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Z u s a m m e n f a s s u n g  

Ers t e  Versuche  zur  LTltrazentr i fugierung isol ier ter  
Z y t o p l a s m a p a r t i k e l f r a k t i o n e n  aus Kra l l en f rosch lebe r  
( X e n o p u s  laevis Daud.)  in ~ D i o d o n , - S a c c h a r o s e - G r a -  
d ien ten  mi t  ve r sch iedenen  D i c h t e b e r e i c h e n  zeigen, dass 
mi tochondr i en -  und m i k r o s o m e n a r t i g e  Zel lpar t ike l  in 
ve r sch iedenen  Zonen der  Grad i en t en  ins Dich teg le ich-  
gewicht  g e b r a c h t  we rden  kSnnen.  Die Lage  der  Pa r t ike l -  
zonen in den Grad ien t en  is t  abh~ngig  yon  den gew/ ih l ten  
D i c h t e e x t r e m e n ,  woraus  abzu le i t en  ist. dass die Tren-  
n u n g d e r  F r a k t i o n e n  im wesen t l i chen  du rch  die U n t e r -  
schiede in der  P a r t i k e l d i c h t e  bed ing t  ist.  F i i r  die iso- 
l i e r ten  Mi tochondr i en  wurde  so eine D ich t e  yon  1,10 bis 
1,20, i t ir  die Mikrosomen  h ingegen eine solehe yon 1,25 
bis 1,30 gefunden.  

Hydrogen Peroxide in T u m o u r s  

I t s  Possible  S ign i / i cance  in  Carcinogenesis  

Dur ing  the  las t  t w e n t y  years,  we h a v e  s tud ied  the  
ac t ion  of h y d r o g e n  perox ide  on pro te ins  and  h igh  spl i t -  
p roduc t s  of p ro te ins  consis t ing  in an agg rega t ion  of 
molecules  w i th  an  increase  of N p rec ip i t ab le  b y  t r i -  
ch loroace t ic  acid  1 and  of t u r b i d i t y  ~. This  p h e n o m e n o n  
was fu r the r  i nves t i ga t ed  and cal led 3 " a g g r e g a t i o n  
e f f ec t "  of H20  ~. Whi le  f o r m e r l y  we cons idered  such  
effect  as chief ly  due  to  an  i n t e r ac t i on  w i t h  an  e n z y m a t i c  
sys tem,  and  the re fo re  co r respond ing  to  a t rue  poly-  
mer isa t ion ,  we were l a t e ly  incl ined to a d m i t  an  ox ida t ion  
of hydroph i l i c  groups  of pro te ins  and  pep t ides  molecules  
and  s u b s e q u e n t  process  of phys ica l  aggrega t ion .  The  
f o r m a t i o n  of S-S-br idges  be tween  molecules  t h r o u g h  
ox ida t ion  of SH-g roups  was also t a k e n  in to  cons idera t ion .  

A re la t ion  of th is  effect  of H20  ~ to  s imi lar  processes  
and  the i r  i m p o r t a n c e  for t he  p ro t e in  syn thes i s  were  
l a rge ly  discussed 4. 

YAMAFUJI and  coworkers  5 pa id  g rea t  a t t e n t i o n  to  the  
ac t ion  of H20~ on prote ins ,  cons ider ing  i t  to  be a t rue  
p o l y m e r i s a t i o n  5. T h e y  t h i n k  t h a t  po isoning  ca ta lase  in 
the  l iv ing  o rgan i sm (e.g. by  h y d r o x y l a m i n e ) ,  p e r m i t t i n g  
the  H202 fo rmed  in t he  o x i d a t i v e  m e t a b o l i s m  of cells 
to escape des t ruc t ion  by  this  enzyme ,  m a y  g ive  rise to  
po lymer i s a t i on  of some pro te in  cons t i t uen t s  and  b r ing  
a b o u t  the  f o r m a t i o n  of v i rus  part ic les .  These  au tho r s  
there fore  a d m i t  an endogenous  or igin  of some vi rus  by  
means  of a b n o r m a l  H20  , c o n c e n t r a t i o n  in t issues.  

