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In  t he  presence  of scavenger,  the  init ial  r a te  of acid 
fo rmat ion  is zero. As the  efficiency of the  radical  t r ap  
falls off - due  to the  incorpora t ion  of m o n o m e r  into the  
growing po lymer  radicals  - the  ac id i ty  of the  sys tem cor- 
responding ly  increases. The init ial  zero ra te  of acid pro-  
duc t ion  emphas izes  however  t h a t  such an increase in 
ac id i ty  is due  to reac t ion  (2) and no t  to  any  s ignif icant  
con t r ibu t ion  of react ion (1) to the  p roduc t ion  of acid. 

I t  is appa ren t  t h a t  the  mechan i sm of FRONAEUS and  
OST~IA~r does not  account  for these  exper imen ta l  f indings 
which  s t rongly  suppor t  the  view t h a t  reac t ion  (4) is the  
f i rs t  s tep  of the  decompos i t ion  sequence 11, 

Zusammen/assun~. S/iurebildung als Zerfa l lsprodukt  
des Peroxodisu l fa t ions  wurde  in Gegenwar t  eines Radikal -  

sammler  mi t te l s  p H - s t a t - T e c h n i k  un te r such t :  Die 
S~urebi ldung ist  zu Beginn null. Dieses Ergebnis  s t f i tz t  
die Theorie,  wonach  S i O ~ - +  2SO'~ die Anfangss tu fe  
der  Zerfallsfolge ist. 
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R e t a r d a t i o n  of P r o t e i n  S y n t h e s i s  in  Rat  T u m o u r s  on  I n h i b i t i n g  H i s t a m i n e  F o r m a t i o n  

The discovery of high his t id ine  decarboxylase  ac t iv i ty  
in foetal  ra t  t issues was the  s ta r t ing  po in t  for a new field 
of s tudy:  the  associat ion be tween  high h i s t amine  forming 
capac i ty  (HFC) and rapid growthS. High H F C  has been 
found in various normal  and ma l ignan t  rapidly  growing 
tissues. In  heal ing ra t  skin wounds  collagen fo rmat ion  and  
tensi le  s t r eng th  of the  wound could be reduced or en- 
hanced  by  respect ively  inhibi t ing or e levat ing t issue 
HFC.  His t id ine  decarboxylase  (EC 4.1.1.22) could be 
specifically and s t rongly  inhibi ted  by  ~-methyl  h is t id ine  
in vi t ro  and  in vivo 2. The re levant  l i te ra ture  has  been re- 
viewed by  KAHLSON and I{OSENGREN a. 

in  the raf  foetus his t idine decarboxylase  ac t iv i ty  ~f the  
liver exceeds t h a t  (,f the young or adul t  by- abou t  ]000 
t imes.  Under  the influence of e -methy l  h is t ld ine  the ra te  
of pro te in  synthesis ,  as measured  by  the  inc~rporat ion of 
HC-leucine. has  been shown to be subs tan t ia l ly  d iminished 
in foetal liver but  not  in t ha t  of the young a. The re ta rded  
leucine incorporat ion could not  be res tored by adding  
his tamine  to foetal l iver tissue, an instance, among  others  
a l ready known, where extracel lular  h i s t amine  lacks the  
funct ion  of 'nascent  h i s tamine ' ,  a ter ln coined for the ldnd 
of intracel lular  h i s t amine  believed to be associated wi th  
rapid growth.  

The presen t  s tudv  ex tends  the  earlier inves t iga t ion  ~ to 
include rapidly  growing ma l ignan t  tissues, the  \Valker  25~ 
m a m m a r y  carc inosarcoma and the  Rous virus sarcoma. 
These ra t  turnouts  form h i s t amine  at  re la t ively  high 
rates,  and the  enzyme concerned,  h is t id iue  decarboxylase ,  
is specifically, inh ib i ted  by c~ methy l  histidineS, ~. The 
me thods  employed  in the  present  repor t  are the  same as in 
the  previous  s t udyL  In  some exper iments ,  besides e- 
me thy l  hist idine,  the  compound  4 -bromo-3-hydroxy  
benzy loxyamine  (NSD-1055) was used. This compound  
inhibi ts  h is t id ine  decarboxlase  s t rongly  in vi t ro  ~ .9 

