r  cells in cu l tu re  14. 

As to t he  mode  of i nh ib i t i on  of t u m o u r  g r o w t h  b y  
CBZ-aspa rag ine  the  fol lowing possibi l i t ies  shou ld  be  t a k e n  
in to  cons ide ra t ion  : (a) CBZ-aspa rag ine  m a y  in ter fere  w i t h  
t he  u t i l i za t ion  of L-asparagine  b y  t u m o u r  cells. (b) CBZ- 
a spa rag ine  in te r fe rs  w i t h  the  u t i l i za t ion  of g lu tamine ,  as 
th i s  c o m p o u n d  inh ib i t s  m a r k e d l y  t h e  a c t i v i t y  of r a t  l iver  
N A D - s y n t h e t a s e ,  r a t  l iver  g lu t aminase ,  a n d  ov ine  b r a i n  
y - g l u t a m y l  t r ans fe ra se  15. (c) CBZ-aspa rag ine  m a y  in ter -  
fere w i t h  b o t h  a spa rag ine  and  g l u t a m i n e  me tabo l i sm.  

R e c e n t l y  KIM et  al.~6 showed  t h a t  ce r t a in  H e L l  cell 
l ines were sens i t ive  to  E. coli asparag inase ,  whi le  t h e y  
were r e s i s t an t  to  t he  ac t ion  of gu inea-p ig  serum. A d d i t i o n  
of g l u t a m i n e  reversed  t he  effect  of t he  mic rob ia l  a spa ra -  
ginase, wh ich  also ha s  some g l u t a m i n a s e  ac t iv i ty ,  indi-  
ca t ing  t h a t  th i s  e n z y m e  m a y  also affect  g l u t a m i n e  
u t i l i za t ion  ~7 

Rdsumd. L ' a d m i n i s t r a t i o n  i.p. de la ea rbobenzoxy-L-  
a spa rag ine  a r e t a rd6  la croissance des greffes s.c. d ' u n  
l y m p h o s a r c o m e  de souris, sensi t i f  5. Fac t ion  de l 'L-aspara-  
ginase. L ' a p p a r i t i o n  des t u m e u r s  a 6t6 re tard6e,  la p6riode 
de survie  a 6t6 prolong6e et le po ids  des t u m e u r s  r6du i t  
d ' u n e  fa~on s igni f ica t ive  chez les a n i m a u x  t ra i t6s .  Le 
m6can i sme  de l ' i nh ib i t i on  des t u m e u r s  est  consid6r6. 
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T u m o u r  weigh t  (g)a 

U n t r e a t e d  con t ro l  T r e a t e d  

Ind iv idua l  t u m o u r s  4.86 3.08 
4.38 2.41 
3.53 2.30 
3.42 0.58 
2.92 0.34 
2.69 0.22 
2.00 0.12 
1.05 0.08 
0.90 0.04 

Average  ~= S.E.  2.86 j= 0.46 1.02 =L 0.41 

a T u m o u r  we igh t  was  d e t e r m i n e d  18 days  a f t e r  s.c. i m p l a n t a t i o n  of 
a t r a n s p l a n t a b l e  l y m p h o s a r c o m a  to  ma le  S J L / J  mice. 
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