One of t he  mos t  i m p o r t a n t  fea tu res  of e n z y m a t i c  
p a t t e r n  in t u m o u r s  is r ep re sen ted  by  a s t rong  decrease  
of ca ta lase  ac t iv i ty .  Th is  was f irs t  shown by  GREEN- 
STEIN and coworkers  e, who  s tud ied  the  a c t i v i t y  of some 
enzymes  in ra t s '  hepa tomas ,  in n o r m a l  and  r egene ra t ing  
l ivers.  The  re la t ionsh ip  be tween  ca ta lase  a c t i v i t y  in 
h e p a t o m a  and in no rma l  adu l t  l ive r  was 1 : 1000; where-  
as t he  di f ferences  concern ing  o the r  enzymes  were  m u c h  
smaller .  R e g e n e r a t i n g  l ive r  has nea r ly  t he  ca ta lase  
a c t i v i t y  of no rma l  l iver.  A decrease of ca ta lase  a c t i v i t y  

1 p. RONDONI and L. PozzI, H. S. Z. phys. Chem. 219, ooo (1933); 
235, 81 (1935). 

2 p. RONDONI, H. S. Z. phys. Chem. ~54, 207 (1938). 
3 p. RONDOm and hi. BASSL Enzymologia 15, 70 (1951). 
4 p. RONDONI, Ergebn. Enzylnforsch. 10, 65 (1949). 
5 Many papers in Enzymologia 13, 14, 15 (1949-1951); see. 
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6 j .  p. GREENSTEIN, V. J. WENDELL, and J. WHITE, J. nat. 
Cancer Inst. 2, 17 (1941). See also: J. P. GREENSTEIN, Biochemistry 
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in l ivers  of t u m o u r - b e a r i n g  ra ts  was also demons t ra ted  
by  GREENSTEIN and  coworkers ,  and  la te r  t h r o u g h l y  in- 
ves t iga ted  by  o the r  au thors1 :  thus  CUDKOWlCZ * found 
a s t rong  decrease  of ca ta lase  in l ivers  of benzpyrene-  
t r e a t ed  ra ts  as soon as 60 days  a f te r  the  in jec t ion  of the 
hydroca rbon ,  i.e. before  t he  appea rance  of a sarcoma 
a t  the  in jec t ion  site. 

A work ing  hypo thes i s  was a d v a n c e d  b y  I~ONDONI 3, 
who  sa id:  " T h e  s t rong  d iminu t i on  of ca ta lase  act ivi ty  
in a t issue m a y  induce  an a c c u m u l a t i o n  of H~O~ having 
an aggrega t ion  or  po lymer i s a t i on  ef fec t  on some proteins 
and h igh  sp l i t -p roduc t s  of prote ins .  Such  aggregation 
effect  m a y  be the  s t a r t i ng  po in t  for t h a t  p ro te ins  rear- 
r angemen t ,  pe rhaps  u l t r a s t r u c t u r a l  in na ture ,  which 
brings a b o u t  the  m a l i g n a n t  change  in ce l l "  (p. 272). 

Accord ing  to  such  hypo thes i s  t he  carc inogenic  agents 
m i g h t  be cons idered  as ca ta lase  poisons :  rea l ly  CUD- 
KOWlCZ found  t h a t  l iver  ca ta lase  can  be pa r t i a l l y  inhib- 
i t ed  in  vitro by  two powerfu l  carc inogenic  hydrocarbons 
(3 ,4-benzpyrene  and m e t h y l c h o l a n t h r e n e )  dissolved 
wi th  caffein,  and  no t  by  some non-carc inogen ic  hydro- 
carbons .  H o w e v e r ,  w a t e r  suspensions  of hydrocarbons 
were  in e v e r y  case devo id  of i nh ib i t i ng  ac t iv i ty .  

I t  m a y  be m e n t i o n e d  t h a t  accord ing  to  recent  in- 
ves t iga t ions  t he  mode  of ac t ion  of ionis ing  and  exciting 
rad ia t ions  on ceils can be a t  least  pa r t i a l l y  expla ined  by 
the  f o r m a t i o n  of hyd roxy l i c  radicals  f rom water ,  i.e. a 
chemica l  m e c h a n i s m  i n v o l v i n g  ox ida t ion  react ions  and 
v e r y  l ike ly  some k ind  of p ro te in  d e n a t u r a t i o n .  Besides 
this,  a f o r m a t i o n  of H202 by  i r r ad i a t i on  of water  or 
aqueous  so lu t ions  has been found  in some exper iments  4. 

A d i rec t  proof  of t he  role of H202 in carcinogenesis  has 
ne i the r  been g iven  nor  proposed,  so far  as we know.  Such 
a d e m o n s t r a t i o n  m a y  be v e r y  diff icul t ,  because the 
perox ide  a f te r  f o r m a t i o n  in suff ic ient  a m o u n t  to induce 
the  ce l lu lar  change  can be v e r y  qu ick ly  des t royed  in the 
me tabo l i c  pool. H o w e v e r ,  we h a v e  a t t e m p t e d  to  estimate 
the  con ten t s  of H20  ~ in no rma l  and  t u m o u r  t issues (rats 
and  mice) by  the  fo l lowing method ,  p e r m i t t i n g  an 
a p p r o x i m a t i v e  and  c o m p a r a t i v e  eva lua t ion .  