Bo th  tumours  were t r ansp lan ted  subcu taneous ly  to 
female Sprague-Dawley  rats.  The Walker  256 t umour  was 
allowed to grow for 5 7 days  and the  Rous  sarcoma for 
10-13 days.  In  each expe r imen t  pooled t issue f rom 2 or 3 
animals  was used. The tumours  were rap id ly  excised and 
freed of necrot ic  pa r t s  before mincing.  For  HFC deter-  
minat ions" ,  minced  tissue samples  of abou t  200 mg were 
incuba ted  for 90 rain wi th  or w i thou t  inhibi tor .  To deter-  
mine  the  ra te  of pro te in  synthes is  ~, abou t  100 mg of 
minced t um our  t issue was p re ineuba ted  for 20 rain a t  
37~ wi th  or w i thou t  inhibitor ,  0.05 l• of 1-1aC-L- 
lencine (25 mCi/mmole)  was added  and the  samples  were 

incuba ted  for 90 rain. Incorpora t ion  ra tes  of leucine were 
e s t ima ted  in 2 fractions,  referred to  as soluble and in- 
soluble p ro te in  fract ions,  ob ta ined  by  the  cen t r i fuga t ion  
of the  homogenized  sampIes  a t  30,000 g for 30 min.  Re-  
sults are deta i led  in Tables I and II .  

The ra te  of h i s t amine  fi~rmafion was higher  in the  Rous  
virus sarcoma than  in the  Walker  256 tumour .  In  t he  
former  turnout  2.5 m2lt DL-~-methyl h is t id ine  depressed 
h i s tamine  fo rmat ion  by  about  80% (Table I). In  the  la t t e r  
t u mo u r  (Walker 256), however,  inhib i t ion  bv  or-methyl 
h is t id ine  was inconsis tent ,  and in 2 cases it had  no effect.  
The inhib i tor  NS1)-1055 was employed  in t he  Rous sat-  
e(ram only, in which o.5 ln3J concen t ra t ion  s t rongly  
depressed h i s t amine  format ion (Table I). 

The ra te  of lencine incorpora t ion  was about  the  same 
in the  2 prote in  f ract ions  in bo th  turnouts  (Table fI).  This 
result  differs from the  s i tuat ion in the  ra t  l iver in which 
the  incorpora t ion  ra te  into the  insoluble pro te in  f rac t ion  
was only 66% r t h a t  in tile soluble f rac t ion a. In the  
absence of inhibi tor ,  the  ra te  of incorpora t ion  was near ly  
the  same in b o t h  tmnours .  In  the  -Walker 256 tmnour ,  
lencine incorpora t ion  under  the  influence of ~-methyl  
h is t id ine  (2.5 m3I)  was about  80%, of the  control  values  
in bo th  pro te in  fracti~ms, and in 2 ins tances  there  was no 
effect  (Table fI).  I t  would thus  appear  t h a t  th is  t u m o u r  
to a minor  ex ten t ,  or no t  at  all, depends  on nascen t  
h i s t amine  for its growth.  In the  Rous  tumour ,  by  contras t ,  
e i ther  of the  inhib i tors  at  the  concen t ra t ion  indicated,  
depressed leucine incorpora t ion  into bo th  pro te in  frac- 
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t i o n s  b y  a b o u t  5 0 % .  T h e  e f f ec t  of  a - m e t h y l  h i s t i d i n e  on  
h i s t a m i n e  f o r m a t i o n  a n d  p r o t e i n  s y n t h e s i s  is in  a c c o r d a n c e  
w i t h  t h e  ea r l i e r  o b s e r v a t i o n s  in r a t  foe t a l  l iver  4. 

T h e  i n t e r p r e t a t i o n  of  t h e  e x p e r i m e n t s  i n v o l v i n g  e- 
m e t h y l  h i s t i d i n e  as  i n h i b i t o r  n e e d s  s o m e  c o m m e n t s .  T h e  

Table I. Formation of laC-histamine from 2-ring-14C-L-histidine by 
rat tumour tissue in 90 rain 

Walker 256 mammary carcinoma 
No inhibitor 

161 
54 
74 

205 
134 

Inhibitor 
DL-cc-Methyl histidine 
2.5 mM 

55 
69 
20 

210 
28 

Rous virus sarcoma 
No inhibitor Inhibitor 

DL-0c-Methyl histidine 
2.5 mM 

304 55 
167 47 
154 27 
202 29 
286 33 17 
408 12 
227 53 20 

NSD-1055 
0.5 mM 

The figures are ng histamine formed per g wet tissue and are the 
means of duplicate determinations on samples of minced tissue. 
Molarities are final concentrations. 