M e t h o d . - - T h e  an imals  were  ki l led b y  bleeding.  The 
t issues were i m m e d i a t e l y  homogen i sed  in an  aq. 6.5%- 
so lu t ion  of I (CN in order  to de s t roy  e v e r y  enzymatic 
ac t iv i ty .  E s t i m a t i o n  of d ry  weight .  A 20 %-solut ion of 
t r i ch lo roace t i c  acid  is added  (1:1) to  t he  homogenate.  
Af t e r  a few minu te s  f i l t r a t ion  t h r o u g h  paper ,  a clear 
so lu t ion  is ob ta ined ,  to  a known a m o u n t  of which some 
mil l i l i ters  of a so lu t ion  of t i t a n i u m  su lpha te  are added. 
Such a so lu t ion  is m a d e  by  dissolving the  t i t a n i u m  salt 
in w a r m  n H~SO 4. A yel low colour  is deve loped ,  which is 
p h o t o m e t r i c a l l y  (FISCHER e l ec t ropho tome te r )  checked 
aga ins t  a s t a n d a r d  (homogena te  + t r ich loroace t ic  acid 
+ n H2SO 4 w i t h o u t  t i t a n i u m  salt). As the  eolour  changes 
to  some ex ten t ,  an empi r ica l  cu rve  ough t  to  be estab- 
l ished for e v e r y  h o m o g e n a t e  (using a p a r t  of homogenate 
where  H202 has been des t royed  by  s i lver  powder  and 
ano the r  w i th  known  a m o u n t  of H202 ), in order  to evalu- 
a te  t he  H202 con ten t s  f rom the  p h o t o m e t r i c  figures. 

We  m u s t  r e m a r k  t h a t  p h o t o m e t r i c  va lues  do not 
a lways  give a regular  s t r a igh t  line, and the  colour 
de r ived  f rom the  r eac t ion  H,O2 + Ti2(SO4)3, which is 
qu i te  s table  in s imple  w a t e r  solut ion,  fades  away  at a 
d i f fe ren t  speed in t he  homogena t e s .  

W e  m a y  s u m m a r i z e  our  r e l a t ive  resul ts  in the  follow- 
ing Tables .  

1 H. v. EULER and L, HELLER, Z. Krebsforsch. 56, 395 (1949). 
2 G. CUDKOWICZ, Tumori, ~8, 176 (1952). 
3 ]?. RONDONI, Boll. Oncologia (Lega ital. per la lotta contro i 

tumori) 26, 245 (1952). 
C. BIACI~L Nuntius radiologicus 18, 97 (1952) (a review). 
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Table I 
H~O2-contents (~ pro 17 mg dry weight) in organs of normal rats and 
in organs and tumour of rats with transplants of Walker-carcinoma 

Rat [ Liver 

1 (normal) 2.1 
2 (normal) 4"8 
3 (normal) 2.5 
4 (normal) 3-0 
5 (Ca I0 days after graft.) . 
6 (Ca 10 days) . . . . .  1.8 
7 (Ca 12 days) 1.7 
8 (Ca 14 days) 3.0 
9 (Ca 16 days) 4.2 

10 (Ca 18 days) 4.7 

t Kidney 

25.0 
50.0 
45.0 
34-0 

23.0 
28-5 
33.0 
45.0 
51.3 

Tumour 

16"0 
32-6 
12"8 
13"5 
4"1 
4"4 

Table I I  
H20~-contents (~ pro 12 mg dry weight) in organs of normal mice and 
in organs and tumours of mice with trans ~lants of Ehrlieh-cancer 

Mouse Liver 

1 (normal) 12 
2 (normal) 11.3 
3 (normal) 12-7 
4 (normal) t0 
5 (normal) 6 
6 (normal) 9 
7 (Ca 10 days after graft) 12 
8 (Ca 10 days after graft) 14 
9 (Ca 10 days after graft) 7 

i0 (Ca 10 days after graft) 6 
11 (Ca 13 days) 11 
12 (Ca 13 days) 8 

Kidney Tumour 

40 
53 
37 
35 
30 
60 
50 12 
47 13 
60 13 
50 11 
55 5 
43 6 

In  all an imals  t he  k i d n e y  shows the  h ighes t  con t en t s  
o~ HzO 2, a f ind ing  which  m a y  be in  accord  w i t h  some old 
observa t ions  of ]~LASCHKO 1 t h a t  an  a p p r o p r i a t e  concen-  
t r a t ion  of h y d r o x y l a m i n e  br ings  a b o u t  a s t rong  decrease 
of r e sp i ra t ion  of k i d n e y  sect ions,  whereas  i t  does n o t  
d is turb  the  resp i ra t ion  of test is .  A ca ta lase  po ison  exer t s  
a s t ronger  ac t ion  where  H2Os is more  la rge ly  formed,  i.e. 
in k idney .  This  o rgan  is a si te of t h e  m o s t  in tense  Oxid- 
ation processes  and  H~O~ m a y  be cons idered  as a resu l t  
of a v e r y  ac t ive  ox ida t ive  me tabo l i sm.  

In  r ega rd  to  tumours ,  we find in ra t s  w i t h  Walke r -Ca  
some f igures  which  are (rats 5-8) in t he  s a m e  order  as 
those of  k idney ,  Mways exceed ing  the  a m o u n t s  found  in 
livers, i.e. in an  o rgan  wi th  h igh  me tabo l i c  ro te .  T u m o u r s  
of ra t s  9-10,  e x a m i n e d  a f te r  a longer  de l ay  a f t e r  g ra f t  
and showing  more  necro t ic  changes,  gave  lower  values .  
Ehr l i ch-cancer  of mice seems to possess lower  a m o u n t s  
of H~O2, tu rnou t s  s h o w  figures of same order  as l ivers  
(mice 7-10),  in one case lower  (mouse 11). Th is  f ind ing  
m a y  be  r e l a t ed  to  t he  large necro t ic  changes  occur ing  in 
such a t u m o u r ,  The  decrease  of H~O2-contents w i th  
ex tend ing  necrosis  of the  t u m o u r  is a genera l  fea ture .  

A series of H~O~-est imations has  been  s t a r t ed  on l ivers  
of ra t s  fed d i m e t h y l a m i n o a z o b e n z e n e  and  an appro -  
pr iate  de f ic ien t  d ie t  in o rder  to  ob t a in  h e p a t o m a s  a n d  
to co m p a re  t h e m  w i t h  n o r m a l  l ivers .  A r epo r t  of  such 
exper iments  will  be g iven  later .  W e  m a y  now an t i c ipa t e  
tha t  t he  l ivers  of 4 ra t s  fed the  def ic ient  d ie t  (with 
carcinogen or  wi thou t )  showed  v e r y  h igh  con ten t s  in 
the range  18-26 y a f te r  on ly  a m o n t h  of t r e a t m e n t ,  i.e. 
in a qu i t e  p recancerous  condi t ion .  

1 S. BLASCHKO, J, physiol. 84, 5~ (Proceed.) (1935}. 

Argu ing  f rom the  k idney ,  which e v i d e n t l y  has  a 
pa r t i cu la r  posi t ion owing  to i ts  h igh metabo l i c  ra te ,  we 
m a y  suppose a c o n t e n t  of HaO 2 in t u m o u r s  which  exceeds  
(in rats),  o r  equa ls  (in mice), t h a t  of  the  l iver.  This  f ind- 
ing  m a y  show a r a t h e r  ac t ive  ox ida t ive  m e t a b o l i s m  in 
t umour s ,  in con t r a s t  to  the  usual  asser t ion of a p reva i l ing  
anaerob ic  me tabo l i sm.  I t  is d i f f icul t  to  assess the  im-  
po r t ance  of H202 for carc inogenesis  accord ing  to the  
above  work ing  hypothes i s .  The  ac t ion  of th is  m e t a b o l y t e  
m a y  be d i f fe ren t  in d i f fe ren t  t issues,  accord ing  to  t he  
equ i l i b r ium of ca tMase-peroxidase ,  presence  of H-donors ,  
s t r u c t u r e  of cell p ro te ins  and  p ro te in  spl i t  p roduc t .  A 
more  ex tens ive  s t u d y  concern ing  chemica l ly  induced  
t u m o u r s  a t  d i f fe rent  s tages  m a y  give a c learer  answer.  

]P. RONDONI and G. CUDKOWICZ 

Centro per la oncologia sperimentale del C . N . R . ,  Sezione 
presso l 'Isti tuto det cancro di ~¢ilano, March  9, 1953. 