Table If. Incorporation of 1-14C-L-leucine into rat tumour tissue in 
90 rain 

Walker 256 mammary carcinoma 
Soluble fraction Insoluble fraction 
No inhibitor Inhibitor No inhibitor Inhibitor 

DL-a-Methyl DL-~-Methyl 
histidine histidine 
2.5 mM 2.5 mM 

7.2 (3) 5.6 (2) 8.1 (3) 6.3 (2) 
7.1 (2) 5.5 (3) 9.1 (2) 9.6 (3) 

16.1 (5) 15.1 (3) 28.5 (5) 22.1 (4) 
8.2 (3) 5.6 (3) 12.1 (3) 7.1 (3) 

10.4 (3) 9.0 (3) 14.6 (3) 11.9 (3) 
19.3 (4) 16.1 (4) 24.7 (4) 20.4 (4) 

e n z y m e s  c a t a l y z i n g  t h e  a m i n o - a c i d  a c t i v a t i o n  a n d  a m i n o -  
a c y l - t - R N A  s y n t h e s i s  a re  h i g h l y  spec i f ic  for  t h e  n a t u r a l  
a m i n o - a c i d s  a n d  will  b e  i n h i b i t e d  b y  a m i n o - a c i d  ana -  
logues .  H o w e v e r ,  a n u m b e r  of  s u c h  a n a l o g u e s  e x i s t  w h i c h  
a re  r e a d i l y  i n c o r p o r a t e d  i n s t e a d  of  t h e  n a t u r a l  a m i n o -  
ac ids  1~ I t  is u n k n o w n  w h e t h e r  a - m e t h y l  h i s t i d i n e  c a n  
s i m i l a r l y  b e  i n c o r p o r a t e d  i n t o  t h e  p e p t i d e  cha i n .  S ince  
l euc ine  i n c o r p o r a t i o n  i n t o  t h e  5 -day -o ld  r a t  l ive r  w a s  n o t  
a f f e c t e d  b y  t h e  h i s t i d i n e  d e c a r b o x y l a s e  i n h i b i t o r  4, i t  
a p p e a r s  u n l i k e l y  t h a t  t h i s  a n a l o g u e  p e r  se w o u l d  i n t e r f e r e  
w i t h  p r o t e i n  s y n t h e s i s .  

W e  h a v e  n o t  y e t  i n v e s t i g a t e d  w h e t h e r  e - m e t h y l  h i s t i -  
d i n e  o r  N S D - 1 0 5 5  w o u l d  r e t a r d  t u m o u r  g r o w t h  in  v ivo .  
F o r  t h i s  p u r p o s e  t h e  c o n c e n t r a t i o n  of  i nh ib i t o r ,  j u d g e d  
f r o m  our  in v i t r o  e x p e r i m e n t s ,  m u s t  r e m a i n  r a t h e r  h i g h  
in  t h e  n e o p l a s m ,  w h i c h  s e e m s  d i f f i cu l t  to  a t t a i n ,  as  t h e  
f i r s t  c o m p o u n d  u n d e r g o e s  r a p i d  d e s t r u c t i o n  2 a n d  t h e  
s e c o n d  is t o x i c  7, s. 