Zusammen /as sung  

Die auf  G r u n d  i i l terer  Arbe i t en  fes tges te l l te  tcaggre- 
g ierende  W i r k u n g ~  des Wasse r s to f f supe roxyds  anf  ge- 
wisse P r o t e i n s y s t e m e  g e s t a t t e t  die A r b e i t s h y p o t h e s e  
aufzuste l len ,  w o n a c h  die b e k a n n t e  A b n a h m e  der  K a t a -  
l a seak t iv i t i t t  im Geschwuls tgewebe  eine Z u n a h m e  des 
H202-Gehal tes  zur  Fo lge  haben  d/ i r f te  und dadu rch  zum 
U m b a u  gewisser  P ro t e ine  f i ihren wiirde,  der  die Grund-  
lage der  k rebs igen  U m w a n d l u n g  der  Zelle da r s t e l l en  
k6nn te .  Die  B e s t i m m u n g  des H,Oa-Geha l tes  (T i t an ium-  
Su l fa t -Methode)  wurde  bei  t r a n s p l a n t a b l e n  T u m o r e n  
( 'Wa lke r -Ra t t eka r z inom und  Ehrl ich-M/iusekrebs)  un t e r  
n o m m e n .  W e r t e  in der  Gr6ssenordnung  der  me tabo l i s ch  
sehr  a k t i v e n  Organe  (N/ere, Leber)  wurden  meis tens  ge- 
funden .  A u c h  die Lebe rn  e in iger  m i t  D i m e t h y l a z o b e n z o l  
und  e iner  m a n g e l h a f t e n  Di~ t  ge f i i t t e r t en  1Ratten wiesen 
sehr  f r i ihzei t ig  hohe  H 2 0 , - W e r t e  auf,  Die Arbe i t shypo -  
these  e rhe i sch t  wei te re  expe r imen te l l e  Belege.  

~ b e r  das Verhalten v o n  G r i i n a l g e n  bei 
Einwirkung mehrwertiger Alkohole 

Den  zahl re ichen U n t e r s u c h u n g e n  fiber die W i r k u n g  
mehrwer t i ge r  Alkohole  auf  die S t r u k t u r  und die F u n k -  
t ion t i e r i scher  Gewebe  1 s tehen  n u r  wenige  gegeni iber ,  
die sich m i t  d e m  Einf tuss  solcher  Subs t anzen  auf  pf lanz-  
l iehe Zellen besch~iftigen. 

N a c h  den B e o b a c h t u n g e n  yon  LOESER und Mitarbei -  
t e rn  2 wird  die A t m u n g  yon  Hefeze l len  durch  mehrwer -  
t ige  Alkoho le  - 1 ,2-Propandiol ,  1 ,3-Butandio l ,  1, 2,3- 
P ropan t r io l ,  1, 2, 4 -Bu tan t r i o l  - un te r sch ied l i ch  ver~n-  
der t .  W/ ih rend  die u n t e r s u c h t e n  Subs t anzen  den Sauer -  
s t o f f v e r b r a u c h  der  Here  bei Abwesenheit  yon Glukose 
s te igern,  schr~inken dieselben Alkohole  bei Zusa/z  yon 
Glukose zur  Hefe  die A t m u n g  ein. Diese Doppe lw! rkung  
ist  wahrsehe in l ich  d a r a u f  zur i ickzuf i ihren ,  dass die Hefe -  
zelle bei  Feh l en  yon  Glukose  die Alkohole  als B r e n n m a -  
te r ia l  m i t  he r anz i eh t  und  sie in Abh~ng igke i t  yon  der  je-  
wei l igen  K o n s t i t u t i o n  - Zahl,  Quali t i i t ,  S te l lung  der  
H y d r o x y l g r u p p e n  - ve rsch ieden  rasch und v o l l k o m m e n  
a b b a u t .  S t eh t  den  Hefeze l len  h ingegen Glukose  - d a s  
na t t i r l iehe  B r e n n m a t e r i a l  - zur  Verf / igung,  so werden  
die zugef i ig ten  Alkohole  n ich t  angegriffen,  sondern  en t -  

1 Zusammenfassung der Literatur siehe A. LOESER: Referat: 
L6sungsmittel und L6sungsvermittler, 19. Tagung der Deutschen 
Pharmakologischen Gesellschaft, G6ttingen 195% Arch. exper. Path. 
Pharmakol. 218, 36 (1953). 

H. KLmNSORG, C. G. SCH~aI~T und A. LOES~R, Arch. exper. 
Path. Pharmakol. 211, ¢235 (1950). - E. GT(~RMER, unverSffcntlichte 
Versuche. 