T h e  p r o c e s s  of  r a p i d  t i s sue  g r o w t h  is n o t  a l w a y s  asso-  
c i a t e d  w i t h  h i g h  h i s t i d i n e  d e c a r b o x y l a s e  a c t i v i t y .  Seve ra l  
e x c e p t i o n s  h a v e  b e e n  r e c o r d e d .  RAINA a n d  h i s  col- 
l eagues  11,1. f o u n d  i n c r e a s e d  o r n i t h i n e  d e c a r b o x y l a s e  
a c t i v i t y  in  t h e  r e g e n e r a t i n g  r a t  l iver  fo l lowing  p a r t i a l  
h e p a t e c t o m y  a n d  i n c r e a s e d  f o r m a t i o n  of  s p e r m i d i n e  in  
E h r l i s h  a sc i t e s  t u r n o u t  cei ls  in m i c e  a n d  in t h e  d e v e l o p i n g  
c h i c k  e m b r y o .  RUSSEL a n d  SNYDER 13 h a v e  r e c e n t l y  
d e m o n s t r a t e d  a h i g h  f o r m a t i o n  r a t e  of  d i a m i n e s  in  c e r t a i n  
a r t i f i c i a l  t u m o u r s ,  s o m e  of  w h i c h  f o r m e d  p u t r e s c i n e  a n d  
o t h e r s  h i s t a m i n e .  A n  i nve r se  r e l a t i o n s h i p  b e t w e e n  t h e  
a c t i v i t i e s  o f  o r n i t h i n e  d e c a r b o x y l a s e  a n d  h i s t i d i n e  de-  
c a r b o x y l a s e  w a s  n o t e d .  C o n f i r m i n g  RAINA n a n d  JXNN~ 12, 
t h e y  f o u n d  h i g h  levels  of  o r n i t h i n e  d e c a r b o x y l a s e  in  t h e  
r e g e n e r a t i n g  r a t  l ive r  a f t e r  p a r t i a l  h e p a t e c t o m y ,  a n d  in  
t h e  c h i c k  e m b r y o ,  w h e r e a s  t h e  foe t a l  r a t  l iver  d i s p l a y e d  
h i g h  h i s t i d i n e  d e c a r b o x y l a s e  a c t i v i t y .  I t  h a s  n o t  b e e n  
i n v e s t i g a t e d  w h e t h e r  i n h i b i t i o n  of  o r n i t h i n e  d e c a r b o x y l a s e  
w o u l d  r e t a r d  g r o w t h  a n d  p r o t e i n  s y n t h e s i s  in a n y  of  t h e s e  
t i s sues .  

O n  t h e  a s s u m p t i o n  t h a t  in s o m e  r a p i d l y  g r o w i n g  t i ssues ,  
p u t r e s c i n e  a n d  s p e r m i d i n e  p l a y  t h e  role of  ' n a s c e n t  
h i s t a m i n e ' ,  we  s u g g e s t  t h a t  in  t h e  l i g h t  of n e w  i n f o r m a -  
t ion ,  t h e  o r ig ina l  h y p o t h e s i s  1 be  b r o a d e n e d  to  s t a t e  t h a t  
h i g h  r a t e s  of  i n t r a c e l l u l a r  d i a m i n e  f o r m a t i o n  is a s s o c i a t e d  
w i t h  a n d  p r e s u m a b l y  e s sen t i a l  t o  c e r t a i n  t y p e s  of  r a p i d  
g r o w t h  14 

Zusammen/assung. U n t e r s u c h u n g  d e r  P r o t e i n s y n t h e s e  
be i  V i r u s t u m o r e n .  A n h a n d  d e r  I n k o r p o r i e r u n g s g e s c h w i n -  
d i g k e i t  y o n  14C-Leucin w u r d e  f e s tges t e l l t ,  da s s  d ie  H e m -  
m u n g  d e r  P r o t e i n s y n t h e s e  i m  R o u s - S a r k o m  h 6 h e r  i s t  als  
im  W a l k e r - K a r z i n o m .  

B.  GRAHN a n d  ELSA ROSENGREN 

Rous virus sarcoma 
Soluble fraction 
No Inhibitor 
inhibitor DL-~-Methyl NSD- 

histidine 1055 
2.5 mM 0.5 mM 

10.7 (3) 4.7 (3) 
13.8 (4) 8.1 (4) 
10.1 (5) 4.4 (5) 
8.7 (2) 4.4 (2) 4.8 (2) 
9.6 (2) 5.6 (4) 
7.5 (2) 4.1 (2) 4.3 (4) 

Insoluble fraction 
No Inhibitor 
inhibitor DL-C~-Methyl NSD- 

histidine 1055 
2.5 mM 0.5 mM 

7.0 (3) 3.3 (3) 
11.9 (4) 7.9 (4) 
14.0 (5) 6.3 (5) 
10.0 (2) 5.7 (2) 6.3 (2) 
11.4 (2) 6.7 (4) 
9.7 (2) 5.7 (2) 5.1 (4) 

The figures are mean cpm • 103 per mg protein in samples of minced 
tissue. The number of determinations in each experiment is given in 
parenthesis. Molarities are final concentrations. 
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